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DEVELOPMENT OF GERMFREE ANIMAL
CHARACTERISTICS IN CONVENTIONAL RATS
BY ANTIBIOTICS

Breot E. Gestarsay and k. Exuamrmn Noarx

demmmmxms‘m

Gustalimn, B. E. & Norin, K. E. Devclopment of grrmires animal charctertstis ia cooien-
toeal raty by amtibaotics. Acta path. microbbol. scand. Sect. B, 85 1-8, 1977

Comrentmal (CONV) rxts wers fed by stoerach tobo for five days with «lther benryipenicilfin,
ngpialln, trtracykling, cxitstracykling, neomycin, bacitracin + Deamyein, kemnepein or cob-
sun. On the 2nd 3rd dry all the anmuh developed ooe oc sceral of the following symptoms
e characterrticy typical for gerufres (GF) s 50 coprostancl lormation, no siereobilla pro-
dwction, GF patioen after gl b of fecal snd pr t

in the feces. Under the mme th cid

or %c had mmch lew
When clofibrute, scrtylaheyfic scld or ferrous sulphate
wiTe simmistered the cifects wars none or pagifgfhle. The OF charactarisics penined for
sveral wecks after the eod of the sdminbtration of the drogr In some iastances this was the
case up to 7 wecks, whea the snimals wers comtaminated by anal rowte with a sospennon of
the cecum cootenty from Intact CONV animale. On the 2nd day after this treatment the GF

charactensts had duappearsd.
Key words Gemfres andomal

briesiinal

stereobllm,

Bengt E. Gostafmon, Departmest of Garmirer Rescarch, Karohmaka Institntet, 8104 01 Stock

boira 60 Sweden.

Recernved 14 078 Accepted 70 .76
By feeding of antibwotics to convenbonal
{CONY) rats several authors have produced
germiree (GF) characterwtics m CONV ani-
mah Thus cen der 1 2m; (16) found en-
ceca m muce alter baatracin and

etreptonycin feeding for 7-9 dayr. To pro-
duce the mme ent ly =

cecum. It s well known that adminktration
of sulfa drgs or antibooticy o rats camse a
change m the bile acd pattern of intextinal
coatents of CONV rats to that of GF raes {10
11 12) In children under GF coachtions no
coprostanol was present m the feces and feed.
zu(mmdllinmmrmldﬂd.rmmdn@

m GT rat, §$ teman {18) had to feed rats
for more than 4 weels with s muxture of

hnrmmu,mptom)nnmdmnn.sw.
& Dubos (13) found that penedlin, terra-
\anamycm

mycm oc ton to mice
cawed a mpedly induced enlargement of the

[ e e N ]

P d content to near zero valoes
(9) InGFnumndﬂmka

(8) wnd Wation & Wamer (17) °di iy
strated that antbeotie trea



TABIE | Design of Experrments

Numt Duration of Observation Enema with
Benes of ety admmlstration tume feull:gn(mu
(dayr) (dapy) (oa day)
I 33 3 5
11 16 5 73 62
I 18 3 169 149
v 14 5 50

to study the imtiation by some anumicrobial
compounds of different GF charactensuay,
such as no formation of coprestanol (3) or
stercobilin (8) a GF pattern after gel elec
trophoresis of fecal supernatant (7) and pro-
teolytic activaty 1n the fecet (2) The 1n
fluence on the bile acid pattern 1 reported
separately (6)

MATERIALS AND METHODS

Dengn of Expenments

Four series of ts compnsing altogether
81 rats were performed (Table 1) In the fimt
serics the devel of the GF ct thes

was studied during 5 days adminiitration of the
drugm. Some of these animals were followed for
saveral weeks to prelminary Investigato the long
term effects. In the second and third series both
the short and the long term cffects (max 5 month)

(5) water ad Libitwm and weigbed omxe 2 week
Feces and unne were collected mvery 24 bours and
frozen

After a pretreatment perdod of 5 days doses of
substances to be tested were dbpersed 1 1 ml
aliquots of water and ghen by stemach tube once
a day for 5 dayr. In each series at least 2 rats were
used for the test of onc compound. Rats gnen
water oaly and Intact rats served as controls, The
substances tested and the doses per 24 houn are
gnen in Table 2

Germfrae Characteristicy
The shape, colour and consistency of the feces
were recorded dafly Btercobilln was determined as
described carlier (8) The coprostanal to chole
sterol ratio was calculated sccording to Bjérkhem
& Custefison (1) Feces war dituted 12 with
saline and centrifuged for %4 h at 35000 £ Proteo-
I was determuned by incubating 0.2 ml of the
supernatant with 3 ml 13 per cent gelatn solution
for 2 h at 37 C The electrophoretxc pattern of
! d sccording to

were followed At the cnd of thess
tho establishment of a CONV microfiora In the
Intestinal tract of the treated animals was studed
by the administration of an enema with intesnoal
contents from Intsct animaly. The fourth semes
was performed to cvaluate the effects of different
doses and preparations of metronidarole,

Arimds

Male CONV rats of the Swedish (AGUS*)
atrain weghlng sbout 275 gms at the start were
housed Individually in metabolism cages. These
were placed in a rack and other CONV anlmals
occupied the same room The personnel did mot
practce any IDsolatlon or aseptic messures. The
arumals were fed an autoclaved semisynthetic duiet

* This rat strun of Long Evans ongin has been
reared under GF conditions at the Department
unce 193 Tt has later been established at La
boratory Anfmal Center Carshalton, England
and labelled AGUS

the was
Gustafsson & Hellebro (7)

Bacteriel Counts

Total bacterial counts 1o feces wers periormed
by incubatmg 10-fold serial dilutons anacrobically
i thioglycolate medwm (Dlico) and on blood
agar plates y and & Enemus
umg(\tnmthlmlollm‘dduuoncfrecum
contents from 6 intact GONV rats of the ame
strain The dilutlon and handling of the Intertinal
coatents were pedformed in a glove box with O
free atmosphere, f.¢ wtrogen a
column of reduced copper filing heated to 330 C.
Thke copper flings were reactivated by & gas mx
turaoilOperrxmhydmgmnnd?Opermx
carbon dioxide

RESULTS

ngo[t.heammahthmcr&

Dunng the down
had somewhat looser

ceiving the antibiotics



TABLE 1 Germfres C

herectsristics During Admisistration of Drags

N‘mbudnnchndi{ﬁ;:‘
coaventional to
parters/pamber of Ta troed
Propetary Do-prrn\v:w
pame ¢ Copro- Sizrer- Eleco. Frote
o Min phore T
W
Amgeilion o 22 k24 w2 2
Doktacllin THog
- 2 2 2
Dumocrkin 10 mg 2
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Oxdmrtracykline Temopds 190 08 mn
Fowr v "
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N Weomyets 180 mg§ &8
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Bectrachs + Neoompeia Bacioeyckh VAU + 44 44 L %3 L% 3
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Leo  Dumex 100 mgt
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Sortuank - 180 mg o4
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Ferrvas mighate 1oy 12 2 w2 w2
- - 0721 as10 /10 /10
Accordrug to the $medih Dac FARS
§ Dosct ward w thw kog term experaoent srbes 1L
1 Dove wied 0 wenen TV

and more igmethoared Seces for a few daya,
The growth of the aumak was good. One
aumal, orgmally dosed with kanamycin died
with agms of pentonits 2 dayy after adminhs-
traton of the enem of wntestmal coptenta,

A p evadent from Table * the fecdiog of
the antibrotes cauxed the development of
sptoms which are gyl loe GF
had

within the penod of admmstraton for 5
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Figs la-8a. Germfree (GF) characteniucs in the feees of conventiona! (CONV) mts after treatment
with antibloticn, Series 1T Coprostanol/cholesterol rano (GF = 0) stercobiln abswent—8TERCO GF
GF pattern of electrophoress of fecal supematant—EI PHOR GF and proteolytic activiy—PROTEOL
GF are luted A Doung for 5 dare. B. Enema x th mtewinal cantents from Ioisct CONV ra. Two
rats ——— and — were used for each drug

Figs 15-85 Bacterlal counts for the two animals n the corresponding Fip- 1a-8a,




The effect during adminstrabion of rucckmyl
sulfathuaznle and was }

kew pronoanced. This was 1ill more the case
for clofibrate sorb tol, acetylabeylc aced and

T

fermom wiphate, as only the hast compound
fad sorme effect on coprovtancl and
bilin formaton 10 one anmmal The controly
all thowed CON' conditons.

In serres T and 1 GF characterutics were
Present several weeks fter the end of the ad

9
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bhad a very shight or no influence on the num-
ber of anaerobic bactena. The pattern of the
number of aerobic bacteria 1n the tests per
formed was very much the same a1 for the
anaerobic bactena,

DISCUSSION

Frg 9 Text ace Figu la-8a.

mnmstrat.on of the antibiotics. The results of
the two scres are corresponding why only
those of senes 1T are presented in Fig 1a—8a
CONV condittom were not attained until
after several weeks and 1n some instances not
until the adminstration of an enema with
intestinal contents from mtact ammals. Thas
was the cae for coprostano! formation after
treatment with bacitrncin + neomycn, The
enema was nlso needed for regmming CONV
conditions for proteolytic activity after donng
with benzylpenicilin neomyen, bacitracin +
neomyein and erythromycin and 1n one am
ma} with sucanyluifathiarole With this ex
ception the latter compound and metronida
zole had no long term effects n the doses
given. In a separate series IV four propnetany
compounds of metromdarole and the pure
substance were tested The results were the
same 03 1n senes IT when the daily dose were
kept at 20 mg per kg bodyweight When the
dose of the pure substance was increased to
100 mg per kg bodyweight the effect wans
somewhat more pronounced as s shown n
Fig 9 There wos, however a difference
when compared with the antibiotics, ns the
effect on stercobilin and coprostanol forma
tion appeared several days after the adminn-
tration had terminated.

The counts of anacrobic bactena in the
feces have been Lated in Figs [b-8b There
was a tharp drop in counts in some of the
dosed animals on the 6th day but ail counn
were again within the range of the preexpen
mental period on the 23rd day The adrmnis
tration of erythromyein, kanamytn, sucanyl
sulfathiarole, metromdarole av well as water

ration to rats of broad spectnm
antibrotes and also of bennlperucillin was
followed by symptoms which are character
utic for GF ammals. The recorded changes
were no formation of coprostanol or sterco-
bilin o GF pattern after gel clectrophoress
of fecal supernatant and proteofytic actmty
w the feces. A GF bile acad pattern was aho
induced 1n some ammals (6} Benzylpemal?
hn was given 1n a dose per kg bodyweght
equvalent to the therpeutic dose 1n humam.
For erythromycin and for bacitracin + neo-
myan 12 fold human doses were wsed to get
1mal strong influences on the intestina) flora,
The rats received the other drugs in daily
amounts equivalent to 2 tumes or more the
human therapeunc doses.

Metromdazole n active agamat anaerohic
bactern and has been proposed for the man-
agement of anerobic ifections (15) The
tramsformaton of cholesterol to coprostanol
and bilirubin to stercobilin hat been demon
strated 1n exgermfre ammals contaminated
with ungle strains of anaerobic bacter:a (4
8) The effect of metromdaroke in the dose
2 umes the dose used 1n human for the treat
ment of Trich Tis was, b
low on coprostano!l and stercobilin formatron
in the animals. When the dose was inereased
5 umes to that used for the treatment of
anaerobic infections mn humans (15) the ef
fect was stll neghgible on stercobthn forma
ton the electrophorenc pattern of the fecal
supernatant and on proteslytic actvaty The
effect on stercobilin and coprostanal forma
tion was defaved untit several davs after the
end of the admmutranion These divergences
from the pattern of the other substances
tested mught be due to the fact that almeost
all the eanly absorbed metronidarole 1 ex
creted n the unne and very httle may reach
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Jeves m the total counts of fecal ansercbic
bactema 1o the ammah receving neooTrTm
or bacutracin + beoaryan and some nftu-
ence in thr respect a%o alter treatmeny with
beraytpenucilin. No roch changes were seen
fn the other anmsah The total bacterm
counts do not, however mirror the pertinent
changes 1w the flors, There was for emple
no decreass m the munber of buctena after
domnyg with erythromyein, bot 2Bl four of the
recotded charactenstics appeared, Suiter &
Finegold (14) observed the same high tosal
coutits of amatrobee bactena m the feces of
bixrnany after treatment with cephalexin, cyc
Il and clhndamyen sy durmg the pre
treatment perod The drop to zm of the
pumber of anaerobnc bectena in the anmak
treated with neomyan n somewhat poahng,
st w geoenlly mppomd that anserobuc
bacitrs Yo Clostridia and Baderodu are
remznt to neomyan In the wme mmples
there wits 0o growth of acroluc bactern. The
effect of eammycin under these expermmental
condroons mught be due 1o mirrachon wnth
factors controllmg the rmucrobul

These factors wre at present not too well
understnod.

A ddgnificant rewalt of the study b the loog
durmpon of the effect of 5 davs adminutra-
thoo of the druge In some anfmals, GF char
sctensties were not compensated until 2 por
smal mtesiml o had been

charsctenabes, The udy demomimies, how
ever that mtker gmple brocharmeal methods
can be wed to jodge whether a “noamal™

prosent or not. Ths mght be of moportance
(arpnmculmmnknnmtﬂmemﬁ
able methods Save been sntroduced for the
solation, idenufication and  defimton o
which organisms should comstitute a “pormal
endogenous” microfiona
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Fig 9 Text see Figs, 1a-8a,

mumstrat on of the antibiottes The results of
the two seres are corresponding why only
those of series I1 are presented in Fig 1a-8a,
CONV condions were not attaned unt!
after several weeks, and 1n some instances not
until the adminutration of an enema with
intestinal contents from mntact animals. This
was the case for coprostanol formaton after
treatment with bacitracin + neomycn. The
enema was also needed for regamuing CONV
conditions for proteolytic achvity after dosing
with benrylpenicilin neomyan bactracin 4
neomycin and erythromyoin and i one am
mal with succinylsulfathiazole With thrs ex
ception the latter compound and metromda
zole had no long term effects in the doses
given. In a separnte series 1V four propretary
compounds of metrorudarole and the pure
substance were tested. The resuits were the
same as m series 1T when the daily dose were
kept at 20 mg per kg bodyweight. When the
dose of the pure substance was increased to
100 mg per kg bodyweight the effect was
somewhat more pronounced as s shown in
Fig 9 There wns, however a difference
when compared with the antibiotics, as the
effect on stercobilin and coprostanol forma
tion appeared several days after the adminis-
tration had terrunated.

The counts of anaerobic bactena in the
feces have been lsted 1n Figs 1b-8b There
was a sharp drop 10 counts 1 some of the
doted animals on the 6th day but all counts
were agun within the range of the preexpen
mental pertod on the 23rd day The admins
tration of erythromycin, kanamyein, suceiny!
sulfathiazole, metromdazole as well a3 water

~

had a very slight or no influence on the mum-
ber of anaerobic bactena The pattern of the
number of aerobic bactern 1n the tests per
formed was very much the same as for the
anaerobic bactena.

DISCUSSION

The adminutratien to rats of broad spectrum
antibiotics and also of benrylpenicillin was
followed by symptoms which are character
stic for CF anmals. The recorded changes
were no formation of coprostanol or sterco-
bilin, a GF pattern after gel electrophoress
of fecal supernatant and proteolytic actmaty
1n the feces. A GF bile acid pattern was a0
induced in some ammals (6) Benzylpensci-
Im was given mn & dose per kg bodyweght
equivalent to the therapeutic dose 1n humant.
For erythromycin and for bacitraen + neo-
mywn 12 fold human dowes were used to get
mutal strong 1nfluences on the ntestinal flora.
The rats recaved the other drugs in daly
amounts equnvalent to 2 tumes or more the
human thernpeutic doses.

Metronidagole 1 active agamst anaerobic
bactena and has been proposed for the man
agement of anerobic infectrons (1%) The
transformation of cholesterol to coprostanol
and bilrubin to stercobilin has been demon
strated 1n exgermfre ammals contaminated
with single strmins of anserchic bactena 4
8) The clfect of metromidazole in the dose
2 tunes the dose used 1n human for the treat
ment of Trichomonas vagtnals was, however
low on coprostano! and stercobilin formation
in the ammals. When the dosc was increased
5 tines to that used for the treatment of
anacrobic infectiops 10 humans (15) the ef
fect was sull neghgible on stercobihin forma
ton the electrophoretic pattern of the fecal
supernatant and on proteolytic actnty The
effect on stercobilin and coprostanof forma
tion was delayed untl several davs after the
end of the admunustratron. Thete divergences
from the pattern of the otber substances
tested mmght be due to the fact that almost
all the eanly absorbed metromudarole 13 ex
creted in the unne and very hittle may reach
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CROSS-REACTIVITY OF
BACTEROIDES FRAGILIS O ANTIGENS

Tos Harstap

The Gade lastitwtr Department of Microblology Unh ety of Bergen, Bergen, Norway

Hofead, T wndmwu/m,ﬁowmmmmm
Sect. B 85 913, 1977

des specier
mmdommmwulmmw
M[mFanmthhﬂmﬂmmmmd
bemsggbimation Fifteen of 20 . [ gis s { aglls sorwms shomed O-smugenic crom-macth ity
with 00e or wore of the tevt stralne of B. Jragiis s | aplls NCTC 9343 Lifte E 223 and
ﬂLNlmm-ﬂth!mdﬂl&du&mmlhywmm
2. puireécais. Tha malepecificity of B f pls O wntigens b procommeed Test syrtems foe

sration of § reclficities, all harboared by one or mors of the 3 test stram, bave bevn
wocked oat

Key words Bectersudes fragly O-antigeake mpecifiaty O-antigmlc crom-rescuely  Lpopoly
mccheriden,

Tor Holstad, Mikrobukoghk & delicg, AMFH-breyet, N 3016 Hrukelaad sykebm, Nornay

Recened 10. 76 Accepred 25, ul76

Cantgrox speefiaty w present m Bec
terodes fragidis (3) Uunng fodmect haermg
A and

hib of h et

cach other than the Q antgems of other bac
terml specer. Comensely 1t m possible that
the three randomly chosen strabos are al

o, 1x aot genk determmants, or factofy,
were detected m thiee cross-reactmg srams
of B. fregpls w. frepls nolated b separate
laboratooes (urunt NGTC 933 Lille E 373
and SBL B33} Like the Salmonells O ant
gem, the O antigens of B freguiee it

ber of & group of antigenically related
stries and, as sach, oot repreentatye of the

sajonty of straim withm mbspeoes frapilu

ty
tens than indicated by the previom sudy (3)
sod that the antigeme relitwmbp of the

the autgenkally sctne pant of the endotexc
lipopotiacchande (LPS} (4)

tawn o their LPS undetected antygen:c deter
munants shared with other B. { aglts straion.
1f 50, the O antgens of B frapdis are ex
tremely multwpeadk  and ore related ta

O antrgens 55 snalogows to that of other bac
tnnlma:ptﬂumﬂzzOnnngmu{
2 unqie B freply stram may share anngens
determbrants with some siom but pot with
otbers within the specer.

In an atemspt to anmwer these questioas,
the mohtupectfiaity and Tarliraght

dnl“ﬂ“om\;fm}mm.dwa
by canminhng

1 The veactrvity of crude LPS of & num-
bee of B frapls i fragils straunt 10 unab.

q
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Lre (3 hobe microblsl cell, eing 9
fed d(;““_;c.h (OD 2.5 xt 600 o)
foe shuerprog of 1 \olume of undilured antisermo.

REEULTS

Contmned work with the previowly elabo-
rated rext aystems {cf Table 3) showed that
some LIPS preparations wed for senitiranon
of shetp cflh or HA Inhitroon sended to
ghe unmpecfic agglunntion. The unspecific
spguination could partly be avoded 1
wutherd whole mucro-onpamems esead of
LPS were vaed for abworpbon of antsenm.
The serstuzng actn t of crude LPS and i
capaaity to mhibst the sgghitinabon of sheep
cells senntred with punfied LPS were ex
wrained 11 & wenes of expenments. The resalt
abowed that crude LPS senutered sheep celh
to agglonnaton @ unabsorbed and sbsarbed
anthern, and had the mme Iphilnting capac
1ty s puriffed LPS.

Anltupenfiaty of B. fragils 15 fragilis

O Antipens

Sheep erythrocytes senutred with 150 ag/
m) of NaOH treated crude LPS from the
mndomly chosen s frapdis straing lated tn
Table | {(except NCTC 943 E 373 SBL
B35\ were agglutinated by anthera to NCTC
9343 E 323 and B35 a1 indioated 10 Table 2
The pre-itmane sera contaioed antibodiss
w three of the LPS examined, but not In
ntres exceeding 10. Sheep erythrocytes sen-
stired with LPS from two struns {VPI 3807
and SBL BY9) were 4 d to

qnem!fcrd\a.rdwtrlboﬂulhownin
Table 3 which abo includer the mitems for
demopstratioos of factas 2-7 In addion,
the tpo new strains harboured O-sntigeruc
determoants not shared with the four hetero-
togows srafm. The 9 O-antigemc factors are
distritrated a5 follows m the vaed
test sruns NCTC 93432,3 5 1D E 3232,
469 B35347 B Facton3 Band 9are
present in strain B39 and factons 2 and 18 in
strarp VPI 3807

Sheep cells sermtized with cnrde LPS Srom
3 of the 20 m. fragilis strains were not agghs-
nmated by antmern to NCTC 9343 E 38
«nd B35 (Table 2) Crude LPS from the re-
roawnfog 15 strwns, excepe VPT 3807 and
B59 were now cxammed by HA mhilon
m tert srsten 2-10 Factor 8 was present m
5 wrams ooe of these contained abo factor 9.
Factors 2 and 4 were found m each of 2
other strams. LPS froon the otber 6 crom-
reactmng stram contained pone of the 9 anti-
geuce determmants

The absorbed antiwera cocrespoodmy to
factors 2 to 10 were alo examined for ot}
bodiey agytutl g heep cell d
with crude LPS from the same 13 s fragilis
stradt, which were ot idenpeal to antl-2 to
snir10. Such antibodics were present m a
few wbsorbed sera, but in kow titres.

TABLE .. THes of A thare t NCTC 5343
Lite £ 323 and SPL B33 pennt Sheep Cells
melCnbuSlmNB.frﬂu

titrés (2 160) m all three anbsera, and LPS
from two other strams (one own holate enc
wolate froen SBL) senuitmed the sheep celly
o high 1A titres m two of the three anthera
{ant: B33 and sou-E 323) Rabbit antisera
wraicst VTL 5807 and B39 wers produced,
and punfied LP3 from these two straing ex
amuined for anugenic determimants abared
with ooe or more of LPS-9%43 LPS-E 323
and 1PS-B33 by HA and HA inbMstion in
Tow-abrorbed anthem to all

fne strome
Three new shared antigenic ¢

Troge Stremy
Mo, of LPS segfatinated to titre
<0 480 e
Acngiay 1 1 2
Acti-B33 6 3 4
Ante-E 378 7

—_— 1t

Reectinrty of LPS from Different
Bacterosdes and Fusobacterom Specres 1n
Antisera to NCTC 9MS B55 end E 3
lC:mﬂec-l’p\.u'il';tﬂ:lLPSl‘.rm-nt.hzt-‘mo—

tfacton 8,9 and 10) were detected. The test

aod Beclerordes strums Twted
Table | (excepe B frapls w fregily) \a‘:



TABLE 1 Microbral Straims Used for Preparation of Crude or Punfied LPS

B [raphs s fragdis

. thetaroleomicron
5. distasonis
w. Oxlgatxs
B coagulans
B [xrcorms
B hypermegas
B melanmogenscus v mxtermeding

n. melanimogenscus
n. asaccherolyticus

B. putreding

B. pracecvtus

B serpens

F mortifersm

F marforme

F mecrogenes

F nucleatum

F pleuts

F rua

F renem

NCTC 9343 Lille E 323 SBL B33
SBL B59 VPI 5807

14 own bsolates

3 isolates from SBL

Lile 59 ATCC 17290 VPI 5333
ATCC 8303

ATCC 8482

VP 3476

VP[ 3255

VP 2366  ATCC 25560
NCTC 9336 VPI 4197 = ATCC 23611
VP[ 7570-A B10*

VPL 419 = ATCC 25847
ATCC 25760 NCTQ 9337

VI 49981

VPL 0217 1

VPI 0930

VP 0473 = ATCC 9817

VPI 4877

VP] 2368

ATCC 10953 Feu 1§ 8 own wsolates
VPL 4143

VP 0307

VP 0499 ATCC 8501

ATCC Americau Type Culture Collection Rockville Maryland NCTC  Natlonal Collection of Type
Cultures, Centra] Public Health Laboratory London. Lille Institute Pasteur de Lille. SBL Natuomal
Bacteriologleal Laboratory Stockholm. VPI Virguma Polytechnic Institute and State Unfvernty Biach-

burg, Viguua.
* Own bolate

§ Received from Dr § E Mergenhagen NIDR Bethesda Md USA.

sorbed and atsorbed antsera to NCTC 9343
Lalle E 323 and SBL B55 and the dutribu
tion of factors 2 to 7 withun the strauns. Alio
the antsern were examined for antibodies to
additional antigenic determinants.

2 The reactvity of crude or punfied LPS
polated from other Bacterordes species and
subspecies, and from species of Fusobacte
num 1n the same antsern.

MATERIALS AND METHODS

Organimms

The strains examined (Table 1) were lolated
from man by the author and were maunly from
pus or {meces, or they were obtmned from other
laboratories or national culture collecions  The
wuthor’s lsolates were dentfied and subspeclated
sccordlng to the Wadsworth Anaercble Bacterlo-
logy Manual (8)

10

Cultures were grown 1 500 or 1000 ml terew-
cap bottles filled to the top with an enriched flud
medium based on whale meat extract and prceose
peptone {2) or tryptone and protecso peptone (3)

Isolation of LPS

Packed wet cells were extracted with 45 per
cent aqueous phenol (9) The water phase wax
dualysed and freese-dnied {crude LPS) or LPS
was purified from it by ultracentnfugation and
treatment with RNAse and DNAse (3)

Sa ologicel ifethods
Antuera were produced in rabbats by immum

zatlon with whole cells (1) Senmtization of sheep

erythrocytes with NaOH treated crude or punfied

1PS ndirect haemageluunation (HA) and in
hibiion of tination were perf d as
descnbed (3)

Teat yera wsed for the demonstration of C-untr-
genic determinants by HA iohibition were pre-
pared by sbsorbing the rabbit antisera with purk



9343 can be nearly completely separated from
precipitatimg carbohydrate antgen (4)

The resulns of the study indmate that a
typmg syvtem for B fragilis based on the de
moastration of defined O-antigendc speafic
tes by HA mhibltion may be worked out.
For that purpese & wrder spectrm of O fac
ton and, comsequently more type strams,
have to be mcluded. However for the tmme
beurg servlogecal typing of B fraplis u of no
practeal importance.

Becawne of the small umber of strams -
cluded the results were not anahysed for a
powsible relatoeship between certam O-ant-
gemc specificines and sirulence.

This sody was supported by the Norwsgian Re-
search Counl [or Science and the Humanitres.
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examined by HA In ant1 9343 anti B55 and
ant: E 323 Sheep erythrocytes sensitired with
LPS prepared from B coagulans VPI 3476
B hypermegas VPI 2366 and B putredims
VPI 4998-1 reacted mn titres varying from 20
to 320 Exanunations of the same LPS prep-
arations by HA inhibition and IIA n the
absorbed antsern (cf Table 3) revealed that
the pos tive reactions were due to the pre
sence 1n LPS of these strains of factors 3 and
10 (VPI 3476 and VPI 2366) and unknown
determunants (LPS from all three strains)
Erythrocytes sensitimed with LPS prepared
from B fragihs ss, distasoms ATCC 8503 and
1. vulgatus ATCC 8482 were agglutinated
by the antisera but also by specimens of se-
rum obtained from the rabbuts prior to um
munization The entisera dxd not contmn
antibodtes to the other LPS preparations ex
amined (utre <20)

TABLE 3 Th¢ Teg Systems for Demonstration
by HA Inhibition of the O Antigemrc Factors 2-10

in B fragills
Test system
Factor
antigerum®* sensitrzing antigen

2 Antr-9343 I PS-E 323
abs. B55§

3 Ant] 9343 IP3-B33
abs E 323

4 Ant BSS LIS E 323
abs. 9343

5 Antl 9343 LPS-9M43
abs. F 323 + B33

6 Ant-E 323 LPS-E 323
abe. 9343 + B35

7 Anti BS5 LPS-B55
abs. 9343 + E 323

8 Ant B5S J P3-B39
abs. 9343

9 Anti E 323 LPS B39
abs. 9343

10 Antl VPI 5807 1P8-9343
abs E 323

*+ 8 wgxlatinating units of antisermm.
§ Absorbed with T PS or whole mlcroorgantan

DISCUSSION

With respect to O antigenic speaificity B fra
gilts 35 fragilis 1eems to represent a hetero-

12

gentous subspecies. Within the subspecies
there are strans which do not cross-react
through therr O antigens, and strins having
one or more O factors in common The O
antgemc crog-reactnaty of s fragils ths
seems to be analogous to that of gemn Sa!
monella The O antigens of the three test
strains were more related to each other than
to the majonity of other O antigen prepara
tions examined

The findings of the O-anbgenic speaficr
ties 3 and 10 in B coagulans VPI 3476 and
B hypermegas VPI 2366 show that the B fra
gilis s fraphs O antigens are not restncted
to this subspecres. Recent experrments have
shown alto that some O factors are shared
with sy dustasonss and ss. pulgatus

The O anhgemic multupeafiaty of the
B fraphs LPS 13 evident and s posmibly
more pronounced than suggested by the pre-
sent study The scrologrenl reactnaty of bac
tenal O antigens 15 due to the presence n
the polysacchande part of the LPS macro-
molecule of oligoacchande units in the range
of di to hexamcchandes beanng one or more
speaifiaties and often appeanng as repeating
side chamns The speafiaty in tun depends
on the pature and mode of linhages of the
sugar components constituting the oligo-
sacchandes. The O-antigenic speaificaities of
B {fragilis are harboured 1n the polysaccharide
moiety of the LPS complex (3) but beyond
thes the chemien] basis of the serological re-
actmity 1 unknown. Repeating oligosaccha
nde nide chas carrpng the different O fac
tors may exist, or the multupecificity may be
due to the presence in the mme LPS of olgo-
sacchanide units which differ n their chem
1eal composition and/or configuration. A re
mote possibility 18 that part of the serolomeal
reactivity 18 due to contamination of the LPS
preparations with another macromolecular
pohacchande A lgh molecular weight cell
surface polvsacchinde antigen which reacts
tn precipitation and scems to be group spe-
aific (6) has been demonstrated 1n stramns of
B fragilis (7) Recent fractionation expen
ments have shown however that the phenol/
water extracted O antigen of strun NCTC



9343 can be pearly completely separated from

preapatng carbobydrate antrgen (4)
The results of the study mdicate that a
typog system foc B. fragilis based on the de-
of defined O specific-

w

-

Hefst d T.. O-asupeaxc specificity of Tipe-

frocm Dactersides fraplis s
frepifis. Acts path. mkroliol, scand. Sect. B,
2 477481 1973

uer By HA inhibition may be worked out.
Foc that purpose 8 wider spectrum of O fac
tors and, comsequently more type struuns,
have to be inchsded. However for the ume
being serological typing of B fragiis is of no
practical importance.

Becawse of the small mumber of strum in-
cluded the results were not anahysed for a
pomible relabocahip between certun O-anu-
genic spectficines and virulence.

Thie stody was spporied by the N regiem Re-
wer h Cou i for Sciex  aad the Hemenitier.
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examined by HA in ant1 9343 anti B55 and
antt E 323 Shecp erythrocytes senutmed with
LDS prepared from B coagulans VPL 3476
B hypermegas VPI 2366 and B putredinis
VPI 4998-1 reacted 1n titres varying from 20
to 320 Examinations of the same LPS prep-
arations by HA mhibiton and HA in the
absorbed antisera (ef Table 3) revealed that
the pos tve reactions were due to the pre-
sence 1n LPS of these strains of factors 3 and
18 (VPI 3476 and VPI 2366) and unknown
determmants (LPS from all three strans)
Erythrocytes senutzed with LPS prepared
from B fragilis sa. distasonis ATCC 8503 and
5. vulgatus ATCC 8482 were agglutinated
by the antsera but also by specimens of se
rum obtamned from the rabbits prior to mm
munzation The antsera did not contain
antibodies to the other LPS preparations ex
amined (titre <<20)

TABLE 3 The Test Systems for Demonstration
by HA Inkibition of the O Axtigenic Factors 2-10

i B. fragills
Factor Teat system
antlserum*® sensitming antlgen

2 Antl 9343 LPS-E 323
abs, B35}

3 Anti-9343 1PS-B3Y
abe. F 323

4+ Antl B55 I1PS-E 323
abs, 9343

5 And 9343 LP38-9343
abe, E 323 + B35

6 Anu E 323 LPS-E 323
abs, 9343 + B33

7 Anu B35 LI'S-B53
abs. 9343 + E 323

8 Anti B33 LPS-B59
abs 9343

9 Anti B 323 L.P3-B59
abs, 9343

HY Ant! VPI 3807 LPS-9343
abs. F 323

* 8agglutinating units of antiserum.
§ Absorbed with TPS or whale mlcroorganiems

DISCUSSION

With respect to O-antigenic speaificity B fra
gilis ss. fragilis seems to represent a hetero-

12

geneous subspecies. Within the subspecies
there are strains which do not cross-react
through their O antigens, and strains having
one or more O factors in common The O
antigenic crossereactivity of ss. fragidis thus
seems to be analogous to that of genus Sal
monella. The O antigens of the three test
stramns were more related to each other than
to the majonty of other O antigen prepara
tions examined

The findings of the O-antigenic specilia
tiet 3 and 10 in B coagulans VPI 3476 and
B hypermegas VPI 2366 show that the B fra
gilis w fragilis O antigens are not restncted
to thrs subspecies. Recent expenments have
shown also that some O factors arc shared
with ss. distasoms and ss. oulgatus

The O-antigenic multspeaificaty of the
B [fragilis LPS 1 evident, and 1 posibly
more pronounced than suggested by the pre
sent study The serological reactnaty of bac
tenal O antigens 1 due to the presence m
the polysacchande part of the LPS macro-
molecule of oligotacchande units 1n the range
of di to hexasacchnndes bearing one or more
specifiaties and often appeanng as repeating
nde chains, The speafiaty n turn depends
on the nature and mode of linkages of the
sugar components comsututing the oligo-
saccharides. The O-antigenic specificities of
B [ragilis nre harboured m the polyxacchande
motety of the LPS complex (3) but beyond
this the chemtcal basis of the serological re-
activity o unknown. Repeating oligosaccha
ride uude chains carrying the different O fac
tors may exut, or the multlspecificity may be
due to the presence m the same LPS of oligo-
ucchande units which differ in their chem
tcal compositron and/for configuration. A re
mote possibility 14 that part of the serologicl
reactivity 1 due to contamnation of the LPS
preparations with another macromolecular
polsacchande A high molecular weight cell
surface polsacchande antigen which reacts
by precipitation and seems to be group spe-
cific {6) has been demonstrated in strains of
B fragils (7) Recent fractionation expen
ments have thown howetver that the phenol/
water extracted O antigen of strun NCTC



P per Chramat praphy

brydrol; was performed [ saled tubet
.uﬁu,soﬁf;nq.m:rnlum:h
The H,S0 bpdrotpmics were newtralieed by pao-
cagn thioogh  colvmma of Domex 1 jn the formate
form aod i wse rroo ed from HQ hydrolyates
by eeporsnon b acmem over NaOH peilen.
Clrcalar paper chromatography was run whh -
butancl-prodine-aater (6 4.3) $ogars wery saip-
o with xx;Ewe bydrogen phikalate or sl er altaie
Heoumineg were sho saught with the Fhoe
Morgaa reagent of Paindpe (11)

Gus Liguid Chromatesraphy (GLC)

Bunples brdrolped @ 0.0 N HQ ¢ 100 €
for 48 b (12) wern weutrsbsed with Amberlise
form, and the aldowes comteried

o

o o (13) OLC was rua [n

Gas Chiromstograph wlth & flrme loalzaton detec
wr ad fitad w O 3 glaes colomm {020 < 183
cm) packed with 3 per cent ECNSSAL (w/w) on
GuChrom Q, 100-120 meh {Applied Sclemct
Laboratones, busto Colicge, Pesarhasaa) Tos
Bow of gas (N ) »as 30 al/xan, the colwun e
;;«m;-m C and the detector bemperature

c

Chemwced Analyses

Protn was meesmred by the Follo-Caocalwu
phenol watbod (10) Bovoe sermm afbomin st
med @ wandard. grocrpe wero soght
u decrbed by Hesna (2) Phophores wes

with the method of Frke & § bharow

(1) moddied by Yewnghurg & Yesaghury (14)

A shtca Ukraceatrf getion exd
Imm wosieviropheren

Thew wualyses wore carned out m dexcribed
earber (9)

Serolepod Motheds

Axtucrs sgamst whole sucrobul il wers pro-
duced m bl (3) Gl {Thration of antiserum
- a roum teperstnre (22 Q) wing

72 e Bugh coluntn of Sephadax G-700 with xn
Al duarter of 23 cm. The columa was

Fig 1 Schieren pauern of PS [452, 3 mv/ml n
Q05 M phosphate bufler 68 Exposmre 73
min siter wpeed kv attained (39780 rev/mmom,
Spisco Madel E, Rotor Ad-D)

won of wuitired sheep erythrocyies wa  added
1 kiboen of basteriad agpl tinatisn Twofold
& Goms of ke polyraccharide in 02 ml of safine
were prepared t twbrt, To ach t b was added
02 ml of anthergm contining 8 spglutinetmg
walt Feflowlsg becubetion st room temperature
for 30 mn, ? drops ( pprox. 60 al) of 3 wlnc
lon of L4327 Aurdieed
10 an optical demity at 600 ma of 1.9 werw added
0 each tube The agrivtination was reed after 3 h
oy C
Methods to be ased for fadirect karmagginii o
tex hn  prevomly been reposted (3)

RESULTS

The polymccharde polymer herealter re
ferred to as PS L452 was prepared from two
batches of L4352 microorganumms. 2.4 g ace
tone-drred cefls (Batch 1) were digested with
48 mg typdn in 500 m! of buffer and 20
wiihed, wet cells (Batch®?) were digested
with 60 mg trypun in 400 ml of buffer The
flud following centrfugats

EAE tho agar precipitation Enes agalast anu-
terum 10 whole 452 onpnmm & heavy
h""Pf“ddl:;dbyPSMﬂmd-‘akh
Tepresen & contarmna an

PSL45"bdnrtdhuin':emm"
the bolated polymers PS L4 (6)
-ndeIAQ(B)dm{n(thed;ﬂcrmtnq.o(
punficaton. Filtaven  through

T3 mpamcd the anisgen frou bighhmele-
cular-wegght subetances, and the DEAE—el.

ALY
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COMPOSITION AND ANTIGENIC PROPERTIES
OF A SURFACE POLYSACCHARIDE ISOLATED
FROM EUBACTERIUM SABURREUM,
STRAIN L452
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A highly active surface antigen, reacting by precipitation and complement fixaton, has been
isolated from E. sebsrremm strain L4532, The antigen b a polysacchande polymer built up of
walactoue fucose and ribose.

Key words  Exbactenism saburresm cell wall pol:

hand hemi
Y

Tor Holstad Mikrobiologuk avdellng MFH-bygget, N 5016 Haukeland sykebus, Norway
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Eubacterium saburreum 13 a Gram poutive
anaerobic microorganum nhabiting the oral
canity of man Typespeafic polysacchande
antigens have been wolated from two E
saburreum strains, strain L44 (PS 144) (6
7 9) and strain L49 (PS L49) (8) PS L44
5 a hnear polysaccharide composed of partly
O acetylated  (1-96) hnked g D-glycero-D
galacto-heptopyranosyl resdues (3} PS L49
u a heteropolymer contmung chains of
alternating (I1~»3) and ({6} linked g D-
glyeero-D-galacto-heptopyranosy! rendues, the
latter being substituted with 6-deoxy-a D~
altro-heptofurancsyl groups (4) Alio PS 149
contains O-acetyl groups.

This report deals with the immunochem
stry of a polysacchande polymer solated from
F saburrgum strain L452

14

MATERIALS AND METHODS

Culturel Condiitons

E saburrewm L 457 was isolated from humsn
xlne The organum was cultured 1o o fluid
medium based on whale meat extract and prote-
ose pepton, and supplemented with yeast extract,
glucose and humsn or horse serum (8)

Extraction end punfication Methods

The pol hande was p d as p
described (6 8) In short acetone-dred or washed
and packed cells were digested with typun
(Trypun 1 250 Difco) in & tme-HQ buffer pH
78 and the polymechande punfied fram the
supernatant flud [ollowing centrfugation of the
digest (5000 « g 30 min) by gel Miration (Be-
phadex G-73) 1on exchange-(DEAE-cellulose) and
afflmty (hydroxylapatite Bio Gel HTP) chramaio-

graphy

ty




not previowmly deoscribed.
The results of the presest study show that
PS L452 m a lugh-molecular-wemght peutral
anugen. The chemical com-
pomion % quie different from that of P§
L44 and PS 149 Structaral studes (Hoff
man ¢t of. mamoxaTpt In prepanton) e
indicated that focoee 3 m the furancd form,

=

-

~

-

Hejjmax |, Londberg B, Lemspres ] &
H:Illﬂd T.. Strwcteral wodles of the poly
ride antiges of Enb b
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TABLE | Chemicel Compontion® of the Polysacchande Astigex PS L452

from E.uburrenm

Strain L452
N\
et Yield Ribose Fucose Galactose
mg dr&w molo dry w mole dryw mole
*® % %
Bath 1
acetone-dried 24¢ 96 240 8
Moty 27 359 380 333 M2
packed wet 200 g 163 22.9 731 483 42.8 406 341

* The figures have not been corrected for water u

lulose eolumn retmined the contammnating
precipitinogen while PS 1452 went straght
through the column.

PS 1452 sedimented as a sharp peak by an
alytical ultracentnfugation (8, =2.36) (Fig
1) and produced a single line situated on the
kathedic side of the application point, on 1m
munoelectrophorens against antuerum L452

A

TABLE 2. Serclogical R. ity of the Pol;
nde Astigex PS L452 from E.saburreum Strein
L452
Preapitating actvity* 098 xg/m!
Complement binding actrvity§ ¢ 0078 ax
Minimal dese snhibitng
agglutinationt 125 xx

* Lowest concentrationn of P8 L452 (2 fold dilu

tlon) giviag ponuve rag test.

§ Lowest amount of PS L4532 (2 fold dllutwon)
gving maxmum serum ttre.

ptake during hydrolysis,

tion 1n L452 antiserum Fractionation of anty
serum on Sephadex G 200 showed that all
antibody activity to PS L452 was asociated
with the second proten peak (Fig 2)

24
E
- 8 !l§
& £
> s
: i
Zos ‘i
| 5
a
5 e
o ot
0 20 ¥ ©
Fractron na.

Fig 7 Tracuonaton of 3 ml antiserum-L432 on
G-200 Fractions of 8.5 ml were collect

units of

t Bactenal agglutinaton 8
antserum

Galactose, fucose and nbose were found by
paper and gas hqud chromatography of acd
hydrolysates (Table 1) Amunosugars were
not detected The preparauons of PS L452
were free from phosphorus, but contmned
small amounts of proten (43 and 42 per
cent) O acety] groups were not detected

The serological actmity of IS L4532 was
exammined agamnst antiera to whole L4352
microorgapimms (Table 2) The polymer did
not senstize sheep crythrocytes to agglutina

16

ed. Bars complement foation ttres agalost FS
L4352 1 pg/mbL

DISCUSSION

Previous studies as well as the present report
and prehmunary examunatons of other E
saburreumn strains strongly indieate that the
organmsm has a carbohydrate polymer located
at the outer part of the cell wall The poly
mer s a hughly actrve hapten reacting in pre
capitation and complement fixation tests.
Antmera against the hapten can be raused n
rabbits by mnjection of whole mucroorganrsms.
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Neimerie thonyata sxb p givcolytiea 6171775 Compar
TABLE | Fatty Acid Compastton of e T

Fatry acid}
: :
Smln bl ot - . -
5 = 5 ©° =z 5 = ¢ ¢
23 £ § = & g3 &% 2 = =
115 10
3 33 02 25 49 16 M4 356 23 tr 05 08
i};‘m ;1 49 04 36 52 10 272 M0 31 o o4 13 130 1D
The tn stralm were grown, hanested, chemically prepared and gas chromatograpbed In
coder sretly comparable coodtions  the

acld content.
“tr (tracc) mecates lers tham O 1 per cest.

TABLE 2. Quentitetics $i powpsin Remsteme T endormetion beix en Netmerls elopata swb p
sircolynea 6171775 the Type St ma M2 of N coopata and N mculoguidss

Expermment

Ratio of Ioterrtals
Recipeest strun ‘Tram{ormants
No. (colory conmt/md) Dooor siraln perml Josatologer
1 Berain 6171/73 N elonpeta)i2 14 % 101 21 %10
(33 x 107 A meapnds M1 11 x 109 16 % 107
Btrain 6171/73 67 > 104
2 N ddeapade iz Sram 6171773 17 x 104 19 x 107
94 x10) N elongeta 312 440 104
3 N mocapedu )l Siata 6171773 40 % 100 13 x 107
(68 x 107) b meaapudii 31 % 104
4 Seraan 6171/73 Y dengeednz 26 x 104 86 x 10
(16 x 109 Beam 6171/73 10 x 10+
s ¥ donget 32 Senaln 6171773 29 x 102 17 x 101
17 x 109 ¥ clonga M2 17x18
1 Nes 13 .

m loy phase fleid culiurey (24) Sbort-term
DNA exporare of lag phsse cultmres (8) was wwed m expeoments Now 4 and 3

Nebisena ware incloded o the awdy a indicared B0, dy large, corrod: .
2 the tables. lated from the first mbeultare (trpa | ref
The wmam 617175 sbowed tomddenble va- 1m)

sixtion ead revorsd dfferent coloay types  8Cb Aaller
(18] Wib  vew to studyng the cslony type

Boul N $mall, mooth, Ron-corrodiag calony
aratzm, the sram was gowa om haraaa bioed olated
agar pecpared us dexcribed (7) xad bacubated &t Ty o from tho fext sbeatiure (tpa 2 ek
33 Cin b atmoepbere,

K wd Nb

< e - . md[mhnod:,lmmndm‘uimyde

e caltorm In Muweler Hinton Beoth (Difeo) N-c aod Nd  Senooth, noo-corroding calowy

wok 05 per caot peast wxtract, mcabated at 33 C mad from cone $Ca -

:;mnynqtmdd.n}ylﬂtid-l‘y;dﬂlhkﬁ Ce colony derhed from purface
clomes were holaed

T following - axbected pellichs of cxtonsry exlture of choow W b

kg
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RELATIONSHIP OT' NIISSERIA ELONGATA
SUBSP GLYCOLYTICA TO OTHER MEMBERS
OF THE FAMILY NEISSERIACEAF
Rjeis Bovee, L O Frouowr § 1) Hexmiascx nd Emis Hotes
Institute of Medlcal Biology Unlveruty of Tromso Tromse Norway Natfonal Institute of

Public Health, Osdo Norwny and Raptein W Wilhelmsen og Frues Bakterlologhke Institntt
Univerty of Oslo, Rilshowpitalet Oslo, Nornay

Baovre, K, Frobolm, 1. O., Hennbhsen, 8 D % Holten, E Relationship of Nessena elongeta
rubsp glycolytica to other members of the family Aewsseriaccer Acta path microbiol, scand
Bect. B 85 18-26 1977

Newseria elongata subsp. glycolytica strain 6171775 is closely similar to the type strain of
N elomgate M2 as regards DNA base composition fatty neid content and electrophoretic
mobillty of two glutamate dehydrogenaes, ome of which showed a reaction of identity with
the corresponding enryme from M2 in double immunodiffunon {n agar The strain showed
gepetic homologies with strain M2 in genetic f at a lewel specxes Wden
tity and with N memmgputsdis at a lower kevel. No affinity to Voraiells species or “falie
nelenas™ was demonstrated with the excepbron of a duction of a few f n
the 6171775 reciplent by DNA from Keagelle bizxgee The straln ahowed the same pattern of
amociated varlation of colony type fimbriation and competence in transformation as that
found in other Neliseria and VMorerells specier. Alter continuous subculination for some time

some clones of the strain appeared to have lost the ability to produce acud from ghicose

f

I fimbrnae fatty acd com-

Key words Nl longata gepetic tra
position  glutamate dehydrogenase

el ox Frues

k ke Insututt Unlvenity of Ovlo,

8 D Henrlksen haptein W Wi
Rikshospitalet, Oxlo 1 Norway

Recened 9 v 76 Accepted 9 viil.76

A new rod shaped member of the genus
Neusserra was deseribed 1n a preceding paper
(18) The strun resembled Aewsseria elongata
n most respects but differed from the latter
m that 1t produced acid from glucose gave
a strong catalase reaction and that the con
mstency of agar colomes was dutinctly differ
ent. According to the results obtaned in
tramformation cxpenments, the st ap-
peared to be very closely related to the type
strain M2 of N clongata. The strain was

18

clasufied as a subspecies of & elongata and
the name % elongata subsp glycolytica was
propased

The purpose of this paper 13 to report on
additional studies of the properties of the
stram and 1 partieular of its relationship
to other members of the Newserracear

MATERIAIS AND ETHODS
In addition to the strun 6171/75 represcatatne

atralns of species of Aforazella Awmgella (17)
false neiseeriae (A ceterrkelis and N orws) and



TARLE 1 Petty dcd Compemien |

Hebweris closguie mbsp gheolries G775 Compered mith
N.dongata M2*

\
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+pI1 12:0
30N 140

01 23
04 36

617175
M2

49 16
$2 18

LE)

33
32 49

Faty ncldf -

-

3
- o = b
z s ?@ n oz 8 = £
284 366 23 U o5 08 113 10
172 o 3l te a4 13 130 1

The two sirals were grown, hancsted,
under encily comparabls conditions  the
pewogy Teports on fatty
§ The figores 1o frest of colon indicete member
coloa the wember
o the carbary! group. The concomtrat

“tr (trace) mdicatss km thas O 1 per cent

of

TARLE 2 Quan 8 Reddy

prepared and fromatographed o panile
r-n:iqu:lﬁuhdu ed

13

acxd composition In % oeriscsar {3, 70 27)

carbon atoem In 1 {aity ackd chaln, the oner after

amwmms—oﬂbﬂm.mmmmmsm
tiom ars g a pertvasga of the total fatty ackd coatent.

el
wycodyen 6171775 ths Type

beixern Newwrix congxta ok g
meniogitidis

dexe T
Strela U7 of N choopta and N

Rano of intentsln
Experment Recipwnt straln Trsmlormeants
Wo. (eoton? sonmy/sd) Dooor strala jlatiny 1o suclopeus
1 Berain 617175 N deget 12 14 x 14 21 ¥ Iot
(33 % 10%) N meadsptidis MU 1Ux 10 16 % 102
Rerun 6171/75 £7 x 10
2 N lapets M2 Nerale 8171775 17 % 10 19 3 10
194 % 10} & lmgeia A2 44 100
3 N momspndu Ml Sl 6171/73 10 x 108 13 x 107
(68 107} ¥ menan gt M1 11 x 100
4 Kb 6171/73 Az 6> 10+ 86 x 101
(15 = 108} Birn 6171775 30x 104
H N elenpets Serun 6171775 25 x 10° 1710
(17 % 107) N elengata M2 17Tx108
<] Hos 1-3, i A in Jog phaso Muld celtures (24) Shoet
DNA exposure of lag phame cxltoree (8) wer med [n d i e

Nocorrie wero inchadad fn the nody s indicased

I the tables,

The stram 6171775 showed .
raton emd severxd defterent coloay
(18) Wak

3

4 8

experonents Now 4 and $

SC  Comparainely lage, convding colouy faoe
lated fom the 13t subcnihore {rype 1 At

18)
m;x;mnqmumum,
Emall Bzmll, mnooth, boo-corroding  colooy
ikeand fro the i b (trpe 2 el
N-a and N Smooth, moo-rorroding eoka
med from clons SCh &

N sod N-dy Smooth, nor-corroding
s e o conn €04 coloay de-

Corfoding colowy  derhed from sariace
P of sanoarry coltare of clome Nod [n



TABLE 3 Semgwaniitative Streptomycin Renst

ance Trensformation of Nelwserla clongata subsp

glycolytlea 6171/75 mith DNAs from I arioxs
Other Oxrdase Pontive Orgenisms®

Nfct number

t of presumed

n;‘e: Donor DNA from . "
per plate

1 Y oris 199/55 \f borus
ATCC 10900 Vf wrethrals
WHI2O (ref 23) New
Moraxella Brpterveld (ref 1) 1]
K hingae T3 (ref 11) 35
A bixgae A1702 11
K Lenges 4177/66
¥ flavescens ATCC 13170
N memmpetides M6

2 N catarrhalis Ne 11
M lacwnata ATCC 11748
VM moaligwefactens NCTC
7784 \f atlantar A1992 (ref 9)
A osloensss 3873
A phenylpyronrca 7863 0
K bagac 4177/66 39

6
>10000
>10000

* In each etperument, 1dentical aliquots of the
reciplent {clone SC-a) 107 to 103 colany forming
units per plate of wurface culture, were exposed
to transforming DNA from the donomx to be
compared (10 g} duting growth at 33 C for
7 b, without DNaw terminatlon. The cultures
were exposed to 50 ag of streptomyem per ml,
added to the medium from below the agar The
plates were incubated for & further 4 days and
the number of resutant colonkes was counted.
The numbers ar corrected for spontanecows mu-
tants occurnng without tronsforming DNA and
wnt the presence of tranaforming DNA pretrented
with DNase. Further detals of thu alightly
modifled long tern DNA exposure have been
reported (8) All donor strainy have been em
ployed in previous taxonomic studies (2 4 5
12 16) special references in the table)

N = NMaseria M = Moraxells K = Kimgells

(17) The des! Aaissena s temporanly

for falsw nelsserize™ (N oius and ¥V caterrhalu)

and Yoraxella for the wrethrelss organum.

Datermination of DNA Bese Compontion
DNA of strmn 6171 75 clone SC-a was pre
pared and its buoyant denuty n CsGl gradients
measured 10 an analytical uliracentnfuge as pre-
wiomly descnbed (5) These cxpermments were
carrled out In cooperabon wth Dr Snbalib
McArdle Laboratory Unnernty of Wisconsln,
AMadbion, Wiconsin Cytophage johwsones DNA
werved a3 denuty marker at demity { 6943 g/em?

20

nf;mngl:oKLh: assutned denuty 1710 of Esche-
nchie ¢o, 17 DNA. The average base campo-
sition, ve,, the moles per cent of guanine + cyto-
sume (%(G+C)) was calcnlated from the buoyant
denuty (g/cm? = p) unng the sdroplified formula
B(G+C) = 1000 X (p 1660) which is based
on the value 50 % (G +C) of E. col: K12 DNA.

Fatty 4ad Analyas

The appbed cultural, chenucal and gas chroma-
tographic methods have been deseribed In previom
reports (9 21 27) The whole cell fatty acd
composition of the struns 6171/75 SC-a and
N elongata M (type straln) was compared, the
procedures beang appled stnetly In paraflel for
the two strains (Table 1)

Ex of Glutamete Dehydrog

Cell [tre extructs were obtaned by ultrasoele
treatinent of cells {ollowed by centrdfugation at
10000 X g for 30 mun (20) Electrophorens of
extracts was carmed out in 12 per cent Dafco Spe-
il Agar Noble in sodjum barhtal buffer pH 8.5,
ionwe strength 06?3 Glutamate dehydrogenase waa
localired by covenng the gol with agar ged con
taining glutamate NAD or NADP or both, phe
nanne etbotylphate and nitro blue tetrarolium
a1 deweribed (20} Ouchtetlony double [mmume-
diffusfon tests were carned out 1 1 per cent
agarow In 085 saline at room temperature for
24 h. After drying the precipitate hnes were
stuned with amido black (19)

Genetre Transformation

Quantitative streptomyemn  renstance  trapsfor
mation was performed by two methods 1) w
log phase fluid culture ss descnbed by Leo (21)
{Table 2) and 2) a¢ the short term DNA ex
posure of lag phase cultures described by Bevre &
Freholm (8) (Tables 2 and 4) Semiquantitatne,
loag term DNA exposure transformation was per
formed ay previowsly described (8) wath few mods
fications as indreated 1n the legend of Table 3

Electrom Microscopy
Tha methods wed have been described preve
owly (7 13)

RESULTS

Inctability of 4 1d Produ-tion from Clucose

When stran 6171/75 was retested after
subcultivation for some ime acid productron
from glucose could no longer be obscrved
Thret clones representing different colony



F¢ ! Doobls diffuson parera of aatrglwemate
Sepdrogriae whem tened sgERa crwde oxteacty
from st §171/75 b lowpata apd N memagh
frds Cextre well serwm sainst NADP-depeadent
gutmuce ¢ from A getidis M6,

Glutamate Dekydrogensse

Electrophoreus of estract from 6171775
revealed that the strain had o glutamote
dehydrogenases, one MAD-lmbed and one
NADP finked The former murrated towaeds
(he anode and conered 2 dntance equallog
103 per cent of that of the NAD-linked glu-
mate dehydrogenzie from \  memmgutidis
(?0) The NADP linked eravme nugrated
trwards the cathode 1o about 40 per cent of
the mentioned d_stance. These results are in
excellent agreement with those obtamed from
three simbny of % elongeta (19)

1 L

was performed  vung
antherum agahnet the NADP linked glotam-
gte dehydi from \ me dis M6

A N dengets siimp. gyiebtic 6171/73 B
N leaged A2 C M meiapida MU

typey {tpes 1 2 and 4 s previowsly de-
wribed (18)) which had been under con-
tmuows rabculmation doce the bolaton of
the straun, were tested in several dilferent
glucose-contammg medua, but no acidity de
eloped withnn 14 days. Subsequently an
ampoule of freere-dried culture prepored
shortly after the nolaton of the strafn, was
opened and tested  the cultrre thus obtamed
thowed tlow prodoction of weak acidity a5
before. The trme of occutrence of the change
and the nature of the latter are not Loown.

DNA Bare Compotrtion

The moles per cent (G+C) of DNA fram
squn 6171775 wa found to be 533 whch
n ety close 10 the value of A cloxgate M2
(330 per cent ref 12y The value b by far
hrgher than thot applymg to soy Lnown
Voraxrlla speaes (3 9 23)

Fatty Acd Compontion

At shown in Table 1 the fatty aod pat
term of wram 6171/75 and A elongata \12
are almost identical. Accordmg to our ex
perhence such degree of sunilarity 1 a srong
mdnumlhzt\her\ummahe\\mgmdt
wme rpecs (9 11 21)

and extracts from stramn 6171775 N elon
geta M2 nnd N mewmpitidis M) (19) A
reaction of partml sdentty between strum
6171775 and \ memwptidis was found, the
fatter (ormung & wpur over the preaptaton
tne of the former There was & reacton of
deutity between strain 6171775 and A elon
peta M? (Fig 1)

Affinuties 1w Gemetic Transformation

The resalts of quanttatne tramfomuaton
(Table 2) show an sffimity between straln
E171T5 and N clongate M2 (uoter to mira
Mraun tramformant rapes from 17 X 10 to
86 X 10 in the two dircctions) which
strongly mndicates species wdentity of the two
strama (see sho ref 18] The remins of long
term DNA exporure (without D\ase terml.
n:bo;a) of strazn 6171/75 (Table 3) show
tramsformmation eneompatibiliry wath donoes of
recognized speceey of Moravelle, falwe nels.
seriaze” and soime other orgaamms, but a dis-
tinct affinity to \ flevescens and N mean
rtdis Tha confirmy the very close relaton-
thup of 6171/75 to A clongeta A2, which
peeviowly was found to geoetaally to
the gemn N erteerg (4 12) It b alio worth
noticwg bt Kimgelle bingae (Morarelle
:::.T wf l7{) D\A appears 1o eliclt a few

ormmants {n the 6171175
TaAy represent the figt hint Wmﬁ?
latomhsp



TABLE 3 Semiguatitative Streptomycn Resut

ance Tramsformation of Nelsseria elongata mbsp

glycolytica 6171/75 with D¥NAs from 1 anoxs
Other Orxidase Positice Orgasisms*

Net number
ment Donor DNA from
No. transformants
per plate

1 N oo 199/35 M bouss
ATCC 10900 VM wrethrals
W20 (ref 23) “New
Moraxella Mijsterreld (ref 1) ]

A kimgae T31 (ref 11) as
A kingae A1702 11
A kingas 4177/66 6
N flacescens ATCC 13120 >10 000
N menmpitidis M6 >10000

2 N coterrhalisNe 11
Al lacunata ATCC 11748
A moaligrefaciens NCTC
7784 M atlantas A1922 (ref 9)
M oslosmsis 5873
A phenylpyrononca 2863 0
K kingac 4177/66 39

* In cach experniment, identlcal aliquots of the
reciplent (clone 3C-a) 107 to 108 colony formung
units per plate of surface culture were exposed
to transforming DNA from the donors to be
compared (10 xx) dunng growth at 33 C for
7 b, without DNase termunation The cultures
were exposed to 30 xg of streptomycin per ml,
added to the medium from below the agar The
plates were Incubated for a further 4 days and
the number of renstant colowes was counted
The numbers aro corrected for spontancous mu-
tants occurring without transforming DNA and
in the of f DNA d
with DNase. Further details of this alightly
modified loog term DNA exposure have been
reported (8) All donor strmns have been em-
ployed in previous taxonomic studies (2 4 35
12 16) special references 1n the table)

N = Neltsgrie M = Moraselle X = Kingella

{17) The desj Newsena rily weed

for false nelsserlae” (N o 15 and N catarrkaly)

and Aforasella for the wrethrals orgarusm.

Determination of D%A Bass Compostion

DNA of strmn 6171775 clone 8C-a, was pre
pared and jts buoyant demmty m CsCl gradients
measured in sn analytical ultracentnfuge a4 pre-
viowsly described (3) These expermmenty were
carried out in co-operanom with Dr Soybelsh
McArdle Laboratery Unnemnty of Wisconun
Madivon, Wisconun Cylophega johusonas DNA
served a3 denlty marker at denuty 16945 g/cm®

20

refernng to the aeumed denslty 1710 of Escke
nchia colt k12 DNA. The merage base campo-
sition, r.e the moles per cent of guanlne 4+ cyto-
sine (% (G +C)) was calculated from the buoyant
demsity (g/cm® = p) wiing the wimplified formula
%(G+C) = 1000 X (p 1660) which is based
on the value 50 % (G +C) of . coli K12 DNA.

Fatty Acid Azalyns

The applicd cultural chemical and gus chroma-
tographlc methods have been described In previow
repocts (9 21 22) The whole cell fatty acd
compodtion of the strains 6171/75 SCa and
N elongata M2 (type atrain) was compared the
procedures being applied strictly in parallel for
the two straums (Tabls 1)

Examination of Glutemete Dehydrogenases

Cell free extracts were obtalned by ultrasonsc
treatment of cells followed by centrifugation at
10000 X g for 30 min (20) Electrophoresls of
extracts was cammed out in 1.2 per cent Difeo Spe-
cual Agar Noble in sodum barbltal buffer pH 8.6,
lonlc strength 0023 Glutamate dehydrogenase was
localized by covering the gel with agar gel con-
talning glutamate NAD or NADP or both pbe-
naune methowvlphate and nitro blue tetraroljum
as described (20) Ouchterlony double fmmuno-
diffunen tests were carrled out In 1 per cent
agarose in 083 sallne at room temperature for
24 h. After drylng the precipitate lmes were
stained with amido black (19)

Genetic Transformation
Qi i} i trapsfor
mation way performed by two methods 1)
log phase flud culture ay described by Lie (24)
(Table 2) and 2) as the short term DNA ex
posure of lag phase cultures described by Decre &
Freholm (8) (Tables 2 and 4) Semiquantitatne
long term DNA expoture tramformation was per
formed a1 previoudly described (8) with few modi-
fications & indrcated in the legend of Table 3

Elsctrom Microscopy
The methods used have been dewcnbed previ-

ously (7 18)

RESUI TS

Instability of 4 1d Production [rom Glucore

When strmin 6171775 was retested after
subcultrvation for some time, acid production
from glucose could no longer be observed
Three clones representing different colony



Fig 3 Paraliel preparaow kmular to Fig 2 of the corrpondmg N-c  arhat, Upper 10,000 X lower
50,000 x

be strasght, though with some distortions, and
to be armanged in mde-to-de chutern, The
chameter of the indradual filaments 1 about
4 1, while the centre tocentre dutance of
parallel flaments u 6 to 8 oo

The SCa celis a3 well a3 Nc cells posses
cell wall protrusons m the form of sender
band-lke structures of iregular outline
These sructurer may abo occur freely die-
pered and may asume the form of brger or
smller globulet,

Cells from the SC-c and N-d clooes were
alo studed and gave results umilsr to those
obtaned with the SC= and N celh, rerpec

tnely The cells of the clone Small N which
only thowed a trace of corrosion sod an fn-
terieduate degree of gepetc translormaton
competence were either noo-{imbeuated or
posested oaly ungle fimbrae (Table 4}

Associetion of Genetic Transformatson
Competence Coloxy Type Vanaion and
Fimbnation

As presented m Tabls 4, the stram 6171775
show colony type varmtion and other cul-



Figr 2 end 3 Electron micrographs of A elongate subsp. glycolytice.
Fig 2 N «longeta subsp. glycolytica 6171/75 SC-a, 13 h blood agar growth suspended fn 08 per cent

sodium siicotungatate pH 7 (7 13) Upper 10000 x lower 50 000 x

other memben of Newssertaceae Several ex
penments (not tabulated) uung Aforaxella
falie nesseriae and A Lingae as recipients
and strain 6171/75 as donor of DNA were
also performed, but were negatine

Electron Microscopy of Colony Types

Fig 2 shows that the SC a clone of strain
6171/75 has numerous, mawnly aggregated
fimbriae which are evident at Jow magmfi
cation. By way of comparnon Fig 3 shows
that a granulated texture 1 charactenstic of
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the surroundings of the cells of clone N
studied by electron mucrescopy of negatrvely
stained matenal. Unng this technique, the
N-¢ cells in general appear somewhat smaller
than the SC-a cells (0607 x 08-17 pm
vernus 08-09 x 1 1-1 8 ym) and the staiming
substance appears to be more concentrated
close to the cell wall of the N cells. Fum-
briae were only occastonally detected in prep-
arations of N cells while prcucally all
SC-a cells carmed several fimbniae The fim-
bnae of the SC-a clone scem to arise pre-
ferentially at polar or subpolar locauons, to



50,000 x

Fy 3 Panllel preparanon smilar to Frg 2 of the comempondley N vansat. Upper 10,000 X Jower

be straght, thoogh with tome dstoetons, snd
to be amunged in de-tonde clmtern, The
dometer of the Indndual flaments o about
4 s, while the centre to-centre dwtance of
panalel Hlaments 3 6 10 8 nm.

The S(a cells as well a3 N cells pomess
cell wall protrumoes m the form of dender
band-hle smuctures of mregular owthoe,
Thewe sroctore may abo occur freely dn-
persed and may asurne the form of larger ax
maller gobules.

Celly from the SC—c and N-d clones were
aho studred and gave results mmilar to thoe
obtained vrith the SC-a and N-c celh, respec

tnely The cefW of the clooe Small N which
only showed a trace of corrogion and an m-
termedute degree of genete traraformaton
competence were erther noo-fimbclated o
poscmed only single fimire (Table 4)

A of Gemetic Transf.
Competence Coloxy Trpe Vanation end
Fimbriation

As presented in Table 4 the stram 6171773
shows coloay type varlanon aod other cul.
tural vanation  {peliicle formaton) apod-
ated with (aobretion and genetie tramsfor

n



TABLE 4 Comprlence of Gemetic Transformairon Ralated to Fimbration Agar Corronon end Pelhcle
Formeatiox in Neisseria elongata swbsp glycolytica 6171/75%

Clone/
(Parental ¢l Fi Agar Pellicle Competence
cell line} one) imbratlont S 08 formations  (T/E rato)
SC-a Found In fint subculture + 4+ + 4+
++ ++++ 1.5 x 10+
SC-b 8C-a, on plate, smaller colony ++++ A+t 83 x 107
SmallN  Found In first subculture (+) (+) (+) 48 ¥ 10
Na 8C-b on plate (+) (+) 14 x 107
N-b SC-b, oa plats — — <2 x 10
N SC-a, on plate (—) — (—) 25 x 107
N-d N, oo plate, larger colony {(—) —_ — <6 x 10
SCe N-d occanonal pellicle 10dap + + P 56 x 10
* Quantitative short term DNA as described (8) The forming DNA was d from

spontaneous streptomyen reslstant mutants of 6171/75 8C-a and (for tramformation of the recprents
N-d and 8C<) of the N b variant. 1ad tor "e

§ Nowmenclature corresponding to previous reports on eolony type vanabon in Nesseraceas (7 8)

+ + + most cells with detectable fimbriae (+) nngle fimbrue on occanomal cells, (—) fimbnae
only detected occasionally

$ +++ + distinct corronon on the agar (+) a few pits of corroulon obseried 1n heavy growth
sreas. — no corrowon ohserved.

8§ + +++ distlnct pellicle formation on fluid medium formed in 1-2 days. (+) weak pellicle forma-
tion m 4 days. (—) & weak tranuent surface film observed only oace after 4 days of Incubation.

— o pellicle formed withun 4 days.

per ml. E number of colony forming units exposed

9 T number of strep in reslstant f
to transforming DNA

mation competence, as previowmly found n
\ nonliquefaciens Af bowis and K kingee
(6 7 8 13) Thus, cells from the spreading
corroding clone SC-a were heavily fimbriated
and lighly competent whereas cells from the
clone N ¢ neither corroded the agar nor had
more than occanonal fimbriae and showed
only a shight degree of competence as com
pared with those from the clone 5C-a

DISCUSSION

The results obtained 1n thes study reveal that
the stramn 6171/75 classified as N elongata
subsp glycolytica certamly 15 very closely
related to the type strain M2 of N elongata
Thus 15 shown by the following findings the
DNA base composition and fatty acid con-
tents are practically identical they are

on of two electrophoretically simular
glutamate dehydrogenases, one NAD-Iinked
and the other NADP linked, the latter en
zyme from stran 6171/75 showing serological
speafiaty idennical to that of the M2 enzyme

24

and the stramns have a very high degree of
genetic homology as demonstrated by trans-
formation The degree of genetic homology
1 gt 2 level comesponding to affimty levels
found 10 atrains of the same species (2 9 11
16) thus wndicating that the stran 6171775
1 2 true member of the species N elongata.
In fact, the genenc affimty of this stram to
stram M2 15 higher than the affimties of the
latter stram to several other molates of thus
species (10)

If clamfication of the strmin 6171/75 pn
manly were to be based upon genenc and
chemotaxonamc evidence rather than on
ordinary cultural biochemucal characters, 1t
would hardly have been given rank as a sub-
spec &+ rather 1t would have been conudered
23 2 biovar of N elongata. 1f bowever at
were to be based manly on cultural bto-
chemical charactens, the strain rught have
been placed 10 & separate species, according
to the traditional manner of clasfication of
organusms belonging to thrs genus. [t may be
suggested that more extenuve genetic and



chemotaxoname studies abo of ather taxa m
gm\nhmm-mxgh(k:dm(unhnxm-
p-rmnncmohhcchnﬂ‘unono{dmpmrp
of organism.

The fact that certam Sones of the stram
6171775 lost the abillty to produce acid
g}wcmemd.unhercu-numxdmbmlmm
indicutes that some of the characters utilized
mn the chmificaton and rdentficavon of
\ exgerie speescs are not m aable as desed.
Irregular behavionr 10 d.'ng'nnmf tests by
dmy wcid

-

@

Bers X Tramfomsstion and DNA b
compodton bn tavnsomy wih speclal refer
ence to recent modles 1n Moravdls and Nl
sevie. Acta path, m crobeol scand. 69 113~
144 1967

Be re A Pulce-RNA-DVA kybriduation be-
tween rodhaped and coceal meowes of the
eorarella-> euseria gromps. Acts path. macro-
bol scasd Sect. B 78 B63-574 1970.

Bs e k., Fundt M & Spbebi, If.. DNA

preducton

recently (11) It should alwo be borne i
! that asaccharolytic struns of A mezm-
gitides have been encountered (3)

The stemyn 6171775 follows a pattern of
suncutoa of colony type, pellikle formaton,
fimbriaton and gepetic competence as that
found in several Aforarells specias, Kixgells
and Massera In this gram sam b elongete

agar (15) slthough the amociation of fimbria-
o, competence and pellicle formanon bas
been demonstrated (14) The clone Small N of
strain 6171775 appean 1o have an unexpect
tdly Yogh degree of competence conedering
the very low degree of fimbnabon. In Mo
aselle the transf of the SC van-
ants alvays was 107 to 10* {old Ingher than

the competence of an N vanant of one strain
rometnes was found to be ngher than that
of an &C varlant of moother stam (8, 8)
Tbe fimbruae found m stam 6171/75 re-
scmbled those previoutly detected In Mo

].;ru. Kingelle and Aclrserie speces (7 9
14)
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OXIDASE POSITIVE RODS FROM CASES OF
SUSPECTED GONORRHOEA

A Companson of Conventionsl
Gas Chromatographsc end Genctic \lcthods of Identification

krm&nnhw}Lm,B;mPnuBauu
und Earx Jaxtzy

Department of Microbology Ushersity Horpital and Tnstitute of Medical Elology
Unh emsity of Tromes, Trowws, Norwsy and Methodology Depastent, N tionsl Tastitute of
Pablic Fahh, Odo, Rorsay

Bevre, K Hagen, N Berdal, B. P & [antzen, E. Otiduse posits  rods from caaes of merpected
goocrrboes, A compariam of com eatiowsl, gas chromatographic sad groetic methods of kea-
heation. Acta path. microbeal. eeand, Sect. B, 831 27 37 1977

Genrtr-uretbral spscraens from 1260 women and 1170 men, with allments suggesthve of

wers examined for growth of cuxisse posith  rodihaped bacteriz, 13 well as of
gunococel. Mevarells edeensis was Mentfied in 26 cases (0 64 per cent of women and 0 43 per
(or weakly reacting) and
threa tawn, &

patents smrpecied of ganor
rhoes, tho peided growth of cxidase pouth  rods, Keapells Eapes and Veoeria deupsts
rapecinely A goaorrbesas was olsted from 337 petients, 1 L 121 per crut of 51l caser.
The iolates of oodasx poath  rods were in mout cives completely iendfied by streptowrycia
remusce tamfonmatcs. On this bem, the disgaaitic nedfability of some morphological asd
Hrrrad-beoc b tests aod gw hy was emmined, Gas chromatographic ana-
trms of fatty sd and elenbol comrposition of whok cells prosed ditinctee of species defimed

Lrrepectn, of confuing betuviour of soee stratns in other teats

Koy words Oxidsse poutne rods

21 chro

et o

K Bovre, Depustoaent of Micrsbiciosy Univanity Horphial, N-017 Troews, Neowsy

of andase posltne rods (3
6,9 10 12,13, 16 17 1% 19 24) Witha
iew to future research on the medscal role
of these micro-ongawnm 1t 4 fmportant to
collect data on thely distributon in accoed
ance with the new tsxonomy In the present
stady their occurrence i conditions sagges-
meo{gmrhonhmmmed.hlaqimbg—

affinites m genetic transfonmation.

MATERIALS AND METHODS
Sonrce of Now Isalaies

Specinens [rom 36 patfeats whh cEacel
rmptoan ctivation of gosococed wese

sumined for growth of
e s Tho mtterld cootpeised a1l tpect

27



mens of thi type recened in the Department of
Microbiology Unlveruty Hospital Tromso during
three monthy and two weeks In the winter of 1973~
1974 Samples from 4430 patrents (3260 women
and 1170 men) were of cervical and/or urethral
origin 10 six cases the investiganon was performed
on oropharyngeal specimens. In addition one
solate of oxidase posithe rods from unne {pure
culture more than 10% bactena per ml) was In
cluded in the {dentification expesiments,

Reference Laboretory Strams

Mot of the strans serving as genetic and phe
notypic references (Tables 1-4) were recently med
in a study of Morexella atlentas and M phemyl
#pyrowrice (6) Two stratns of Flavobactenikm
meningosepticurs NCTQ 10585 azd NCTC 10587
were included 10 order to facilitste the diagnos
of three isolates not belonging to Neurerraceas

Cultivation end Tdentsf Proced:
The speclmens were transported to th lahora
mry on swabs n Slunrt medium, and promary
was perlt on lectne hested

blmd nEAT Ay vre“ as on Thayer Marn (27)
medlum (GG Agar Base (BBL) 36 g, Hemoglobua
Powder (BBL) 10 g IsoVitalex Enrichment
(BBL) 10 m] colistin, 75 mg vancomyeln, 3 mg,
distilled water to make 1000 m! pH 72-74)
The culture plates were meubated for two days at
37 C in CO, Incubators (Natonal Meimucke Co

from 077 per cent of those examined for
gonorthoen By way of comparson 537 pa
tents (r.e 121 per cent) were pomtive for
Newsena gonorrhoeae In three patrents both
oxidase positive rods and gonococar were de-
tected. In 26 cases (064 per cent of women
and 043 per cent of men) M odoenss was
grown from gemto-urethral samples (strains
T1 T26) Pror to sampling 11 of these 26
patients had recenved antibiottes (penucillm
or tetracychnes) Gemto-urethral uolates
from three patients were Af phenylpyrourica
(T28-T30) and from three patients the 1o
lates were conrdered to belong to Flevobac
terum (T33-T35) In two cases, the oro-
pharyngeal specimens yielded cxdase ponitrre
rods Kengella kingae (12 17 19) labelled
T3! and N elongata (T32) The strain ob-
tuned from unne was identfied as A osdo-
ensis (T27) The data leadmg to identifica
tion are given below

TABLE 1 [Identification of New Iroletes of

Morazella osloenns, Kingella kingae (19) exd

Newseria  clongata by Streptomycim  Reststance
Transformation®

with 10 per cent CO, and high humldity)
Isolates of oxidase positlie rods were examined
as follows The genetle affinities versus reference
strains were tested by means of short term DNA
expasure tramformation of streptomycin remstance
{3 5) IDsolates not identified m this manner were
examined by the more sennitne long term trams-
formation technique (3 .'17 hy whxr_h Lutcr-.pec:u
affinities were Ph
nation and comparison with hhuntory strams lol
lowed the procedures proposed as minimal stand-
ards !or the dcy:npuon of ne-v taxa in the genera
1Y’ Acimetod, 11) including more
recent qxdfmuom and additions {6) Antibiotic
senaftrvity tests were performed by dlutlon of the
drug 1n heated blood 2gar medium. The gas chro-
matograplic and msocuated cultural and chemical
procedures wers a3 previowly developed (20 22)
with recent modif cations ()

RESULTS

Incidence and Species Distnbution
of Isolates

Oxidase positive rodshaped bacterza were
detected 1n speaimens from 34 patents, re

Ratlos of interstrain to autologos
transformation with reference recipient
or donor

New

Dsolates \f osloexns A kinpme N clowpele
A1920 4177/66 2 7833/71
or 3873

T1-27 35-93 %

T3 47 %

TI2 5% T3%

* Short term DNA exporure (3 3)

( enetre Affimtties

As shown m Table 1 the solates T1-T27
reveal ratwos of internramn to autologous
transformation with type or reference stramns
of Af osloensts ranging from 35 to 93 per
cent This range 13 normal for members of
ths spectes, as shown previously (2 9) Like-
wise the usolate T31 hay intraspecies affimuty
to the type strain of A kingas {(17) = ex
pressed by the ratio 47 per cent. Strnin T32
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wbows high intraspecses compatbahity (73 per
cent) with & dospeta 7823771 The lower
affinity of thu molate to the type strain M2
{ref 13) 3 per cet, n compatible w th pre-
~wnaly obsrved genete heterogenety of N
lonpets (7)

The threr nolxtes T28-T dd not dn-
close mtrmpecres affbuty to any competent
reapent of oxdme pomtne spectes. These
nolates were incompetent and could therefore
only be med a1 donon m genetic transforma-

M phemylpyvorcica sdentty with tha specis
could not be durertly tested. Table 2 shows

lhngmup(s 6 10) The reartions Are com-
pndh!ev—rdlidcndl'umbondthemhnﬂﬁ—
T30 as M ghemlppronrica but do not rule
m--penc-nm)etdnm‘bcd.unhdmﬂzr
interypetues relationy.

The ofates TI3-T35 dud not disclose any
affinrty to Asuseraceas in transfoemation.

Morphological and Culturel Deochemical
Charactenistics

Tahle 3 shows some phenotypic properties
of the polates T1-T30 and reference strauny
of M odosmsis and M phemyipyroucica. Fre-
quently the M oslosnsis polates appeared as
coced in pmmary cultures, microwomaaliy
indstingunhable (rom gooococel. The form
von of dutinetly foiform cells (Fig 1) dur
ing growth at Jow concentrations of penxillin
(6) appears to be a mther common featare
of \f ofdormns Cocaal Aewsens spears do
not form rodshaped cells if similarly exposed
and w far stralns of 3f monliquefaciens R
bingec and & elongeta have been negauve {f
thus exposed, resultmg in 2 formaton of long
threads of unform thicknen. Netther thos
test nor tewts for growth on mmeral medium
with acetate ar tests for phemylalamne /trypto-
phan deanunas, however divide the wrainy
recorded 1n Tahle 3 1n accordance with the
genetic data and, eccordogly » distincton
on this bess of the srams T28-T30 from
M otlorans = Impomible. On the other hand,
the abllity of Al phexylpyroucice to grow at
3 Cas well as Its salt tolerance appear to bo
umform and unque and shared caly by the
rouns T28-T30 Also, the graetic data are
confirmed by the mmiform presence of paly
8 bydroxybatyrate inchmons m A oslorxas
2od the growth wmmulinon by Bl of Af

{l""ﬂrro-m-. ncluding the three new o-
tes.

mﬂ‘!thethmmhmndmu{m
mr:dsumbyzha-auiﬁwhngm
DNA exposiire technique. A certain

towards varjows species of Morwrelle and \
catarThels 3 obwerved, of & magnitnde cor
reponding to interspecses relatioos within

The beoch reactione of the fsolate
T31 comrerponded to the description of K.
Amgas (17) On the other baod, strabn T2
devisted from sore of the reported ¢

et of b dloageta {1 13) Thus, It ws
nmttpcdmmdpmd\x:adlmnﬂlmun!
o 0 frocn ghucoue In Hugh aoel Leafaon



TABLF 4 Fatty Acid end Alcokol Compontion of A

< o

Specles] Straint i x
o - o o ° .
s 8§ = = I =
e n - 2.7 tr - 10 _ 3
T2 - 38 - 02 14 - 71
- - 2.8 - tr 09 T
T+ - 41 " 01 17 T
s - 49 tr tr 2.1 - Y]
T6 - 51 tr te 19 BT
L - 33 te tr 18 - 124
T8 - 29 tr 01 1 - 163
™ - 29 - tr 12 ~ b
TIO - 28 tr 01 12 - 187
T - 2.5 tr ir 07 - 190
T12 - 24 tr - 0.9 - 189
T3 - 10 - - 0.3 _ 1k
Tl4 - 22 tr tr 09 - 17
T15 - 27 01 01 09 - 187
Tis - 15 - [ 06 - 145
T17 - 29 tr 01 1t - 173
T18 - 26 tr o1 11 B 16.9
T19 - 2.4 01 01 10 - 175
T20 - 41 tr 04 13 - 178
T21 - 28 0.2 01 1 - 175
T22 ~ 35 04 02 2.0 - 98
T23 ~ 2.8 01 a1 11 - 176
T24 ~ 27 04 01 11 184
T25 - 25 02 01 11 - 183
T26 - 2.6 02 01 1.0 - 173
T27 -~ 2.8 w tr 1.0 - 148
A1920 - 43 r tr 1.6 - 103
A1920 40 tr 01 15 -~ 97
A1920 - 46 T 01 16 ~ 107
5873 - 28 o1 02 12 - 9.3
3873 47 02 01 19 - 100
3873 48 02 o1 19 91
1% 316 009 009 125 14
24 099 010 007 043 41
M phenylpyrosvica T8 07 151 09 20 04 tr 91
phensler T29 06 109 06 2.2 tr 04 128
0 10 143 10 26 00 04 7C
11865/32 06 135 0.3 10 tr 04 “;
A atlantas A279 17 114 - s 17 03 14
K bmges T3 48 28 64 344 24 05 20
4177/66 32 "9 57 230 zi ;; ;ﬁ

1 44 1 51

N donaate {222 aé 38 03 41 19 56 41
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ean be comsdered conustent with the Kentity
M phempipyroumcs of these new holates.
mflnyundp:un'nollhzn;hmﬁl
5 compatible with the proved
\dentty k. kmgee and that of T32 with A
llo-de'I'h:pln:rmolthcmhmm—
T35 were almost dentical, belng character
szed by branched fatty acads and several un-
rdenuficd peaks by which they were clearly
dsunginshed from A aoenecees (20, 21)
The patterns were very mmilar to thoss of
the reference F menmgose pticam straios, and
these polates were tentstively allocsted to
the geny Flavobsctemam.

DISQUSSION
Thi study mdwcates that A odloenns o the

rodstuped  micro-organmm
mont frequently occurrmg In the human
genuto-urethral region. Still, it appeans to be
present only m few indmidmh. Any special
smocaton of Af odosmns to these surfaces
a8 & porrmal mbul o th

wham gooococn: were olated, patents with
milammatory mgns but pegatne gonococcos
cultwe and a control group of bealthy
women, In cooformety with the results ob-
nh‘tdbym,kdflnﬁl.l.nottdlhl!lnﬂﬂ
a(z}:hnhmprmri}y\ammdnnng\m!v
abie from % gonorrhocas whether by colooy
morphology or murTocopy Almost all thear
jolutes were Mentified a3 A wosliguefacins
although they did not report the we of tests
which are necemary to differentlate betwren
Al morbquefeciens and M odoemps (24)
That therr iolates might have been M asdo-
ensir » conmtent with rather high 3IC,m;
i values (0.25-1 U/ml) 1n the majortty
of thelr straim. Penrcilin rewstance of Af
oslormns has been observed abio by other
{rvestigators (15) However the MIC values
of aimowt il of our Af odosmar bolates
ranged at 005 U/ml o Jess.

The obyect of the sccond part of this sty
wat to clucldate, for general purpose, bow

pomible
may therefore be contidered rather unceitan.
By way o the habitas of Af
aonbgrefacwrs (and N ceterrhdys) i the

pam) cavity of man » mch more fomly
established (4)

tom for gooorhoes. Af odaenns often ap-
peared 1n the pronary cultures as cocesl cells
d hable from N gonorrhocas It was
abo clearly thown that Af odoexa: ean be
enanched on Theyer Martm medium. Tha

devices dengned to be read caly by growth
:dmud::pddvemkmnmdnut

tural tests. Macroscopy of the primary cul
tures i not sulficent.

Orr results may be compared with findings
m o umilar stody by Kiftear ef ol (23)
These authon  examiped gendto-urethral
sptamens from woen and foand moraxnllee
1 §77 per cent of the caex. There was no
dearcut difference between patenty from
»

grs ch aphy

pesform in an unselected materl of genetx
ally xdentdfied oodase pomtive tods. The
results point to some apparently stable cul-
tural-bsochemleal trabts of high vatue 1n iden-
nficanon, the Jow temperature
growth and the salt tolerance of Af phensi-
#yrouvica (6, 23) The lew rpecdic, but uni-
form bile mlt smmulapon of this specaes (6,
125} axd the formabon of poly § hydraxybu
tyrate inchojons m Af osloerns (24) arc abo
of dugnostic

than expected. Tha sdds to the problems
ariting from the methodalogical {rreprodaci-
hﬂ"dlﬂuﬂdt.bmm(g) Even some
hymctkmﬂ”mudhw (24) may
hﬂ.Om:umplanb:ntn:runmu(pht.
myhalamne deammase negatne (or weakly
resctng) and tryptophan deamimase negatrve
M phensipyrovenca. The exmtence of sich
struns bas been
ted a3 clearly a3 in the

rtody.In additlon, these and other F“":’(
uMmtnﬂm.ym o mineml

LY



O/F medum. The latter property appeared
only m later subcultures after isolation Fur
thermore, thu stramn showed weak to distinet
reactions 1n the phenylalamine and trypto-
phan deaminase tests. The uolates T33-T35
were glucose and maltose positrve but vaned
with reapect to sucrose ncidification nitrate
reduction and phenylalanine and tryptophan
dearnination,

As regards Af oasloennis the mnumal nh:
bitory concentrations (MIC) of percilin
(Table 3) were 005 U/ml in 22 of the new
1olates, being 0 I U/mi in three strains and
001 U/ml in two strams. Seventeen out of
these 27 Af osloensus strmns (re 63 per
cent) were pnmanly streptomycin resistant
(MIC = 200-800 pg/ml) whereas the rest
had MIC = 01-04 pg/m!

* Exper.mental details as previously described (20
22) with recent modiflcations (6) hey to fatty
2crd deslgnations the flgure 1 froot of colon
indicates numbor of carbon atoms in the chaln,
the figure after colon the number of double
bonds the symbol 3-OH indicates a hydroxy
group in pesition 3 relative to the carboxyl
group 18 Oale denotes & straight chain saturated
fatty aleohol ( di 1) The
tions ars given as percentage of the total acld
(plus alcohol) content. A few pupor unidentr
fled compounds have been excluded from the
table. tr” indicates less than 01 per cent.

# Genetically deflned eotities (2, 6 9 13 17) or
as regards A phexylpyroxvica a species concept
formed from low or absent campatibiity with
other known species and some phenotypic truits
presumed to be stable (6 10) 3 = Moraxelle
K oKingelle (19) N =Nesiena

1 Strmung labelled T are new isolates n the present
study and allocated to species by genetic trans-
formanon (Tables 1-2) The other strains are
reference struns recently employed n taxonomic
studses (6 20) 3 osolemsas A1920 and 3873
were examined pairwise 1n three ndependent
experiments.

$ The mean value ¥, standard deviation ¢ and the

confldence interval % T # have been caleulated
for each of the fifteen compounds of ¥ osdlosnss
(tabulated) and, as prev owly reported of ¥
phenyipyroncice and M atlantes (6)  Score”
indicates how many of the fifteen tabulated eon-
centratons of a straln which fall inude the con
fidence 1ntenvals  applying to each of the three

species,

The M osloensts strains T1-T27 showed
MIC values of colutin and vancomyein rang
ing from 16 to 25 pg/ml for each antibuote,
Most strains were able to grow, usually at
somewhat reduced rates, in the presence of
7.5 pg/ml of colunn and 3 pg/ml of vanco.
mycin, which are the concentrations in the
Thayer Martin - medm.  Correspondingly
these strains were often clearly ennched on
this medsum 10 primary culture. The strams
T28-T30 (A phemylpyrourrca) were senu
tive to colntin (MIC x 01 pg/ml) and res-
stant to vancomycin (MIC = 25 pg/ml)
and consequently did not grow on Thayer
Martin medwm The bebaviour of stran
T32 (N elongata) was umilar (MIC e 1
=01 ug/ml and MIC, way = 73
pg/ml) The wpolate T31 (K kingae) was
resstant to both agents (MICaa =25
ug/ml and MIC, omper = 100 pg/ml) and
grew on the medium the same appled to
the uolates T33-T35 (MICe u > 100
£g/m] and MICisvemyet = 7.5-25 ag/ml)

Fatty Aad and Alcohol Composnition

Table 4 shows the fatty acid and alcohol
contents of the nolatet T1-T32 and a num
ber of reference strmns. The strains T1-T27
identified genetcally as A osloenns reveal
quantitative and qualitative dutnibutions of
compounds mirmlar to the reference straunt
of this speces and distinetly different from
all other strans of the matenal The 1o
lates T28-T30 group together with a stram
of Af phenyipyrourica hsted 1n the table, as
well as with 10 other strains of ths species
exammned previowly (6) A1 atlantae u in
cluded 1n the comparzon (6) Thu specres
1 very close to M phenylpyrourica 1n terms
of fatty acid compostion, but its content of
the wax ester alcohol n-octadecanol (18-Galc)
serves to dutingush 1t from the latter organ-
sm (6) The strains T28-T30 do not show
a ressmblance to M atlantae greater than
that of typical M phenylpyrourtca and the
alcohol 13 absent With the recently provided
nformation about the fatty neid compontion
of other Aforaxella species (20} the results
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media with acetate, a man characterstic
wed for identification of M osloensis (24)

The taxonomic utilty of gas chromatogra
phuc fatty acid and alcohol analyus of whole
cells has previously been evaluated in News
seniaceae uwng genetic nffimties as para
meter (20 21} The present study of new
olates partly behaving atypically accord
ing to conventional tests, conwstently revealed
gas chromatographic patterns of high spec
fiaity n accordance with the geneuc data.
Thus, this method can be considered to be of
an accuracy approaching that of genetic tests
m identification of moraxellac and simylar
bactera,

This stady was supported by the Normegian Re
svarch Coxncil for Scimce and the Hummmities
grant, C.07011 (to K.B)
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media with ncetate, a main charactenstic
wed for identification of M osloensts (24)

The taxonomic utility of gas chromatogra
phic fatty ncid and aleohol analysis of whole
cells has previowly been evaluated n New
sentaceae unng genetic affimties as parn
meter (20 21) The present study of new
olates, partly behaving atypically accord
g to conventional tests, conustently revealed
gns chromatographic patterns of hugh speci
fiaty 1 accordance with the genetic data
Thus, this method can be conndered to be of
an accuracy approaching that of genetic tests
in 1dentification of moraxellae and similar
bactena.
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stion o7 acquintron of polymer bridges be
tween the cell and the surface attachment
Third, the increwse m cell oumber by cell
dn-mmur-dtﬁmm]-ppun‘bmlo{ceﬂalm
he rospenson  eccumulation. In a premons
communicaten (8) we haye described the at
tachment of Mreptocoets o the protem {iim
on tooth enamel i tdro In the present study
an m riiro model fystem for bacternal sorp-
tion to glas has been evaluated. A struin of

I cur feraum way employed. It was

pertmenty, § farcivm was shown not to react
with human mbva,

MATERIALS AND METHODS

Cells A aborxiory sirain of Sireptececcus § war
wmd, Thet organisn was u grew w10

medhen,

m Trypcaes 80y Brotk (TBB AL, Cockepriille
Ud USA) st 37 C omder atmowphetic cood)-
o

Thymdous corperation. T 90 ml of froh TEB
w3 added 10 md of o overmght cultuen of §
foecem @ the sa08 medimn. After incubation for
1 houn, (6H)abymidme (254 Ci/mamal, 103
oCi/ug  The Radischrmical Centee Amershawm
Explond) wae s82ed 10 fual sctivcy of 1 o)
per ml Following 43 mim of facubation In the pre-
reace of raciacthely Libelled thymllne, the celly
wers Sanvested by eetrifugation (10,000 % g, 13
Tin, & ©) weded three tmes and resmpended
™ the buifar oc saht solction to be wed for the
I

pmecntel proced ¢ Afwr hanesting, wab-

oy, and of the celly, tha

pasl te
tabes, and coner Clames (Kerl Horckt

Londicim/Rhda et Germeny) 11X 12 rom,

iz
hours *
{6-"H)thymidine b



Acta path. microblel, scand. Sect, B 85 3846 1977

SORPTION OF STREPTOCOCCUS FAEGCIUM
TO GLASS

Dao Grstavim

Department of Microbiology Dental Faculty Unlvernty of Oxlo, Osloe Norway

Ortavik, D Sorption of Streptococcas faecium to glass. Acta path, microbiol, scand. Sect. B,
85 3846 1977

A method hay been developed by which to study the sorppon of Streptococens feccium to
soda Lme cover glasser. Conditlons were choeen to minimize the Influence on sorphon of bac
terlal polymer prodoction, pasuve sorption being studsed ratber than attachment mediated
by metabolic activiter. Sorpuon of S fascram | d with Ing temp (to
30 C) thme and cell o it but equilibri: ly was not rcached even after
incubation for 8 hours or at a cell concentratwn of 3 x 101° per ml. Sorption increased with
solute molarity up to 0 1 M concentratron of NaCl and KCl, indicating an effect of the ekec
trical double layers on the apposition of cells to the glan wrisce. Desorption of bactena could
be obtained after multiple washings of the glasses in buffer or by tho action of Tween 80,
but not »f sorbed bacternia were Ieft in dutilled water varous salt solutions, urea, or o nu-
pensions of unlabelled bacteria. It was concluded that sorption occurred as a result of
chemical interactions between the glayy and the cell surface. Tween 80 at a concentration of
1 per cent whiblted sorption to 26 per eent of bufler controls, 2 M urea was less tifecthe
and 1 M NaCl was without effect. It Is d that hydrophobi tions may be of
importance in the binding of § faecixm to glass.
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Various conceptual frames have been ap-
plied to interpret bacterial settlement and
growth at interfaces. ZoBell (10) conmdered
the concentration of nutrients and the stab;
hzatton of exocellular enzymes favourable for
the growth of bactera on sohid surfaces Aar
shall et al (3) conmdered the mmual sorption
of bacteria to glan to be a revervible anocia
tron resulting fram phymical, attractive forces
Metabolic actnaties, Le. the production of exo-
cellular fibnllar matenal effected the subse
quent irevernble attachment of these loosely
sorbed cells. The attachment of Streptococcus

mutans to glas may alio be medated by
exocellular polymers produced by this organ
1um (5 7) and the nference has been made
that a wmilar mechanism 1 operative 8 rico
in the colonation of teeth by § mutans Yet
another form of bactenal attachment 15 medi-
ated by extraneows polymers presemt in the
environment the proten film on tooth en
amel surfaces promotes the attachment of
certan oral streptococe: (8)

Bactenal accumulaton on 2 sohd surface
may be drided into three seperate phases,
Finst, the immobiluation of a bactenal cell
on the surface sorption Sccond the elabar
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Effect of temperature Increasing temper
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Icrease tn the mumber of bacterm sarbed
(Fig. 4)
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RESULTS

AMethodology Tntium labelled cells were as
sayed for cell integnty and retention of the
labelled compound suspenstoms of labelled
cells were repeatedly wanshed (three times
each time) and resnpended (to the ongmal
volume) over a peniod of 21 h The absor
bance at 540nm wus read and santllation
counts were made after each washing and
resuspension and the speafic actraty of the
bactena was calculated as counts per min
(cpm) per umt Ayuap The results (Fig 1)
showed that there was no detectable loss of
label from intact organsm. However as an
effect of storage or of the multiple washings,
a decrease with time i the total number of
cells was observed (Fig 1) It was concluded
that 1n thort term expenments scmnullation
counts were satufactory as an estimate of bac
tenal cell number

The effect of sorption of bactena to glass
on counting efficiency was evalunted by com
panng counts from 50 pl of suspension dred
onto cover alips with counts from o0 pl added
durectly to the vial. Recovery of actiity from
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Sorption of § [ascium to glam as a functon
I cell cox tion. Incubation for sorp-

tion 40 min.
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-
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Fig 3 Sorption of § fasctem to glass as & function
of time

bactena dned onto glam relative to the es-
pended samples ranged from 101 10 107 per
cent in four separnte experiments.

The standard curve obtamed from 10 20,
and 50 pl samples dned onto cover glases
was linear and expenmental counts did not
exceed the highest value on the standard
curve.

Even after extenmve wathing small

amounts of radisactvity were present 1o the
supernatant. To nvestigate the posible ad
sorption of free thymrdine or 1ts dernatives
to the glass cover glasses were incubated with
the last washing hqud for 40 min No radro-
activity wat detectable on glasses thus treated,
indicating that adsorption of rdwactive ma
teral to the cover glasses would not inter
fere with measurements of bacteral sorp-
tion.
The glag-to-glass vapation in scintillation
count was esumated n A senes of 9 tniplets
of 1denuecally treated samples. The extremes
read 82 per cent and 121 per cent of the
overall mean Average standard deviaton
within tniplets was 7.33 per cent.

Effect on bactenal sorption of cell concen
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Fig 8 Asempted desorpdon of celly of
£ faccoms by variows st slgtions. Incobation for
wption &3 Toin. Meana of 3 soreTements.

TABLE 1 Dewrpiron of Glasrserbed 8. {sccrum
by KaCl, Ures, or Tueen 30

Bactena remaining after 3 hoan

(percentof comtroly)
{mia) 23 A 2%
Q2 vrea Teeen80
0 103 104 52
160 It 110 8l
Suwpeamons of S fescram in PBS wers incobated

1
&

cner glawes for 3 ("0 mm ) or for 160
min Control sessples wrrs thes riosed and fymoedl.
ately procemed for counting of sorbed celly Te
woaples wets fpcubated for 3 b m the Bouids for
demcpton they wore then vimed xnd procewed for
coaating. The test Buids were beffered ot pH 74
with 801 M sodem .

ageoty under these condi-
wons (Tehle 1) Tween 80 on the other
band desorbed 48 per cent of the bactera in
the perey incubated for 0 minutes and 19 per

cent of those 1n the seney incubated (o 160
mmnutes (Table 1) In a separate expenment,
6 M ures buffered st pH 3.0 with ghane/
HC! was also shown to be ineffestove #1 8
devorbing T

mda:l!:i?ng effect of multiple washmgs
with bulfer was evzhuated. After incubation
foc 0 40, and 160 minutes, cover glames with
sorbed bactera were nmed once (3 8) e
W\ﬂrlﬂdmu(w-)mth!h
chankal detachment of bacteria was stamed

mechameal
longed incubaton (Table 2)

TABLE 2. 3 hewical Detackmrnt of Glarserbed
Calls of § facclom

Bacterla recafalog
ijorind after 10 rizes bn RS
(per cent of controls
(min) rized once)
o %
40 61
160 33

were
by dpplay oo {control) or 10 tmes (tet) in
PBS prior to comnting of sorbed crll

Fimlly desorpoon of bscterm was ob-
served In the microscope (3} Ten pl of 2
nepenuon of bactena was pipetted under a
cover glaw mpparted by two other cover
ghll:cnlmu‘mcopethde.&rrphonm
and desorption from the cover glaxs was fol
Yowed for coc bour by phase contrast micro-
wcopy Rapid sopaon of bactera was gen
m the fint few sconds of contact of the
sopennon with the glam. Unattached bac
terix, howerer weduented rapidly from the
rurface and cut of focn continued sorpon
was therefore not pomible. Sorbed hacter

Sarilar remilty were obtaned if best or



and denaturation by heat could be observed
(Fig 5)

Effect of salt concentration Solutions of
KCl and NaCl were prepared at 10 10+
10-* and 10~ M concentrations, Bactena
washed and reduspened in distlled water
were added to each solut.on to a final density
of Ayiom = 072 and sorption was recorded
after incubation for 40 minutes A profound
effect of the salt concentration was observed
(Fig 6) very few bactena sorbed at salt
concentrations of 10~ and 10 * M but sorp-
tion ncreased dramatically through 10 to
107! M salt concentration

Effect of pH Suspensions of bactena mn
saline were adjusted to pH ranging from 3
to 10.5 with atrate (3 to 6) phorphate (6.5
to 8} and glycine/NaOH (85 to 10.5) at a
concentration of buffering substance of ap-
proximately 001 M Sorbed bactenn were
counted after incubation for 40 minutes the
results are thown m Fig 7 Sorption was
maximal at a pH of 63 to 70 At pH
levels above 70 sorption was noticeable less
wehereas the lowenng of pH below 6.0 only
slightly reduced sorption.
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Fig 6 Sorption of § facciam to glass as a function
of solute molarity Incubation for 40 min Means of

3 messurementa.
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Feg 7 Sorption of S faraiwm to glam a1 a functon
of pH Incubation for 40 mun. Means of 3 measure-
ments.

Desorption of bactena After incuhation
for 65 minutes 1n a bactenal suspension m
02 M NaCl (pH 65) cover glasses were
transferred to 0.2 M of Na,HPO, NaSO,,
Na,CO; NaF or NaCl and left for 10 or 40
mun Irrespectrve of the solutions tested any
regustrable desorption could not be observed
(Fig 8)

It was also attempted to have bactera
desorbed from cover glasses by meubaton 10
suspensons  of unlabelled bactena.  After
varying pertods of desorbing time (0 10 and
40 mun) no decrease 1n radwactnaty meas-
urements could be observed. Pre-incubation
trmes requured for sorption were 0 40 and
160 mn.

Attempted desorption 1 distilled  water
Iikewse fatled to detach bactema already
sorbed

The desorbing effect of 4 M urea 2 per
cent Tween 80 and 2 M NaCl was tested
The reagents were buffered at pH 7 4 by 001
M phosphate buffer Cover glanes were n
cubated with labelled bactena m two senes
incubation for 0 and for 160 munutes. Fol
lowing a brief rinse 1n PBS the glases wath



has been tranweded by chemborption. Phy
deal adsorppon u geoemlly favoured by
Jower temperatures, whereas chemmorption
pracwdnu-hsghnnmumnenﬁmum-
pennmAko,cquﬂﬂmumhmllym:hed
\uqucklymth:aseo{ph)nalu-pdnn,
and more slowly wben ch ¥ ala

Later wa md:icated by the greater per
ncun:ﬁ'bncmnnhthddhemdnm
clly removed after Jonger incubaten tumes.

The bonds formed between glast and bac
teris would seem to be damociated from any
form of metabollc sctrines of the bacterha

It appeans that, m the sorption of
mmmlkm equillbnum b indeed
not reached even after incubaton for 8 bours.
It s unlikely that the coacentraton of
bacterm (1 to 5 10° organmum per ml) was
% low a3 o be rate lmiting for a phyr.cal
sorpton procem to reach equiliboumn  rather
the formation of chemxal boods would re-
quite time and/or higher teroperatures and
‘be a more blely explananon of the continued
t1orpbon throughout sy eral hours. The find
mg that sorptoa war fmoured by higher
temperatures further suggested that chemo
sorpon was talung place.

In rpite of the very lugh bacternl denn
tes employed in ths study  there was 2
rather Jow area coverage (4.3 per cent per
ot Agmw After 40 mimites) of the glaw
wriace. A wnilar compuroon between the
concenuubon 10 supemion and the mmber
sorbed hay not been found 1 the literature
bowerer the area coverage n of the tame

order as, though genenally higher thas, thet
reported by Bott & Brock (1) Manhadl et o
(3) and Meedows (4) The low area cover

age would mem to wndhoate that the soda-
lmne gien 1 haghly inbomogeneous with re-
pect to {ts aifinuty foe the bacteria. Suppes-
g that chemmeal boods are formed between
the glaw and surface components of bacteria,
only a very fon “sites” on the glaw surface
prosen thenmelves a1 atirsctree for bacteris
that are ckwe enough to  recogruze” the
detatled maface chembitry of the glam (9)
S\Khﬂm“m!dpmhﬂy\nyuimmd
to therr aflinsty for the bactena, which would
explan why the muial, quxk rate of soxp-
von rapidly and stesdily decreases rapd
aturanon of hghalfingy otes would be
followed by slower sorption to the lew “at
tactive” areas on the glaw. That low afflnkty
e on the glan rurface were volred at

N\ Jonal sub and encrgy were absent
from the nupemions aho sorption was un-
umparred of bacterm that had been Lilled by
heat o iradaton. An attempt was made to
eloradate the nature of the % hrough
descarption expermments with (loa ex
change) wrea {hydrogen bonds/hydrophiobu
mtefactions) and the nop-oruc detergent
Tween 80 {hvdrophobic interactons) Effec
tive desorpben was accomplnbed oaly with
Tween 80 mplyng that ydrophoble Inter

potency of Tween B0 also in sorption inhibs
tion. Comhtent with thh view h alo the
finding that cover glasses prebydrated for 24
h i bulfer exhibat impaoed qualites as smb-
srate for bacterlal sorpuon {(unpublihed
observaton)

Of the phyucochemrcal factors that may
modify bacterial sorpton and whch have
been mestigated here only wake streogth
sppeared o exert amy cntical mfluence,
Temperature and pH did show some, bit in
coamparmen mumor  effects on sorpton. It
scerm tafe to conclude that the jomc strength
of the medrum deternmnes how close § fasa
#m can come 1o the glaw surface. Provided
conditns s are made tsiourable for ap-
podition chemuorption of § fesctum tnvole
g bydrophobee mteractions may take phace.
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formahin-killed cells were used in the desorp-
tion tests.

Interference unth sorption Suspensions of
labelled bactena were incubated with cover
glames in the pretence of NaGl (1 M) urea
(2 M) and Tween 80 (1 per cent) Com-
pared with the control suspension in PBS
short tme sorption (0 mun ncubation) was
shightly mhubited in the presence of salt (16
per cent} and urea (16 per cent) and in
hibited to a somewhat higher degree (35 per
cent) by Tween 80 Inhibition of sorption by
Tween 80 was more pronounced after mn
cubation for 40 munutes (74 per cent) the
effect of urea was also greater (30 per cent)
whereas sorption in the presence of 1 M NaCl
hardly differed from the buffer control
{Table 3)

Sinular results were obtained if heat or
formalin Lilled bacteria were used

TABLE 3 Interferemcs with Sorption to Glast of
S faeclum by NaCl Urea or Tmeen 80

Sorbed bacterla 4
Tacubatson (per cent of controls wpended
for sorption in PBS)
(mis) 1M 231 2%
NaCl urca Tween 80
[ 84 84 63
40 93 70 26

Cells of S fascium were smpended m the test
Lquids (buffered at pH 74 with 001 M sodium
phoiphate buifer) or In PBS and mcubated for
sorption to cover glaswes for 3 s (“0 mun } or 40
min. The glages were proceued for counting of
sorbed cells after one rinse in PBS

DISCUSSION

In the present invesugation of bacteral sorp-
tion to glass, the influence of adsorbed nu
trients (10) was mumized through the use
of washed bactenal suspensions in buffer The
abience of extrancous sources of energy or
substrates for polymer produchion would
furthermore Lmut, probably abolsh, attach
ment mediated by polymens produced by the

bactern dunng mcubation (5) Remaumng
for considerntion would be the purely phyn-
cal attraction between the glass and the bac
tenal cell and, possibly the establishment of
chemical bonds directly from the glass to the
bactena This asumption was borne out by
the fact that the results obtained with kilied
and bLve bactena were essentally sunilar

Marshall et al (3) consdered bactemal
sorption to glass to entail an initial revenible
phase of sorption, This imtial sorpton was
shown to increase with on.c strengths up to
101 M of NaCl and MgSO, Ther findinga
were compatible with the concept that the
thickness of the electncal double kayer which
surrounds the bactena and coats the glass,
to a large extent determ.nes the dutance be
tween the surfaces and the phyncal attracton
between them. Results of the present investig
ation confinn the :mportance of the solute
molanty It appears that the thickness of the
double layer determmes how closely an
orgamism 1n suspenson may approach the
surface. However a number of observatom
mn thy study indicate that bacterra whch
sorb are not revensibly bound, but become
irrevernbly sorbed to the glam surface Firt
bacteria could not be desorbed by a vanety of
salt solutions or by distilled water Second,
incubation with unlabelled orgamsims did ot
either effect desorption Thurd prolonged in
cubation with 4 M urea or 2 M NaCl only
slightly reduced the number of organmms
sorbed to the glass Finally mucroscopie mont
tortng of bactenal sorpuon to glass indscated
that sorbed bacteria which had lost Brownian
motion did not detach These results are
somewhat at vanance with earlier reports
(3 4) The differences may be dependent on
the organusm wed for study the nonmotile
S faecrum stran may differ 10 sorptive char
acterstics from the motile specres previously
studeed

Irreveruble sorption umplies the establuh
ment of chemical bonds between the surface
and the sorbed particle Electncal para
meters, such as the reta potennal and the
electrical double layer are then insufficient
to explacn the amociation phvsical adsorption
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Bacterial sorpton o solfd surfaces may oc
cur through dureet nteracrons between the
bactesial and the solid surfscer (13 15) In
mrurl emoaments, however such inter
actom are more often than not modulated
by macromolecular solutes, In the mouth,
for watance the colontrabon of teeth by oral
taciera by preceded by the formation of an
acquared pelicle on the ensmel surface (1)
Tha peficie, which n formed by organk
wlutes present i mbha (14) promotes the
s totro wdberence of certan to
the woth mrface (15) Ou the other band,
snmunoglobuling (17} apd ghyeo-
protems {18) may inhibst the 1% turo ad-
hrrrma‘lmlnmpuxommcp:wm\b
by direct (nteraction whh the becterial s
face. In the fatter case, sdberence inbibibon

1 accompenied by agglutination of the test
orpasism.

In a premows sudy (13} 2 mods! swtem
for bacterfal sorption to glew i ttro was
described. Thu mode] system hae been ap.
Phed m the present experiments to cvatuatr
the cffects of macramolecular biological sl

wes oo the sorpuon of two streptococeal
sl to gl

MATERIALS AND METHODS
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EXPERIMENTS AND RESULTS

Bactenied sorption 1n the presemce of orgemc
solutes. Bacteria were smpended in proten
solutions, in oral fluds, or {n dilute rbbat
werum duTing iscubatron for aorption to cover
gistecs, The detafls of the condr-
ot are gn¢n o the kgend to Table 1 The
presence of orgrnse sotutes reduced the sarp-
ton of 5 fercam to glam by some 30 to 85
per cent. In geneml, redoced sorpeion was
cnerved alo if § wrgus were med how
ever thy stram sorbed to cover glawes at a
level appevaching the PBS control (78 per
cent) when parotd flmd was used 23 mn-
penuon medrum (Table 1) S facciwm waa
teated for socption abio after aggh by

reruspeasicn in FBS pror oo

Preirusted by becobation wih the media for 1 hoat
thedr Incobation for sarption to clesn

dose depend
quite umilar
Bacteru sorption to pretyeated cover glagy-
«s Detaih of these expenments are
m the legend o Table 1| When cover glamer
had been pre incubated with proteln sotutwoos
or body flusds, the redocnon m bacterial sorp-
tion relatn o to sorptan to PES-preincubated
Blasses would generally be marked. The effect
w3 mort natable o the coe of § feecn
whereas sorption of 5 sexguts to glames pre
treated with parotid imd was almost un-
umpared, and less mhibited than sxpoon of
S fascrem In moat otber tests. The escephion-
ally tugh leveh of S awgas sorbing to glames
pretreated with parotd flnid prompied 2
tpnnmbymnl’nmudﬂnidm-}r
sorbed by incabation (1 b 37 C, overnghs
4 C) wih wmhed cell of § semgms and

of the two

P wE

ViTying Toncentiiom of Con A, and sorp-
boo inbibiton was related 1o the degree of
yghiunaton cained by Con A The resulss
(Fxg 2) whowed that both inhibation of sorp-
ton and sgpiutimation ncreased with In-
creaung concentrations of Con A, and the

¢ Aom ek miscuiael el furt, 2,92,

uged before incub with cover
ﬂmhpﬂmo{tmgmmmw

Sarftian of bectena pretyeated wuth or,
te soluter. Pacteria were Incubated for l‘h‘:,t

49



N
T

o
T

o

343m

& 20pm

Cy

11 1
10 20 30 40 30 &0 70
Discriminator setting

Fig | Calibratlon of electronkc cell eounter for

Tutl A of latex
particles was counted in the haemocytometer and
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ide it did not ferment ribose trehalose sorbltol or
mannitol it produced ethanol preapitable palysac
charides mn 3 per cent sucrose broth 1t did not pro-
duce ammotua from arglnine However the strain
did not exhibit spreading on blood agar plater after
prolonged bation 1n & humid phere {8)
por did It react with Lancefield group H antuerum
of with an antiserum to a recently discovered,
scparate antugen of § sergws (9) Cultural condi
tions and d| for the d of bac
tenal ‘ in  phosphate-buffered  saline
(PBS) have been described (13)

Bacterel porpiion to glass. Detads of the proce-
dure for mewsunng bacterial sorption 1o glam have
been described (13) Brefly test suspennons of

dine were bated

measurements deviated on the average by 7.3 per
crnt (range 0-21 per cent, 0 = 27) fmoa che o
plet mean valve.

Aeasurement of becterral aggistimation. An elet
troque cell counter (Celloscope 101 4B L. Liusg-
berg & Co  Stockholm) was used to quanttate
bacterial agglutination (11) The Instruments
caplilary cell had 2 100-gm dumeter orifice and
160 ml of sample pamed the onfice in approd-
mately 31 & For calibration of the wnstrument, &
test yuspenson of latex particlas was used. Accord-
ing to the 1. {Serra Hudilberg, IF
Germany) the latex spheres bad a mean da-
meter of 37 xm with a standard deviation of 1.0
xm  The actual number of [atex particis wn
counted in a heemocytometer and a ruitable di-
tion for countng In the cell counter was made.
Thh suspenpen was then counted at a constant
current (setung at #20™ on the current regulator)
but at duferent settings on the sperture disnm!
nator The reaulting counts are shown graphically
m Fig 1 Supposing a normal slee dutribation of
the latex spheres, an exclwlon Limt below whith
particles are not counted can be caleulated for
each duscrd seting. A docrl seg
of 20 corresponding to an exclulon limit of 423
#m, was chowen for subsequent work with bacterial
aggregates, as most aggrepates of salva-agglutis-
ated streptococa would be expected to have a ds-
meter greater than 425 xm (11) For ogglutine-
tion tests, suspennons of the streptococei in PBS
(optical denuty at M0 om = 1 0-20) were b
cubated with the agglutinsnng segeat for 1 b &t
37 C and overmght at 4 C. The wmples wert
shaken for 15 5 on a Vortex mixer and 0.3 ml o
the sample was transferred to 15 mi PBS and
counted clectromieally Absoluts counts of bac
teral axgregates were pot aalculuted in thess ex-
periments  relative agglutination only was rog-
stered wathin esch test senes. All counts were dont
m tnplicates, the means of which hare beed
entered in the results. Individual messurementt
deviated on the average by 64 per cent (range
0-22 per cent n = 30) from the trplet mead
salue

Reagents Humap serum albamio, ¢gy slbumm
and concanavalin A (Con A, grade I §) were ob

tmned from Sigme. A preparatlon of ConA was
also obt d from Pk Rabixt serom was

bacteria labelled w th H thy

with microscope coser gamcs at room temperature
for varying periods of ime The glames were sub-
sequently washed for 3 o 10 buffer mr-dned trams-
ferred to Liquid sontflation  laly, and treated with
formamide for 2 h at 37 C to dmsolve bactenal
cell matenal After the additon of scintlllauon
Liquid the vuls were placed 1n & Packard Tr-Carb
2430 hqud sanuflation counter Afl smples were
pmp-rcd-ndcoumcddephuwthemnmol
which have been entered in the resuln. Indindusi
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pooled from 4 untreated amumaly. Paroud flud
from one subject was sumulated by lemon candy
and collected through a Curby cap (4) 1o ke
chilled test tubes. Paraffinstimulated whole salns
from the sume subject was hikewise collected in
seechilled tubes it was mmmediately centrfuged
(10000 x g 4 C 10 oun) (o remove partrculate
matter The poroud flud and the whole salna
were stored frocen at —90 C prioc to use The
donor of parotid fluld and whole wall a was the



TABLE 2. Serpiion o Glant of Agghetraated Bacteria

Agglutiaation mmaem Saspearion testrd Sorpuion Agpltiuation

0
5 facism amwnihed 18

waihed 4 160
comepnalin A asabed nd disrwpeed 81 1
woc-sgxtutinased control 100 s
§ sexguls wwathed 43 2+
whols mliva wabed 116 14
washed xod disrupted 152 [
woo-sgpiutinated comtrol 100 0

Figures mmmwm@hwmdmmwswd:
Jacsiam wis read thctronkally apphetination of § sexgwls was graded (04 +) by microscopic ob-
wn thon.

5 farawm was sgrimtizated by locubation b 0.1 mg/md Con A {Phermacie) for 1 b 2127 Cand over
wught st 4 C. § senpsur was aqghutinated by dnllar Iscubation in whols miiva 112 In FPBS Cills ba-
cobated with PES ouly served a1 comtrols. Tho aggiotisated calli wers mpended by shuking oo 2
Vortex mirer for 13§ they were then diviied o threw equal parts. One part (wmwaibed) wae tosted

syglutination directly

wis washed, rempended, by
dwbutegrates (Mearnring wed Scuntific Eqwpment L1d., Loadva) operating at 20 kH and

TABLE 3. Serptien ts Glass of 8 faecium Azghetiast 4 by Tris8/Co”

o1, (m2e) 92 pHI12 Borption t }(zfll.ﬂ
Borpimn Apghitmeton Sorpaion Aggtwtiantion Ca*depeadency
0 100 3 100 3
2 118 6 196 3 1%
1 121 3 173 ] 143
1 1% 4 mn 19 L)}
0 154 5 102 334 a5

Sorpton s Cxpremed ;1 per cent of sovption ba Ca~4ree Trir® befler The figures In the

o e nght hand
‘MmmmmumlumudnmmupﬂDLAdmmﬂa
C&J.!‘Iudz’l‘mlnpuddhﬁ.lllﬂﬁ'mudﬂqm Incheated.
mﬁMbBlﬂlthm%dOlelM;mhm:g
wmnmwmuﬂ-‘mmﬁmnhu-u-metmpﬁx teutln
for wrpton (40 mta, roow temperatere) and  gytutimation. © .

ton was mereased up to 60 t relstive  pendent chenveal bondy
to the pH 9.2 control. ki mm_&mﬁi&mm

demomstrated In the prevent stod, sorption

DILCUSKION red y
Lu‘:;‘l:rcvmpubﬁcaﬂm(ln the sorption e In e i -
eccrum 10 glxo was thown 10 be an  sohites bonding,
may interfere with

mmuaﬂyh-mvm’bhpm«-pfuhh}ydc mdfmmghth:beihho\!hnbmmx
-

e
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Fig 2 Sorption to glass of Streptococcns faecrum
agglutinated by concanavalln A. S faschum was
incubated in PBS contalning 0 2 4 10 20 and
40 gmg/ml of ConA (Sigma) for 1 b st 37 C
and overnight at 4 C. The samples wers suspend
ed by shaking on a Vortex mixer for 15 s prior to
Incubatlon for sorption, which was for 40 min at
room temperature,

37° C with the vanous solutes as described
in the legend to Table | Agglutination could
not be regutered esther visually or electronuc
ally after this treatment. The bacteria were
tested for sorption to clean cover glastes fol
lowing centnfuganon one wash and resus-
pension 1n PBS Compared with sorption 1n
the presence of the solutes sorption of pre-
treated bactena was increased and appro-
ached the level of sorption 1n the absence of
organic solutes (Table 1) Indeed, sorption
of § sanguss thus treated tended to exceed
the PBS control value (Table 1)

Effect of agglutination on bactenal sorp-
tion The results of the expenments described
wm Fig 2 indicated a relatronstup between ag
glutinatron and hibiton of sorption. To
evaluste the effect of agglutination per 3¢
cells of § fasctum agglutinated by Con A
were tested for sorption to glas after 3 umes
wath and resuspension 1 PBS Besndes, the
effect of ultrasoruc dnruption of the aggre-
gates was tested. The results (Table 2)
showed that removal of unbound Con A by
washing caused some 25 per cent increase
1 sorption relatve to sorption of agglutin

1.1

ated cells 1n the presence of free Con A.
However the washing procedure was accom-
panzed by a reduction in the number of ag-
gregates, a reduction of a magmtude (20 per
cent) similar to that of the increase i sorp-
tion, Similarly when washed aggregates were
durupted by ultrasonic treatment the In
crease 1n sorption (80 per cent of PBS coo-
trols) was panjed a comparabk
decrease 1n the number of aggregates (92 per
cent)

A similar expenment was performed with
S sanguis agglutinated by whole salva. These
oggregates appeared umstable and were not
nutable for electronic counting Sorptron in
hubition was therefore related to an mdex of
agglutination (0~4+) based on micrascopsc
observation of the samples after their suspen
sion on the Vortex mixer Inhibition of sorp-
tion was noted only when whole salva was
present during incubation for sorption (Table
2) Washing of the salva-agglutinated §
sangue cells resulted n a decrease m the
agglutination index from 24 to 1+ but
sehereas somre aggregates still perusted after
ths treatment, sorption exceeded the PBS
control level by 16 per cent. Complete dz-
pemsal of thete aggregates by ultrasonic treat
ment further increased sorpion to some 150
per cent of the PBS control level

To evaluate the effect on sorption of non
polymer-dependent agglutination o syem
nvolving S faecrum 01 M Tris® (Sigma)
and varying concentrations of CaCl, was em-
ployed. At 20 mM Ca* and at a pH of appr
115 cells of § faeaum agglutinated within
30 min 1n this system. These agghutinates
were unstable and disociated when washed
m PBS or in Ca* free Trn solutions. There-
fore, to scparate the effect of agglutinaton
from the effect of the solute per se sorptron
of Ca*/pH-aggregated cells was related to
sorptron 1n the presence of entical coneen
trations of Ca* but at a lower pH where
agglutination did not occur (Table 3) The
results showed that at higher concentrations
of Ca* agglutination was accompamed by
sorption inhibiion (Table 3) IMowever at
subaggregating concentrations of Ca* sorp-




pdEckmnlm(l.’v)mdbthepfmlob-
servation of high levels of S sanguus sdhermg
wcm:rgh-uﬂ'uwdwhhpnmtrtlﬂuﬁ.
The variable inflotnce of whole salivu as
2 spemson mediam on the m rtro attach-
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the degree of agglutination n kow whberes
st will br reduced if the degree of agghinns-
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and the sarme u true of inhibiuon of attach-
ment to the scquired pellicle, wheress whole
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froence on atachment is varable (13)
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by mnteractions of the solute with the hac
teria, with the glass or with both. Since
sorption of bactera pre incubated with the
solutes hardly was affected, whereas sorption
was inhibited when the cover glasses had
been pre incuhated, 5t may be concluded that
the inhibrtory action of the macromolecular
solutes resides chuefly with their interactions
with the glass surface. Dunng work with the
adsorption of dextran-coated § mufans cells
to hydrexynpaute, McGaughey et al. (12)
observed also that salvn mhibited sorption
through its reaction with the apatite not with
the bactenal surface,

Asuming that bactena sorb to affimty
“sites on the glass surface (13) wntubition of
sorption by solute macromolecules may be
accomplushed through their interactions with
these utes. Albumun preparations, as well as
human salva, form surface films on glass
surfaces (2, 16) Film formation will mod
ulate the cntical surface tension which prob-
obly 15 one 1mportant determinant of sorption
(5) However the surface film may alo
introduce lectin like, bactena-specific deter
minants that may bind selected bactenal spe
cres. Such binding may more aptly be termed
attachment rather than sorption, as it
mediated by extracellular polymery spanning
the gap from the bactena to the sohd sur
face. The hugh levels of S sangus on glass
pretreated with parotid flud may be ex
plamned by an attachment of thus kind. While
pre incubation with parotid flud in general
may mmpair the sorptive qualities of glass (cf
expenments with § faecium) substances 1n
parotid flmd with high affimty for § sangus
may promote attachment when incorporated
m the glan surface film Separate expert
ments (data not shown) demonstrated that
S sanguis was agglutinated by parotid flud,
whereas S fascium remamned unaffected. The
dramatically reduced sorpuon of S sanguss to
glasses pretreated with absorbed parotid flund
may thus be explamed by assumng that the
factor(s) responable for attnchment had been
removed.

Solutes non reactive with the bactena in
hibited sorption maunly through surface film

formation In the case of solutes that caused
agglutnation of the test orgamisms, it wa
more difficult to dutingush between the
effect on sorption of film formaton and of
agglitination. On the one hand Con A
agglutinated cells of S faccium exhibited 1me
pared sorption ako after removal of free
Con A, On the other hand sorption of salna
swspended S sangsis was inhibited even
though the time of incubatron was too short
for agglutination to be accompluhed Solutes
which cause agglutinatron of the bactera may
thus mhibit sorption both by surface film
formation and by agglutinauon. Another
possible mechanum ez cell surface modr
ficatoon by the agglutinating substance, was
not nvestgated here, The relatronahp be-
tween agglutination and sorption, however
may be still more complex washed cells of
saliva treated S samguis and cells of § feec-
um at subaggregating concentrations of Ca*
exhibited increased sorption relative to con-
trob. It may be that these zmall bactenal
aggregates, in contrast to the large aggre-
gates formed by Con A and at higher Ca*
concentrotion, readily sorb to the glas ur
face Thus, whereas sorption 15 1mpaired by
the formation of large aggregntes, small ag
gregates may sorb en bloc thereby mereavmg
the number of organisms on the glass surface
The findingy in the present study may have
a beanng on the events occurning dunng early
dental plaque formaton. Sorpbon and at
tachment of oral bactena to the tooth surface
mtiates plaque accumulatton and the attach-
ment of certain streptococer s mediated by an
adsorbed acquired pellicle on the enamel sur
face (15) Other 11 pitro expeniments have
shown a vanable influence of saliva on the
sorption of bactena to povdered cnamel
(10} Extrapolation from the present findings
indicates that the formation of an a
pellicle generlly will render the enamel sur
face less suitable as substrate for bactenal sorp-
tion However specific chemieal groups of
the pellicle may act as determunants for the
attachment of sclected oral bactera. Ths
concept 1 supported by the finding of selec
tnve attachment of § sangwis to the acquured
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Human leukotyte interferon (IF) inhftts the growth rate of homologous cells in cattare.
The growth inhibliory component, formerly separated from the antrviral component of bugan

leulu’ytell-‘brldm'plhu‘ hy on albe garose, is d. The proper
ties of the 1 with the nf[F The growth iehl

bitien iy cauwsed by o umall molecule, tmtable to pH 2 treaument with HCL, but stable to

trichloro-acetic acld (TCA) and to proteolytic enrymes The jsolated gromth inhitutor seem
to be & dimer of molecular weight (mol wt.)~2300. It is actrrated by heat treatment snd

d ¢h

Lacks specles speclliaty The discrepancies In the properties of the growth whibitor before

from IF are di

a4

before and after
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Human mterferon (IF) exhibits a growth
mhibitory actmity (GIA) on homologous cells
(3 59 11 12 16 17) comparable to thar
of mouse IF preparauons. Thus effect was
strictly correlated to the antviral titre m
most experments (8 9 13 14 22) indepen-
dent of degree of punfication The grawth
hibitor has been suggested to be 2 proten
indstingushable from IF (16) However
dusproportonality between the two cffects
of mouse IF has also been reported (2 10
20 21)

Recently an apparently complete separa
tion of the GIA from the antiviml actuty

54

og Frues Bak

of buman leukocyte IF was reported from
our laboratory (8) The separation wat per
formed by adsarption chromatography on an
albumin-agarose column Urea treatment of
leukocyte IF followed by duslysss against |
A NaCl resulted i the complete loss of GIA
t8) The remults suggested that the GIA of
leukocyte IF 1 a dutinet molecule attached
to the IF protem by electrostatic bonds deep
innde the IF molecule.

In the pretent paper some of the phyuco-
chemical propertres of the GIA-component
are reported and compared with the accepted

properties of IF



MATERIALS AND METHODS

and.
Cofts Tha origin of the femen embryo hog
FTLY cadhs, Hela cells amd LF moe fibeo-
LU thh stody has b repovind

‘paratxn
Uon i tecrhed o a gift from Dr K Cratell,
Hebink{

Preparsin of contrel txterferes A moptmion

3 10 G international
of beoman IF 43,19 B, eod wxprsnd o
bg  referency wnin per 0.1 ml

T o for o growth inkebery actlisty Ths test
for cell gromth fodubrory scthity ke
wcrtbed (41 [ dhoct  tubey weve sorded
oofs » 1 ! of medlum comninioy
dikstoony of semt Darerial, At lesn §
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»m periwmed afier el waloteg with Teypan
Moe No difference in the cownts whh sed
s was sbeenod, g withoet
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on albimis-agerom {¥) Each fraction {5 mi) was
weated for aathind snd cell growth
tivitier, The fraction ehwied with 1 M NaQl con-
uinlumﬂmlﬂunﬂbuduududﬁnl
-cu»ny-mpudcdmdmnmndbytycphm-
sation. The watrial wat purified by geHtraton
an Sephadex G-23 aad stored 2t 20 C fn mwall
velareer,

RESULTS

Biolopesl end Phynce-Chemcal
Chavacterustion of the Growth Inhibetory
Factor of Unssparated Interjeton

It hes been suggested that the antmanl
*od growth bhibitery actreipes are caused
by the mme molecule (16} If 10, the two
effects may change m perallel by any wemt
ment.

Human keukocyte IF was grated by me
thods unmlly employed 10 characterize IF
and tesed ;m HEL cells for GIA and ant-
viral actnity The resulty gnen m Table 1
thow that the two actrites did vary m

These results are i wath those
reparted by others {1 16) They may sggert
that the growth inhibrtory cffect x caused
by a protein similar to—o¢ dentical with—
the antviral TF molecule 1tself Homever
sfter sepamoon on altumin-egarcse (8) all
cell gromth inbibitory aetivity wat fost when
fraciom with strong GIA were dualped
sgurst PBS Thi mdiates that a wmall
molecules b responsible for the effect on cell
wowih, In agreement with thh, the mol, we.
esimaied by gel-flranon oo Sephadex (2%
was approx. 5200 (B)

Thee rexit ivdwate that the GIA-com-

Gl.‘\-cm:n;:uungm;,,,dmmmdm
properties of TF Aeorpred
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TABLE 1 PAysico-Chemicel Chk ot

of the

ol end the Grouth Ishthtery Acticiues of

Human Leukocyte Interferon

Treatment Log, ummsof IF Per cent reducton
per0tml in cell count®

Untreated IF

pH 2 for 2 days (HCD) ;g ;i.g

pH 2 for 2 days (TCA) <i{0 ao
0.5 mx trypsln perm), 37 G, 1 hour <10 00
37 Cfor1 bour 30 us

56 Cfor 1 hour "7 145
Dusfpis agalnst PBS for 24 hours 29 355
Control I[F <10 0.0
Activity on mouse L-F, cells 1.2 "S5

* Samples were tested in dilation 1/100 (100 units of untreated IF per ml)

pH 2 Treatment

Samples of punfied GIA-component were
adjusted to pll 2 by esther 1 N HCI or 40
per cent TCA ard kept at 4° C As control
a sample was kept at 4° G without pH 2
treatment. After 2 days the samples were
neutralized with 1 N NaOH and tested for
GIA on HEL cells. The results given In
Table 2 show that the GIA-component is

e cont red clle 1 ¢ 1 count

) [ ) 0 o
Time | ml

Frg 1 Effect of heat treatment on the acthity of

tha GlA-component. were Incubsted for

tht&ndlutr.dperlodxofdnm-t” C [n a water
bath then tramlerred to an jee hath before testing

for effect on cell growih.
56

unstable to HCI, but stable to TCA treat
ment, The difference from the effect of pH 2
treatment on unseparated IF 1 striking

TABLE 2 Physco-Chemical Charasterizeon of
the GlAcomponent
-

Per cent

ment Sample reduction in
number cell count
pH * (HQY) 00
1 pH 2 (TGA) 211
Control 281
o~
Untreated s41°
0.5 my trypaln per ml
37 C,1hour 483
bis 5 pg pronase perml,
37 G, 1 bour 3
37 Qfor ! hour 461
46 Cfor 1 hour 393

+ Swandard devianon 31

Proteolytic Digestion and
Stability to Heat

Samples of punfied GIA-component Wwere
incubated tn o water bath at 37° C or 56*C
for one hour with and without 0.5 mg e
or 5 ag pronase per ml as indicated 1n Table
2 The enzvme activities were stopped br
addition of TCA to a final concentration of
10 per cent. The pif was adjusted to neutra
Lty and the samples tested for effect on cell
growth, The results are shown mn Table 2
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hath at 37 C for the mdicated penods of
tome and tested for effect on cell growth. The
results whown 1n Fig 1 confirm the observed
actranon. After 00e bour no further increase
1 actrvity way obeerved.

Estimation of Moleculer Waght

In a peefinunary expeniment (8} the mol
wt. of tbe GlA-ompooept has been et
mated to approx. 3200 by gehifltrance oa
Sepbadex G-25 The clwerved cohancement
m actrity by heating may soggert a dnoene

of

w87 C and tben appled to & Sepbadex
G-25 cohumn {12 x 31 an) The colomn
was eluted with 015 M NaCl 1n 8 m) frac
dom. An uniraated sumpie way gel-fiftered
i the ame way All frchom were fested
for effect on ecll growth in dilution 1/20
The eluton proflles from both rums are
sbown 10 Fig. 2. Gelfiltration of the tm-
treated GIA-component gate ne to & dngle
peak with mol. wi. xpprax. 2500 Tocubation
at 37 C replted 1n the g of two
sdditroral peaks of mol, wt. spprox. 4000
and 1100 rexpectively

Specres Spenfurty Dose Response Curper
When tested in mowse L-F cell, the anti-
R e e
o m
the GIA homologous cells and
Prasified GLA-component was teyted for effect
o the growih of HEL, Hela and LF cells
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this result suggests that the G1A-component
completely lacks species specificity The more
alowly growing HEL cells were less affected
This confirms earlier indications that the
growth inhibiion n somehow correlated with
growth rate (9 17)

DISCUSSION

Earlier reparts suggest that the growth mhib
tory actiity of IF preparations 1 caused
by IF sself or by a proten indstinguishable
from IF (16) In contrast, former results
from our laboratory show that o GIA-com
ponent can be separated from human leuko-
cyte IF (8) According to the present find
ngs this activity 1 due to a small molecule
fundamentally different from IF The GIA
component was unstable to pH 2 treatment
with HCL, but stable to TCA treatment
(Table 2 exp I} It was not digested by
trypun—or by pronase—and was activated
by heat (Table 2 exp II) All activity was
lost by dialyss against PBS (8) in agreement
with the estimated mol. wt. of ~2300 (Fig
2) In addition the GIA<component lacks

es specificity ny demonstrated i mowse
L-F; cells (Fig 3)

In contrast to IF the GIA-component was
activated by heat treatment The simultane
ous appearance of growth mhibitory factors
with higher mol. wt. (~4000) and lower mol
wt. (~1100) (Fig 2) mny explain the m
creaso 1 activity The two additional peaks
probably represent the tetramer and the
monomer of the molecule respectrvely Thus,
the uolated punfied GIA-component of mol.
wt ~2300 may represent the dimer consust
ing of 1dentical monomers and with a ten
dency to polymenze, Formerly the mol. wt.
was estimated to approx. 3200 (8) Thu esti
mate was based on larger Sephadex G 25
fractions (5 ml) and len punfied materal
was used In ndditron, 1t must be remembered
that mol wt estimates from gel-filration
studies are rather rough, and vahd mn pnn
ciple only to peptdes of spherical shape. As
the GIA-component may not be 2 peptide the
mal wt. estumate can only be suggestrve,
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Former resuls indicate that the GIA
component may rende deep Inmde the IF
molecule attached by electrostatic bonds (8)
If 30 the antiviral protem component may
protect the GIA-component from outnde
destruction Antiral effect and growth m
hibitory activity of leukocyte IF were stable
to HCI and to heat. In contrast, the separat
ed GIA-component was destroyed by HCI
and actuvated by heat. On the other hand
both actraties of IF were destroyed by tryp-
sun and by TCA while separated GlA-<com-
ponent was stable to both. Thu duscrepancy
may be explaned as follows when IF n
treated with trypen or TCA 1nactrve pep-
tides are formed These peptides are probably
still attached to the GIA-component and may
block the activity

It ts belreved (4 15) that speces specill
aty of IF depends on speafic receptor nites
on the cell membrane, Lack of species spect
fiesty has been reported (15 18) Inall cases,
IF from higher amimals was actrve n cels
from lower anmals (C Cheny persomal
communication, june 1976) In agreement
with these results o fow anaviral titre wat
found when leukocyte IF was tested in mowse
L-F, celb, Correlated wath this n weak GIA
was found Thu may suggest that the GIA
depends on cell recogninon of IF to come
nto contact with the cells No specres spect
fiaity could be detected when the GIA~com-
ponent was tested in mouse L-F; celle Thus,
when the antrviral component is removed
from the GIA-component, contact with the
cells seems not to depend on speafic receptor
sites. HeLa cells and L-F; cells having a s
lar growth rate were identically affected The
slower growth mate of HEL cells was less
reduced This confirms the noton that the
degree of growth inhibition 1s somehow corre
Inted with growth rate (9 17)

The chemeal nature of the GIA~compo-
nent 13 not known. A negative test for protein
(8) by the method of Lowry et al. (19) and
stability to TCA treaument and to proteo-
Iytic digestion may indicate a non protein
structure, but do not prove it Low proten
concentration in genern] and/or few tyromne



5

g

!

3

231
?E?sf

g
3
:

@BE?
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GCHARACTERIZATION OF ENTEROBACTER
AGGLOMERANS (ERIVINIA SPP) FROM
CLINICAL SPECIMENS
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Uro, § Ch of &

Acts path, mucroblol seand Syt B, &9 61-66, 1977

(Erwria spp.) froom cliaical spectmens.

The blochemical resctions of 18 saserogrokc and 43 serogenic belstes of Exiembacter ap-
tlomrens try duacribed end ueed fox whdhlsdon m the buogroaps siggested by Exjur & Fils
mmdwdmw(wﬂmnm)mh
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shoald be incloded 1n genut Entrrebacter s
£ agelomarens. Dhilerent opiniors aboat the
nonue satus of Ercrae were extentively
reviewed by Sterr & Chatterjes (2)
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Enterobacteraceas

Of the 63 nolates 27 ordgpnated in Malms
General Hospital and 30 1n 10 other horpitals in
Sweden mmlymthemmh.Tbercmnlnm(S
stratns were isolated in other countmes. The
sources of the strans are glven n Table |

TABLE 1 Sowrces of Cxltures

of 23 per cent solution of hydrogen peroxide were
sdded. Negatve strains were retested with a 10
per cent solution.

DXNase Commercial DNase agar (Oxold] The
test was read after 2 dayx.

Urease According to Jewen (11) with heary
lnoAculnlc and reading after 4 bours.

rgiune lrsine and oraithine tssts according
M3ller (18) “
test Method of Laxtrop of ol

Phenylal

No of cultures

-
§<
a,
" —

A e MmO RO —

Unkoown

=
£
2

No uolats could be incriminated [n connection
with wevere 1lnen. In two cases a strain was repea
tedly solated w pure culture from » wound From
a patient with bronchiectasls a straln was solated
in sputam several umes over & year The unnary
strainy were represented by lem than 10000 bac
teria per ml oa wsolation

Only one strain from cach patient was included
{o the study

Methods

Unless specified below the methods were the
same a3 thoss described in an earller communica
tion (21) MMost tests were read for 7 days and the
incubatron temperature was 35 C unlens otherwise
ndicated The tests for wotlity gas production
from glucose and the Voges-Proskaver (VP) text
were incubated both at 35 C and at room temper
amure (RT 22-23 G)

Growth ch ¢. The p lon of
growth was observed for 2 dap both on nutnment
agar and on the GYCA medlum described by Dye
(2) Incubatlon tempersturs 35 C and RT In the
nutnent agar culhures kept at RT structures 1n
the centre of colomes were rem-rd:d'l.(rer 2 dayx

(13) The heavy nupensions were Incubated at
33 C with and without shaking and reagent was
added after 4 hours,

Gelatin lquefactson. Two methods were uwed
1} Nutrient fernchloride gelatm according to
Aanffmaenn (13) The tubes were Incubated at
RT and read at Intervals up to 60 days. 2) Kokxs
rapld gelstin tew a3 modified by Laxtrop (14)
with toluene added. The test was read for 7 dap.

Poctate liguefastion_ Stab cultures m the me-
dium described by Sterr (19) Sodium polypectate
(no 6024 Sunkist Growers Inc. cbtained through
Otto Vidal & Co, GBtebory, Sweden) was used in
3 per cent (w/v) as ongumally prescribed, but als
in 2 per cent.

RESULTS

General Charactenstics

All strains were oxidase negatrve, cataluse
pontive, gramnegative rodsy that fermented
glucose rapidly with or without formatron
of gat. They were all negative 1n the arginine,
Iysine and ormithine tests. No stramn liquefied
pectate. Four Erannra carotopora strains were
examined as positive controks. They all pro-
duced 2-3 mm of hquefaction of the medmum
and about 10 mm when the pectate content
was Jowered to 2 per cent.

Growth was good on ordinary medw at
35° C and at RT although slightly better at
the higher temperature for most of the
strana. Moulity was generally more pro-
nounced at RT Several stramns produced
mucord growth. A more or less intense yellow
pigmentation on both media used was re
corded for 45 wolates (71 per cent) The
colour was generally more pronounced at RT
and 1ot 2 few cultures it was absent at 33 C
Incl n cok in the shape of gran-

with a low power Y wrere
studied 1n hanging drop preparations from nutrient
broth eultures after 2 days mcubaton at RT
Cutalass Bactenal growth from nutnent agar
wis transferred to a glass sllde aod » few drops

ular manes and biconvex bodres correspond
ed very well to Crauckshank s descnption (1)
They occurred in the same strains as the



ol Reactions

jasmata. Of the atralns exhibiting these Brochemuc
g-:’nliru»&ﬁvmydlo-pismwcdmd4 The identification of the isolates was made
wers consdered to be noo-pigmented. according to the suggestons of Ewing & Fife

(4 3) who wed the VP indol and nrimate

TANLE 2. Nembers of Straias s Different B toxty for charactersmog 7 amaerogensc and 4

s (Ewing & Flle) acrogenic  rogroups. The  dustributions of
o e stralnt oa baogroups are shown in Table 2.
Bogroop Noolumim . genic beog {Le 4 and 7)
1 1 were not represented In the material. The
3 ) acrogenke straim O;n.’ll'l:hlel =
3 1 appear
H ! The amount of gas produced from glacose
H N‘, vaned to a great extent between strans and
g; 1 was gepenally more prooounced at 33 C. In
a3 3 4 strams, however gas was produced rapidly
o4 ! tut only at RT ooc of them showed more
Total £ abxmndant growth at the lower temperature,

These strur were amyned to asrogeruce beo-

TABLE 3 Behutrewr of 51 ains in Dofferens T sty

g
E

Anserogenic  Aerogeaic
Bynim 43 rum

+ (¥ o+ () + (+) o+ ()
Glucose gue 33 C [ 41 Fructose 18 45
Glecom gu RT* 0 40 5 Galactom 14 3 43
Voger-Prodkewer 33 C 9 2 40 1 Cellobloss 3 1 13 3
\ oper-Proskeser KT 10 1 40 1 Lacioee 4 2 n 3
Indols 1 4 Maltose 8 4 13 10
Nitrats redmcbon. 18 4+ Mafiblom 2 9
Yelow pigment KT . 37 Socrose 10 “
Bacoe ex bodaes RT 7 k3 Trebaloss 13 3 43
fyoplssmats KT 7 " Mueritone 1 o
Moidlity 33 C 13 10 RafTloome 1 1 10
Mooty XT 17 +# ey 0 2 2
Catrute 16 31 8 Adoaltel 1 4
Poteelom cyamsds ] 2% Dukdol 0 1 €
Malanat LI T Gyeerod 3w 1
Beta palacioncisee 16 45 Tooaitol T 4 0 1

0 1 Alamritol 18 45
Gelarn RT 0 14 0 42 Sorhitol 5 ]
Celua (Kobm ) 9 3 35 3 Amypdalln 1 0 4
DNme H 3 Arbutin 11 4 41 3
Araburow “ o o Eaculln 135 4 3
Rbarmnom 01 443 fanen 113 4 4
Xyions 125 4 2
RT « room




groups although Ewmg & Fife enly con
sidered the behaviour at 35-37° C. One
strain, asigned to biogroup 1, was VP pou
tive only at RT and arother uolate of the
same biogroup had n posttve VP reaction
only at 35° C.

There was agreement between the results
of the two gelatn tests The growth test be
came positive for 38 cultures within 3-7 days
of cubation. Another 5 strmins were pou
tive after two weeks and the remaining three
stramns after 4, 6 and 7 weeks respectively

It appeared that the phenylaknine test be-
came more sensitive after mcubation 1 a
shaker For companson the test was per
formed on some typical strainy of Eschenichia
colt and Proteus spp Some of the E. colt uo-
lates produced a distinct green colour n
5-10 seconds the Proteus supensions, how
ever, turned very dark green almost immed:
ately after the reagent had been ndded For
the present invesugation only a test result
comparable to that of Proteus was regarded
a1 postive,

All strains fermented trehalose and manm
tol most of them also maltose, sucrose and
glycerol. Some cultures fermented several
carbohydrates in addition. The dulatol pon
tive struns ako attacked cellobiose lactose,
melibiose and rmaffinese  Symplasmata or
biconvex bodies were not found in cultures
that produced acid from melibiose

One strain was shightly urease positrve at
the time of molation but later negatrve 1n
repeated tests.

Some strains had a gh degree of overall
sumilanty although they differed a3 to gas
formation from glucose

DISCUSSION

As 1t includes aerogenic struns, the speces
E agglomerans diffens from the general con
cept of the herbicola group of genus Ennia
(3 170 However in a study of 54 clinical
isolates of Erwima ovon Grasvemtr (8) re-
ported 10 aerogenic straing, end 10 a umilar
materl of 61 struns, Gilards & Bottone (7)

[mdeoftlmntobegu—fommg In the
first published materal of Ewing & Fife (4)
the number of acrogemc strans was 6 ont
of 361 and 1n a later publication {5) 113 out
of 536 The last mentioned authors proposed
to dinde the species into two majpr bo-
groups on the bams of gas formaton and
they remarked that “with a few exceptions,
the volumes of gas formed were relanvely
large  (4) Thus would mply that most of
the strains could eanly be referred to either
of the main biogroups.

In the present collection the difference be-
tween anaerogenic and aerogeme strains ap-
peared less clear-cut. The amounts of gas
showed a broad vanation between strains
Moreover gas production 1n four molates
proved to be dependent on an incubaton
temperature lower than 85 C. The propor
tion of aerogenic stramns was hugh compared
with previous reports.

Symplaamata and brconvex bodres are two
morphological features onginally described m
Bactenum typhi flavum (1 10 12) later
shown by Graham & Hodghu (9) to be
mdntinguishable from the herbicola bactena.
Ewing & Fife did not report on the presence
of these structures In E agglomerans Fon
Gr t. found pl and bxconex
bodres 1n some of his anaerogenic strans,
while they occurred mn all the anaerogenic
nolates of Gilards & Bottone It appear,
however that symplasmata or biconvex bod
1es have not been described for aerogenrc
cultures.

Dunng the present investigation symplas-
rmata and biconvex bodies were found mn 63
per cent of the total number of struns and 12
73 per cent of the garforming wolates. Be-
cause of the very unusual charncter of this
phenotypical traut, thu observation provides
further evidence of the similanty of the an
aerogenic and the acrogenic strains and tells
against the differentintion of the specres into
two major subgroups depending on gas form-
1ng ability alone.

The isolates generally exhibited rather less
saccharolytic actraty than the struns studied
by the authors mentioned Other notable duf




ferences concern the phemlalanne reaction
and the urcase reacton. Exing &k Fife found
each of these tests powtrve in 28 per cent
of the total number of strams. Gilard: & Bot
tone alo hid panmy phenyhalanmoe postne
cultures but few urense posithe ooen All
noates exanuned by cor Gracrentt were on
the otber band, megatne m both these re
rpcru.wh:chhmnctcrdmccunhlth’m—
wnt results. Parncalardy as regards the phe-
ughhnmemumtmummd:mqmmd
Interpretation of tet Tesulin oust, howeves
be taken mto account.

Apart from the cultural chamcterstia, the
late gelatin lquefacton found in most of
the molatey, seem 10 be of considerable valoe
23 a d.iferental test. The lem ume tooumng
method of Aoka can enlly be wed as 2 rou-
tpe test.

Alibough mchuvon of these bactera m
renus Enterobecter seem potibed for the
tme being for remsoms gnen by Emug &
Fife (6 the largest differential problem met
with durmg ths mestgation wa Eschen-
hre ol sruum with negatree argmine ynoe
and ormthipe teats Six such “discarded”™ mo-
tates tacked the cultural characterisboy men-
t ooed above and the ability tn Lquefy gelann
and they were all ceflobiose negathe and
wrbitol poaithe. Furthermore E. cols antigens
coukd be extabluhed 10 4 of them. Thus they
boce £o resemblance to Leclercs Escherichia
«de arborylete (16) whh o 4
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groups although Euwmng & Fife only con
sdered the behaviour at 35-37°C. One
struun asugned to biogroup [ was VP pon
tive only at RT and another solate of the
same biogroup had a posntive VP reaction
only at 35° C

There was agreement between the results
of the two gelatin tests The growth test be
came panitive for 38 cultures within 3-7 days
of incubation Another 5 stramns were post
trve after two weels and the remainmg three
stouns after 4 6 and 7 weeks respectively

It appeared that the phenylalnine test be
came mors senutive after sneubanon n a
shaker For comparson the test was per
formed on some typical strains of Escherichia
coli and Proteus spp Some of the E cols 1s0-
lates produced 2 dutinct green colour in
5-10 seconds the Proteus suspenstons, how
ever turned very dark green almost immed:
ately after the reagent had been added For
the preient investigntion only a test result
comparable to that of Proteus was regarded
as pO’l“\l

All strains fermented trehalose and mann:
tol most of them alto maltose, sucrose and
glycerol  Some cultures fermented several
carbohydrates 1n addition The dulatol pos
tive strains alo attacked cellobiose, lactose
melibiose and raffinose Symplasmata or
biconvex bodies were not found in cultures
that produced acid from melibiose

One strin was shightly urease positive at
the time of molation but later negative in
repeated tests,

Some strains had a high degree of overall
umilanty although they differed as to gas
formation from glucose

DISCUSSION

As 1t includes aerogenic strans, the species
E ogglomerans differs from the general con
cept of the herbicola group of genus Erura
(3 17) However n a study of 54 chinieal
1solates of Erunma pvon Crmdlm!z {8) re-

rted 10 nic strains, and 10 a2 umilar
}:i'neml of.gll'of;'nns, Gilard: & Bottone (7)

4

foundﬁoft.hemtobegm-fonmng In the
first publithed matenal of Ewing & Fife (4)
the number of aerogenic strams was 69 ot
of 361 and 1n a later publication (5) 113 out
of 536 The last mentioned authors proposed
to divide the specres nto two mapor bo-
groups on the basls of gas formabon and
they remarked that “with a few exceptions,
the volumes of gas formed were relatnely
large” (4) This would unply that mest of
the struins could easily be referred to euther
of the man biogroups.

In the present collection the difference be-
tween anaerogenic and aerogenic stram ap-
peared less clear-cut. The amounts of g
showed a broad varmation between strawot
Moreover gas production n four wolates
proved to be dependent on an imcubation
temperature lower than 35 C. The proper
tion of nerogenic strains was high compared
with previous reports.

Symplasmata and biconvex bodies are tno
morphological features onginally described 1n
Bactenum typhs flavum (1 10 12) lter
shown by Graham & Hodghus (9) to be
industinguishable from the herbicola bactena.
Ennng & Fife did not report on the presence

of these structures in E agglomerans 1on
G found 1 and biconvex

ymp

bodies 1n some of his anserogenic strains,
while they occurred n all the anacrogenx
wolates of Guardi & Dottome [t appears,
however that symplasmata or biconvex bod
1es have not been described for aerogen<
cultures.

During the present imvestigation symphas
mata and biconvex bodses were found in 63
per cent of the total number of strazns and 1n
78 per cent of the gas formung molates. Be-
cawse of the very unusual character of ths
phenotypical trait this observation provides
further evidence of the stmilanty of the an
aerogenic and the aerogenuc strams and tells
aganst the differentiation of the species into
two major subgroups depending on gas form-
1ng abibty alone

The uolates generlly exhibited rather less
saccharolytic actrvity than the strains studied
by the authors mentioned. Other notable &
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ENDOGENQUS DEVELOPMENT OF
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wtrstrectzenl changes of Eimeria brasetti which octur dunng mitogametogoey In the
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the - d by gromth and moclear dhwdom The
des eloplag coudd Te d from whoors becswe of
ahrasracteral difiereaces b both cytoplasm sod maclel The surlace srva of the oicro-
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The flagells grew oot from the binal bodics which then ¢ntered the protrosiows. A mitochon-
drow and the dease chrommiin-contammy portion of the Beckm also entcred esch procrosion
The cucrogemetes matured whie they mere stisched po the reddunl cytoplams of the macro-
pococyte they wers fimlly bedded off mio U parsitophoroer  acoole. The wicrogamete
ooty of an clongattd moclkres which overlapt a mutechondnon towards the sntenor of the
eefl. At this end, & denee plaqon (perforatoctum) 1 found togeiber with the 2 bam) bodiey 2ad

body repom 1 crowms mection, Uy wety armnged b row of 4 with 1
Mldhmhhmdmhﬂmwd&nml[wyw
hey wonks Bimerss brwmetts backesa

D ] P Fergowa, Dep of Temml. .
DEK-2300 Copenbagen 8, Denmark.

Buem Amsger Boaleard 80,

Reened 16 76 Aceepted 1078

Eomena brunctts o s pathogense speties of mmd’h‘wmeqime

coccidi whach nfects chuckem. ﬁ b::nu nhdopu;:?m(fh;:on;) bas
W fkoow Trmt Traveling e o ety .
Rewarch Fellow uhrntroctunal
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19 Starr A{ P The causml agent of bactemal and anmmals. Ann. Rev Microbdol 26 389
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37 291-300 1947 2] Urnxg ] Blochemical study of Protens o
20 Starr M P & Chketterjee A R The genus constans (Prooidencie) Acta path. microbiad
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crogametogony The ultrastructure of the m

crogamete 13 also described and the results are
compared with the observations reported for
other cocardian spectes.

MATERIALS AND METHODS

The techniques used in the present study have been
previowsly described (3) but can be summansed as
fotlows The chickens examined were killed at 108
1°0 and 144 hours post lnfection (pd) Pieces
of the amall intestne contalning parasits were
fixed sn g dehyde and osmium tetroxdde and
embedded in Vettopal W Thin sectfons were ex
amined in the electron mlcroscope after stajmng
with magpesium uranyl acetate and lead citrate
The observations wete made on material from the
1ame senes of Infected chickens as wed In the pre
vious study (3) and were hased on th examination
of approx 700 m.crographs.

RESULTS

Microgametopony The first evidence of my
crogametogony was ofserved at 108 houns py
Numerous microgametocytet at all stages of
development were present in the chickens
Llled at 120 and 144 houn p1

The host/parasite relationship and the 1m
tial development from the merozoite into the
trophozoite with accompanving dedifferentia
tion was sumilar to that described previously
1 our report on the development of the sch
zont (3) As the trophozoite developed into
the microgametocyte growth of the cytoplasm
was accampanted by nuclear drvmsion Dunng
these finst nuclear divinons 1t was impouible
to distingush between early schizonts and
mucrogametocytes. In the later stages how
ever 1t was possble to make a dustincuon by
us ng ultrastructural differences observed 1n
both eytoplasm and nuele; The cytoplasm of
the microgametocyte contaned a number of
large vacuoles and small dense bodies and
further differed from that of the scheront m
possessing less rough endoplammic reticulum
but a greater number of {rec ribosomer In
addition  the mucrogametocyte lacked the
multi membraneous vacuoles and the dilated
Golg bodies observed w the schront (el
Fig | and Fig 4 of reference 3) The nuclay

of the microgametocyte differed from thow
of the schront tn laching a distinet nucleoloy
and showing some of the chromatn aggre
gated mto a number of dense patches at the
penphery of the nucleus (cf Frgy, 1 & 2and
Fig 4 of reference 3) As illustrated in Text
Fig [ these nuclear changes were accom.
panied by a reduction in the se of the nucl:
mn the mcrogametocyte. Such reduct:on o s
did not eccur in the nucle: of the schiront
Nuclear divaon was mmilar to that de
scribed for the schont (3) there was an
eccentnically located nuclear spmale and the

Figurex 1-18 are all electron micrographs obtused
from sections of eplthellal cefly of the small bater
tine of chickens infected with Eimene brametts and
illustrate microgametogoay and the strocture o
the mcrogamete of the paralte

A double bar (m) on a micrograph represests
1 amt and & single bar (—) represcats 100 pm.

The following abbreviapons are used throogh-
out B Baml Body CE, Centnole CH Chrmatin
DB Dense Bodies DC Dense Collar FL, Flagells
1M Limuting Membeane M1 Mltochondrion
MP Aicropore MT  Microtubule N Nuckot
NM  Nuclear Membrane NU Nuckolss
Plaque (peforatorium) R, Ribosomex RN
Rendual Nucleus V. Vacuoles,
Fig I An early mxcrogametocyte showing tbe farge
number of nuclei clow to the luniting membrane or
{maminstions of this membrage. The crtoplawn
containy large vecuoler, small dense bodiey, amd
mitochondria  Nuclear poles are slio present
(arrowy)  Generally they are direeied towards the
centroles utusted between the nockeus and the
lmiting membrane x 7,500
Fig 2 An enlargement of a pucleus from an organ-
sam wmilar 10 that shown in Flg 1 The chromatin
13 distributed n u few dense patcher predominately
round the penphery of the mucles. A centrioke
and many {ree nbosomes are fwesent i the cyte
plam > 30000
Fig 3 An enlargement of part of sn orgaus®
un:dlr to that shown o Fig 4 A mitochondrlon Iy
wen Iyng adjacent to a noclew with condepsed
chromatin at the periphery A flagelium 13 ecen (0
protrisds Into the parasitophorous acuole and 1o
be attached 1o a basal body > 30000
Fig ¢ A microgametocyte shoming the penphersdy
condensed chromatin within the nucler and the
presence of flagella. » 7,500
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MRCROCAMITOCYTE DIVILOPMENT

A number of microtubules (unally 4) wen
observed close to the basal bodes (Fig. 5)
Onanumberofocc:momndcmcplzqm
was observed between a nucleus and the pen-
pheral membrane of the microgametocyte
(Fig 6) The plaque may represent the
anlage of the perforatonum of the TR
mete. A mitochondnon was found to be pre-

5 Part of a microgametocyte showmg tho

Fig
rloles situated between a nucleus and the it

Text Frg I A diagram of the ultrastructural
Elnnlgﬂ obserned in the nuclel as the organlun

evelops into elther a schiront or microgametocyte.
A Chromatin dutribation after the inttial nuclear
divulons B Chromatin distribution after the final
nuclear diviston.

nuclear membranes were retained throughout
the nuclear dnasion cycle.

The surface area of the microgametocyte
was greatly increased by deep invaginations
of the hmiting membrane which posessed
numerous micropores (Fig 7) The miero-
pores were also present at the invaginated re
gions. As many as three mucropores were ob-
scrved 1 an area of 0 {45 pm? The sub-
structure of the mucropore (Figs 7 & 11) was
wdentrcal to that described for the micropore
of the schront (3} At this stage of develop-
ment the nucler were found Iying close to the
Lmiting membrane of the organism, also at
the invaginated regions (Fig 1) Normally
two centrioles were present between each
nucleus and the Limiting membrane of the
roicrogametocyte A nuclear pole was often
observed directed towards the centrioles.

At this stage, microgamete formation was
mitiated. Apparently the centrioles developed
wto the basal bodies of the flagella thu de-
velopment appeared to be accompamed by
the duappearance of the central microtubule
of the centrioles (cf Figs 8 & 9) From each
baral body a flagellum was seen to protrude
mto the parantophorous vacuole and each
flagellum was covered by the lomiting mem
brane of the microgametocyte (Figr. 3 & 4)
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g membrine, A row of {our oucrotubales i pre
sent between the centrioles (arroms) X 43000,
Fig 6 Partofa e m which # detxe
Plaque (possibly the perforatorium anlage} can be
seen below the Lmiting membrane, A nuclesr pok
is durcted towards the himiting membrane
X 45,000
Fig 7 A crom scction of two micropores (arrows)
Inng adjacent to each other at the neface of 2
microgametocyte. X 90 000
Fig 8 A croe section of a centnole present lnm
organkum correrponding to that ahown In Fig. |
The fune microtubules (arrows) are arranged 10
a circle around a single central microtubule
x 90,000,
Fig 9 A croa scetion of a basal body present in 8
microgametocyte corresponding to that shown i
Fig 4 The nine microtubules (arrows) are an
ranged in & circke but po central mucrotabale b
present. x 90,000
Fig 10 Two lougitudinally scctioned deseloplag
& The micr are atiached 0
the microgametocyte by thelr anterfor ends. Ao
clongated vacuole (arrow) can be seen In the at
tachment rope of one of the organiums. Note the
collar of dense material close to the limiting smer
brane in the attechment rone. X 45 00¢
Fig 11 A crom section of a developing mar>
gamets which shows the mitochoadrion and the
demse chromatin part of the nucleus withln & pro-
trupon of the Lmiting membrane of the mbere-
gametocyte. The dense chromatn part of the
nucleus is ol sttached to the ke denve repon
which will become the residusl muckess. Note the
nucropore and the collar af dense material (st
tows) at the attachment zone X 45 000
Fig 12 A cro section of a developing micro-
gamete showing the nuclus, the demse plague
(perforstorium) the row of four microtubules, and
the denw collar at the point of aachment (ar
rowa) x 45000




ture microgamete budded off mto the para
Llupmlmlﬂdlwl’ﬁdm]mﬂ
of cytoplasm wus left behind. Each nucro-
mm(t\mlh&mprﬁdm‘elhmm-
ber of mxrogametes (Fig 13) apd evxdence
[ofuman)mﬁﬂcouldbemmlliu!\:
30 nm thick section.

The sltrastructure of the mucrogametc
Tbnmngmuv.mckxmtvdcmm
thaped organms enclosed by 2 unit mem-
brane mdmnlﬂcunmgikdgmﬂ{

of the mxcTogAmet® 0.4
?:lcmmﬁnﬂttdbymo clowly applied
nockear membranss (Fig 18) Towards the
antenor end of the pucleus an elongated

crotubules were observed (Fig, 18) and thewe
were found to extend nght to the postenor
tp of the mrogamete Comequently ths
4+ 1 mcrotubular systers must comslst of
three thort and two Jong m,cmﬂ::ﬁ:dl- A
dugrammatical tatron of tra
structura] onganiation of the microgamete h
thoun m Text Fig 2

DISCUSSION
The proces of mucroganetogony and the
ultmstructure of the microgamete of varioas
coccidien specses have been compared o

tutochondnion was uituated adpcent to the
nuckeus (Fig 14} The nutochondrion powes-
wd 1ereral rows of bulbous cristae (Fig 14}
At the anterior end of the mrcrogamete the
two berl bodies of the fhgellh nere e
bedded n & demse matrix (Fig 14) There
wu evidence that thi denve matenal con-
nected the basml bodws (Fix 14)
gtTium was atiached to a basal body and was
oinened to leme the mxcrogamets close to
the antenror end (Fig 14) A deose plaque
wa {ound at the anterwr tip just below the
1 rtmg membrane of the mcrogamete (Fign
12 13 & 161 o defnite subntructure conld
be dutmgunhed but a momber of short ex
tetruons were obsenved along 10 length The
extenvom were located an the ude ocdentated
away from the kmitmg membrane of the
mxroamete (T 131

A\ row of four mxcrotubndes were present m
row yect o, The microtabrules were wtmated
between e mutochondrion sod the Lo
uembrane of the microgamete (Fix 17,
ihe were present o sectiom cbtamed from
the level of the mutochondral/muclear over
lap and toward the anteror part of the or
eansm (Frsc 16 & 17 Io many oses o
nele microtubule was obsened poutoned
duronath oppomte to ths row (Fwx, 16 &
17 Al theee mxcrotubukes seem to ongioate
n the bal body regon of the m crogamete
nd extend lotudinally throwgh the oogas-
n lo rot sectioms tahen postenorly to the
™ ton bondral nuclear overlap only two mue

other bers of the Spo n reviews
by Scholtyseck et al. (14) and Scholtyseck
(13) We will therefore lhnit eur dicus.on
to a comparnson of E. brenetts with other
oembers of the cocadha

The ultrastroctural characterbics of the
cytoplasm and nucler of the early schrront
of E. brunett; ax deseribed by Ferguton ¢t o,
(3) differ in a number of way1 from those
of the cytop.aym and nuclet of the microga-
metocyte a3 depucted 1n the present study
Thx rmakes it possible to dotingieah between
the schoont and the mrcropametocyte pros
to the mitation of elther merozn.te or mcro-
gumete formatien. The nuclear characterittics
desceribed by us were vmilar to thow wed by
Ferguson et al (4) to distngush between the
eardy whront and mirrogametocyte of Toto-
#asma goxdn In addition, the condensation
of the chromatin into a vingle dense mag, as
the microgametocyte deselopr, was umilar
to that described for the nucle: of the myro-
pmionia of Ml oher Bimine mpeca
which have been imestignted (for references
s revicw by Scholtyteck o ol 14) The
wpaniton of the m.crogasoetocyte nurles into
deme  chromatm  contanmg  tmicrogamete
muckt and lew deme res'dual nocler would
abo #pprar to be chamcterstc for cocadian
m.crogametogony (14) One exceptron from
tha o E, perforens described by Scholtyseck
HZL‘:hcm 1t was reported that the entme
it entered the dex srdcrogamet,

We bt obxered that thzcruufn!qh‘}:
early TLcfogametocy te appeared to develop



Fig 13 A mature mucrogametocyte showing the crescent shaped microgametes lying frec in the pars
sitephorows vacuole Note the maws of rexidual cytoplasm with the rendual puclel. x 7,500,

Fig 14 A longitudinal section through the anterjor reglon of a mature microgamete The tno Magella
are seen to be connected by dense material between their basal bodies. The nutochondrion, the nuckm,

and the longitudinally running

sent adjacent to each nucleus (Fig 3) As
these changes occurred the nuclear chromaun
had condensed 1nto a few large patches (Figs.
3&4)

Microgamete formntion occurred by a pro-
trusion of the I miting membrane of the mu
crogamctocyte in the area directly adjacent
to each nucleus (Fig 8) It nppeared that the
basal bodies entered the protrusion and were
accompanied by a nucleus and a rmutochon
dron (Fig 111 At this tme the man part
of the chromatin had concentrated into 2
single dense maw at the rde of the nucleus
closest to the protrumon When the dense
area of the nucleus entered the protrusion
the Jess dense region was found to remam
attached to it by a narrow channel (Fig 11}
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bules are alto vinble x 45 000

At the hase of each protusion a collar of
dense matenal was observed below the hmit
ing membrane of the microgametocyte (Fige
10 11 & 12) At maturmuon of the mrcro-
gamete the dense part of the nucleus had
clongated (Fig 13) Ths dense region which
was now the nucleus of the microgamete s¢
puarated from the less dense regron which re
mamned 1n the cytoplnsm of the microgameto-
cyte a3 a resdual nucleus (Fig 13) Appar
ently the microgamete matured while stil
attached to the microgametocyte The pomnt
of attachment was at the antenor end just
behind the basal boches (Fig 10) A mem-
brane bound clongated vacuole was often
obsenved ntuated close to the point of attach
ment (Fig 10) At a later stage the fully ma



m;qo!mtﬂh)ddtdnﬂmloth:p:nﬂ
:n::phufmu\m;olemduhrgtm_dwmu
of cytoplasm was left behmd. Each mcro-
pmemqtemnbkmproduce-hrgenum—
ber of microgaroetes (Fig 13) and evrdence
lufmmanymﬁ)cmﬂdbem(nnnngk
50 nm thick section

The ultrestructure of the mucrogpemets
The mucroganmetes were elongated crescent
thaped orgpnimm enclosed by a wmt mem-
brane The dense nucleus occupred the major
part of the microgamete (Fig 13) The
muckus wos hmited by two closely apphed
ooclear membmnes (Fig. 18) Towardh the
antenor end of the mucleus an eloosated

crotabules were observed (Fig 18) snd these
were found to extend nght to the posterior
tip of the mTogamete Comsequently thy
4 4 1 microtubular sptem st conast of
um;hmmdmohmmﬂmumﬁﬂ
dugrammaticsl representauon of e ultra
structural organmation of the microgamete 1
shown m Text Fix 2.

DISCUSSION

The procen of microgametogony and the
ultrastrocture of the meTogamete of vartous
coccdan wpecrer hane been compared to

mmtechondnon was dhated adjacent to the
muclews (Fig. 14) The mutochondnon pones
sed several rons of bulbows cratae (Fig 14)
At the anienor tnd of the mikTogamet the
two batal bodies of the flagella were em-
bedded m a deme matnx (Fug. 14) There
was endence that thn deme materal con~
nected the basl bodres (Fig 14) Each fla-
rebiamn was ariached to a bas! body and was
obstried to lemve the microgamete close 1o
the antenor end (Frg. 14) A demse phaque
wo found at the antenor tip nuat below the
leutng membrane of the mucrogamete (Frs.
12,15 & 197 Do det nite nimtructure could
be dntingushed but a pumber of short ex
ters om were obnernied along m lepxith. The
exters.ons were Jocated on the ode anentaned
awny from the Lmiuny membrane of the
murogamete {Frg 130

A row of (our rmcrotubules were present in
cross sect.one. The mocrotubu.es were mtuated
between the mutochondnom and the lomtioy,
membrane of the murogamete (Fig. 171
The were present i secbons abtamed {rom
the el of the mrtochondral/puclkear over
Lip and tow sds the anterror part of the or
womn Fu 16 & 171 In maoy ase o
ung'e microbule wa  obsened
diagonall  oppovite to thn row (Foge 16 &
17 ! these mucrotubuler seem to arigmate
n the basal both remon of the m crogamete
d rxtend lomgitudimally through the organ-

rm In n:».-ﬂmulrnponrmﬂ,mv.be
ot hondral nuclear overtap onh two mi

other bers of the Sp m reviews
by Scholtyseck et & (14) and Scholtyreck
(13) We will therefore lomut our discusion
to a comparnon of E. braxctti wuh ether
memben of the cocada.

The ultrastructural characterithes of the
cytop'ame aod nucler of the early achrroat
of £ bruretts a3 described by Fergusom et ol
(3) differ m a mumber of ways from those
of the ylop.avm snd nucler of the microga
metocyte a3 depicted m the present wudy
This makes 1t possible to dutinguzsh between
the whront and the mucrogametocyte prot
to the imtabon of enther merazo.t ot mxro-
gamete formmtion. The nuclear characteribes
described by wa were emilar to those wed by
Ferguwon ¢t al (4) to dotingunh between the
enly whzoot and mucrogxmetocyte of Tovo-
Masme gondu In addition, the condenzation
ol the chramatn Into o nogle deme mas, &3
the m:crogametocyte developr, was amitar
to that described for the nuck: of the mcro-
fametocyrs of all other Emmenta gpecrer
which have been imeingated (for references
we soview by Scholtyrech of «f 14) The
scparation of the m.crogametocy te nucles fnto
demse chr

wacler x0d lem demse res dua mcler okl
aho appear to be characterinc for cocadian
mer gony (14) One from
tha n E perforens described by Scholiyreck

(17) where 1t was reported that the enure
muhan entered the dey

We hie obreried that the centr.o.ex in the
euly mcTogaumetocy te appeared to develop

-y






Fyg 13 Aloogtadmal sectom through the aaterior
regow of A maters The deowe plagme
I pertorutrioa) with thort extendons Sowards the
amar (arrowys) W Dostreted X 90,000

Fiz 16, A crom schon (hrough the antenor regon
% a moropmcre 1 the erparuss e o of tee
rockews, e deaes pleqon (perforatortan) and the
4+1 arrsopeoeent of the mucTotubules are ilhe
raied The prwscncs of o microrubole close to
the perforstorran o caorml X 90,000

into the bama! bodies of the flagella. Thr
sm sgreement with the observations sepocted
for other Exmena spp. (14) but the apparent
change 10 subntructure sccompanymy thi
ransibon fras not previoasly been reported.
The microgametocyte of £ brumett: pro-
duced numerous microgametey, and as muero-
gamete formation i cuentially & surface pbe-

the developmg orgamsm. In thi repect E.
breacth way similar to E enbaruendis (6)
and E manma (10) which abo prodnced

Fig 17 A crom sechion of a strogemets sectoned.
doghtly posterior to that show |s Fig. 16, At thie
el (e teckeus, the mitockoadnon, the flugeila,
od the 441 of bules (ar
row  are prosest % 90,000
Fg I8 Crom sectooed pasteror regiom. of two
Ia each ncrogamets the ouclens It
Lamted by two clawely applud oacler

cell (arrow ) x $0,000

In contrast, E. per
ferans (120 E.tearlls (8) E. falaformi
{13} and Toxoplesne gonds {4) showed mo
yoch 10cre2%0 m surface area but these species
pmduarthﬂvrlyfew!mcrupmctupa!m-

szhckolhrgepo}yncdﬂddegnnﬂu

T8



m the microgametocyte of E brumett was
simular to that reported for £ acerpuling (5)
In contrast to thus, typical cocardian polysac
chande granules were found to be present 1n
the microgametocytes of the majonty of other
Eimena spp and of Tovoplasma gondn (1
2467 815&16)

The banc ultrastructure of the microga
mete of £ brunetts wns sumilar to that de
scribed  for the microgametes of other
Etmena spp and Toxoplarma (see review by
Scholtyseck et al 14 for references) but a
number of differences in detuils were noted

The basal bodies were embedded in n dense
homogeneous matrix, which probably acts as
a reinforcement for the perforatorium as well
as providing a strong foundation for the at
tachment of the flagella. Dense connections
between the basal bodies of the flagella were
observed and it 15 poanble that they have a
function n co-ordinating the movement of
the flagella

In the microgamete we also observed a
dense plaque below the hmiting membrane
at the anterior end of the organism. Ths
plaque probably represents a reinforcement
of the perforatorum and 18 simlar in appear
ance to the plaques observed at the antenor
end of the mucrogametes of E auburnensns
(6) E acerpulina (5) and Toxoplasma (4 &
11) We observed no obvious substructure i
the plaques but a number of short extensions
protruding into the cytoplasm were often re
solved At present we are uncertun of what
function these extensrons may have

The microgametes of £ brunctis poswess
two flagella and no evidence of a third flagel
lum was ever obserned Thn result 1s sumular
to that reported for the mucrogametes of £
magna E intestinalis E pragenss and Toxo-
plasma but 1n most other emmeran species
examined 5o far normally three flagella were
obterved (sec review by Scholtyseck et al
14

2\/3 found a row of microtubules running
longitudinally through the mucrogamete Such
a row of mucrotubules has alto been reported
to be present n certun Etmeria spp (14)
in Toxoplasma (4 & 11) and in Sarcocystis
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sp grown in tisue culture (17) The actu)
number of microtubules comstituting thes
rows may vary from species to spectes and
may even show vanations between mdnadush
of one specres (4) The 4 + | mucrotubule
arrangement seen in E brunett: has not been
observed n the other cocerdian speces -
vestigated  Certain of the microtubules, we
found could extend to the posterror end of
the nucrogamete. This has also been re
ported for £ maxima (9) and E. felcrforms
(15) It has been assumed that the mxro-
tubules represent the remains of an addional
rudmentary flagellum (14) However such
mucrotubules are akio present in E feleiformu
which possesses a third  flagellum (15)
Therefore 1n our opinton 1t s just as likel
that the mucrotubules could have a structural
function and for example, provide the mrcro-
gamete body with the ngidity necesary to
withstand the forces created by movement of
the flagella,

We are indebted to the Centrel Vetermary Laber
tory Minlstry of Agriculture, Thberies and Food,
New Haw Weybridge Surrcy England for sp-
plying a purs sample of ooeyats of E. brazaitt and
to A L Fenmestad V M.D., Statens Serummostiit,
for provinon and mamtenance of the chickens. We
gratefully acknowledge Mr, f Rarm for technical
ausdstance Mls A Orergaerd and Mr F Laxrws
for photographuc assistance and Dr R Postefract
\xroblal Research Divimon, Health & Welfare
Ottawa, Canada, for valuable enticlom during the
preparation of the manuscript.
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ULTRASTRUCTURAL STUDIES ON THE
ENDOGENOUS DEVELOPMENT OF
EIMERIA BRUNETTI
IIT Macrogametogony and the Macrogamete

D J P Frrousox®'* A Bmon Axprrasn® W M Hurcrusos?

and J Cur. Smo?
1 FAO/WHO Collab ing Centre for R h and Reference in
Toxoplasmesls and 1 Department of Biop} Statens Seruminstitut, C h Denmark,

and # Department of Biology Unnersity of Strathclyde Glamgow Scotland

Ferguson D ] P, Birch-Andersen A. Hutchison W M & S$iim J Chr Ultrastructural
studies on the endogenous development of Eimeria brumetti 111 Macrogametogony and the
Acta path, ml. 1 scand. Sect B 25 78-88 1977
The ul | changes during in Eimena brunetti were studied
mn tisee from the small intestine of Infected young domestic fowhs. As the macrogametocyie
developed, an Increase in the volume of the cytoplagn and the nucleus oceurred. At this early
stage of deelopment the organsm was limited by a sngle unit membrane which possessed s
number of micropores. The organum was situated 1n a parantophorous vacuole which contaned
intra vacuolar folds and intra-wvacuolar tubules. The wall forming bodles of Type 11 (WFB 11
started to appear before the wall forming bodies of Type T (WFB 1) The WFB I developed 1o
the mo'plunnc matnx whereay the WFB 11 were formed widun the cliternae of the rough
iy In 1 with Golgl bodies. The mature WFB [ were
hamogenmm‘ Limited b' a unit membrane and larger than WFB IT which had no Iimiuny
membrane but remamed surrounded by a membrane of the rough endoplasmic reticulum. Poiy
saccharide granules wers formed in the eytoplaun between strands of the roogh endoplagmx
reticulum. Dunng maturstion the WFB I & II and the polyssechande yranuler increased in
slza and number and as this occurred a number of clectron translucent yacuoles were efected
from the surface of the macrogametocyte The mature macrogamete posersed a [argo nucteus
with a nucleolus, a number of mul L} acucles, hondris, and Licuh, The
WEB 1 & II wers Jocated at the ~e)) penphery and the polysaccharide granules further towards
the interor of the organum The organusm was lum ted by a unit membrane bat dunog macre-
gametogony a homogeneous layer had developed which extensnely coated the macrogamete
surface. Below the lumting membrans two closely appl ed unit membranes had formed.

hey words K mena breastts chickens macrogametogony macrogamete ultrastructure
D ] P Fergusom, Department of Toxoplaimons Staters Serum nstitut, Amager Boulevard 80
DK 2300 Copenhagen § Denmark

* Welleomo 1 rust Travelling Research Fellow
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The ultrastructural aspects of the endo
geooun life cycle of Etmerie braneth have not
previoutly been described. Recently bawever
we have onvestigated the mexual development
(sch ) and microgametogony of tm
pa I of eocadia which mfects
Adamnestre fowb {* & 3) Tha stody reportt on
the whragructural chaoges occorrmg dunng
wacrogametogony and the ultrastructure of
the macrogamete The renuln will be com-
pared with observations repocted for other
coeexdian species

MATERIALS AND METHODS
The techanymes wsed s the prosens soudy hne beea

106 170 and 144 bown post-mfecthom (p ) Pleces
of the wmall  testow were

maqnesmy wraty! acetas and Jesd atrate. The

feacrogueiogoay and (he oiscro-
gamets werv wade oo material rom the stow s
of mfected chucirrs as weed m our prevacws tadies
2o wers besed 00 the cxmmaston of pprac Y0
m.Crographs

RESULTS

The frit evidence of macr was
observed 10 chrckens killed at 108 hours po
and mumeromn organums, at all sage of de

Jopment were observed 10 the chickens
lulled at 170 and 144 bours po.

The wupal deelopment of the Infecting
meroroute 10to the tropharcte with accorm-
panming dediffersntiabon, was wdentical to
that prevxously desenbed foc the detedopmg
whuoat (2) However dunng the {ormatwon
of the macrogametocyte eytoplarmuc growth
was not sccomparoed by nuckear drsion,

Maocrogametotytes were firnt wdentified by
lheptern(tolh:grnmhmd:pmmcnt
puchectn and amorphous muckoplam (Fig
| The nytoplasm nonmally posensed ribo-
omes, rough endoplasmic reticuhum, a memn-
hrrd(}oh;hodnlndlmto(hm-drhmﬂ,
koc ted at the cell penpbery (Fig. 1) This

earbest macrogametocyte was Imited by
sgle unit membrane (Fig. 2) and posscucd

sereral micropores. The structure of the m-
cropare (Fig. 6) was smilar to thas previ
ously described for the destloping achuzoot
(2} In the latr etages of macrogametogony
a large number of muropores could be ob-
sened on each macrogametocyte 4 were ob-
wened 1n a suingle thin secton of ooe indr-
vidual

As the macrogameiocyte conttiued to de-
velop, a few wal-forrmng bodies of Type I1*
(WFB 1) sppeared m the crtoplam (Fig 1)
and at a sbightly later smage the wall-formung
bodies of Type 1 (WFB ) were seen (Fig 6)
At thn stage a mumber of wultb-membranom
vacuoles were also found ckee to the nuclews
(Figs. 1 & 6) these contamed some amor-
phoos maternl The mult-membranous 1ac
woles retaln therr close to the
muclets durmg racrogamete formaton (Fig
15)

The WFB I were 't obeerved in the
cell cytopluan as spherical structures spprox.
244 nm 1n dameter (D) They had ogmo-
philic contents end were hmrted a unt
membrape (Fig. 3) Their formation did not
appear (o be asocrated with other cytoplmic
ogantila. Durmg maturation of the macro-
gtnrtoqtedmhﬂurtmnrddamdmms
umt membrane (Fig. 3} and could reach o
sre of appeox. 205 p m D (Fig, 13) In the
later stages of macroprmetogony two forms of
the early WFB I were observed the fing was
wmilar to 1ot deveribed earlier (Fig. 3)
wherens the other although himited by a unit
membrane lmd contrnts which commted of
osmuophilie core whh a lets dense coptex
(Fig 4) It » uolnown if & functional dd
ference et between thess two forms or if
one B 1o the other
“*“Wufmappmdu.pm;.m,
mwu(npprumm)mzhnm,u
ternac of the rough endoplasme reticalum
(Tig &) ]ndo-emmmnmdmmqh
eodoplasenc revientum, Golgf bodyike strue

an

¥ v the erinclogy propossd
"o (14) by Scheliymck
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fures were prescat (Fig 9) As the WFB 11
developed, their contents became more boro-
geneows In appeanance. No Imting mem-
brane was ever obaerved, but they rermuned

- - ——

Fugares 1 13 are all ehectron pricrographs obtaloed
from xections of epitbells] calls of the wmfl ter
e of chickens bafecicd with Ecwersa brseiti and

et and the etrocture of
the macrogmnete of the
A docbla bar (=) oo

teubum Traoahuceot Vacaoles G,
Golgi Body HAI1 Howt Afkochondria Hom
Nouclew  1F  loma-Vacooler Folds IT  Iotrae

WFB II Wall Formung Bodses of Typs IL

Fiz 1 An saly macogeoewcyts showing Use
naciew wub a Lirge nackola, a mafti-membre

surrounded by the ribowme covered mem
branes of the rough endoplasmuc retculum
{Fig 10) The mamre WFB 1f could reach
& size of approx. 1.24 gm 10 D

As the macrogametocyte matared, pohy
mmuhbccmappxmt:::
cytoplasm. They were pormally wtuat
tween parallel strands of rough endoplasmic
reticalum {Fig 11) 1n addinen,
frec canals (capalicull) delmired by mem-
branes were found. These canaficuli were
generally ssociated m paralie] groups and
often appeared to raduate from the nucles
mto the cytoplasm (Fig. 15) They were re
taned throughout macrogametogony  (Figs-
14 & 15)

As tbe macrogametocyte developed further
an increase 1n the mumber and mze of the
WFB I & IT apd the polysacchande granules
was noticed. At thi tme & mumber of elec
tron translucent vacuoles was seen to be
bodded off at the periphery of the macro-
sumectocyte (Fig. 14) There was some evi-
dence for these sacuoles being the remaing of
degenerate miochondris (Fig, 12) \When
epected they were coated by the [miung

scucle, wocm Toogh exdoplamni Tetalum, mmd &
waber of Gol boches end nutochondria. Nots the
WFB I at xa ¢arly stage of des sdopoent. x 13,000
Fy 7 An eotigement of the penphecy of the
ofpruen bow o Flg. | The sugle wnit mem-
braos lrmtng the orpaases o oo A mitochon-
dnon m aleo preseat. x 90,000

Fig 3 An jemature WFB T The con-

: of the cyte. At the
Iater sages of macrogaietogony preca of
unlt mémbranes had started to form below

maACTOgRIEtocy e
a3 described m ths paragraph n presented 1n
the dugram grven in Text Fig, |

teats of the bedy are Kouted by wut mwersbrane.
90,000,

Fug ¢ Az mwatere WFB | e ing & dewse eoce
rih & lem demte coruex (arrow ) hmited by  walt
wembeane x 90,000

Fu 3 Part of & watwe WFB | which w 17 oo
# Lamweter The body has am amorpbons sppear
amce and u laniwd by oat mewbrese, % 90,000
Fr 8 Ascurty
WiophoToe.

erta pach mmcrebed, e et 8, B 1

A parsaliop vacuole whach s formed
by the host cell comtains the dey ¢lopog ma-
crogametocyte 1t 1 hmited by & omt mem-
beane sDd ponenses 3 number of mire varo-
ohx!o?dn.wh.bin!h:vtnnk,Anunbuof
mln—viunh.rmhﬂumfmmd(ﬁgtﬁk
13) which were approxomately 72 nm in D
Ixmwpmﬂ;kwdrumnethewullqd:
of the fubnles bt poruows wp 10 35 em ia
lkength were obeerved in crom sections their
valls appeared to comslit of a mumber of
woall wb-anits (Fig. 13) The tubuley were
oftem otncried clase 1o the sarface of the
mEsCropAmetacy e bat no e idence for fusion
mmhwmn“h
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was found. Ocragonally they appeared to
extend between different parts of the macro-
Wmﬂ.m,cspcchﬂymﬂxm'bﬂ‘
the electron tramucent vacuokes were being
epecred (Fig 7) The number of intra-tacu-
olar tubeiles was found to be greatly reduced
10 vacuoks with matare macrogametes. The
surface of the dewclopmg macrogametocyies
was extenmely coated by an amocpbous Iayer
which way approx. 9 ten thek (Fig. 12)
The wature mactogamete, 41 & role, had =
centrally Jocated nucleus with amorphous nu-
cleoplaun and & conspicuous nucleatus (Fig.
15) Tn & mumber of eases a small demse body

umnboobﬂ\cdmlh:nmkm(“&-l‘f) In
the plagm the manoe WFB 1 & 11 were
mxnlmwmoi‘htﬂ*“d“*
polyscchande granules were found intenor
to them. Multi-membranous vacuoley, canali-
culy, rough endoplasmic retucuhan and mito-
choodria were abo present i the cell cyto-
plaem (Fig 15) The surface of the maturr
macrogamete way smother than that of the
developing macrogumetocyte. Although a few
of the electron transtucent vacuoks were still
present, the ejection of thexe vacuokes whch
occurred during the earher siages of macro-
gametogany did not appear to occur o the
mature macrogamete (cf Figs. 14 & 13) The

Fig. 7 Pust of & desclopg
intraracoolar tobuks

g wis fmited by a unt mem-

bane the 9 mm amorphous Jayer which fing

from the purfsce of (be orpAmmn. X 30,000,
Fig 8 A smetion throwgh an mmstee WFB 1T

Fg 9 Adenclopmg WFB 11 The amorphows com-
trets of the body are sarownded by a membrne of
the roogh sodoplivax rrxceium which i clomiy
swocaied wiik two Galp bodlet. X $0,000.

£y (¢ Panof patme WFB 1l whchn 1.3 ma
i cheometer The amorphous mmaterm] of the body
o wparated from the wambiany of the
rough @dopltmmnc rvtculem by an edectrow tram-
fueent fpace (Errow) x 90,000

F g 11 Pamt of an early macTogametocyte showmg
be pofymcrbaride grarubes m tw cytoplown be-
rsc;\'&nd.oo(lhcmqhw

7 1 12 Part of & section throngh tee petiphery of 4
developng macrogametocyts A it

wd the preacnce of o Jayer om the
brmnng teembrame of the orpmms X 43,000
F g i3 A scton throsgh the penpbery of  ma-

Lwre macrogres Twe clowty applied wart mea-
branes oaderlying e membrane of the

mbuectart o (e cTow eectomed
Veculer tubules x 160,000

v

ppeared on the mac e was re
xined on the exterior (Fig 13) Underncath
the limuting membrane two closcly applied
unit membrunes were present (Fig 13) The
ultrastrocture of the mature macrogamete a5
deseribed o thu paragraph is presented in the
diagram shown 1o Text Fig. 2.

DISCURLION

Thehmx/ptnmnht&auh:pdd’tmﬂb-
gumete of £ bramett; o amilar to that re
ported for the schoont and mutrogametocyte
(2 & 3) except for the presence of ntra-
vacoolsr tubuley which were absent m the
latter two. Jt has been proposed that these
tbules were charactermic for the macro-
gimetes of the genus Ermens, but recently it
hubtmrq:n-trdzbaton}ylmnﬂm
age of macrogametes of E. labbewne contamm
zhnu(l?)’!‘hetnbubm-hemmb‘.ln
nn(l)mddrymnholhrmmlwpou
{loand I revolta (9 -DdTorapInuumdn
(4 & 10} md:madmhzmhﬁuhn
Ebr-ndunwrthmtbenngc
other Eimerra spp (15)

posed of 8 pumaber of Tubamas and
*milar to wint has been i g

Proposcd that these mbules

Tuction 1 the transport of mazerial beperey

~



Fig 14 Part of & descloplng macrogametocyte in which the nueleus with ju nucleolus, & number of
WFB I and WIB Il some polyssecharide granubes, canalicull, and utochoodria can be seen. Note the
electron translucent vacuoles a¢ the periphery of the macrogametocyte, X 7,500

Fig 15 Part of 2 mature macrogamete showing the centrally located nucleus with lts nucleslns and &
muall dense body (arrow) The WFB I and WFB 11 are present in the peripheral cytoplamm with the
polyacchande granules mote centrally located. Canalleall, multl-membrapous \scuoles and putochondna
are aho present Note the smooch appearance of the surface of the macrogamete. x 7,500

the hoat cell and the macrogamete and direct
connections between host cell tubules and
macrognmetocyte have been reported by
Scholtyseck et al (13) Afichael (8) and
Varghese (17) Our observnuons that the
number of wtra vacuolar tubules 13 larger 1n
the developing macrogametocyte could sup-
port the nutntional hypothesa. It 11 reason
able to expect that the nutntional needs of
the developing macrogametocyte would be
greater than thoswe of the mature macro-
gametes.

Dunng macrogametogony in £ brunett: an
mtial degeneration of the nner layer of the
merozroite was observed Thus the macro-
gametocyte was at this stage limited by a

B4

ungle unit membrane, but eventually o re-
generation of two umt membranes 1n the
later stages of macrogametogony occurTed:
The macrog was ¢ quently Lmted
by three umi membranes. This degencraten
and regeneration of membrones 1 wmilar to
that reported for E intestinalis (15) F acer
vulma (5) and £ ferna (1) The structure
of the limiting membranes of the macroga
metes of other Eimena spp have been Ie
viewed by Chobotar et al (1) and Varghese
(17) The finding of an amorphous layer
coating the macrogamete has not previoudly
been observed 1n any Esmena spp.. but 1t bears
some resemblance to the fint fayer of the
oocyst wall of Tovoplasma (4) The orgm




u\dlunnmollhnrmunghywcmldnot
be determined.

m-pp::rnt{mmtmoll}m\\'ﬂilh:

rlrnwph:mn-lmu-rxnf!h:ctﬂhnlho
brmrl-ponedfurE./ﬂnu(ll The
Lbrhod.nmllmﬂcdby
and have

bomogeneon contenty 13 typecn! for
Limera spp and Toroparme (see Schalty

seck et ol (13) furrrlmrm) In E brumest;
\\'FBI\-mlnrgu-!hnlhc\\'}'EII
whxhulhnlbcmeiu&ltbbana (17y
E. tenelle, E Htiedee E.pﬂfouude.
marme (13)
fm-:rnLuuofdm\\TBIIltm:umhc
l-xl..trdrnhd'nemxgh

reten-
Iumnndcamhodnn(dumpninn.'nnsh
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gamete

sumular to that reported for other Ermena spp
(11 & 13) In £ brunetts the WFB II have
a2 homogeneous appearance and are sur
rounded by 2 membrane of rough endoplas
muc reticulum as evidenced by the presence
of nbosomes on the cytoplasmic ude of the
membrane. This u also the case in £ falar
formus (12) F magna (16) Isospora spp

85

Taxt Fig 2 A dugrammatical representauon of the ultrastructural organmation of the mature mscre

(9) and Tovoplasma gondn (4 & 10) butit
1 different from the structure of the WEFB I
of other Eumena spp which present o loos
or mesh hike appearance (13}

The multy membmnous vacuoles m the
macrogamete differ from those present in the
schiront (2} because of their close relation
ship with the nucleus. Simular vacuoles have



been observed clowe to the nuclews m the

tes of E magna (16} E. acer
cxlina (1) E. labbeana (17) and Toroplasma
(4) Tt hs been propesed by Afichac! (€]
wed Ferguson et al. (4) that they are formed
from the nuckar membranes. If so, it Is poms-
ible that they contam nuclear material which
1 unoeeemary for the later development of

Eimeria spp (13) Lipd mclumons were ab-
sent m the macrogametes of E. bruretti
E B v d to

w

-

Fer, D ] P, Brchdadown 4 Hw
ki 1 M & Shey | Chr. UL

o the endogesows development of
Edmeris braxetti, 1 Schoogoay
. 3 scand Sect. B, 4 401413 1976
Ferqusen, D ] Po Birch-Andersen A, Hxt
duwn M & Siw ] Ck . Ulmastroctml
wadies o the de logment of
Fimena brawetts. 11 Microgametogooy aad
on xmmote. Acta path. mlerobeol. scaad.
Sect B 85 61-77 1977
Frrpuma D ] P, Het hisen 18 A0 & Sum
] Cir The witrartrucrars] development of

biol,
Lse D L. & Mllerd B.]

acuoles app
be epected from the mofece of the macro-
gametocyte Such vacooles have not previeusly
been obsened in members of the cocodm.
They appear to be derned from degenerating
mrtochoodna sand may thmy reps & meam

o

of the mecrogamete and oocyst
of Kimsrse acerinkne. Parzutology 62 31 34
[t

3 Mhers M Elk Us-

wnucheagen ea Eatwicklungsitadien oo EF-
mria marims (Sporosos, Cocckdla) I D
ktar der Mak Z. Parasitenk.

of waste disposal In schirogony and micro-
gametogony rendual mames of cytoplasm are
Jeft behind when the mature organmms are
tudded off these rendual manmes could con-
o the waste materml present. In macro-
gametogony  however  the complete macro-
gametocyte devedops into the mser

-

2]

19 161-182, 1972

Micked E. Ulmastuctumal sspects of the
development of the tmue stages of Ermerle
acerwline. Procesdings Britmh Soclety for
Farsumiogy 2-4 Apnl 1974 Parstitclogy 69
XIX, 1974

Afichart E. Strecture and mode of functon
of the arpaneles amoasted with rotuon of

therefore, any taxic material or other waste

austancy
work was mpporied by gramt from the
Therid H otk O penieisen Genevs, The Wellcoms
Truct and the Bratuck Con o
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Acta path, wicroblol. reand. Bert. B, 83 8934 1977

CHEMICAL MODIFICATION AND
CHARACTERIZATION OF ENTEROTOXIN
FROM CLOSTRIDIUM PERFRINGENS TYPE A

Prx Foux Grawux and Rupax Sxymuxyiie

Norsk for ddelforiaing. Ix )

of

1432 AoNLH

Grazwn, P B & Fipdudk, R Chemical and of

trom CIasiridinm perjroagens pe A Acta path. microbwl wcand. Sect B, I3 9934 1917
Eatrrosmin from Clesiridiem perfriapess type A bas been panfled. Tha soterotoxin wis 1bown
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A beat latale enteroiomn has been pumn-
Oed {rom certamn strains of Clogridinre per
{rongens dunng sporulation {7 21) The toxm
wdiscet fhod sccunmibanon in ileal loop tests
@ avmnab (9 aod discches o homam o
volked m C perfringens food poioning (10)

Despite the relatrvely mild symptorm and
rapid recovery of humsns after thn type of
food pomoamy, rt has been shown that the
tron may orwe demuding of rat and rabbit
ikeal 00 (14 16) A doturbance in the 1ot
stmal electrofyte and water balance has abo
been reperted (13)

The enterotoam B A puse protein wath &
mokecobir weght of approumately 34,000
and 2 pI 43 Fusther details about the mole
cular structure and mode of action of the
towde are il baching In thn repom an ay

tenpt will be nade to elucxdate the effects of
chemical modification oa the inclogical and
sedogacal activity and molecufar structure
of the teoan.

MATERIALS AND METHODS

Preducting and Purflcation of Exterstodin

C perfragens type A sram NCTORYIO was ab-
{afaed from CL. Duncen, Food mvirtmge
Lahauty of Wmconsia, Madhon, USA, Saock
cﬂmd&bm&mwbw
meat wudrmn, s3d weed for enterotoxdn prodoction
o Descan and Stroog (D8) sporwlation medixm
4) throaghons the gody

. enterowrin wa
wethod desersbad by fete-
sueki ool (18) Afr ancwosion walfare pr
ad Sffereatind s}

etion, e .
sohed peotelon wery disirmd sgaines 0003 M N
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Calculstions wers made sccording o Yphewtis

(72) A partial pecific olume of 073 oal/g waa &0 —_—
used for the enterotexdn (8
40
dwane dcid dualysis
Tha amaino sexd conmpamtion of the caterotaxin 30 /_.,——a
vw deteroed wi @ Bocal BO200 wmimatie
wmno ackd anafyrer Hydrolps wnder vacmms was vl
perfonmed fn 6 N HCl at 108 C for 24 b, Trypto-
phan was deterined method of Afetrb 0
& Sesaki (13) snd cytenc acid after Hies (1) [
1 2 3 4 § & T
REJULTS Fig 2 Reactnation cunes of prified exwerotom
heat reated 2t 55 Cfor | ooa, @ 5 mm, A
Heas Treatment exd Reectioetion ead 13 min, O. The sctivity b ghen in per cot
The on-exchange ch gTap. on o seihvity before beat treatment.
Cellex T gave enterotoxin of 98-89 per cent
purity m polyacrylamide dise gel electropho-

resis a3 determmed by densitometnc tracing
(Geleman DCD-16) (Fg. 1)

The enterotoxin was found to be heat
labile, koaing 90 per cent of Its actrvity after
13and15mmat60 C 57 C,and55 C,
respecthely At 30 C and 53 C ro ngufi-
cant low of actrvity was observed within a
penod of 30 min, After 120 mun, 25 per
€ent actnity was lost at 50 G and 35 per
cent at 33 C (data not sthown)

Reacthaton of the enterotomin which was
beat-oreated at 35 Cfor 1 5 and 15 mm
s thown 1 Fig. 2, The taxaty of the entero-
lmm,hutn'ulcdforlmm,mcr:ncdnh
u\e}ynpd}yfmmSOpcrcemlomnppar
ently sable lael of about %0 per cent after
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phosphate buffer pH 80 and subfected to lop-ex
change chromatography on Cellex T {Biorad
Laboratones) ay previowsly described (21)

Protein Determination

Protein determination was dane by the Lowry
method with bovine serum  albumin (BSA) ay
standard (12)

Production of Antisera

Treatment witk Iodoacetic Acd and
Todoacetarmds

Studtes were made with fodoscetc
iodoacetamude after the method of Besrr
[§9] The reactlon mixturss contuned 025 my/m
of enterotoxdn, 2 mmoles/ml of fodoacet sead o

Antserum against purified was pro-
duced by immunation of rabbits a1 deseribed pre-
viously (21)

Guinea Prg Skim Test

Erythemal sctivity in terms of erythemal units
wt asayed by the guinea pig skan test 2y deseribed
by Sterk & Dxncan (20) In control samples the
toxin was pevtrabized with specific antlenterotoxin
serum from rabbit.

Dise Gel Electrophoresis
Dusc gel electrophoresls was performed o 7 0 per
cent acrylamude gels with pH 8.3 tris-(hydroxy
methyl) apunomethanc-glycine ;1 the runmng buf
fer (2) The gels were loaded with 50230 xx
purified or partially punfied enterotoxin protein.
;l{l'tz':sge.h were stuned with Coomassde hafliznt blue

4itt,

Succnylation of the Enterotonn
To 3 m! enterotomn (2 mghml) 10 mg wld

for two hours at rvom temperature. Alter belng
duslyred against 002 M pbosphate buffer pH 63
overught, the enterotoxmn activity was muddlz
1 rual ] i and

11 faal

guinea pig skin test.

Denaturation Stadies mth
Guumidine Hydrochloride
Purificd enterotonn was added to an 8 M slu-
the fisal

thon of guanidime hydrochlonds, makmg
of 4 drochloride 6 3 asd

1 diffusion exd Els /

Immunodiffusfon studws were pedformed on
Pett1 duhes with sn agar layer of 1 per
ceot Nobel agar (Difco) 1 per cent NaQl and
1 10 000 merthlolate

Berol 1 of war done
Sample volumes
were 8 al and electropboresis were performed in
0.3 per cent Litex agarose gel (Litex, Copen-
hagen) contalning antibodies diluted 1 800 Field
strength In the gel dunng electropboresy was 4
volt/em.

Heut Stability and Reactication of
Heat-treated Enterotonn

Purlfied enterotomn (! mg/ml) 1a 002 M phos-
phate buffer pH 6 8 was added to unall test tubes
{10 X 90 mm) which were hested in water baths
at 50 53 535 37 and 60 C from ! to 120
min, To eop the reacuons, the 1est tubes were
placed in an ice bath. The enterotoxin acth ity was
tested by the guines pig sidn test

Enterotomn which was heat treated at 55 G for
1 9 and 13 mun was stored 8 20 C for L 0 7
dayr. Reactrvation was ssmyed by the guincx plg
alun test

y
the final concentration of eaterotaxn 0 45 mg/ml
The final concentration of the phosphate buffer
was 01 M (pH 6 8)

Anexpcrlmcntwnnlnpa{ormednthpwlﬂrd
and 6 A idie hydrochloride with
DIMga hanol In this exp 01
phosphate buffer pH 60 was used. The solsat
were dialyzed for 24 b agatmut buffers of the sm¢
compotition, except for enterotomn.

Anelytical Ultraseminfugstion Experiments

Bed e wers per
formed at 22 C in » Beckmun Asslytcsl Ulrs-
centrfuge Model E unng a double beam photo-
electrse scanper at 280 nm. The final enterofoxin

concentraron was 0 45 mg/ml.
The molecular weights were determined 2t 8

rotor speed of 20 000 rev/min

Thres samples wers analyzed

1 Enterotomn in 0 1 M phosphate buffer pH 6B
2 E aad dine hydrochlonds in
01 M phorphate baffer pil 6.8 .
E P it

and g
bydrochlonde In 01 Al phosphate buffer
60



phan wu determised
L feakd (13) and eymeic aeld after Hirr (11)

RERULTS
Heat Treatment and Reactiration
The jon-ech + by on

——

o

1 4

Fig 2 Reacthation care of parified
beat treated a8 33 C for 1

Tarrs
enterotaxin
mia, @ 5 min, A
wd 15 min, O. The actnty by ghven In per cemt
o

Cellex T gave enterotomn ol%—':‘ﬂlpercmt

(Getman DCD-16) (Fig. 1)
The enterotoon was found to be beat
kabile, kalng 90 per cent of ity activity after
13 ad5mmun6d C,57 CandS3 C,
respectrvely At 30 C and 53 C no pgmfl
cant low of sctrvity was observed within a
pered of 30 mun. After 120 mm, 25 per
cent actonity was lost at 50 C and 35 per
cent at 33 C (data not shown)
R of

activity before bent tratment.

28 per cent after 6 dxyy without having
reached a stable kevel, and enterotonn heat
treated for 13 oun thowed no reactration
withm the permod of measurement.

Effects of Chemucal Modsfications
The treatment of the emterotoxn with

the which was

beat-treated at 55 C for | 5 and 15 min
u thown 10 Fig, 2 The tamcity of the entero-
tomn, heat-treated for 1 mmn, increased rels-
mtlympid}y(rm-wpcrcvmtomnp;u
ently stable level of aboat 50 per cent after

—

ATSRAIANCE

U
F‘IDt'mxmldulnrdncrﬂmld.
rl‘l ma«mumm
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jod. de and lodoacetic acld dxd not
show any sgnificant Joss of biological act.
vity Tb:luobgia]ltﬁﬁryo{cutnotm;,
treated with iodoacetamide and sodoacete
scid, was abo unaltered (Fig 3)

Complets fon of ologscal rctivity fn the
TUDe pog akm test was obwerved after suery
oyiaton of the enterotown. ImmumodiFuton
showed no change I

enterotanin
satared with 6 3 guamdme hydrochlaride,
and with 6

by M goaal
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Fig 3 Immunoclectrophorens of purified and che-
mically modified enterotoxn. Sample volumes were
8 al Protein concentration for the standard purd
fied enterotoxin was 5 10 and 20 xg/ml proteln
for 5, 8, and S, respectively Concentration for
all other samples were 16 ag/ml

1& 2 enterotoxin treated with bodoacetic aad.

3 &4 cnterotoxin treated with lodoacetamide.

5 &6 purified enterotoxin,

$,-8, autandard purified enterotoxin

LOG J {FwNGE DEPUCE
-

495 500 505 510 550

)

b

LOG J (AINGE

7 & 8 enterotaxin treated with suceinyl Y
9 & 10 purified enterotoxin.

hnear indicating that the preparations were
homogenous (Fig 4)

The molecular werghts were calculated to be
34000 for the punfied enterotoxin 40000
for enterotoxin with 6 M guamdine hydro-
chlonide and 35 00C for enterotoxn with 6
M guanidine hydrochlonde contaimng 01 M
B mercaptoethanol

Amno Aad Analysis

The amino acid composition of the entero-
toxin 1 given 1n Table 1 The results are in
good agreement wath those of Hauschdd et al
(8) The only important ugmficant differ
ence i3 the result of cysterc acd. In this
investigation 1t was found that the entero-
toxn contaned only one cysteic acd rendue
per molecule, compared to two cysteic acrds
found 1n the work of Hauschid et al (8)

360 385 370 375 380/mr
£ 4 Sedl ; sina
kman Analytical U ifage, Model E, with
the use of double beam photoelectric anner &t
280 nm.
». Punfied enterotoxin. Protemn concentration
045 mg/ml
b Purlfied enterotomn with 6 M guandine kydro-
chlonde Protein concentration 045 mg/ml
. Punfied enterotorn with § M guanidine hydro-
chloride oo ing 01 M 2 ptoetbanol
Protein concentration 0 43 mg/m!

210G J (MNGE DeSPLACEMENT)

DISCUSSION

The enterotowrn (1 mg/ml) was relabively
stable up to 120 mun at 50 Cand 53 G
but had a rapid Joss of biological activify
at higher temperatures. Reactivabon exper-
ments with enterotaxin showed that the pro-
ten structure 1 not wreversibly destroyed be-
fore the biologenl actatry of the enterotoon
1 lesy than 15 per cent of the actvity beflore
heat treatment At 10 per cent biologr

actmity the ability for reactivation h lost.
This may indicate that the enterotoxin poss-
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TABLE | dmeas Ak Compestion
No. of residues bosed o
Per cent armino achd molecalar welght

Ao wad e

Ly 1.08 % 0.05 33
Hurtdin 214 £ 002 ¢
mxd 1451 012 hised
;wm’x 681006 o
bercorazn 10! £ 042 g":

948 = 0.04

Clynome aod 296+ 017 91
Proime 707 010 us
Glyeme 397+ 018 162
Alnmn.cd 036 =003 1
Calipe ednbys g

Y, 077 £ 000 24
Mebonion TR t0R ns
it 935 ED 18 gt
Leaumy 378 = 008 172
Tyrouse 376+ 0.2 1ne
Phesylaleonne 112+ 008 4

emes somo boogeeal acthvity after baving lost
s ongms) strucnae.
Bockmg of SHgroups by salfhydn] roa
gents had o effect on the hrolopical or um-
V actioty of she This
u”mqumm-ddm)rm
thows that the enterotroun caly contaim one
yuex sad rendue per mojecule.
Succmylabon of the enterotoxm at pH 78
resulted m compiete S of brologxeal sctivity
Saccmue anhydnde bows 2 strong preference
for annpo groups but may ako react with
Indroxyl and sullhydny] groups (6) Sweca-
mbbon of tyrosne can be followed by mess.
unmy, the decrease 1 abeorbance st 278 nm,
and the (onmed maccimy! tycomm hay been re
ported to spontancously decompose after 3 to ¢
b Ko change in alworbance at 278 nm was
obsenied, 5o the posobility can be exchuded.
Secombuon of the Tydroml groupy om
wnne and (hreoane u reported for the free
amino sods under nnable cond {26-29

of the proteln 15 ementhally unaliered after
rucanylation, and that free amioo groups are
most probubly ementna) for the proteins toxd-
city

The molecular weight of the enterctoxm
was caleulated to be 34,000 from the analyt
cal al i whch o m ag
with earber studics of the enterotoen (7 8
21) In previous sindies of the enterotoxin
todnsm dodecyl sulphate (SDS) gef ehectro.
phoreaiy 1t war found thae the enterotomn

conditiont, molecular wesghts rangng
from 34,000 10 173,000 with increasing m-
crements o soultples of 17,000 were noted
5 19} and it w4 indrcated that the enters-
taant may have two bamc subumms with a
molrcaler wesght of 17,000
Dmtnnﬁonddxemwmmdnwnhm
e hydrochionde and weatment with 8.

per cent for senipe ard 3-8 per cent for thren-

nine1 and capnot be totally exchuded (6)
Smee woctmplaton macuvares the entero-

tomn without changing the

athity 1 mey be soggested that the thape

peoeth { did not result In AgmGeany
changes of the moleculsr weght,

1t b therefore concluded that the entere-
tomn momomer hn o molecular
unnm\mﬁnmumm;:::
one singlo palypeptide chain,
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Acts path microbwol. scasd Sect B, 85 953102, 1977

EXPERIMENTAL TOXOPLASMOSIS IN
MICE AND RABBITS
1 trulence and Cyut Formation of Toxoplama gondn
Ertv K. Prrrouax

DtpumoquwphnnbdenﬂD:llm,smsamnimCopmhnDcmﬂ

Virokoce and ¢y formadon
Pettersen, E. K Expenmental toxoplasposis n mice and rabbits.
of Toreplarma goud  Acta path microbiol scand. Sect B, 83 95102 1977

A rrolent Teceplanme goadn wers msde fraleat by prsceres bn mice, a0d then attennated by
worsge, In contrest 1o the syrubet paraten, attenmetsd apambses did ot appear to form
cysta o rakee and rabbits, afthough parsstes coul be bolated from soch animall as loug b
three months aiter thrr mondation. Rabbits infected with parasites of attenmated  rulencs
bad hgh antibody bevels, and sunncd chalknge sith Irulemt Toreplarme goadw. Cyrts were
oot detscted m the brams of sxch rabbits following this second tafection. By following the
seneraton of Tarsplerma gendn m moum pentooeal cntles, It was fomnd tat attennated
pariwies remmbled o ralent more than viralent orgamiame. Although the effect of attermation
w mamly 00 the pareatal genersban of paranies, some geoene eflect weesed 10 bo fmohved
- well

Key mords E 1 Texop pondd  iralencs cymt formation

E K Petiermen, Statens Serummmstrtst, Ammger Boubnard 80 DK 2300 Copenhagen 5 Denmark.

Rrewmed 2 76 Aepcd ETE

In order to sun e an infechon with vira-

Since the dicovery of Toroplesma gondn
tha protoroan paragte has been uolated from

mab nich as mce (Kasfman et «f. 1958) I
the muce are atill alne three wecks after 1noc
ohton with Totoplanme gowdt they have
mout lheh Amved the mfecton. The inoc
whied wrain 1 then conudered to be avmu-
fert and f the furnmg mice have posttve
e tet uires they are conndered to be
« miected with encysted parsutes
{Weay 19391 The presence of s can be
demonstrated in nocwse braing by mrcroscopy
of by submoculabon 1nto normal mice with
rerdlant toxop'ammown,

ket Tovoplasma ponds the mice have to be
protected. Following the me of chemotherapy
Aekeyema & Aatsubayachy (1961) Fremkel
(1954) Beverly & Fry (1957) AMdtred:
(1964) aod La et &l (1974) reporued cp,
Qmens or among rarce surviying
Infectoes with the viroknt RH srain. It
appeared that there was a delicate balance
between 100 much and too Ettle treatment
wheh allowed both muee and parsutes to
VTV

In order to find a more reproductable way
of forming oysts tn mece with virdent Tovo.
p&:ma;v-lunmdcddcdmmmptn
tematon of vuulence before moculation, In
order to aved poscible stram differences it
mndtndzdlocmpumgh,anm'm_

ac



sty of an avirulent strmn wiath that of the
same stram made virulent.

In this paper virulent paraute refers to
one with virulence equal to that of the RH
strain killing all inoculated mice. An “aviru
lent parasite™ 11 one that does not lill all, if
any moculated mice, An “attenuated parante”
13 one which was virulent and became aviru-
lent following some kind of treatment.

MATERIALS AND METHODS

The virulent RH stran of Texoplarme gonda ks
maintained fn thus laboratory by weekly pasage in
mice of penitoneal exudate, Esch mowse Is Inocu-
lated with app 1y 20000 p The
exudate is collected four or five days after the
inoculatron.

Strain 119 had been wolated from a py by
Work (1968) and Stram 178 by Sum m 1971
from a buman patient. These two avirulent strains
were maintalned in mice by peri 1 Froculath
tw0 oc three times a year of brain tisuwe contaln-
108 cystarnites (Hoare [972)

Four week old white mice bred at Statens
Seruminstitut weighing 18-20 g were used in all
expenments. Each mouss recelved & 02 ml nocu-
lum intraperitoneslly The rabbits also were bred
at the wstitute They were four months old and
weighed approdmately 2 kg at the time of inocu

mouso brain was inoculated into normal mice after
removal of the coarser partscler. Homogenized rab-
bit braln way treated with & pepun solunon b
dilute hydrochlorst scld for 20 minates 2t 37 €
(Jacobs & Aelton 1957) The pepsinmed suspes-
son was centrfuged at 4 C and the wedment s
resuspended 1n uotonic phosphate buffer (Irek
1967) and inoculated 1nto normal mice after the
removal of coaner

The virolence of Strun 119 was incremed by
rapd paseager 1n mice. Lner and spleen (Jacdr
1936) were remored five days after the mocalapom
of and guspended 1n phosphate bufker
with a Potter Ehehpemn timue grinder Coarse pat
trcles were allowed to settle for a few mnutes and
the supernate was moculated Intrapentoneally isto
norral mice without further delay Thir procedure
was repeated every fourth or fifth day untl per-
toneal emdate was found in the mice. The er+
date wai then used for subsequent pawages ratber
than the lver and spleen homogenate, The v+
lent Stran 119 was mantained as described for
the RH strain,

In order to attenuate the virulence of paradtt,
they were left for diferent time wmienals at 37 G
The medrum was elther undiluted exudate or e~
date diluted with an equal volume of phophate
buffer contaning 10000 T U of penecillin per ad
Another attenuation of sirnlence was atiempied by
spending the parasites in phosphate bulfer com
talning a high molecular weight {raction of a2
extract of Toxoplasme goxdu. This frachom wi
obtained by gel filtravon of the Taropleons &
tract on a columm packed with Bepharose CL-5B
(Ph ia Fine Chemicals, Sweden) Such a bigh

Iatlon With the exception of the sub
{noculation of lysed parmsltes, rabbits were {nfected
by coaung the eye with a cotton swab satursted
with a supensdon of visble parautes (Kdss 1934
Sum unpubliuhed work) The volume applied 1n
tha way was 2040 A

The effect of inoculation of cyrtoxoites and endo-
routes (I{oere 1972) mto mice was determuned by
counting the number of paradies present lo pen
toneal fluids. For thin purposs the mucs were killed
by gaseous carboo dioxdde The peritoaeal canty
was ninsed wath approxmately 05 ml of isotomc
saline if an exudate was present 1n adequate vol-
ume, 1t was aspiruted undiluted. The effects of
moculating nuces and rabbits with Texoplagma
goxdu were further determined by the Satwn
Teldman dye test (Aagaard 1960 Sabie & Feld
man 1948) For thu purpese bloods were drawn
from the tls of mice and the ean of rabbats

proximately three weeks after inoculabon.
lpEnmlnahon for eyt formation was usually done
thres months after ipoculanon. It required the re-
moval of brauns from mice and rabblts. Unstained
mean of the brain were examuned microscopically
the remainder of the brain was homogenbmd in
a Potter Elvehjem tuus grinder Homogenized

molecular weight fraction was reported to be a0
inhibitor of & penttration enhancing factor (Lycéf

e ol 1973)
The phosphate buffer wed in these expermea

wat 005 M with respect to sodium
01 Al with respect to sodium chlonde, and 0.003 3
wth respect to sodium aside The pH was adjusted

w74

RESULTS

The 1ncrease 1n virulence of Stran 119 13 11
lustrated 1 Fig 1 where the points symbolire
death of mngle mice i each pasage. From
the ninth panage onwards peritoneal exudate
was formed and all of the muce died rapidly
After 13 passages the virulence of Strun 119
was comparable to that of the RH stran
(Table 2)

The appearance of wirulent Stran 19
Toroplasma was nvestigated in relation to
the number of endorottes moculated. The
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prrastes were stored in undilated exudate at
4 for 74 houns before they were counted
and nocahted into nooal mice The cunes
AB.C D and7nTi 2 ilhustoste the gen-
eraton m the mowse carity alter
morulavon of 200,000, 20,000, 2,000 200
#nd 20 endosoutes tespectively Each pount s
the pumber of endoeates per mowe a1 cal-

culsted frorm sspamted {fosds froms 25 pen-
topeal caviter

In Fig. 3 the generation of vrukent Strain
118 Toroplarma p with that of
marytent Strams 119 and 178, The endozortes
and cystazontes In tha experiment were count
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Fig 3 Multipheatlon of Toxoplasma gondil in
mouse  peritoneal cavitles  after oculation of
20 000 parmsites A virulent Straln 119 endoroites.
B avirulent 119 strain cystoeolter. C  avirulent
Strain 178 cystoroltes, (Each point based wpon 10
penitoneal fluds)

ed and inoculated 2-3 houns after harvested
from infected mice. The cystozoites were
counted after pepunmng homogenaed mouse
brains as previously described for mbbit brana,
Each mouse was inoculated with approxt
mately 2,000 parasites. Each pont 1n the fig
ure symbolizes the number of endozoites per
mouse as caleulated from fluids aspimated
from 10 pentoneal covittes. The virulent
Strain 119 killed all muce avirulent Strain 119
killed npproximately 50 per cent, and aviru
lent Strain 178 killed none duning the penod
observed  After three months muce surviving
mnoculation with cystozoites were found to
have Tovoplasma cysts in their brainy.

In order to investigate the fate of parnutes
ummediately after inoculation 200 000 viru
lent Strain 119 endozoites were two hours
after harvested 1noculated into each of 100
mice which were sacnificed in groups of ten
After 30 munutes the number of parnutes was
2 800 per mowse, 150 minutes after the tnocu
lation no parastes could be detected at all
whereas six hours after the moculaton the
parautes had reappeared and were calculated
to be 1400 per pentoneal cavity From this
point onwards an exponental growth curve
such as A 10 Fig 3 and 4 was observed

The effect of stornge on the muluplication
rate of Toroplasma gondu 1 sllustrated n
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SAY3 AFTER MROCIHATOR
Fig 4 Multiplieatton of ToxoMNarme fendi b
mouse peritonsal cavites after [noculaon of
20000 virulent Straln 119 endoeoites A: Tome-
diately B After 16 hours at 37 C. G After 2
hours at 37 C. D After 40 hours at 37 C. (Exch
polnt derned from 10 perftonea! flalds)

Fig 4 Curve A represents the multplcaben
of fresh virulent Strain 119 and vunes B, G
and D sumilar parasites after storage at 37°C
for 16 24 and 40 hours respectiely m exu
date diuted with onie volume of phosphale
buffer Each curve was derrved from the o-
oculation of approximately 20000 parantes,
and each pomt in the figure symbolwes the
number of endozoites per mouse as caleulated
from the fluds aspirated from 10 pentoocal
cavities. All mice died except those inoculated
after 40 hours at 87° C. Most of the surivint
mice had pontrve dye test titres. No cysts were
observed m any of these mice, although viable
parasites were by submoculating normal me
found to be present seven weeks after inoc
laton (Table 1)

The effect of stornge on the wirulence of
Tovoplarma gondn 15 alio shown in Table 2
gring the results of inoculation of virutent
RII and 119 into mice before and after stor
age of the parastes n undiluted exudate 5
37 C Three months after moculation the
brains of surviving mice with poutne dye test
titres were exnmmined mucroscopscally No 6yt
were detected Bran tisues from 10 mice
were woculated mto pormal mice with nega
tive results (Table 1)

Mice inoculated wath virulent endozostes it

g high molecular weight

pensions



TABLE 2. Insculetsex

d Exndsts
of M -dh}’}‘thmplmwndﬂdlnSm-uhUulﬂ-u
a e

ocagn Average day Reciprocal dyw test
s(thr-) {per cent) of denth \.\m(-:ar)
: &
19 22
it 5 log 10 (6) 0 (4
s : o <10 (10)
';'é [ 100 30
" ; K * 50 (1) 230 (1)
° )
g ; [ 10 (10)
LX3 7 0

<10 (10}

10 sace tnoculated In each groop.

TABLE L. Faecalstorn of Rabiils with §Erslent Towoplagna goodil

Serabn Attrnuation Looculam Died/Tnoml Reciproeal dys tert
{peraaltes per o) ecrn(m;xﬂ)

% 53

‘\{“’ o 10 1/3 10-50 (4)

ne ) 230 o6 10-50 (3) 6250 {9)

e ) ™0 " 250 (2)

19 b) 30 3& 6230 (1)
100

b oot o a3 1030 21

RH sooe 1 o Bt

o b 10 " 230 (1)

) Stored & undifwird cxndaw for 3 bours 52 37°C
aher moralation with attcwmated Birain 119 (Cen
Recprocal dys W trtree 10-30,

™

survroed weith reciprocal
dye text titres of 10-50 These muce were ex-
amned for oyt formation with negative re
wilts, ahibogh (Table 1) it was pomibie to
olate nble parsuter from them 12 weeks
alter moculaben.

The two irulent Strains RH and 119 were
equally fata) to rablats and muce. Rablats sar
vrung moculation with these parautes had
unchanged dye tewt titres. Sore rabbets ear
ned the Inoculaton wrh attemuated 119
with a hundred fold elevation of the recipro-
@l dye trat utre (Table 3) Thbese rabt

were examned {or cysts with pegatve reaahn
As thown in Table 4 some of these rabiat
were mocuhated o year later with virulent
»

b) Endexsites from msrwas peritones] flud 7 days
D Py )

Strain 119 They susvhied this challenge like
maty of the other mblats protected by ven
ous means agaimat infectron (Table 4) The
beaim from most of these rabbits were cxam-
1red mucroscopcally 2-12 months after mocu-
lation. Nove was found to harbour cpity, al-
though 1t was pomible to polate viable pars-
utes from e rabbuty two months after
hoon (Table 1) wmoct-
In comparbon three rat moc
wibon with attemated Strafe 119 wers &
year Laer challenged with avirulent Stram
119 Examumung the braios of these
Lhmnxnzh:hmqm‘m[mnd'm"‘bb‘“
scoprcally in all of them.
me'l‘nble!hnmdutun}yt\\ouux

o



TABLE 4 Imoculation of Protected Rabbits rath 1 irulent Toxoplemma gondu

Straln Protection Died/Inoculated Reciprocal dre test ttres
Before After (nmmber)

:;g l:) 5/8 10-50 6250 (3)

Lo ) 0/6 10-50 6250 (4) 10-50 (")
! ) 0/10 1230-6250

Rx}s; ) 0/3 1250

RH a) 5/8 10-50 6256 (3)

d) 073 6250
RH o 073 150
RH e) 272 250

a) 01 per cent of sodumn sulfadisrine io the drinki
ng water for 18 days. b) 20 drops of Madrben
:ﬂn‘hm-\nz: turnips every day for 18 days. ¢) Immunied with attennated Strain 119 d) Imerenwrd
avirolent Strain 119 ) Immunuzed with Toxoplesms antgens soluble in phosphate bufler

Iadimeth (F

Hodi:

La Roche ct Co. Ltd.)

+ Contains 20 per cent

of 11 rabbits suffered toxoplasmons when
oculated with a suspension contuning 10 or
less parauites per gl With a hundred or more
parasites per gl all of the rabbits were m
fected The rabbuts listed 1 Table 4 were for
this reason noculated with suspensions con
toiung at least 250 paramtes per pl

DISCUSSION

Increaning the virulence of avirulent 119 as
sllustrated 1in Fig 1 did not posc any prob-
lerns other than mability to esimate the num
ber of parasites moculated i early blind pas-
sages with hver and spleen Eventually these
parautes became as virulent for mice and
rabbits as the RH stran, hilling all noculated
ammals,

A recprocal dye test titre of 10-50 after
incubation of sern for 30 munutes at 56 C
demonstrated 1n most of the normal rabbits in
ths Inboratory never poted a problem as the
animals surviving experimental toxoplastnosns
always duplayed reciprocal dye test titres of
6250 or hugher As shown in Table 4 rabbits
with antibody levels jess than 1250 m the dye
test were not proteeted aganst o challenge
wth virulent Tovoplasma so the concervable
protection present m the normal rabbsts would
be negligible, and was, n fact never noticed

Investigation of paraste muluplication 10
the mouse peritoneurn showed that the parn

ntes duappeared within 90 munutes after -
oculation. Some of the parasites preaumabh
duserrunnted 1n the mouse cauung o generak
wed infectton (Jacobs & Jones 1930), and
some entered host cells (Jones et ol 1972)
making the local concentratron of extracellu-
lar parasites too small for detection Six houn
after the inoculatron almost three per cent of
the number woculated were detected prob-
ably due to the appearance of a new generd
tion of parnsites. From this stage onwards an
exponential growth of the paranite populaton
could be followed.

By decreanng the number of parasites i
oculated the corresponding generation Cunve
appeanng 1n Fig 2 showed the same expo
nental growth provided a delay proportiond!
to the dilutton of the moculum was allowed
for The sudden turn of events sllustrated by
tho figure at a population level of approx
mmately 40 nullion parautes, was not under
stood although 1t 1 concervable that the
physiochemtcal properties of the exudate 1t
self at thy stage may be an obstacle to par2
wtic growth. Another turn of events rlius-
trated 1n Figs. 2 3 and 4 taking place arourd
the seventh day after 1noculanon may po
1ibly be correlated to 3 speaific resstance in
the mice. As would be expected from the re-
ported vamation of multplication rate with
virulence by Aaxfman ct al (1938) the slope
of the cunves in Frg 3 15 mncreanng with the



\mkumdhocutm;hhpum‘d Fm'm:
= can » groen
ﬁmfmmwmcus which
s m sceord with that reported for the RH
stracn by Koufmax & Veloney (1962) Seml-
harly & tume of 6.7 bouny wm
found Tor the avirubera 118 and 15 hours for
the awirnlent 178,
In contrmt to the augmentanon of avTw-
et 119 the stiensation of wirulent 119 pre
aented & problem doe to the nature of the
proctw 106l derteznng the mate of srutophs
caton apd bence the mumber of paramtn
wailible for inveruganon. As shown in Table
2 the process of attenmation way, lile that of
augmentation, 3 gradual one. An extrnded
worrge penod before tooculaton of the para
oty rude the mice Brre Jonger umtl] they
finally surched the mfection, which, accord-
g (0 the positrve dye test titres demonstrated
@ thewt mue bad taken plece. The infecton
was furtbermore prowed by cune D m Fig 4
winch flustrates the geoeraton of the atten-
toird parmites wed for the morulatias of
some of these mice purviving with a poritne
dye test tire When the storage period way
extended till further the paraltes were ob-
vty pot 3 able any longer #3 the mce s
vived with & recipoocal dye test tre <10
The cunves 1 Fig. 4 sugrest 2 clower 1o
fatomhip of the attenuated parasites to the
avrulent than to the voulent ones. It was,
hourer found that subinocalation of endo-
mites from mice seven dayy after moculation
with attenmtrd 119 gne four days ater
1 exudater bring gely 28
per ent of the oumber of dereed ox

pared to bo survivors after inoculaten of ten
Tabbit wath vimglent 119 thus result (Table 3)
n h siguficant.
h’\gﬁ:cyr\xﬂ with the reslu repocted by
Frenkel (194) Beowrip & Fry (1957)
Ardtredt (19641 and La ¢t oL (1974) 2
way, a3 thown in Tabte 1 pomible to nolate
vurulent paraates from mee and mbbus up
to three months after an inoenlapon with
virdent parasites. Contraty to hakeyama &
Vetsubayath: (1961) no cysts were erer de-
tected by durect microscopy of bam smeans
from erch snmol Furtbermoce  holaton
from muce apd abban wnth a
hutoty comparable to those mentioned above
were followmng this three months penod
without demomtrable parantes a3 shown In
Table 1 It thus appeared that the abihty of
Toxvplarma gondii to form cns In rmce and
mbbits was lort at some pomt during the
augmentabion of virulence. The virulent para-
st premnt in these anomal were more
sulnerable presumably to spealic mommity
thap encpied parsiter

I ama gratefol 10 Mrv. B, Moljeka aod Mr K Clad
fox belp mn thie werk.

In pert sided by grest so the
‘omoplascnocdy Vil

T
Health Ser

1 Grent Fesnlatien (A5 1741)
Petheds, Md US4

REFERENCES
Aagaard K. Laborairey xwtbods for the
disgmodls of I

Swm ] Ch (F4) Humn Te
Mentoernd, o)

pected from the revults of inoculabon with
rulent 119 Thi was & very high yleld como-
wred to the generanon curve of attenuated
parantey. The main effect of the attenason
way. thereforr comidered fo be on the

reatal generaton. On tbe other hand 11 loog
# the yield was lew than with the virulent
19 ths attermaton process mat have some
zepetic effect. Thi conjecture was substap-
ated b the wirvival of two out of cight mab-
brty moculated with endormtes bolated {rom
mxe inoculated wath sttemmited 119 Com

‘owoplasnocs.
1560 p 206210
L By J X A 2Py X 4

dime  Pyrimethonine

i
[
r

o

Jocodt L & Jonss ¥ £ The passisenia in
xperlmenta)
7889 19%0 J infect. D g7



=}

Jacobs L. Propagation, morphology and
biology of Toxoplesma Ann NY Acad. Scl
64 134-179 1956-57
Jasobs L. & AMalton M L. Studles on the
resistance of pseudocysts of Tozoplesme gondu.
J Parant suppl 43 38 1957
Jomes T C Yeh § & Hisch | G The
interaction between Toxoplesma gomdn and
lian cells, I Mech of entry and
intracellular fate of the parasite J exp. Med
136 1137-1172 1972
Kaufman H E. Remmgton ] § & Jacobs
L. T the nature of virulence
Amer J Ophthal 46 255-261 1938,
Kasfmax H E & Malowey £ D Muitiph
cation of Toroplesma gondil in thue culture
] Parasit. 48 338-361 1962
Kdss E Updenokelier over Toxoplama of
1 Aksdemisk  Trykni b
Oslo 1934 p 69
Len C M Tuard I R & Ingram D G
Development of a sulphonamede resistant straln
of Toxoplasma gomdn, Trans. roy Soc. trop.
Med Hyg 68 257-258 1974
Lycke E Cearlberg K & Norrby R. Inter
actions between Toxoplasma goxdi and 1t
host cells Function of the penetration en-

17
18

hancing factor of Toroplesma. Inf Immonty
11 853-861 1973

AMidtoedt T Acute expennmental toxoplenno-
13 In mice trrated with some pew chemo
therapeutics and antlbroter. Acta path mxcro-
biol. scand. 61 67-74 1964

Nakaysma | & Masmboash H.. Compan-
tive studies on the growth of high and Jow
vrulent strung of Toroplasms gondn with
special reference to the prodoction of cysv
Kelo J Med. 10 43-57 1961

Sabta A B & Feldmen H A. Dy ®
microchenucal indicators of a new mmmly
. ffectl pansste.

ap
Science 108 660-663 1948,
Stm ] Chr.. Unpublubed work.
HWaey D ven der Formatlon, growth and
multiplication of Toxoplarma goxds cym In
mowe bralns. Trop. geogr Med 17 3%
360 1939
Werk K Isolaton of Tosoploms goniz
from the flesh of sheep, swme and cattle. Acta

mlerobiol, scand. 7/ 296-306 1967

otk K Renstance of Toxoplarme prads
encyrted In pock. Acta path. microblol scand.
73 85-92 1988,



Acta path, microblol. scand, Sect. B, 85 103-107 1977

K ANTIGEN DETERMINATION OF
ESCHERICHIA GOLI BY COUNTER-CURRENT
IMMUNOELEGTROPHORESIS (CIE)
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Ki o K37 K62, K74 K82, Ka), K84 K92, K9 K% K33 K6, K97 Wudxlm.
were examined aod OK amtieera saitabio for the CIE tert werw slevted The folowlag
reciprocal crom-resctions were found: K2 und K62 K7 and K36 K12 and K32 K13 K20
wd K23 Kif aod K12 K18 end K87 wad K33 and K53 The CIE macthod & mow wed o
routine

rext {n oar

Ky morts rickie coli; K antigen

[da Brkor wewhmmwhnw(mm) States
Seruxnusutot, Amager Boulevard 80 DK 2300 Copenhagen 3 Deasark,

Recened 2] 76 Actrperd 2176

The etabluhed use of bacterial agghitina
1200 techmque hut bern questioned In sy eral
recent papers by Orstor of o when wed a3
the only for determinaton of
Exchenchia cofi K anogens (8, 10, 13 14)
In the agglutnaton test Ive bactera are ex
amuned-—on fide of m tube—in appropriate
Oh. anusera. The rerbting rggutinaton wi

face antgem and their corresponding antl-
bodier. Some sich reactions will be cansed by
the mpevific b antigens ovhers will be de

Veung et oo s D

£ et

termined by additbonal surface sntgens many
of whach are common 1o many srum. Same
can be cawsed by H antigem.

In contran, & gel precipitation techmiqoe
Eves 2 peat wpanatioo of the pobyaccharide
antigens of K. coft and particulasty omsume-
electrapxress fias boen wed for & moee pre
cne delimitation of thise antigem (8, 9 10
11 13, 14) For practicsl reasoms it will be
wefsl at thas joncture 1o describe the follow
Ing casegoraey of K antgens

E. coli endic polpecchande K arfigens
feund 1 connection wrth 08 09 Ox axd
0101 probably comstrute » special category
wnce those examined are, to pome extent
least, covalently linked o the corelipid A
sructnre of the cell wall and can be con-

108



sidered as K lipopolysacchande (LPS) Thu,
such strains may contamn both O LIS eg
O8 and A LPS eg K25 (15) These k ant;
gens (in O8 09 020 and O101) are genetic
ally determined by o chromosomal locus (or
loct) different from that of polysacchande k
antigens found in connection wath all other
O antigens (7) (see below)

dadic polysacchande K antigens in strains
with other O groups than 08 09 O and
010! These are the h antigens which can
canly be separated from the O antgens and
which are determuned genetically by a locus
called 4ps A (12 16)

Protein K antigens The 3o far establuhed
ones K88 and K99 are filamentous and de
termined by plasmids. Other anugens (4)
probably belong to thu category The typing
of these antigens, which are developed at
37 Cand not at 18° C 15 wually carned out
by shde agglutination of cultures grown at
bath temperatures. As these antigens are truly
thermolabile  being destroyed by heating at
100° C, pure K sera can be prepared by ab-
sorption of OKN antuern with borled culture

The acidic polysaccharide K antrgens, how
cver are often difficult to type by shde ag
glutination because of the above mentioned
problems.  We have therefore tried to
adapt counter-current immunoelectrophoress
(CIE)—successfully used m connection with
other acidic capsular polysacchandes (2 3 5)
—for K determination of £ colt

For a further review of the £ colt k anti
gens, sce Ref 15

MATERIAIE AND METHODS

Straiws E. cols antigen test struins for acidic poly
sacchande K antigens, 1 K1 to K37 and further
more ht2 K74 KB2 KB3 h&4 k87 K92 K93
K94 K95 K9 K97 K98 and K100 were in
cluded A number of £ cofs struns recened in
our lsboratory orimnating from different sourees,
were also examin

Extract productiox (amtigens) A smple mline
extract from agar plate cultures (about 5 x i0t
bacteria per ml) was prepared as deverlbed earller
(11) Recently an even more simple antigen prepa
ration has been used, i the bacterial suspenucn
1 heated at 100 C directly and pot centrifuged

aftervards

1N4

Artucre Rabbit O and OR sera, mout of the
routine sera from our laboratory were wed, Dilw-
uom of anthera and extracts were made in verow)
buffer (see below)

Count, s P (CTE)

way performed 1n electrophoreds equpment from
Dansk  Laboratonesudstyr  (Coprabagen) Glm
plates (10 % 10 cm) were covered with 13 =l
1 per cent ogarose (Litex Copenhagen) 1 yeroml
bulfer pH 86 lonx strength 003 g Three st of
double sowa cach contalning ne wells {4 om
dismeter) 34 in all, were at 1n the agar The
dustance from upper to lower well in a double row
wat 4 mm and between two adjacent Bokes 5.3 mm
10 I (we now we 20 pl) of antigen was plxed
into the wells of one row and those of the otber
row were filled with (hé same amount of antr
serum, Antigen was wed in different dilutioe,
while antsern were generlly diluted 14 or -
diluted The electrophoretic Tun was petformed ¥t
2.5 V per cm for 1 bour at room temperatore with
the antiserum wells on the anodic sde Watmsas
fliter paper No. 7 was used ay wicks, The baffer
was verooal buller pH &6 sonic strength 803 2
After coollng for 5-10 munutes the sides »rre
examined for precipitation hnes and rerlts were
recorded by drawing

1ol

RESULTS

Selection of Optimal Concentrations of
Antiserum and Antigen

In order to avord Interference of thermo
labile substances only 100 C extracts were
used s antigen Six atrauns with known acdc
polysacchande K antgens were examined
agamnst homologows undiluted ON sera. Tro
antisern from different rabbits were wed for
each extract. Undiluted and two-fold dif
tions up to | 256 of extracts were employed.
All dilutions gave preeipitatton hines, but the
undjluted and the lower dilutions of antigen
gave poorly defined blurred lnes close to the
serum well. Opumal precipitation was Kener
ally obtamned with dilutions 1 100 and 1.200
By use of these antigen duluttons some antpera
could be emplayed in chlution 1 32 However
dilution 14 was ordinanh considered movt
appropriate.

Framunation of the E coli A antigen
Test Strans

100 C extracts of the above Inted 71 E. ol
test atrmns wlih acidic polysacchande A antl
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OR antsera. OR sera diluted 1+4 and un
ihuted were used, while anpgem were €@
ployed a 150 and 1.200 dlutmes of the
100 G extracts. Tn all cases, except K1 and

were regarded a1 wneless for this trst and, If
required, siew were prepared. O ser2 apamst
staie with pon-ache LPS O anbgem
showed no preaprtation. However with four
strains, 063 h24 O139 k82, O150.K93 and
081.K97 double fines were detected  these
stralrs are K tert syl that, in addrhon
1o an aadic K polysacchande, producs an
wodic LPS lne, Only strum with nxch
an ackdic LPS will show a preapitanon line
O antera. 1t comld alo be menboned here
that only the expected K line—and no O line
—appeared when rraim with the mme O bot
diffcrent K antigen were examined, eg O4
wrams with h3 k6, K12 or K32 O6 with
K12, K15 K33 and K54 020 with K17
hBY and K84 and O8 and O9 stramy with
mny diferent K aotygens These results sup-
port the reliability of the CIE test for de
termnoagon of ackdic polyiacchande antigent,

However m the cases of K1 and K5 the
CIE tewt could not be wsed. We have no more
K3 antserum and hat e not suceeeded hitherto
i preparing & new antwerum {n sabbits, ol
though we kpow from the test where agar
clectrophorens 11 combioed with Cetavlon
precipitation in second dimermon (6) that
the K3 it straan otl] cootains an acxdic poty
saccharide. An antberum agamst K1 i not
Topownble to obtain, but it m very difficalt to
prepare 0 rabbais, To-day we tabe advaniage
of the rdenuty between L cols K1 and the
capalar rubstance of \Aszeria memmptidis
type B and ine a hone

Each contamped four OK ser, thw
malung the dilobon of the single serum 14
Tn thus series the pools were composed with-
out consderabon of the crom-reactions be
tween K entigens 1t would, bowever be pre
ferable to pool cros-reacting semm.

From earler invertigations of cross-reactons
between the K antigem, camed out by slide
Zx! on and double duff i gel, it
was known that same K strains cross-reacted
10 beterologous Ob ser2. In order to examne
how many of mch reacuion were dur 10 vg
mificant cros-reactions between the polysac
charide K antigens, extracts and sera were
emmined in CIE. 100 C extracty, diluted
1200 of the straing, e K2,
K3 K4 K6, K7 k11 k12, k13 ki16 hig,
K19 K20 K21 k22, k23 K24 K26, K37
E43 h45 K47 K49 h30, h52 K33 KM
K56 K62, K74 hE2, K93 K95 KO§, h97
K9 and K100, were examuped agamst Ok
tera 1o afl acdic polysacchande K antgem.

TABLE | Cras-Readtlons of E. coll Acdic Poly-
seccharid K A tipras Demenst sted by CIE

K9

(
provided by Jokn B Robbias NLH. Wk,
mgton DC.) sgairst the harter arganism for
determmaton of K1 i E. cobs (17) Tha
antrerum can eauly be wed in CIE.

Preparation of K Serxm Pools

In order to smmplify the exammation of un-
Lmunnnhuduek(mmhmpwkd_

Table 1 shows the demonstrated crom-reac
mmdum‘mmmwm
and K97 Furtber studies have shown that
K2 1 30 closely related to W62, K7 o h%6
a0d K12 to RA2 that K62, K36 and h8?
ibmldbcddﬂcdnkmumlnfxrmro[
K2, K7 and K12, respecnely (15) The

105



udered as K hpopolysacchande (LPS) Thus,
such struins may contain both OLPS «g¢
O8 and Kk LPS e g K25 (15) These k anti
gens (in 08 O9 020 and O101) are genetic
ally determined by o chromasomal locus (or
loct) dsfferent from that of polysaccharde K
anugens found n connection with all other
O antigens (7) (se¢ below)

Acidic polysacchande K anhgens in strains
with other O groups than 08 0% 020 and
0101 These are the K antigens which can
easily be separated from the O antigens and
which are determined genetically by a locus
called kps 4 (12 16)

Protein K antigens The g0 far established
ones, K88 and K99 are filamentous and de
termined by plasmids. Other antigens (4)
probably belong to this category The typing
of these antigens, which are developed at
37 C and not at 18° C 1s usually carried out
by shde agglutination of cultures grown at
both temperatures. As these antigens are truly
thermolabile being destroyed by heating at
100° C pure k sera can be prepared by ab-
sorption of OR antisera with boiled culture

The acidic polysacchande K antigens, how
ever are often difficult to type by shide ag
glutination because of the above mentioned
problems. We have therefore trned to
adapt counter-current immunoelectrophorens
(CIE)—successfully wed 1n connection with
other scidic eapsular polysacchandes (2 3 5)
~—for K determmnation of E colt

For a further review of the £ colt h antt
gens, sec Ref 15

MATERIALS AND METHODS

Strams E cols antigen test straime for acidic poly
saccharide K antigens, re. K1 to K37 and further
more k62 K74 h8” K83 Kg4 K87 K9, K93
K94 K95 K96 K97 K98 and K100 were o
cluded A number of E coli strmny recerved in
our laboratory origanating from different sources,
were also examtned.

Extract production (antigenr) A simple mllne
extract from agar plate cultures (about 3 X 1012
bactena per ml) was prepared as described earlier
(11) Recently an even more sople antigen prepa
raon har been used, Le the bacterial
s heated at 100 C directly and pot ceatrf ged

afterwards,
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Antisere Rabbit O and OK sera, mont of them
routine sera from our laboratory were wed, D>
tion of antisera and extracts were made in \erocal
bulfer (see below)

Counter-corrent  Immunoelectropboresu  {CIE)
way perf d In el sphoresi P from
Damk Lal tesudstyr  (Copenk Y Ghn

plates (10 % 10 cm) wers covered with 15 o
1 per cent agaroee (Latex, Copenhagen) in veronsd
bulfer pH 8 6 jonic strength 0.0 x. Three sty of
double rows each contalning nime wells (4 =
dumeter) 54 In all were cut in the sgar. The
distance from upper to lower well m a double ro»
yras 4 mm and between two adfacent boles 352m
10 al {we now we 20 al) of antgen wis placed
ito the wells of one row and those of the otber
row were flled with thd @me amomnt of x=t-
serum. Antigen was wed in different diluboos,
while sntisera were geperally dituted 1-4 of w-
diluted The electrophoretie mn was performed st
ZJVpermforlhwrl!rmmpenm“—b
the antiserum wells on the anodic side. Watmaas
lﬂtcrpaperNo.7wnmcduwichTtthnﬂd
was veronal buffer pH 86 iomse grength 0088
After epoling for 5-10 minutes the slide were
examined for precipitatron Lines apd rrsults were
recorded by drawing

RESULTS

Selectron of Optimal Concenirations of
Antiserum and Antigen

In order to avoid interference of therme
labile substances only 100° C extmcts wer
used as antigen. Six strains with known
polysacchande B antigens were
against homologosn undiluted OK sera. Tvo
antisera from different rabbuts werc uxd foc
each extract. Undiluted and two-fold ditw
tions up to 1 256 of extracts were employed
All dilutions gave precipitatson hnes, but the
andiluted and the lower diutrons of antigen
gave poorly defined blurred lines close to the
serum well Optimal precipitation was genet
ally obtamned with dilutions 1 100 and 1 200.
By use of these antigen dilutions sorpe Antserd
could be employed 1n dilutron 1 32. However
ditution 1 4 was ordinanly comdered mast

appropnate.

Exarnunation of the E. colt K antigen

Test Strams
100 € extracts of the above listed 71 £. colt
test strmuns with acsdic polysaccharde b antt
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other crows-reactiom mentioned need further
examunation  therefore more K antigens may
be deleted later

Since the introduction 1n our laboratory of
the CIE method a number of unknown strains
have been exanuned for their h antigens,
100°C extracts, diluted 1 200 have been
examined in the pools and if positrve reactions
occurred tests were made n the mngle sern
undiluted or diluted 1 4+ Results have often
been further confirmed by ordinary immuno-
electrophoresss.,

DISCUSSION

The CIE test which has been found useful
for determunation of severnl bactenal acidic
polysacchande capsule antigens, 1 highly ap-
plicable to I” c¢oli acidic polyracchande A
antigens and 1t may also be useful in con
nection with such anngen from other Fnfero-
bacteniaceae ¢y Rlebnella However its
speaific value for tyming of £ colt A antigens
u caured by the fact that other K detection
methods like shide agglutinaon and capsule
quellung test may give results which are not
sumple to evaluate Shide agglutinawon, which
1 an extremely easy test for h antigen
screerung will often show too many cross
reactions due to mterference of other surface
antigens and the capsule quellung test wail
seldom be strong enough because of the com
paratively small captules of E colt As pomnted
out several ttmes 1 connection with other
exarmunations of £ coli K antigens, ordinary
immunoelectrophoresis 1s a good method for
demonstranon of a suspected aadic poly

wcchande K nntigen parucularly when the
strain ngglutinates 1n more than one OK
antiserum  Satisfactory K antigen determina

tions have hrtherto only been carmed out to a
very limited extent even m tpecaled la

boratories. However the CIE described here
18 o relmble that deternunations of these
K antigens could be o common procedure in
such laboratones. Because of the large num

ber of antsera required we do not expect
that such K determinations will be 1n wide-
spread wse 1n non specialized laborntories.

However the method 1 abo applxable m
cases where only a few naidic polysacchande
K anugens are searched for amonyg many co
strains, r.e when extracts have to be tested
agunst one or a few sera yet 1t should be
remembered that the antserum plate metbod
(1) can be very useful for this purpose. The
CIE techmuque has now been wsed 1 our b-
boratory for some tmme and as experted.
many strains do not react 1n the test. In order
to find out whether such negatve strum
have a polysacchanide K antgen one hu to
show the existence of an acidre polysaccharde
substance. The clasucal O nagghiinabilm
test, e a negatrve agglutmation test of the
lving strmin 1 homologous O serum u 2
stroug but not always satufactory indscaton
of presence of a polysacchande K antgen,
and particularly with O agglutinable stram
one 1 left 1n doubt as to the presence of such
an antigen Recently we have developed 2
test, combining agarose elecirophoress with
Cetaslon precipitatron 1n second dimension,
which demonstrates unequivocally the cxst
ence of an acidic polyuaccharide (6) I fur
ther analynis of the k. antigen 1 nteded whea
thns tese 18 positive, an OR strum 33 produced
and croy 1ons against ol establubed
R antigens and K annsera are comned oat
with the CIE, Finally the new k. serum re
cenes its place 1n a K serum pool. Many
new K antgens will probably have to be
establabed before we thall be able to deter
mine a reasonably high percentage of avidic
polysacchande K antigens in E colt strains.

Ve thank Betty Waljf for excellent technical
assbstance

RETERENCES

| Bradskaw A( Schneerson R Parke ] iﬂ{:
& R bbms | 0 Bactenal anugen
reacti ¢ w th the capsular polysacchaside of
Hesmophilns nfluenzae type b Tavcet @
1095-1096 1971

27 Aagad A & Hwer ] Descripuon dune
technique combuant simultandment 1 flectro-
phordse et la préap ation  immunclomqoe
dans up get el Biochim. b

phy Acta (Amn) 34 238 760, 1959



aitalned (6) we seproet that the described selec
the colthation method muy be  weful Emprove-
meet,

Rof rences | Araie, A. Chomss M., Fatheng-
Arad A M sceriators I, Nerozow P Kk Sadi
St BuB. Ovg. moed. Senté 49 597-603 1573 —
2 Hpelbach H T & Downs Al ] Tmewunol 87
413425 1961 3 Eigelsback H T, ru:ll.
MarGeorres M H & White | D

1020-1027 1962.—4 F amcds, E.. ] m 4:

T80 19726 Heple K. Adv Ver Scl Comp.
Med 18 2333 1974—7 Bdepeerd Ko Aca

mheroblol. scand. Sect, B 79 545-348 1971
—8 Odsguard, K Selberg, 0., Lind [, Uyhre G
& Aplexd B Acta path. microbiol. scand, Sect. B,
23 301-304 1975



Acta path. microblol scand Sect. B 85 108-109 1977

BRIEF REPORTS

CULTIVATION AND ISOLATION OF FRANCISELLA TULARENSIS
ON SELECTIVE CHOCOLATE AGAR, AS USED ROUTINEIY FOR
THE ISOLATION OF GONOCOCCI

Bjera P Bardal and Enk Sederiund

Norwegian Defence Microblological Laboratory Oslo Norway

Berdsl B P & Soderdund, E. Cultlvation and Isolation of Francisella tulereasis on selecthe
chocolate agar ay wed routinely for the isolatlon of gonococcl. Acta path. microbiol. scand

Sect. B, 85 108-109 1977

Two stralns of Frencisella tularensis were grown on a selecthve chocolate agar wed for the

Qi

y aod

Isolation of gonococel, The growth ¢

d to be {i
lation and d

flora was largely i d thuas facilitat]
Key words F talarensis selecthe medium.

B P Berdal Norwesian Defence Microblological Laboratory Oslo MIL  Akenhus, Cdo 1

Norway
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F 1l 18 fdered a3 2 organ
ism growingonlyonrlchux:du,ul’wh)cht.be
most commonly used fs glucose-blood-cysteine agar
(GBC-agar) wth the addition of rabbit or home
blood (1 2 4) For pnmary isolation, intrapen
toneal 1noculation of the sample material Into =
sultable animal (mouse or gulnea pig) often 2
necepsary step ennchung and dmplifying the flora
before growth on & solid medium The lncreased
wse of selectne growth medin 10 routine gonococcal
diagnosis, induced us to investigate the practcal
use of these media for the wolatlon of F tuleremns
hased on the umiarity we have observed in antd
biotie senutivity between Nelsseria gonorrhosa and
F tulatensis

(astld

Aethods and resulls

1) Two trains of F tularensis Vax (onginating
from the attenuated lnve straln LVS developed as
a live bacterial vaccine) (3) and Hare (HN 63)
(3) were cultrnated on GBC-agar chocolate agar
and the Thayer Martio dertvathe CLNT agar

(chocalate agar with cofistin 7.5 sg/ml nystatin

108

125 pg/ml, lincomycln 0.5 pg/ml and trimethopnm
Isctate 5 py/ml added) (7 8) Incubaton a137°C
1n an athmosphere contaimng 3 per cent €0, for
2.3 days produced smooth colonies of 03-1 p®
dismeter the growth on the non-elective medium,
howeer being somewhat liveber than that an the
selectlve medium, Stable growth was otmened after
repeated pasage on these media (10 times)

2) The ¥ ax straln was {ntroduced Into 10 mreed
flora from human throat sub-cultures Strepracoccnt
p., Micrococeus sp., and Diphterods, were Pt
dominant in the muxture

The | ax strain could be relsolated from 6 of the
10 mixtores.

3) White mice (NMRI/Bom) were jpoculated
intraperitoneally with 0 5 ml of a beavy
(containing at least 10 mullion Aable bacterla pet
ml) of Ve straln or [Hare stran These wocult
tlons are wually lethal within 4 dayr. Cultures pre
pxndfrmpajhh’mkﬂm‘lelolhrcedlyil!m
inoculation  (sacnfled or diseased amumals) on
chocolate agar and CLNT-agar showed nch and
sometimes  heavily contaminated growth oo the
chocolate agar whereas the CLNT-agar showed F
(ylerenss enther in pure culture of oaly shightly
contaminated.



Dicenimen

Bartable experimeatal aubmaly ar Dot abvars t

bund for axisting the Bolation of {ssdous organ-

waw, and ey om whem each anieale are st dispocal,
hogende for the

tained (§) we megpest that the described scdec
the calthation method may be 0 weefud Improce
nent,

! deta, A Chemm M Ferkaag
Arad A, Mescorjakec 1, Neoec | & Smdi,
S Ball Ory. wood. Saaté 49 597-803 1973 —

19624 Foeachr E: ] Bact 43
MIME 19423 Helth-Hexg, R & Posrwex A
D Acta path. mxcroblol. scand. Sect. B, 80 273~
M0 15726 H e E. Ah Vet S Comp.
Med I8 23-33 1974—7 Bdigesrd K: Acta
Path, microblol scand. Sect. B, 79 $45-348, 1571
—2 Bdigeard K Solberg, O, Lind [, izhre G
& Nplend, B.. Acta path. microbiol scand. Sect. B,
3301 304 1973



Acta path. microblol. scand Sect, B, 85 110-112 1977

OBSERVATIONS ON THE ULTRASTRUCTURE OF THE LATE SPOROBLAST
AND THE INITIATION OF SPORQZOITE FORMATION IN EIMERIA BRUNETTI

D ] P Fergusont 1% A Birck Andersext 1t M Hutchisont * end J Chr Sum1 s+
1 FAQO/WHO Collaborating Centre for Research And Reference in

Toxoplarmais and * Department of Biophyiles, Statens Ser C h
and ? Department of Biolegy Unnernty of Strathclyde, Glasgow Scotland

Ferguson D J P, Bich Andersen A, Huu:h‘nn,\\ M & Sllm, J Chr Obecrvations on Lhe

ultrastructure of the Jate sporoblast and the ! dont ln Eimerse branetll
Acta path microbiol. scand Bect. B, 85 110-112 1977
The ultrastructure of the late sporoblust and the inith of f m E. bruzeits

was examined In oocysts whu:h had been allowed to |po-ruhtn for 24 bours at 27 C The late
1poroblast was ellipsoldal 1n shape and possersed tuo nuc}en, with amociated Golgl bodies, situ-
ated at either end of the organism, Its cytopl polymccharide granules,
electron translucent vacuoles, dense bodm, mnodmdrx., and pome strands of rough endo-
plasmic reticulum, The sporoblast at this stage was enclosed by two unit membranes. Sporcoite
formation was initiated by the appearance of a demse plaque at elther end of the organism i
the viclnity of a nuclews, adjacent to the limlting membrane of the sporoblawt. A conold was
present In the central region of the plaques. Sporoanite formation was similar to the initlatioa
of merozoite formation In the sthuont, Bndodyogeny did not appear to be Imvolied io the

procen of spororoite formatwoen

formation

Key words  Eimerte brunett! late

of mp

D J P Ferguson, FAO/WHO Collaborating Centre for Research and Reference In Toxo-
plammosls Statens Seruminstitut, Amager Boulevard 80 DR 2300 Copenhagen 8, Denmark.
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Parantes belonging to the fanuly Kmenidss of

the coccadia produce oocysts which develop {sporu
Iate) in the external emuronment to produce spo-
rorottes which aro the infectne forms The cocyst
walls are resutant to chemical penetration and
consequently the ultrastructursl aspects of ths
1porulation have not been dexcribed because of
difficulties 1n preparing the cocyats for ultrastrue
tural examination Recently houcier n method

* Work imnitlated while a Wellcome Trust Tra ek
ling Rescarch Fellow and completed a1 a
Danush Medical Research Counell Fellow

*2 Aided by grants from the i¥orld Heslth Or
ganisation Genens The Wellceme Trust and

the Brtuk Comncd

tin

for preparing thin sectons of of cotexdian cocyats for
electron microscopy has been described (1) Ja this
note will he reported some resulty obeained with
thus technxque on the late sporoblast and the ink-
fiatron of sporanite formation fo Aimera braneth
u cocrudian parasite of domestic fowls.

Materials end Methods

Oocysts, which had been concentrated from
chicken faeces, wers aflowed to sporulate for 24
hours at 27 C before being procened for electron
microscopy The technlque nsed can be yommarised
as follows (for detalls sec 1)
embedded In cram linked bovne serim
and sectiooed with a cryostat after rapad [reexing
In lguid pitrogen. The cryostat sections were at
Jowed to thaw in Kamovikys fixathe (3) then
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poatfixed in osmium tetroxide and finally embedded
in VestopalW Thin sections were examized after
staining with magneslum uranyl acetate mnd lead
atrate,

Results
In the material thus prepared 1t was porible to
find sections of ococyits which had reached the
blast stage of decl We use the term
late sporoblast becamss although the Stieda body
has started to develop the sporocyst wall 1s sull un
formed The late sporoblasts were Imited by two
unlt membranes (Fig ?) and 1t was pomible to
observe rex anociated with these mem-
branes (Fig. 1) At this stage, the organhm was
cllipsoidal 10 shape and the injtal formation of a
Stieda body at one end of the sporoblast could be
obwerved (Fig 1 small amrow) In additlon, the
developing organinn  at this stage, pomested two
nucler which were wtuated 2t oppente ends of the
sporoblast (Fig 1) Golpn bodres were found ad
Jacent to the nucled (Fige. 1 & 3) and the cyto-
plasm of the organism alio contained a number of

end of the organuan m the reglon of 2 puclem aad
adjacent to the two louting membrases of the
organimm (Figs 1 & 4) A cooold was oberved in
!heccnuﬂpanonbmphqmmdu-upomw
to dustinguih umt membranes within the deme
matenal of the plagues (Fig 4)

Duscussion

Ultrastructural details of the late sporoblasts of
other Eimeria spp have not been described, but one
of the charactenstics described bere for E bty

bles one described for the sts of Serco-
cyrtis tenelln (4] 1re the observation of a muties
pontioned at either end of the organkm. On the
other hand, the late sporoblasts of £. bruaeth differ
from those of § temella (4) In possersmg electron
tranilucent vacuoles and dense bodses and by lack
fng lipid globules.

In the present study the fimt evidence of gpore-
zoxte formation war the presence of a dene plhaqee
with aroclated conmd at the limiting membrases
of the organum m the viclmity of 2 noclews. Tha
obecrvation i mmilar to that deseribed for (e
initiation of it in the wchirosts of

polysacchande granules, electron 1 vac
uoles, demse bodies of amorphows matenal, mito-
chondna, sud some strands of rough endoplasmic
retictlum (Flg 1)

The first sign of sporasoite formation way indi
cated by tha appearance of a dense plaque at either

Fig | A longitudinal section through a sporoblast
m which an incompletely formed Streda body s
present at onp end {mpall arrow) and a micropors
(MP) 15 present at the limiting membranes, The
cytoplasm contains & niclens (N) with assoclated
Golgi body (G) at elther end of the organimn as
well a5 & number of polysaccharide granula (PG)

dense bodwes (D) mitochondria (MI) electron
translucent vacuoles (EV) and a few strands of
the rough endoplasmic retfculum (ER) Demse
plagues are present at cither end of the organism
(large arrow) % 15,000

Fig 2 An cnlargement of part of the periphery of
the sporoblast in Fig 1 Note that the sporoblast i
Hmited by two umt membranes (arrows) X 90 000
Fig 3 An enlargement of part of the cytoplasm
of a sporoblast in which a nucleus (N) = Golai
body (G) and a mtochondnion (MI) can be seen.
X 90000

Fig 4 Part of the penphery of s sporoblast in
whrch the demse plague which represents the inl

tation of sporczoite formanon s shown together
with part of a nucleus (N) The plaque 13 adjacent
to the limiung membranes (LM) of the organizn
and a conord (C) Is mtuated in its central reghon

Feces of umt membranes arc present within the
dense material of the plaque (arrows}

119

E. Branatts observed within the epstbelial celly of
infected chickens (2) From studws on schrogooy
of the coccldia It has been proposed that endo-
dyogeny* 1 the fundamental procem of mexal
multiplication In this group (3) Accordingly #
would be expected that sporasoite formation woukd
alyo occur by endodyogeny but, from our ober
vations, thu docs pot appesr 10 be the cuc In
E, branetti as In other Eimena spp., only two
sporozoites are foumd within each sporocyst. Ths b
in contrast to Jrospora spp and Sercocyriss 3§
where four sporozoites are formed in cach sporocyit.
Thus, the finding of a nucleus 2t either end of the

ganlm at the injtation of ite formatoe
would indicate that the final nuclear divison a-
ready bad octurred aod that ealy oee sporsmic
will be formed in asociation with each of the o
nacled

References | Durck Andersen A Ferpaon D [
P'/& Pontefract R.D Acta path. wcazd,
Sect. B 84 235-239 1976.—2. Ferguson D ] 7
Birch Andersen A Hatchison B 3 & Som [
Chr  Actn path microbeol scand Sect B, 84
401-413 1976 —3 Rarmovsky A ] ] Cell Bl
27" 13TA-138A 1965 —4 Mekihorn H & Schol-
tyseck E. Z. Parantenk. 43 251-270 1974 —
5 Scholtyseck K. Z Parasitenk. 42 87-104 1973

* yogrny is the term used to describe & pro-
E;do; nzn:ul multiplication in which daughter
formation is occurrmg dunng and amoclated
with the final nuclear dhipon, and thus each
nuclews divdes betueen two developng daugh-

ters (5)
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SOLID-PHASE RADIOIMMUNOASSAY
DETECTION OF RUBELLA VIRUS IgG

ANTIBODY IN SERUM AND CSF OF
PATIENTS WITH MULTIPLE SCLEROSIS

Ows H Momsax Peats P Arsmica, Maxrex Pasares, Macu L Remurac,
Afarnt Ko vmjanes and Prxcsa B Havoses

The Departments of Vicology Medseal Macroblology and Nearsogy
Unh exsity of Torkn, and the Dvpastment of Neurology Univentity of Oulu, Finland

Meurman, O. H, Antls, P P Pasehay, M., Remnanen, M. 1 Vilhnen, M, K. & Halouen,
P E. Bolid-phase rachoimmnnoasmy detecton of rubslla vires Ig0 satibody tn serem and CSF
of patients with multiple sckerosis. Acta path. microbiel, mund, Sect D 8 11%-116, 1977

Low Yenady of rubella  was [gG antibody bev  been detectsd 1n corsbrospena] fluld (CSF)
specinens of mmltiple sclerous (AS) patents by solud-phase (RIA) prent-
oosly dncloped for tertmg of clmscal porum wamples. Pared serum and CSF specimers of
35 M8 patwents and 12 control patents were analyaed. Of those ME paticats which bad pega-
e CIF uten in the rubella bemagghutinanan whibiton (HAI) teet, 90 per cemt (11/12)
were found 1o ke rubells I§G antibody by the RIA method. T specimens fomnd to contain
rabella [5G anubodica by both methods, the RIA tat was pproximately 13 tomes more seml-
™ tum the tubella HAL tet. The remits prescnted sogyest that  considerabbe portion of
M3 patents han  sguificsatly reduced wnmm/CSF rubella 14G snttbody ratlos, fady
Mh-unbulmdmdrmmhhodnmﬁctmnﬂwnmmdm
Ppateay,

Kn-wl-bcnaml.omnbm‘yndmmnump;.dmﬂ, osF

O H 3tearar, Deparcowst of Virology Usnenisy of Terks, Kiaog
Turks 32, Fintand -, Trokat 10, 20320

Recened 4 76 Accepted 4 76
Measurement of anti-s ral antibodses m se-
rum and cerebrospinal fhod (CSF) specomens

agunit the ving
Such studses bave been
mmFme:mfmpnmnumm]_

tple sclerma (MS
Ut ravon B e Fedbeed serum) CSF

0 question b indicated.
performed on serum

neurologreal
data calculabors of scrum/CSF antibedy
nrrnbo;ranbenudcnndd:ngnmunuy
reduced rato can be demomtrated without
mmlbmdh%hm
then  mumcerebral nymtheds of antibodes

8 At et il wuad Sect LB 1

bave been found for antibodies

#erological '-tchnqu. rsuch the
F fixmtion (CF) and -
hema
inhibubon (HAT) g, Ba E!hmn:ﬂo::



age when measunng low antibody levels of
CSF specimens Moreover the HAT test must
be done on CSF sampley without prior re
moval of nonspectfic inhibitors snce the
treatment procedurs invohed also removes
some of the spearfic antibodies. As a conse
quence  the relibility of low HAI itres 1n
CSF specimens remains questionable,

A senmtive and relable solid phase radio-
immuncasemy {RIA) has recently been deve
loped for detection of rubella varus IgG and
IgM antibodies 1n serum specimens (2} In
the present study this RIA method i tested
for suitability 1n measuring low level rubella
virus antibodies in the CSF of \S$ and con-
trol patients The dat obtaned have been
used to calculate 1erum/CSF rubella ant
body mtios. As well, the results presented
allow a direct comparison to be made be-
tween the senutivities of the rubella HAI and
RIA tests.

MATERIAI S AND METHODS

Serum and Cerabroipraal Flind Specimens

Paired serum and CST speclmens from 36 MS
patients and 12 control patients with other neuro-
logical or prychiatric disorders wers (ncluded. The
patients were selected from a larger matenal which
are described In detall elsewhere (5) All patients
had rubella HAI antibody in their sera. The MS
pauents were divided into three groups of 12
patients ench oa the basis of rubella HAIL antibody
titers in theit CST The HAl-titers in the fint
swcond and thuird groups were >2 2 and <2
respectively All control patients had a CSF rubella
HAI titer of <2 The MS patients had & mean age
of 36 years and compnsed 12 males and 74 fe-
males. In the control group there were 3 males
and 9 females with & mean age of 4 yean

RIA Procedsrs

The methods used 1o this study have been de-
scribed 1n deta | earher (2) Brle;l{yx ;bﬂ)‘s ‘ir)ul:
gTown in suspennon culture of B. / cel
way ed by Amxcon and purified
by ultrecentnfugation through 20 per cent sucrose.
The purified rubella virus satgen wat adworbed
onto polystyrens balls {6 4 mm diameter Preculen
Plastic Dall Co. Chicago 1lI) by incubating sub-
merged balls at room temperature overnight 2 an
antigen solutlon contalning approximately 110 »g
protein/m! Dried balls were then incubated at
27 C for | hour n four fold semal diutions of

serum or CSF specumens, beginnlng with 1he die-
tion of 1 4 After washing the balls were Incabated
in u solutlon of 195] labelled anti-human-gavym
immunoglobulin 8t 37 C for 1 hour Follow Ing
washing the balls were assayed for bound radio-
activity in an LhB Wallac 1280 gprmmacocter
The RIA antibody results are expressed a3 snem
and CST titer. For calculating the endpaint
titers only the heearly declintng part of the cpor
verrus dilution carves wan used, The cut-off pownt
wed for poutlve specimens was three tmer the
average cpm of the negathe control serum or CSF
Using the cut-off point, the end pofnt titer of &
wpecimen was then read from the dilution wake
as the reclprocal of the nearest two-fold serum dilw
tlon This method for determming the RIA tien
was more reliable then the method dexcribed
carlier The we of ooly the lLincarly declimng
part of the diution ecunves, howeser did gne some-
what lower serum tters than provlously

HAI Tests

The tests were performed by murotechnique
according to the modified rubella HAI test e~
ploved at the Center for Disrase Control, Atlanta
Ga (6) The CSF specumens were tested sathout
pretreatment to remove nonspeclfic inhibltors,

Immanochernical Afethods

The coocentrations of IgG aod albumin were
determined In senum and GST specimens by the
sdngle radlal immunodiffurion method deseribed
by Mancine of ol (3)

RESUITE

The geometnic means of rubella HAT and
RIA uters in serum and CSF specimens are
listed 1n Table 1 From thu data it was as
certained that the RIA method 1 approx!
mately 13 tumes more sensitve than the HAI
test CSF from only one MS panent, out of
96 tested was found to be negative in the
RIA test The rubella HAI titer of this part-
cular sample was <2. In contrast, only 2 out
of 12 control CSF specmens tested wert
found to contarn rubella antibodies. For both
patients, the rubella RIA uters of serum and
CSF were 2048 and 8 respectiveh

Alburmin and IgG concentrationy were de-
termined for serum and CSF specument from
29 MS patrents and from a ungle contro!
patrent (data not shown) As expected ele-



ABLE ¥ind (CSF)
Gesmeiric R bafls HAS wad RUAtiters én Serum ead Corvbrospensl
T S'n'lblm - Tb:hg::‘a of Pathents nkh Mutope Sclerams (U1S) and ix & Conirel Gronp

Pasiear group

35 patients C3F HAI titer >2

Conteod pathents CEF HAT-thar <2

Aean HAT-iter Mean RIA-ther
Seram o Serum 33
" 840 3790 192
114 2 1430 320
253 < 1290 205]
4 <1 73] »

Fach growp contxined 12 patwnts
§ Cajculated (rom 11 pouthe.
{ Ouly twa panthe.

TABLE 2. Ardhmertsc Meaxs of Serum/ Cot brwsprnel Flud (CSF) Retws of HAl-Gters RIdddery
126G Concentratioes and Atbumma Concontrobiony fs Th e Groupr of Patlentt wnh Mubtiple Scleress

(AS) wsd In

Patseat grop

MY panexts CEF HALtwer 2

Control panwnts CSF HAI-uter <2

15G Albomin
copleT-
trations trathoos
13 » 119 23
a 3 198 389
>73 1o e a4t
>% >ns ATo 248

Each gromp contamed 12 patents.

Calewlawd from 11 positn,  for both serown and CSF

1
1 Free pavents tested
b One pavent wated

sted 154G concentratiars were {ound in the
M3 patient CST spremens.

Table 2 wummarwes the mean serum/CSF
rabos caleuated fram HAL yters, RIA-titers,
IxG concentrations, and albumin concentra
vons In all three MS groups, there was a
reduced wean serum/CSF rato of rubella
sotibociey measured with both the HAT tet
sod the RIA it I a ravo of 64 b niren
& whnormal and 128 a1 normal, oaly 7 out
of 36 MS pavents had & normal senum /CST
o based on RIA trtery. Of these seven pa
vent. ux belonged to the N3 gream baving
2 CSF HA! fiter of <2. Nooe of the control
poents had a redoced  serum/CSF o
Bawd on RIA tters For the two conmel pa-
tentt porsemng CSF rubells antbodies g1
Bereeted br the R1A method, the serum /CSF
L4

mabo was found to be 256, In cach of the
thres MY patent groups, 1he mean serum/
CSF JgG satio was reduced when compared
to contrels. The redoction was pgnificantly
lew, bowever than thet seen m the AMS ps
pent mean serwn!CSF rubells antibody
matiod. Since the mean serun/CSF ratlos for
Mnmm&numwmu
MS petent groups, damage to the blood
brain bazmer can be exciuded 2 an explana
Lm’wth:ltdutndmmmnﬂ,:ﬂ ant{
body ratos I thess patents.

DISCUSSJON

"The wolid e RIA method ongual;
oped for detecung rubelia 1gG wntibodues 1m
ena specmens bag been found 1o be soffi



ciently senntive for measunng low rubella
IgG antibody levels in CSF specimens. The
results obtoined parallel those of the rubella
HALI test. The higher senutnvity of the RIA
method however makes 1t pomble to detect
antibody levels far below the detection limts
of the HAT test. Similar results have been ob-
tmned by Arstla et al (1) who have used
an analogous solid phage RIA for measunng
measles anttbodes 1n serum and CSF speai
mens,

The increase in sensitmvity gamed by the
RIA test, compared to the HAI test was
shightly greater when CSF specmmens were
tested mnstead of serum specimens. As a conse
quence, the mean serum/CSF rubella ant
body ratios based on the RIA test results were
somewhat lower than those based on the
HALI test results. The reason for the increase
n sensitraty 1 not known but CSF having
a much lower total protein concentration
may be a more ideal specimen for the RIA
test thon 13 serum.

The pauents tested in this study were
selected on the baus of methodology testing
Since the control patients were not matched
pairs, no statistical comparson of MS and
contro] patients could be made. Neverthelen,
when the MS pauents having a CSF HAI
titer of <2 are campared to the control pa
trents also having a CSF HAT tter of <2
the findings are quite interesting RIA rubella
antibodies were found in the CSF of 11 out
of 12 MS patients 1n contrast to only 2 out
of 12 control patients Simultaneously 6 out
of the 12 \S patients, but none of the con
trol patients, had an abnormally low serum/
CSF ratio of rubella antibodies. From the
observation that a consderable number of
MS patents have reduced serum/CSF rub-

ella antibody ratios, it 1 concluded that there
13 2 Jocal production of rubella wins ant-
bodies 1 the central nervous fystem of these
patients,

The excellent technlcal assbstance of M. Leene
Sormi is gratefully acknomledged.

This work was suppocted by grang from The
State Vledical Rescarch Council of Fialemd ard
the Sigrid Juselras Fowndation
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THE CATABOLISM OF GLUCOSE,
GLUTAMATE PYRUVATE AND ACETATE IN
NEISSERIA ELONGATA SUBSP GLYCOLYTICA

Ensx Hotrex
From Kapiem W Wilhslmsen og Froes Baktericlogishe Institatt, Unhersity of Orlo,

Oulo, Narway

Halten, E The catabolma of ghacow, glotsmate, prmnate and scetats in Neuserie elrmpets
bw ghoehlica. Actn path. mocrobeol. scand. Sect. B, 85 117 124 1977

Actnsties comerpood.ag to the maymes gl locoe Sphowphars debry dr
Pa— cuslate dehyd pyridme rockectide Independ
alste and ghucamate were fownd m cell free cviracts from
Neuwnia sleagata b g Actrvites ding to 6 ehydrase
and 2-kewo-

aldolwse wers not found Glecose v catabolired onfy
1 the pentose photphats patimsy The redworeqpirometne Lndmgs soggest an oxteran e~
cycling of the tréow wad frectose pbocphates There was po m kence for formaton of pynn te
trom glacose Glutamase wm ocwdoed 14 the tricarboxylbe scld cycde. Pyrnate and scetate
were oba sonaly catabolored by the gipaxylic and trcarbamybe acd cycles, m In b elompeta,

Kay ords Nausrie leagsta mbep glhycelyte  glocose glwtamase prronate sceiste cats-

bokrm

E Holten, Kapem W Wilbelrwen og Frees Bakirnologishe Tastitutt, U ety of Oto, Oulo,

Norwwy

Recened 17 m 76 Accepted 1276

The recenth molated rod-shaped A ftsierie
loagsta subp gfy olytica ddfen from A
coaget 1 colony comustency a pontn e cata
L reaction, and by 13 ability to male aced
from ghxese (3 The acd producton o
wwll, but mgmficant, and u dufferent from
that obsen ed if the other mcch ipecies

MATERIALS AND METHODS

wrown calli of N eloxgeta
:-p thyeytic 6171/73 wers 1ed throaghont

o N teene are used
Th paper deals with the pnmary path-
= of glucoe catabolm, the actnaty of the
trearbom lie and evele and the axddaton of
Prnate and scetate in \ elox e sube.
gh ofst « The rewils are o with
thene of ather species of Narisera (6-12, 14)

EC2712) wu wwayed
z-pl.-w lh»lrt-:thmluhthrﬂd-::nnu(‘—&h?

Abbresutions  G-6-P

Dghaccs 6 phocpiate
~G
Tieo Dflooooe KDPG 6 phospho-



G-6-P dehydrogenase (D-glucose 6-phosphate
NADP pudoreductare E.C 11148} I};?&PG
dehydrogenase (6-phospho-Dogluconate NADP ox
doreductase E.C. 11 144) were asayed by fol
lowlog the reduction of NADP 25 described (7 8)

The suay of 6 PG dehydrase {6-phoapho-D-
gluconste hydro-lyase, E.C.4.2 117} and ADPG
aldolase (6-phospho-2 keto-3-deoxy D-gluconate
D-glyceraldehyde-3 phosphate Tyme, E.C.4 1.2.14)
were measured by apalyslng the formed pyruvate
by lactate dehydrogenase (8) Since no sctrvity
corresponding 10 KDPG aldolase wat found, ex
tract from N «lompeta M2 was included in the
reactron puxture in order to be able to detect 6-PG
dehydrase actnity ¥ elongete M” has KDPG
aldolase but not 6-PG dehydrase (8)

Malate dehydrogenase (L-malatr NAD axdors-
ductase, E.C. 111.37) and the glutamate dehydro-
genases (Log! NAD oxidored (de-
aminating) E.C.14 1.2 and Lglutamate NADP
oxldoreductase (deaminating) E.C 1414) were

Ined by fall duction or oad,

the

of coenzymes (13 H)-

Yrotlde nd, 9

amole, and NaCl/Tru-based minlma) medium to o
volume of 4 ml (16) After 20 minmes of Incaba-
ton at 37 C the resction was sopped by 04 m
70 per cent HCIO, Pyrinate was extracted from
the solatlon us the 2 4-dimtrophenylhydrarone and
wralysed by thin layer chroatography s de
scribed (17) Samples to be counted were traos-
ferred to counting vuls and mixed with 4.5 mf of
water and 10 ml of the same scintillation flnd as
that uted la the radwreyncometry expenments.

Chemicels Speafically HC-labelled D-glocos,
Dilglutamate pyruvate wnd acetate wers from the
wame tources as In previous experiments (3-11)
Other chemicals (G6-FP 6-PG KDPO Lemalate
and pyndine nucleotides) were also those wed
previowly (7 8 14)

RESULTS
1 Enzyme Actunty 1n Cell Free Extracis

Activities of selected enzymes of prumary
glucose catabolism and trcarboxylic acd cycle

In the amay for pyndine p
malate dehydrogenase the reduction of k,Fe(CN),
at 400 nm was followed (12)

Radiorespiromatry was done ay described (9)
Phosphate- NaCi/Tns and hCl/Trisbamed mink
mal media were used The CO, trapplng solution
was changed every 15 minutes.

Incorporation of label from glusose 110 pyra
rale The reaction mixture contaned cell uspen-
slon {ln NaCl/Tris-based medium) 1 ml specific
ally labelled glurose (02 xCi) 2 gmoles, K, AsO, 25

were examuned (Table 1) The extracts could
phosphorylate glucose to G-6-P Actnitws
corresponding to G-6-F' dehydrogenase and
6-PG dehydrogenase were also present. Mo
6-PG dehydrase or RDPG aldolase actrnty
was found

In other Newsera speeres specific differ
ences 1n the NAD-dependent malate dehydro-

TABLE | Exsyme Acticfties in N elongata subsp glycolytics

Enxyme Coenzyme Acuvity®
Glucoklnase ;3
Glucoss 6-phosphate dehydrogenase b
6-phosphogluconate dehydrogepase i
6-phosphogluconate dehydrase :
” keto-A-deoxy-5- i aldoiae o
Malate dehydrogenase NAD

Malate dehydrogenase NADH k] l:;
Prridine nucleotide mdepend malate deb e
Glutamate dehydrogenase NAD o4
Glutamate dehydrogenase :’21[));1 b4
Glutamate dehydrogenase iy e

Glutamate dehydrogenuse

dura
* The actnity of glucohinase 1 exprened as nmoles of coenryme reduced per myg protein 4 -

th

frat mnute of wcubaton. The sctd tiea of the pyndine nucleot de-linked enzymes ars

nmoles coemrvme reduced or omdued

mg protmp. The actnity of the pyridize

m nute
s i) ,Pﬂ-' a5 amoles malate oudmed per mupute

d Iohyd
nucleot de ot malate Y

per mg protein
§ Extract from N «longata M2
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6171775 Phoxphate

KCYTrisbesed minimal medhum. D-glwcos-1
Cc ———

geoase were found (14) The present stramn
had the pattern seen m A elongate and the
meaes of the gemus Branhasclla (formerly
N catarrhely N oru wpd K cavian) ety
low activity 1o the andaton of malate and
extremely hagh actrerty m the revers reacton.
The pyidine mxcleotide independent malate
debpdrogepase (12) was abso present.

Both NAD and NADP could be used as co-
ernmes m the glutammate debydrogenase re
acuon. Just as 10\ elonpete and the otber
\eusrna ypecits o plumrmite debrydrogen-
a, ane gpecific for each coenzyme were

electrophorem

found by of extract from strun
6171 75 (6)

Padior sprromectry
€1 0w Frg 11homs the rad "

pmhmhemmz:dwdbmhw dewgsta robp. giycehtic
miaimal wedmm, NaCl NaCl/Tri-besed mutmal medlum. KQ
W o DglocowegC  D-glucom-
e - —

3-14C

radsoactraty in the cellh The highest n-
corporation of radwactrerty was {ound when
pbasphate-based med.um was med. In this
medium the *CO  yleld froxm the carbon
ntorns other than Cl was low

The low yield of CO from C4 Indicates
that only a small {ractioq, if any of the g
cos n oodzed vin the Embden-Meyerhof o
Enter-Doudoroff patimays. The mun route
of ghucose degradation bs probably the pentose
phosphate pathway The Jack of eazymes of
1be Entner Doudoroifl pathway » comistent
with the. The results saggest recyeling of

triose phoephates through fructose phosphates
to G6-P

at The radioreyg pattern
of ghutamare oxdatan (Fig. 2 Table 2)
thowed that the amino acd b oxdwred vz

factern for the wtlmavon of glucowe m daffer
tnt media and Table 2 thow  the sotopic
recovens 1 the end of each expeniment.
Almow all the mdicactn ity of O appeared
2 (0 The amount of GO formed from the
other carbon atoms deproded on the mediom.
ln\am/'l'rn—h:ltdn'rdmmlherkldda)
was hugbeat, with ety 1 ule wcorporaton of

the thearbomylic acd eyele. The oxdanon
and incorporation of radiactinity mio celly

was slghtly lexs in phosphate than
Tmhzdm; te m KCl/

Pyrurete and acetate These
were ryrdly owdired snd the iy
metre patterms (Fige 3 and 4 Tabke 3) were
com.am\\]\hmucd;tmmd,": bo-
xlic acd ke However the extermive con-

119



TABLE 2 Utilizetion of "C Labelled D tlucoss and DL-glutamate by N clongata swbsp ghyeolytia

6171775
Per Pereent
Substrate Medium amales lncort;‘;?:dhl:l: total
substrate reconery
co Cells  \Medum  of 3bef
D-glucose-1-14C Phosphate-based 075
D-glucore » 1C minumal medium g“; 2; S: l?é
D-glucore-3 1C 17 37 46 92
D-glucose-3 4-1iC 13 47 40 90
D-glucosc-4 4C* g 57 34
D-glucosc-6-14C 18 51 31 89
D-glucose-1 14C NaCl/Tns-based 033 98 0 2 106
D-glucose 2 14C minimal medium 72 4 24 103
D-glucose 3-1C 57 H 38 108
D-glucose 34 1C 48 8 43 103
D-glucose4 1C* 40 1 49
D-glucose-6-14C 46 10 44 104
D-glucose-1 14C KCl/Tris-based 15 95 3 2 103
D-glucose 7 14C minimal medium L. 22 24 104
D-glucose-3-14C 34 29 37 103
D-glucose-3 ¢ UC 28 39 33 i
D-glucoeA-11C* 21 48 31
D-glucose-6-14C 34 38 28 %
DL-glutamate-1 4G Phosphate-based 135 47 8 43 108
DL-glutamate-2 14C minmal medlum 28 12 60 100
DL-glutamate-3 4-14C 9 19 72 s
DL-glatamate-5-14C 30 12 38 L
DL-glutamate 1 4C RCl/Trs-based 10 47 1» 4 101
DL-glutamate-2 1C minumal medium 34 17 49 99
DIglutamate-3 4 14C 12 34 5t hed
35 18 47 101

DL-glutamate-5-14C

* Calculated from the data of D-glucose-3 #C and D-glucose-3 4-11C.
The experiments were nm for 2% hours. After that time the prodoction of CO, had ceased.

3

Fig 2 Radiorespirometric pat
tern for tho utilizanon of DL
glutamate by A elongate submp-
riycolytica 6171715 in phosphate-
and KCl/Trs-based minimal me-
dia DL-glutamate-! C ——
DLl tamate-2-4¢C DI
1 34'C ——— DL

glutamate-3-14C — —

Interval % €03 yield
-




\ernon of acetate and of the C2 and G3 of
prruvate to CO  suggests that ako the glyo-
nlc sed evcle o functiomng i thy srain
A conaurrent operation of both the ghuxylic
and the mcarbon ic acd cycles 1 required to
peoduce CO - from acetate when thn o the
auly mubmtrmte (21)

The CO, formation from pyruvate was not
affected by the medn used. When g

3 Atempt to Isolete Fyrucate

The remlu from the mdworespurometnic
experments do pot exchude the Embden-
Meyerhot or Entoer-Doudoralf pathways ;s
posible roates of prumary glocose catabolwm
bende the pentose phosphate pathway 1f glu-
cose it catabolred by axther of the two former
patiwan, pyruvate should be an mtermedate

hte T

wat 83ded, the CO peak appeared ecarber
bat the total yrel of *CO, was reduced, Tha
was abo the case when acctate functoned &
the subyrate

—— Oty 7o
x
—

d 10 polatt pyruvate
from cells meubated with specafically kbelled
glucore m NaCl/Tru-based medium. The cells
were porsoned by anenite to prevent axidation
of pyruvate. Using stram 6171/75 0o pyravate
waa found after chrommatography of the 2,4-

suppored to be. In contrast, unog cels of
N memmptidis pyruvate was readily detected.

DISCUSSION

The saccharolytic ) esene speaies eatsbolize
ghucore via tbe Enter Doadoroff and pentose

pute
bowcer eadly ks OO el

gl but in



TABIE 3 Utiluzation of 1C Labslled Pyrwvete and Acetate by N celoogata subsp glycolytica 6171775
m the Absemce and Presence of L-glatamate

Per cent of label Per cent
Substrate AMedium mmoles amoles incorporated 1nto total

sbstrate  glutamate Tecorery

Cells  Medlum g5 3he
Pyruvate 1 UC  Phosphate-based 30 0 a7 1 10 100
Pytuvate-2 14C minimal medium 67 18 13 107
Pynnate-3-11C 47 29 24 107
Pyruvate-2 HC 10 10 37 3 30 a7
Pynnate-3-14C 35 32 3 103
Pyruvate 1 HC  KRCl/Tru-based 30 [ 88 4 8 102
Pynnvate-2 G mimimal medium 67 20 13 101
Pyruvate-$-11C 47 30 23 99
Pyruvate-2-11GQ 10 10 48 3s 17 hid
Pynuvate-3 14C 1z el 25 9
Acetate-1-11C KCl/Tris-based 10 1] 79 12 9 9
Acetate 2 11C mimmal medium 57 23 18 %
Acetate-1 4G 10 10 61 28 1 98
Acetate-? 4G 10 40 20 R

The expenments were run for 2 /4 hourt. After that tme the production of CO, had ceased.

deviates mgnificantly from that of the other
saccharolytic Newusernra. Because no pyruvate
rmade from glucose can be found and the CO,
yield from C4 of glucose 15 small the partiar
pation of the Embden Meyerhof or Entner
Doudoroff pathways in ghicose catabolism
scems neghgible. An extensne recyching of
pentose phosphate through tnose and hexose
phosphates rmght account for the radio-
resp rometric pattern  Pructose  phosphate
armng in the tranmldolase and transketolase
reactions will have this labelhing pattern

RTINS
»
a
a

C RN NTEPIeS

where the numbers 2-6 correspond to the
numbers of the carbon atoms in the ongnal
glucose molecule (18)  Triose phosphate
formed 1n the transhetolase reactrons may also
combine 1n the aldolase reaction to form fruc
tose phosphate with thy labelling pattern

(18)
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Such a recomb nation of trioses to fructee
phosphate probably occurs i the other x¢
charolytic Newusena (9 19) A recycling of
thus fructose phosphate through G-6-I to the
pentose phosphate pathway mught eventually
release respiratory CO; from the carbon atams
C2-C6 The observed order of C2>C32
C6>C4 (Table 2) s 1n far accordance with
such a recycling n the pentose phosphate
pathway In other saccharolytic Newusena the
converron of trose to pyruvate was inhibited
in sorme of the media used (9) This secms to
be the case mn all media examined with the
present strun but whether the reactions arc
completely blocked or the amount of pyru-
\te made 1 too small to be detected 1 still
an open question However the results sug
gest that the pnmary glucose catabolism 10
strmn 6171775 does not occur via the Embden
Meyerhof or Entoer Doudoroff pathways.



I bave cakeulatrd the muamal yld of CO
from C# (17) and compared ths with the
obseried yeld (Table 4) Autos et ol {17)
bued thelr cakulapon on cheervatons of
Acctobacter suborydens which apparently
catabolires almost all the offered giocose by a
reqyckng m the pentose photphate pathway
The strall drscrepancies between the observed
and the calculated +alees—bightss in NaCl/
Trsbased medigm where the catabohe ac
naty » greatest—may be due to the funchon
of pathways other than the pentose phosphate
patheay

TABLE 4 Celcalal d sad Obserred Yield of CO
from C4 o Glacose

camned. The patiern i3 suoftar to that
found 1n the other A eusera species, as well 28
m the species of Branhemells (10)
The radsorespirometric pattern of pyrvate
and acetste oxdation, va the glyoxybe and
acld cycles, resembles that of
% elongate and the Branhamelle species (1)
Glutamate lowers the CO yxrMd from acctate
and C2 and C3 of pyruvate which has been
explained as the result of & difunon of md:o-
acthe § d by mactne ¢ d
derned from glutamate (11)

In partcular the actrerty of malate de-
hydrogenase s nmukir to that obsened in
A clongata (14} but aho the other
actrites resemble thowe found in N elongeta
(6-8, 12) The close relstionstup of stram
6171/75 to \ elongate has aho bern coo-
firmed by genetic methods (3, 5) and by gus

phy (3) Imnnmologrcal and
electropboretic studies of the glutamate de
further confirm the close af

M clomgata subsp. glycolytice acks KDPG
aldolase which o present 1n \ eclonpata (8)

Per cent ypeld of
Medrra CO from C4
Calculsted  Obeerned
Phophate-based
= nxnal medinn 7 14
NaCL/ ] rrs-bawed
< “ « fimity to N elongata (3)
KO Tro-hasrd
mwamal medum 19 11
The calcalated

percentagw are maxmal  aluer,
sed are calcutated from the CO yxeld from C8,
mory the forule of K Lo ot af (17)

The fracton of mdsmactnity from giucase
oeorporated  mto cellular components 1
Fraten m phosphate-based medmm, lem 1n
ACHTrsbased medrum.  Accurnubation of
phophon lated compounds meght account for
thy dferrmce boweser I have not attempted
0 wolate metabolic products other than prro-
wate

It » apparenth not clear wh ch product of
thucose metabolnm causes the acd reacton,
In A me mptd s (151 and \ gonorrhocec
' acetate ac-umilater Probably neither
Lactate nor acetste account for the acxd reac
bon pdxed v strain 6171 75 becawse no
pnnate was found altthough the formation
of mrtate by metabol.c pathways not inctud
" prnnate cannot be  ompletely excluded.

Data ohtamed by rad oresphrometny of gha-
amate show that the tncarbonbie acd cycle

an mpoctant fathw v sho @ the strain

The only difference 1n the enrymic actrvites
tested 15 then found m the Entner Doudocof!
pathway which o already blocked becaise of
lack of 6-PG dehydrase. The present findings
canbot tell ns why strain 6171/73 makes CO,
from glucose while \ elongata does not. \ay
bedunphnanmu-dﬂinmlpﬂm!ﬂ:q
to ghicose but this pomt has not been teated.
Lets sttention should be padd 1o the carbo-
bydrate fermentation pattern as & enterfon in
the chnilication of \essera (2, 20} The
comsequence of thus ks been talen into con-
sderaton 1 the case of the speces \ flara
N subflara ard N perflara which have been
u:hlﬁtdutubtpcmd\ subflava (4
20) The genetie and
“""f‘“#‘/tumdrndmnnmnpxumﬂnnz}t
Irmwnntmdginconhhrntbeummmx
MU of wram 617173 mas duciwed, and
thtrrmn\uchsdﬁtdulmbspccuo(
N clongata (5) The preent results ako indy.
ﬂtt\hnnnlnﬁﬂl/ﬂumeclme}ym

Lted 1o clonpate than
o n N « 10 Any other ypecisy
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DEMONSTRATION OF HOST ANTIGENS IN
THE MYXOVIRUS MEMBRANE LYSIS OF
VIRUS BY ANTIBODY AND COMPLEMENT
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Haukenes, G Demonstraton of bost antigens in the

embranes Lyth of vines by
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anttody and complament. Acta path. microblol. scand. Sect B, 83 123-128, 1977
Complexent-wadinted lenovs dereloped m amywos rms mwmnbraces in the presence of antibody
to host antigrns. Intact inows reacted with aptibody o the keratosiphateHke bost andgen
Present in the spike Liyer Spuec-deprreed influemra Hros rescted ko the wme way wben an anti-
scram to the Fonmoam ghycolpp.d was twd. The hoter in the membrans  arked contlderably b
s0e, but wers othern e tmulst to thoss found m erythrocyts membranes Tha fmaune elec
tron microwcopy method proned wcful for (he localaaton of bort material o [ral ;embranes.
ey wortk Myuon tm bost antigen  chectron macroscopy  commplement kemons.
G. Haakenes, Mikrobsologuk a1 deling, AFH-bygget, N 3016 Hankeland sykahws, Noewsy

Recened21x76  Accepted I 76

Evxdence has ecarher been presented that
wilenza virus grown in the allantokc canty
of embryonated hem exgs scquires two host
antgens  the  keratosulphatelile allantoie
bott anvgen (3 4 (bere termed bost anugen
ha ) m the guie layer and the Formman
heobpd m the Lpid bayer of the membeane
168)

In the present study we ha = exammed m-
et and spule-deprned omyxo whons for com-
pement-medated membrane betions

MATERIALS AND METHODS

Vs
Taflornza A virws PROA, 34 (ILN ) afiweroe B
o wra Lee and para-afl

o menza 1 s (Sendu)
were wmed Titees were propegated b the
chnck allsstew wuyfor 2 Vdaye T svond kater
frrenc from free e m tbe aliniole

(hed, the
s was punfied ertber by sdsorpuos (o end ele

Remoral of spikes from infleenma inn A/PR/S

sopped by
pelloting the 1wy particles st 0°C at 100,000 % ¢
Jor 43 min. Control viras was treated with the
redocng agent only

Host 4 tgex (ko)

The materls was pnfied from mormal allantoe
Dddndr:rbcdc-ﬂh((q One
1 ird ) g of purilied

(H1) doms 12 O BT anes AP
Ration of 1 1 32,000 (el balovw) et

A tisere
Antierem wgainet [nflue
aned s rabbin by A Ve PR/B v

mdmmhm
d.mdu.u_mtnihr_ntnﬂllhn

.



Fig 7 « Multple levions in Sendm virus mem

branes after treatment with antibody to ha, and

complement, Bar- 100 nm

- e

};.r'

-r-gi; % ok
(‘3 o zf; *ﬂ -

LTens

Ak
Fig 1 & Radually arranged ub-units of the border
hining the complement mediated hole 1n a Sendal
virus b H gher £ of 1 a. Bar

of 312 against & rus eluate of Influenca Bylee
sarws. Thu beterologou  HI resction was solely
caused by the shared ha gnce punfed ha com-
pletely blocked the HI if added in advance to the
serum. The rabb t anti h.a antserum was obta ned
by subcutaneows tnpectons of punfed ha in
Freunds complete adjavant.

Antiserum to the Fortmman sntigen was pro-
duced a3 described earler (6)

126

Fiz 1 ¢ “Collapsed” Sendal s pacticlo (trexied
;.Ill) with multiple holes of varying sizes. Bar
00 nm.

[ T .
Fig 1 4 Spootancous lesons in 2 Sendar vinu
membrane (control without antibody and comple-
ment) Bar 100 om.

Immuxe Elactron Mucrorcopy

The i was concentrated by ultraceatnfu-
gaton to M ¢ more than 20 virs particles per
square of the gnd in the final mixture The anh
PR/8 antserum and the anti-ha. antserum were
pre-treated with 5 volumes of RDE (ncuramine
dase from | cholerae filtrate, Tlow Labs) over
wght at 37 C followed by incubation at 36 C
for I h Equal amounts of virus and antherus
(diluted 1 10) were mixed and incobated at 4 C
onermght Complement (“acthve  guines pig &
rum) was then added to a final coocentration of
115 and the mixture was further incubated at
37 C for I h Tho antrFormman antiserum was
heat inactivated (56 G, 50 min) and wed i
dilution 1.50 without any further pre treatent.



Fig. 2 Spxhedem mfloenma A partiche trested with
o-Forwasn sotmeron, and complemsat. Bar
100 men.

The preparations wers samed with 1

PI 79, oo
(no 400) and examuved wlth  Hitachd
¢.ectrom malcroscope. Controls were
m-\uu}y with sntierum anly

RESULTS
Intact 3 erus
When Senda virus was treated with ant-

The damoged partickes were soflen and had
taben up the pegatne smin \ery fine holes
or craters, ranging m dameter from 10 to
60 tm, were seen 10 the membeanes of many
o the damaged partcdes (Fag 1 &, b aod ¢}
Sumlar holes were pever found m the ab-
wence of complement Sotne particles scemed
10 be empt and  collapeed” sod were ob-
«uh devoid of nuckeoprotemn (Fig 1¢)
Ihe  omplement-med.ated holes were eas-
¢ dntngushable from wpootancous mem-
br e beroms which develop in the abscence
of omplement and anubody Thee evom
were ol uregular shape and no Lmitmg

border could be seen (Fig 1d) In contrass,
the complement-mediated holes were arcular
or oval with 2 “raned™ and sharply outlined
Lmiting border At high magnificaton (Fig
1b) the border scemed to comist of radmily
arranged sub-umits. Identical results were ob-
tauned if influenza virus 2nd the antherum to
punificd ha were wwed.

Intact mfloerza A vinn did 1ot react with
ant-Formman antserumn snd  compleroent.
When the vinm was deprned of spikes, typh
cal holes in the membrane appeared, as de
scribed above (Fig 2)

The reactvity of the ann-ha and ant
Formman antwern could be blocked by pre
treatment of the antsera with punfied ha,
and ground gumea pig kidoey respectrvely

DISCUSSION

Comp} diated holes 1n the memb
m the presence of antibody have been de-
scribed i an earber study where avan m-
fectrons bronchits vanms was wned (1) In the
present study this method was found to be
wellemted for the demonstration and Jocali-
mntion of bost matenal m viral membranes of
two myxoviruses,

The moed border of the comp.cment
medisted holes had the mme five structore
a3 the lemoms obverved 1n erythrocyte mem-
branes {5) In erpihrocytes, ths border i
cormdered to be built-up of the hae tyuc
?;Tph(cyg)dlhcm])kmcp;mm
Sh:dn\.uh:gthnmuhodnrcmm

to see whether other exy-grown irmes abo
acquire the ha.
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YERSINIA ENTEROCOLITICA AND
YERSINIA LIKE MICROBES ISOLATED FROM
MAMMALS AND WATER IN
NORWAY AND DENMARK

Groao harroue

Nmmmnwwmwlmm
Unhersity of Onlo, Oslo, hooway

Kapperud, G, Yersiuss eaterecolise and Yorsiale Liks microbes feolated frocs macmmals and
witer o Norwsy and Dewmark, Acta path microbicl scand, Sect B, 85 125-135 1977

e pertalamg 15 149 straits beloaging o gonm Yersals xro summasbed tn this paper
Yernuia eatervcohtlc (Y. ) waa wolated from the feects of 31 of 305 gmall rodents xod froe
3ol 31 shrew  (Soncalse) trapped ut fn localithes 2 Normay and ons Jocality i Deomark
Irolstsars were obtamned from 9 of 29 warer samphe collected within the trapmng aress. Three
o 13 red foxes (balpes wiper) from ove Jocality ls Normay harbored Y.e. In their faecer
Y ¢. servtype 16 wae polsted from ome mologint safferiog from dirtboes. A toral of 83 straies
froce ssall rodents, shrews, water and foues thowed blochemical intermediats to Y.

aod Vermmas lke wocrobet e broad ecowrrenes in torveirhl cconyrtems,

hey words Fermars mterseolie Yermaw ble microbes mammals water

G Kappered, Norwegian Defeacs Gerobwological Lsboratary Natioal Inetitese of Public
Health, Getmmmn 73 Osla, Noeway
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The present artcle represents the second
Rart of a research program with the aim of

nterocolitica (Vo) and with the
purpoe of stodymg Y ¢ a1 a potential factor
tn the populatien dynarmes of small rodents,
The occurrence of Yoo in the farces of wmall
redent from widespresd localives m Fenmo-

P Attt pcrolet sl St BB 2

wandia hay previomly been documented (3
Thir study included the molation of (“)D
ype 3

Both differed bowerer from
Mrum currently amocated with doemse
mmwhlﬁtfﬁ'ﬂp‘nof

tha reicarch program d not atiow
defi
mmhnhumﬁngmcﬁn:]rw
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ficance of Y e. 1n the small rodent hosts. Thus
problem 15 subjected to closer examunation
mn the present study It was speculated that
Intent infections with Y e. may become mam
fest under condit.ons of stress such as occur
during the population peak and the sub-
sequent dechine of small rodents in the north
ern ecosysterns. Dunng 1974 the small rodent
populations in southern Norway reached
peak densities and declined through the win
ter and early spring of 1975 Thus, an oppor
tunity was provided to examine animals from
vanous stages of the small rodent cyrle

The dense populations of small rodents
during peah years may facilitate the spread of
Y e. Predators such as cats and foxes may be-
come infected by ingestion of infected prey
Faecal contarunation of food and dnnking
water might alio contribute to the propaga
tion of this hind of yeruniosss. In the present
study an attempt 3 made to trace individual
serotypes through a food chain from small
rodent prey to fox predators. Likewse, a
comparson s performed between strains ob-
tained from terrestnal ecosystems and from
adjacent {reshwater

MATERIALS AND METHODS
The material is presented in Table 1

I Collections

Nipe species of small rodents and shrews (Son
cidae) wers Lnve trapped at fie localiies in
southern Norwsy and ome locality in Denmark
Table 1 Lsts the localiies. The species are shown
in Tahle 2 Three of the trapping areas (A, B
C) have been described previomfy (5] In addi
tion, samples were taken from

D Mols Ecological Research Station, Denmark
Trapping stations Woods domunated by beech

bordering pastures
E. Moatrond 1n Telemark, Norway Trapping

at Hedal in Oppland, Norway during the winten
1973/74 and 1974/7% Taecer were Bbd;td by
rectal swabs, Faeces sampler were also tales from
ux roologuts working with small rodent at the
Unh eruty of Oalo, Norway

Il Processing Collested \atenal

Faccal specimens were transported and cultn ated
i sdually as specified earber (3) Water ampler
were cultared on lactose broth for ordinary bacten-
clogical examination within 48 bouns. Brothy were
Incubeted 2t 37 C for 4648 hoors. When grontk
oteurred (with or without gas formation) secoud
ary inoculations were made on LSU agar The
plates were incubated at room temperature for
4648 houn,

Pure culture was made of all colonies thowg
worphological dmflarity to Y e Urense pomine
cultures were selected, and & primary hrochesiaal
characterization was carred out by the three tube
method described by Lagen (8) The subsequent
proced including further bloch 1 chatae
terization and serotyping, has been described elx-
whera (3)

In the present study the following six brochem-
cal differentiae were regarded disgnostic of T
prendotubercalons (Y pr) as compared to }
enterocolitica (Y e} Fermentation of rhamaoe
and mellbiose no [ermentation of sutrovw, cflo-
biose and sorbose and ahsence of omithme de-
carbovylase. Strains which otherwise porsesed bio-
chermcal properties connstent with those of gems
Yoreinia weve identifled a1 follows

Exhibating all of the six differentiae —— Y po
Exhibiting none of the stx differentiae —~3.¢
Exhilutlng 1-3 of the sx differentise —— Yerams
Lile mucrobes.

Cultores of 3 pe. and Yermma e mucrobo
were agglutinated against y ps, O-antuera 1V f2
addition to the O-antisera of Y. A titre of 180
or higher was conudered indicathye of antigeaial
relationship of the ofated srun to that 4

scrotype.

III Reaction of the Host
Plauna from 39 mmall rodents natarally infected
with Y e or Peraara like microbes were tt:d‘l'd by
! b re

tube

statlons bal, birch forest
small farms.
The traps were beat sterilized pror to esch caich
Facces and plamma samples were obtuned as

specified elsewhere (5)
A total of 29 water specimens were collected

from brooks and pends within the trapmng areas
Twenty e red foxes (Fulpes valpss) were shot

130

agaiou

Thuty elght of these animals were Inveatgated for
macroscopic  pathological changer. The animah
had been stored at %0 C for up to two yaan
before sutopey was performed. Lner and apleen
from another six small rodents naturally infected
with Y.e. were sectfoned, stained with hematoylin/
eosin and submitted to histopa eamns-
non.



RESULTS

The rosults are presented 1n Table 14 and
in the text.

I Y cnterocolitica (1.0 )

A total of 61 struins were clamfied as Y.
on & biocheucal besis. Filty two of these
stram were antgenically related to one or
mote Y. O-werotype (Table 2) Only 19
strains could be ascribed to one of the blo-
types peoposed by Faxders (12) 17 strains
belooged w bwotype 1 The otber strams
showed varows deviations from the beotype
wcheme. Deviations occurred most frequently
m the reactons with xylese and lactose.

Sumies antgenically related to serotype 6
constituted 44 per cent of the total mumber
of Y. cultures polated (Table 2) Three
of the four struns obtamed from red fox

pecies of mull rodents captured at the ame
kocalty (hoktesesd, Norway) Puochermeally
thest strabng resembled baotype 1 but devmated

m the repctions with xylose and lactose. Yee,
was polated from eght of the mine small
mammal spectes and from all five locaBines
ined. Sooul \ of Ye
from soall b and adpacent fresh
were obtained in Jocality A and C (Table 1)
The {requency of small rodents harbonng
Y e was not ngnificantly correlated to the
poprulavon dennty of these anlmals
A hxgh dreruty of serologically and beo-
chenucally different strams were found In
Rviteseid, the locality where the majonty of
field work wan concentrated. In Table 3 the
serological properties of strums solated from
ol mammals 10 thhs locality are compared
with struns obtamed from brooks running
through the trapping area.

H Y pecudotuberculoms (¥ g1}

Three struns were chafied a3 Ype oo
blochemical bans. They were obtained from
smll rodents (Cletknonomys glaveolss) m
Mols, Denmark. Anngenically these strums

were related to Y p1. O-serotype HB and
to Y . O-serotype 4 and 21

TABLE 1 Y emwerocolinen m Fosces of Mammelt and Weoter from Norway and Denmark. Presentetion
of the Matendd Number [ Sawples Herberng ¥ enterocaliiea

No. of smples
Lecabay® pm Sausll rodents  Skrews W oter Redfox  Huosams
AK texed Oct 1974 63(7) - (1) -
Now 1974 45 (7) 4(0) 4(1) - -
Jan 1973 (1 18(3) 4(0) - z
Sixy 1973 {4} 2 £(2) - -
Oa 1973 19(2) 1{n 4(3) z -
B \anferee Tept 1974 (1) 3(0) £(0) B
C Fuow Oet 1974 0 (3) 201) N -
D Mol Dee 1974 49 (6) 1(0) 1 < -
€ Amatrond Jan 1978 13(0) - 1y B -
T Hedal 19731973 - -
Q O Oct 1974 . - Be) -
= - LI
S 35 (31) 31 (3) 29(9) 5 6
b togure in pareribems et e e of e %
ABCEF G Nomay D_:-:::"ﬂ

MRpies harboring ¥ enterecaltica,
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ficance of Y ¢. 1n the small rodent hosts. This
problem 15 subjected to closer examumation
i the present study It was speculated that
latent wnfections with Y e, may become mant.
fest under conditons of stress such as occur
during the population peak and the sub.
sequent dechine of small rodents 1n the north
emn ecosystems. Dunng 1974 the small rodent
populations in southern Norway reached
peak densities and dechined through the win
ter and early spring of 1975 Thus, an oppor
tunity was provided to examine animals from
vanous stages of the small rodent cycle

The dente populations of small rodents
dunng peak years may facilitate the spread of
Y e. Predators such as cats and foxes may be
come lafected by mgeston of mfected prey
Faecal contamimnation of food and dnnhing
water rmught also contribute to the propaga
tion of thus hind of yerminiosu, In the present
study an attempt 13 made to trace indrvrdual
serotypes through a food chain from small
rodent prey to fox predators. Lakewnse a
compartson 13 performed between stramns ob-
taned from terrestrial ecosystems and from
adjacent freshwater

MATERIALS AND METHODS
‘The material 1y presented in Table 1

I Collections

Nine species of mmall rodents and shrews (Sor-
cidae) were Lve trapped at fhe localites In
swouthern Norway and one localty m Denmark.
Table [ lun the localities. The gpecies are ahown
1 Table 2 Three of tho trappiag arcxs (A B
C) have been described previowsly (5) In addi
tion, samples were taken from

D Mol Ecoloical Research Station Denmark
Trapping stations  Woods dominated by beech

pastures.
E. Momgond ;n Telemark Norway Tr-pg‘m.[

at Heda! in Norway during the wizten
1973/74 aad 1974775 Fasces were oblamed by
rectal swab. Facces samples were abo taken [ren
ux roologlsts working wih tmall rodeaty ot the
Univeruty of Oslo Norway

11 Procesang Collected Matanal

Faecal specimens were tramsported and caitand
indadually g specified carlier (3) Water snphe
were caltured on Jactore broth for ordinary bacten-
ological examination within 48 houn. Broths were
incubated at 37 C for 4648 bours. When gronth
occurred (with or without gas formaton) secomd-
ary moculations were pade on LSU spar The
placer were locubated st room temperztire for
4648 hoan,

Pure culture was pade of all colonues showmy
morphological dmilanty to Ye Urcase posithe
cultures were selected, and & prmary
characternation was carmed out by the three fube
method described by Lasten (8) The subnequest
peocedure Includmg further biochemscal charx
terzation and scrotyping has been described eber
where (3)

In the prestnt study the folowlng six bochemi-
cal dufcrentiac were regarded diagnoste of T
prewdotuberculons (Ype) a+ compared %o T

;) (Ye) F of thammoe
and melinaxe o fermentation of sacrow ¢l
biose and sorbose and absence of orplthine de
carbaxylase. Strains which otherwise possepsed bor
chemical properties consistent with those of pems
Yerama were identificd as follows

Exhibiting all of the sx dufferentise — - Y .p1
Exhibiung nooe of the ux differentiae - Y ¢
Exhibiting 1-3 of the six differentiae ~—Ymou
lile microbes.

Colures of Ypo end Yeraam like mucobet
were aggletumated agairst § po G-andsers 1Y ;
addition 1o the O-antisera of Ye A ntre of ! ’
of b was dered indicath antg

gher
relavonship of the isolsted strain to that partcahr
seTOtype.

IIT Reaction of the Hort

Plaama from 39 small redents natarally mfected
with Y or Fernma lke mucrobes wers tested b
tube g agunst h uolater

stations  Subalpine birch forest
small faromy

trapa were heat sterilzed pror to each carch
The trapr

Facces and plasma samples were ob: a

specified elsewhere (5)
A tota]l of 20 water specimens were coflected

froem brooks and ponds within the trapping wreas
Twenty fne red foxes (Feipes pulpes} were shot
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Tiurty eight of these anlmals nere investygated for
macroscopic pathological changea, The animah
had been stored at ~-20 C for up to two yrart
before autopsy was performed. Lher and splees
from another s small rodents paturally [nfﬂrd
with V.. were {oned stalned with b Y

conin and submitted to butopatholomcal examins-

tion,




'ABLE ‘ersinis oxd Desmark,
Liks Micrebes in Smell Mammeli and 1 ater Semplas frem Norwey
¥ 'y Brechsmical Charecterisation

=)

Tou! relstedtoY.e Rhamoose Mebibioss  Socrose  Cellobuwe  Sorbos obe
O-teroxypes

43 51 - — =) + + +
s ) (+) - + + * *
3 2 (+) — (—) (—) =) +
4 3 (+) (+) - + + *
s Y - — —) + + -}
1 ° (+) (+) (—) =) ) +
1 1 — (+) =) + + +
1 1 - — * + + =)
2 ] (+) — =) =) + +
1 0 — — + + =) =)
1 1 () + + =) +
1 1 — (+) + + + +
1 [ - (+) + + ) +
1 [ (+) (—) + + =)
1 [} (+) (—) (~) + +
1 ° (—)
1 0
1 °

1IEE

[

+ =) =) +

I Yeruma Like Microbes

A tota] of 83 strains devated blochemmcally
from the typical ¥ e, scheme, thowing rela-
tombip to ¥ pt They dmplayed a broad
mpettrum of eocbernical propertes intermed
@t toY ¢ and Y pu (Table 4) Fourty eight
of thee stramms were antgenically related to
eae or more Y ¢ O-serotype. No relatiomshp
to the O-serotypes of ¥ . were detected.

{1 Con rremt Inf ctioms

Concurtent wnfecuoms with two seroloni-
calh dntnct straca of Y. or Yernma ke
organium were found = 13 smll rodenn,
1| shrews two foxes and two water ramples.
One tank ole (Clrthnonemys glereotus)
from Mols, Denmard, barbored five pero-
logocally dufferent wrams, one of which cpald
be clasufied a3 Yor

¥ Reaction of the Hout

Serological exarmuation of 59 gmall rodenns
natorally infected with Yee. or Yermma Eke
mncrobes reveaked two cases of low

uwes agaimt holates Two ans-
mals (Mirolus agremtss) from Kyitesed
thowed a ttre of 80 Both harbored strams
satgenscally related to V.o serotype 1 The




TABLE 2. Y enterocolltica Isoleted from Nortwsy end Denmark Serclogical Cheracteriation oud Orign

of Strains
Relationship to Oerotype No. of strans Origln®
1 1 cs
3 4 Cg Mu, At
N 5 Cy 8, W
g t W
26 Cg Ma, As, Af Ba, Sm, Vv W

7 4 Cg 5a
12 2 Sa, 8
14 1 W
15 1 W
16 3 CeH
17 1 W

416 18 21§ 3 uw
- 9 L1, Cg Aq Vr

Sum 61

* Key to the abbreviations
lereolus A= Apod { Afm Apodemus flasicelis

Small rodents Cgm= Clethrionomys g
Muw Microtus  agrestis  1)e Lammaus
oo {solations )
Bhrews SamSerex aremews SmmSorer minuwiss
Other W=Water HumHuman Ve b alpes oulper red fox,
§ Agglutinated by more than one of the antisera 4 16 18 and 21
1 No relatienship to scrotype 1-34

mmus  Atwdrincola terrastns  (Microtus eccoxomur—

TABLE 3 Y enterocolitica axd Yersinia Luke Microbss Jsolated from Kmtesnd horwcay Companses ¢
Strans from Small Mammals and Water

No. of strains Isolated from*

Relationshrp to
trpe Small rodents Shrews Water
1 1(2) - -
3 4 - -
4 3 ! 1 (1)
5 - - 1
6 11 2 5
1 2 -
J - (3) (1
1 1(2) 2(2) (l!)
i 1@ (1 -
1‘7; (~ (03] 1
28 - ) . g)}
16 18 21 22 - -
f 18 y 4(%) 9 9)
Sum 26(11) 7 (20) 10 (20}

+ In parentheses The number of strains chmﬂcdu}’ﬂnullhem:cmtﬂmb.ﬂ:ofblochcmkﬂpmp—

the text) Without parenthess ¥ enterecobitice.
If\r:;l‘uér:mdbymmtbmumdmcnnﬂm-4 16 18 21 and 22

+ No relaucnshrp to serotype 1-34
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TAELE 4 wadl ¥ rem “ermay end Demmark.
rsinia Like Liicredes i 8 Memmels exd Water Somples |
Yo

No. of strains
Toul LhtdwYe Rhamome Melbiose  Bacroe  Cellobwoms  Bocbose oDC
Q-eerotypos
4 1 ~ — =) + :
9 3 (+) - + M
L) 2 (+) — =) (=) T
4 3 (+) {+) (+) : fany
3 1 —_— —_— e
3 [ (+) (+) =) (—) :
? 1 — {(+) (=) +
1 1 — — + + (—)
2 [] (+) — (=) () +
? (4 — — + + =)
1 1 (+) — + + :
1 1 — 1+) b +
1 [ -~ (+) + + +
1 0 — {+) (=) + (=)
1 0 (+) (+) =) (—) +
1 o {+) - =) () (—)
1 0 - — + (—) (~)
1 0 - — + (—) +
e 0 4s
The parasibenes show the tharsciers whaeh mdicate B ! velatlonship to Y deinberoalors
The charsctens thown witbout pareatheses b condateat w th the properties of T eateracehels
Feromestatson oealiblom  gocroee, Fresecs decarbo-

HI \ersmia Like Microbes

A tota) of B strainy devisted bochenucally
from the typal Y2 scheme, showing rela-
tomhip 0 Y.pe They dsplayed a brood
Pectrum of b ochermcal imtermed
Bteto Yo aod Y pu. (Table 41 Fourty exght
of hew stram were antigenically related to
one o5 mare Y e, Oerotype. No
1 the O-terotypes of Y pa. were detected.
IV Con rremt Imfections

Concurrent infectiors with two serologi-
cally distinet sramns of Yo or }ernma Lke
onganmms were found in 13 emall rodents,
12 dyews, twa foxey and two witer vasaples,
Om tonl sale (Clethnomomys gla colus)
from Moh, Denmark, harbored fne pero-

lpcally dufferent straum, one of which could
be clawified a1 ) e

I Reection of the Host

Serological examination of 59 smal] rodents
maturlly wlected with Y. or Yermma Lke
microbes revealed two Cases of Jow antibody
thres agalmt homologotn wolates Two am-
mah  (Alicrofus agreis) from hvitesesd
thowed 3 titre of 80 Both harbored strafng
antigerueally related to Yo, serotype 1 The
Ut were micTose negative, No macroscops-
al pathologeal changes were found in these
rodents. An addiional seven cases of titre 40
and 20 were not conndered ugnificant for the
d jon of mpecific Todi

Autopey of 38 natunlly infected wmll
Todenty ealed no macroscomaally vndble
Fathologseal

Hintopatholopcal exammatien of spleen

lndl-nu-frunlmd:zruxmﬂmimum
2 pegatve remlt.




Ye antigenically related to terotype 16
was isolated from the faeces of one roologst
working with small rodents. The patient suf
fered from disrrhoea No antibody response
agamnst this strain was detected The symp-
toms appeared after a peniod of field work at
Finse (area G) where Y e, had previouwsly
been 1olated from lemmungs (Lemmus lem
mus) and dunking water Bacterological ex
amination of faeces from the same person
one week before the visit to Finse revealed
a normal intestinal florn

DISCUBSION

Hacking & Sileo (4) suggested that the non
avian wildlife reservoir for Ye iy far greater
than currently recognized The present results
strongly support this opinion Y e. and related
rmcrobes seem to have a broad occurrence 1n
tervestrial  ecosystems,  Strains antigenieally
related to the same serotypes were frequently
uolated from both terrestnal ecosysterns and
adjacent freshwater The direction of trans
mimion however whether from water to
terrestrual animals, the reverse or both, has
not been establuhed. Strains antigemcally
related to serotype 6 dominated both 1n red
fox and in their small mammal prey indicat
ing transmmion along the food chain

Lassen (7) exprened the opinion that the
indmidual serotypes of Ye have ther own
charcteristic reservoirs, each comprming only
a very small pumber of ammal species,
Recent reports (1 4 5 10) scem to refute
thi, indicating more extensive reservoirs. The
preaent results point in the same direction
However the available data are conmtent
with the wview that the chmcal sgmficance
(if any) of each serotype 1 confined to a
very lmited number of host species

The scrological and pathologreal results
do not suggest any clinical importance of the
uolated strains for omall rodents. An excep
tion can probably be made for certamn stramns
antigemcally related to serotype 1 Further
more no indicative relattombip was detected
between the density of small rodents and the
prevalence of infection mn these ammals
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Thus no evidence was found for a dymmsal
ugmificance of Ye in populations of el
rodents,

The occurrence of biochemcally atypreal
straing of Y €. has frequently been document
ed m ltterature (2 3 9 11 13} I imbled
(14) advocated that there are Yerame He
organisms  which should be differentiated
from Ye. In Norway atypical strams hae
previowsly been reported from dnnking water
(7) and brown trout (6) The present -
port includes strmrs constituting a bread
spectrum of biochemical properties inter
mediate to Ye and Y ps thus presenong
the problem of defining the boundarss be
tween these spectes. Such stoct specsen defin-
tions are artificial a3 viewed from the concept
of o dynamically evolving mierobsl specres.
For practical purpose, however ngid defin-
tions were chosen 1n agreement with the type
concept of clammcal taxonomy The ke “bp
cal” straim were provsionally clunfied s
Yerstma Iike microbes Before any decion
can be made concerning the taxomomical
allocation of these molates, the following
questtons should be answered Does a contin-
ual senies of intergrading form exust between
Ye and Y ps or are there dscontnuites
m the spectrum? Can ane or more wpanate
taxonormical units be recognired between Y ¢
and ¥ pr.? These questions wiil be subject to
0 separate examunatton compnsing o Iarger
material.

Based on thu and previously published in
vestigations (5) the following data have been
obtnined Natural infections with Ye was
detected in 43 {9 per cent) of 459 wmall
rodents from widespread localities in Fenno-
scandin. Y e, has been usolated from all ;e
localites and from esght of the mne small
rodent species examined Only few struns
showed relationship to serotypes which are
known to have chnical ugmficance For ex
ample sx ammals (one per cent) harbored
straing antigenteally related to serotype 3 all
onginated from the same locality (Rviteseid)
Four nmmals yrelded strains related to sero-
type 1 All thete culturer differed brochemu
cally however from strains 1solated 1n con



necoon wath doease 1 man and domestic
anmmale. Therefore, in view of owr present
knowiedge on the pathogenacity of Y., It
does ot eem Hkely that wmall rodents play
any decane role in the epidemiology and epr
ootology of tha kund of yersinoas

As data sccmvalate however the clomucal
wmportance of serotypes and biotypes other
than thowe currently amocmted with doease
may become apparent For instance, Toma
(10) wolated serotype 6-30 from four chil
dren with gastroenterios. Likewme, the pre
#nt rewilty melude the reconery of Y. sero-
type 16 from a roologmt sufferrog from dar
thoea. The data presented by Hackiag &
Sieo (4) rogeest that eerotype 527 6-%0
a0d 4-33 may be pathogenic m some specxes
of widlife.

On the other band, salatoen of Ye. from
dsemed individual docs pot necesarily re
flect 2 caom) connection. Comsldenng the
braad representation of .. aod related me
crobes in mature, 1t i protable that some
Pt are normal elements in the intestinal
flora of certain species Includung man.

T wamt to thask Jorpen Lasen MD  und chief

Jorann § wder fox thex shice. [ um
1ho adebted 1o Guaner Holt DV,LLlndRi-
Aerd Tolman DV A for performng the petho-
logrcal exanmaations
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CLASSIFICATION OF
COAGULASE-NEGATIVE STAPHYLOCOCCI
IN THE DIAGNOSTIC LABORATORY

P Omme and A. Dioranes

The Gade Institute, Department of Microblology Unlvenity of Bergen, Bergen, Norway

Oeding P & Digranes A. Clanification of 1 gathe staphylococel in the diagnostic
laboratory Acta path, microblo] scand Sect. B 85 136-142 1977

One hundred and nlnety<ight coagulase-negatne staphylococe: Isolated from unnes, blood
cultures, and pus samples were clasufled by means of two Identificabon schemes, and ther
wall tefchoic acids were determined serologically § epidernudis § saprophytcws and S
coknil were identified reliably by the use of fhe criterla scid acrobically from sucrose, treha
lote and hosph production, and sensitivity to novolsocin. Further species,
notably S Aasmolyticus and S homizis could be identified when haemolpls on blood ager
plates was mcluded In the cnterla group The invesugation sthows, that a condderable pumber
of coagulase-negative staphylococel isolated from human speclmens belong to species other
than § epidermidis and S saprophytices These staphylococe can cause human Infections and
should be Jdentuffed in the diagnosuc lab y S eprdermidis and S saproph were found
to contaln the teicholc acids previously idennfled in these specres. S coknii contained the

mame teichoic acids av S seprophyticus No charactemtic techoe acld was demonstrated in

the other species, but several stealns Ined poly C (p-N acetylg] Iglycerol tebchose
acid)
Key words Staphyl i gulawe negathe clasafieatl

P Oeding Mikrobiologisk avdellng MFH-bygget, N 5016 Haukeland sykehus, Norway

Recerved 1.xi1 76 Accepted [ xn 76

Staphylococcus saprophyticus often causes
unnary tract infechions seen tn young female
out patients and should be idennfied in the
bacteriological laboratory Post-cardiac sur
gery endocarditis and septcaema caused by
coagulase negative  staphylococe;  have an
creased in ngnificance. Several new staphylo-
coccal species have recently been described
taxonomucally (4 11) As the differentiation
of Altcrococcaceae 13 probably rather prim:
tive 1n most diagnostic laboratories, recent
developments make a re-evoluauon of our
dlagnostic efforts deurnble.
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Yo have previously reported a sumphiicd
scheme for the identtfication of coagulase-
negative staphylococer molated from unnan
tract infections (2) Subsequently five e
tena were recommended by the Subcommil
tee (13) for the idennfication of the clinmt
cally most mportant coagulase-negatie spe
cier. The purpose of the present imvestig?
ton was to compare the two identificatet
schemes uung collections of coagulase-neg?
tne staphylococer usolated from  different
types of infections, and to evaluate whether
specics other than S eprdermudis senre gncto
(11) and S saprophyticus ore of climeal



Inrerest and therefore should be identified
m the diagnostc Iaboratory

MATERIALS AND METHODS
Strany
Thres coliections of coagulase-negathe waphyio-

w- rad Out-paticnis (ves 2)
L Forty-mnea independent strulns were molated

3 Tweny raim rcesyed snenld yean ago §rom
Dr Hamet Smak Upnenay of Toroam and
tres wraing from D 7 Af Smrth Unneruty of
lemt, had been wolated from blood caltures and
P (Owre srams} The majorry of the pabents
h powne blood culfure had post-cardme sur
7 exdocardion.

Al grnies except thow belonging 10 § sepre-
Hotaws produced acad from glocoss anserob cally

Buchemacal Test

Coapulenon of rabbit plasms w tobes, sad
:‘mhmumrmdmdm(m

gt
towing) apd § saprephyticns were a3 follom

Stmphjied scheme (2)

5 plder 5 sapre-
andis phytiens
Mannital, acid
(merobically) _ .
Phocphatase + _
Aryinime dilrydrolase + —
Subcommitt (13}
*Bacrom
acid (meyobscally) + +
Trehalcec,
20 (aerobecally) — .
Mannl
acid (mcrobscally) — .
+ —
Novobnocam s R

ALE T PR
Xobiocn Meo-Senutaln (Row) mere woed on
TOM Axtihotic Semertnnty Medium (AR Brodi)
thewt blood, Tohlbitem poner $27 oo, corre
';:n:umc 135 s/l were recorded ae

docing  some of harmolyils 223 omm oot from the
calture sireak were Mentified &1 S harmedytrus,
» wero Identified after
the o & Schlnfer (3)

i
|
)

mitter a3 well o3

RESULTS

Urmaary Strans

The clasification of the 128 unnary straim
by the smplified schieme and by the Subcom-
muftee scherne 1 shown in Table 1 Sx strams
were devgnated S saprophyticws? becaise
they were = instesd of — 1 there phopha-
tae reactam. This
Mmcdnnn.ﬂk\mlmhuhmdcwuud
S saprophyticus’ because the trehalose test
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CLASSIFICATION OF
COAGULASE-NEGATIVE STAPHYLOCOCCI
IN THE DIAGNOSTIC LABORATORY
P Ozomo and A Diorants

The Gade Institute Department of Microbiology Univernty of Bergen, Bergen, Normay

Ocding P & Digranes A, Clusification of cosgulawe-negrthe staphylococe: In the dlagnostx
[aboratory Acta path, microbio! scand Sect. B 85 136-142 1977

One hundred and ninety-cight coagulasc-negative staphylacocei molated from unpes, hlood
cultures, and pus samples were claufied by means of two {dentification schemes, and thelr

wall telchoic aclds were determined logically S eprdermidis S saproph and §
cokmn were sdentified relably by the use of five criteria acid aerobrcally from sucrose treba-
lose and hosph d 1, and sensltivity to biocin. Further specles,

notably § Aesmolyticus and S homiair could be identified when bacmolyds on hlood agar
plates was included 1n the cnterla group The inyestigation show, that a considerable mumber
of coagulase-negative staphylococe! isolated from human specimens belong to apecses atber
than S epldermdis and § seprophyticus These staphylocoec! can cause human infectioms and
should be identified in the d ic lab Y § eprdermdis and § caprophyticns were lound
to contain the tekchoic aclds previously identified in these specres, S cokau contalned the
same teicholc acids as § seprophyticus No charactenstic teichore acid was demonstrated Lo
the other speties, but several strains contained poly C (AN acetylglieosaminylgiycerol teichoic

acid)

hey words Staphylocoeri coagulase-negative cludification,
P Oeding Mikroblologik avdeling, MFH-bygget, N 3016 Haukeland sykehus, Noreay
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Staphylococcus saprophyticus often causes
uninary tract infections seen in young female
out patients and should be identified 1n the
bactenological laboratory Post-cardine sur
gery endocarditis and sepnicacsmua cnused by
coagulase negative  staphylococer have 1n
creased in ngnificance Severnl new staphylo-
coceal species have recently been described
taxonomically (4 11) As the differentiation
of Micrococcaceae 13 probably rather prinn
tive 1n most dizgnostic laboratones, recent
developments make a reevaluaton of our
diagnostic efforts dewrable.
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We have previcwly reported a umplified
swcheme for the identification of coa|
negauve staphylococes molated from unnary
tract infecttons (2) Subsequenth five er-
tena were recommended by the Subcommtt
tee (13) for the idennfication of the clin-
cally most important coagulase megatne e
cer. The purpose of the present mvestga
ton was to compare the two identiffeaton
schemes using collections of coagulase nega
trve staphylococer wolated from  different
types of infections, and to evahuate whether

other than S eprdermidis sensu stricto
(11) and S saprophyticss are of climeal



mterest and therefore should be identified
m the diagnestc aboratory

MATERIALS AND METHODS

caliare whereas 13 srmm were found o
The struuns were from both

3. Tuenty strasoe racetved several yeun ago from
Dr Hamut Smtk Ushenaty of Torooto, asd
threr wrums from Dr [ Af $mmth Unnermty of
ievs, bad been wolared trom blood cultures and
P (thres frucs) The majority of the patieats
xh poutn  blood caltars had post-cardiac sur
L

Al strame except Usose o 5 spre-
Htou produced sod froo glucose snserob ally

Bachemocnl Tast
Coagulston of mabbrt plemna s tebes, aad
facome fermentation, were examuncd "

chande (teichos scld) prepanitions (8)

The key foc the idestification of §  pldermidis
sencn dricte (desigoated 5 plderwmdss In the fol-
lowmg) aod $ seprephyticns were a3 folows

Sumphfled schems (1)

S pder 5 sepre-
il phytices
AManmtol, scid
(mezobically} — +
+ —
Argmlioe cibrpeirolase + —
Subcommilt  (13)
acid (merobically) + +
T
acid (aeroblcally) - .
aad (serobacally) — "
+ —
Now obwocm s R

Socroee b mcloded o separate 5 cokew from

121 Aod prodochos acrobacally (cow casmautal
ke and sucrose was tewed on sold medu
Arpiorse dibydroless sctiviy win cumined s
cwdng wo the techaque dewnbed by Mol (6)
Ky phorphatise text em wlid medirm (3) hay

Prxneck & Heddy method m floxd medrom (9)
modifed by $ Medfer & Alsse (13 and wrth
mothod  A) developed by Setia tal (10) aod
the remlt of the three mribeds mere compared

v oehec Seoat wy

Novobsorrm Neo-Semtabs (Rows) were weed oo
TDM Anub stc Seomin ity Mediem (AB B.odik)
ubset bood Ysbidauon wooe S 7 mm, correr
ondng 0 MIC >13 st ml, were reconded as
rensance

RESULTS
Unsary 5t eing
The claaafication of the 128 strams
by the umphified scheme and by the Subcom-
muttee scheme 1 thown in Table | Six stratns
were desguated S saprophyticns? became



per cent) remained unclasufied. When haem-
olyss was tested, the majorty of these stram
could be tentatively idenufied by meam of

was — or = rather than + Three § cohnu?

strauns produced < rather than—phosphatase
reactions. These 20 stramns all contained the

typical ABC polysacchande (2) and were
beyond doubt, true S saprophyticus or S
cohnu strams.

Six of the seven strains designated S
eptdermidu? by the umplified scheme, be

cawse of doubtful phosphatase reactions, were
definitely shown by the cntena of the Sub-

commuttee not to be S eprdermudis and re
mained unclassified.

TABLE 1 Clasfication of 128 Urnxary Straas by
the Simplified Scheme and the Subcommittes

Scheme
Simplified Subcommuttee
scheme scheme
S epderm i 28 }29
S epderm.? 7 1
S saprophyt 49 28 }”
S saprophyt ? 6 17
S cohrn 6 } 9
S cohnii? 3
NC 35 43

NC = Not Clasufied.

the abbreviated scheme of Kloor & Schlafer
(5) (Table 2) The six S haemolyticus strawns
seem to be correctly clamfied due to ther
strong haemolyns, and the charactenstic bo-
chem.cal pattern of § hominis should ensure
the Iatter dugnosis. A correct chassficaton
of the 19 struns dengnated S smulens of
S warnert was not powble by the critena
used

An attempt was made to evaluate the
uignificance of the different specres m unnary
tract infection § saprophyticus and S cokun
were always present 1n mgmffcant numbers,
whereas the other specres/groups were found
both 1n sgmificant and m ngnficant bac
teriurias, the latter ndicating contamisd
tion,

Strains from Routine Blood Cultures
and Pus

The classification of 47 strams nolated
in the d.agnostic laboratory from blood cul-
tures and pus samples 1s shown 1n Table 3

‘TABLE 3 Clasafication of 47 Strans from Res-
tene Blood Calinves and Pus

TABLE 2 Tentatie Clawficaion of 45 Strawms e
NC by the Subcommittee Schems Adding Haemo- Simplified Subcommdtter
Iysis to the Subcommittee Criteria ccheme schems
*8 haemolyt S epiderm 21 24
£ homnus 11 S saprophyt 1
$ capitss 2 S saprophyt ? 1 »
§ mmulens/ E’_____“__—/
& 2 19
Ng"'f" 7 NC = Not Clanlfied

* Ope strun mannitol-negatne.
NC = Not Clasufied.

Duregarding the doubtful phosphatase and
trehalose reactrons, 29 strains could defimtely
be clasufied as S eprdermidis 45 a1 § sapro-
phyticus and nine a3 S cohnn the latter
bang disungushable from S saprophyticus
in 1ts mahility to attack sucrose. By the Sub
commutiee criterin as many a3 45 strains (35
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Forty stramns gave \dentical results by the
two clasufication schemes. Two strauns ch:xd
fied as S seprophyticus by the sumplif

scheme were unelasnif'ed by the Subcommd
tee scheme. Both straims were sensitive 10
novobiocin Four stramns were unclass:fied by
the umplified scheme because the argiipe
dihydrolase reaction  was negative  These
stra.ns were definitely S eprdermudss by the
Subcommuttes scheme, three of them contain-



mg poly Ba, the charactenstic § ¢ pudermudis
texchoxe ackd. One stram, clasafied a3 S opt
dermidss by the gmplified scheme, contaned
poly Bz, but way recorded as upclamified by
the Swbcommittes scheme becawe the treha
ore te5t was pasitne. When haemolyms was
tested, 17 out of the 23 straim unclowfied
by the Sxb. scheme wrre Yy
clemified (Table 5) Seven straing belooged
0§ Aeemohhicws and 6 to § kommur.

In 19 cases the malated argrnism wag esto
mated to be the cxme of nfection. The dif
ferent speces/groups were repeesented. both
in cases of probable significance and m cases
where conammation was mors Likely This
meEcates that specics other than S epder
mdu [y cawe septicarmin and purulent
mirchoes. It way, however Dotewarthy that
o the three cases in which repeated mola
tozt had shown the ame stram, this was
shean § eprdermudss,

TABLE 4 Clasafuation of 23 dmericen end Co-
adiom Siracus from Plowd Cultmres and Pas (3
Strems)

TABLE 6 Eielxaion of Three Fhosphaters Ao
thed in Total Matrmel

Phoglatse  Clamificatkn
aethods by e Sabcom.  No-of
I 2 3 mbtewheme SR
45 plderm 6
ot T 5}74
e Ssprepiy #
5 coken slu
NC »
— % w5 prephp 3}“
NC 'y
Other S piderm. 1
patterns S sapropiyt z} B
NC 6

| = King (3) 2 = Peausck & Hxddy (8) 3w
Satte ot & {10}
NC = Net Clasafred,

Amsrican and Cenedign Strans from
Blood Cultxres and Pus

Of the 23 American and Canadian strains
bolsted munly from blood cultures in pa
teats with endocardits, 20 were wdentically
clasafied by the two schemes (Table 4)

» struns by the Subcommutter
scheme, contamng poly Br. Of the ox strainy

KC Mot Classdied

TAME 3 Tentau  Clesaficotion of 29 5t was

3C by the Subcommitter § beme (Tabe 3 and

Tae 4) Adds ¢ Harmelyus to the Sobcoamotion
Cratena

-_—

NC Strams
Table 3 Teble4

1 Aneraatyt 7
5 oy s 2
Yo 1
§ wmalen
s
X

i

Yowr strame mancibolpegatn
NC = Kot Clasufied

by the Sb wcbemme, tws
wer clearly § homaays (Table 3) Out of 20
wrainy pohted from blood cuftures pa
tents with endocarditn and septicaemia, 16
were S gpedermudis one S homumis one way
powibly either S amulens o § warzeri and
w0 Brams were unchasified.

Ecduation of the Phosphatase Tent

ol matertal are
sramn, all the three
+ or —

shown in Table 6. In 158
methods gave clear-cit



TABLE 7 Coxtent of Precipitinogens (Teichoic Aads) in Totel Materral

AaAg Ba ApQ Cc Othens NT
§ saprophyt 1 43 1 43
S cokmie 8 1 9
S eprderm 53 ” 1 6 6 70
S homines 1 1 4 3 10 19
S haemolyt 1 7 1 4 13
S caprtr 1 2 3
S nmulans/
S waraen? 1 1 7 2 12 pAl
NC 6 4 1 5 16
2 63 35 p23 15 39 158

Of the 15 strains grouped under *Othen” 13 contained poly C in combination with other pobymaccher

ides No straln contalned protein AL

methods failed to produce pomtive results
The ducrepancies were due to == reactions
and 1t was quite obvious that false positrve
=+ reactions occurred mainly in the flurd me
dium. Three S saprophyticus strans were de
finitely false positive by this method whereas
there u some doubt concermng the 28 un
clasufied stramns The Satta method seemed
to produce folse postrve results in a few
strains. This occurred 1n only one instance
by the King method.

Techore Aads

The results of the serologic mvestigation on
teichoic acids are shown in Table 7 Eghty
per cent of the strans were typable by the
reference systerns used S saprophyticus and
S cohnu contun the same tvpe of teichoic
acd, there bemng a very close correlation
between the presence of thus teichoic acid
(poly ABC) and the two species. Alio the
correlation between S epidermidis and poly
Ba 1 very good. The ux § sfndermudis strams
m which no teicho ¢ acid was demonstrated
as well as the six st contmning poly Bx
but unclasufied biochemically may be van
ants of § spidermudis Poly G alone 1s present
relatively often 1n the remaning species/
groups although the majonty of the strains
were untvpable. No strain contmned proten
A,
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NT = Not Typable. NC = Not Clanfied.

DISCUSSION

The phosphatase reaction 13 a key cntenon
n the clasfication of Micrococcacese The
senntinty of the classic method on sold me-
drum (3) has been quesnoned (1) There
fore, one aim of the present mvestzgation has
been to compare Kings method with the
phosphatase reaction in flwd medmm (9}
and o method (A) developed by Satte ¢t d.
(10) All three reactions were reliable 1
producing positive results. The flud mednm,
however produced 2 connderable number of
non speafic &= reactions. This must be talen
\nto account when the flud mednun 15 used.
As a comequence we would prefer wing one
of the two reactions on soltd medium.
Although the two schemes for the clasafic
ation of congulase negative staphylococe! bere
tested agreed m the vast majority of the
strany, the comparson was 11 favour of the
Subcommuttee scheme. The duadvantage o
a larger number of cnter was yuore than
compensated for by the increased relabihty
of the latter scheme. In the umphficd scheme
a doubtfu! phosphatase reaction automati-
cally created disgnostic problems, and, 10
addition, the arginine dihydrolase tex falled
n some instances. The addibonal cnitend
of the Subcommutiee usually ammllﬂ;dx
dingnous, even 1if the phosphatase
cquf\n'ocnl In our hands, the trehalose test



tailed quie frequently Ths created 0o pro-
blem for the dagnosis of § saprophytious
35d S cokmu but complicated the Kdentifica
ton of some other species.

The Subcommittee scheme »dentifies only
S.epermdis S saprophyticus and S cohsa.
Tltvem\mdﬂ-\h'-'fdly the most important

tive staphylococcr m human
infechon, tart the repaet of Nord et ol (7)

aen canse senow miechors. In the present

eRrgaton a3 many as 33 per cent of the
wrinary sram eould pot be clasufied by the
Sebeonmmutee scheme When the haemoly ne

Kios & Schlafer (3) was possible foc the
oty of the ponclmufied strams. §
haemohyfrcws and § homous apparcntly were
relably mdentificd, whereas § nmalens and
§ xareen could not be separated.

In the dagnosnc laboratory S saprophyn
s {and § cohmn) can be sdenufied very
Sl by means of the novobsocm test. To
deatily § epedermidis and other

Rme staphylococd, muerococe! first have
¥ be excluded by the ghicose fermentanon
*, and then several criter have to be
tesied It i dewrable that the dagnose hibo-
Fiones that have the capaaty collect inform-
4000 on the distribution and clmical mgmfi-
cance of all

P of wall teschore acad 1n § cprdermudis
34 5 seprophyticus, Some stram. however
were anypreal in ther boochemieal
wbereas othen could contan

amounty of the typacal teichose aad
"‘ﬂnrpnjtc-rhwmd_\\nhmemm

E B the present imestiganon, the onky
Tence between S saprophyticws and §
Cobng gay

the mablity of the hatter t attack

sucrose In contrast to Schlafer & Kloos

(11) we found that exght out of nme unnary

S cohan stams contmned the same techok

acds &9 S seprophyticss re f-N-acetylgluco-

sarmmyl ribitol telchaie acrd and f-N-acetyl

glocosmunyl ghcerol texchox acd (poly
)

In the other tpeces, no typscal teachose
acud was demonstrated, although poly C way
found quite frequently In many of these
srams no techoww aad was demonsirated
scrologically Tha mught be due eber to
small amounts of wall teschoe 2ds (4) or to
the strmns contaning a type of tewchalc aad
not repeesented m our reference systema.
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TABLE 7 Coxtent of Precipitinogens (Terchore Aads) tn Tolel Material

AcAp Ba AgC o] Otbers NT
S saprophyt 1 43 1 45
S cokun ] 1 3
S epiderm 55 2 1 6 6 h
§ Aerunus i 1 4 3 10 19
S kaemolyt ! 7 t 4 13
S caprtis 1 2 3
S dmulens/
S5 warnen? 1 1 2 12 2
NC [ 4 1 5 16
2 63 53 4 135 39 198

Of the 15 strains grouped under “Othen” 13 contained poly C in comblnation with other polruacchar

1des No strain contained proten A.

methods failed to produce positive results
The ducrepancies were due to = reactions
and 1t was quite obvious that false poutrve
=+ reactions occurred manly n the flud me
dium. Three S saprophyticus straing were de-
finitely falie poniuve by this method whereas
there 13 some doubt concerrung the 28 un
classified strans The Satta method seemed
to produce false pomtive results in a few
strmns. Thris occurred n only one mstance
by the King method.

Teichore Aards

The results of the serologic investigation on
teschoie acids are shown i Table 7 Eighty
per cent of the struns were typable by the
reference systems used S saprophyticus and
§ c¢ohnu contam the same type of teichoic
acd there being a very close correlation
between the presence of this teichoic acid
(poly ASC) and the two species Also the
correlation between S eprdermidis and poly
Ba 1 very good The nx S eprdermidus strains
in which no teicho ¢ acid was demonstrated
a5 well as the six struns contmning poly Bz
but unclasufied biochemically may be van
ants of § eprdermudis Poly C alone 1y present
relatively often n the remamng species/
groups although the majonty of the strains

NT = Not Typable. NC = hot Clasfied.

DISCUSSION

The phosphatase reaction 15 2 key entenoa
1n the elassification of Aficrococcacese The
senutivity of the clauic method on salid me-
dium (3) has been questioned (1) Thert
fore one aum of the present investigaton has
been to compare Kimgs method wath the
phosphatase reaction 1 {lud medium ®
and a method (A) developed by Saite ¢ o
(10} Al three reactions wert :nﬂbk m
roducing postive results. The flu mednm.
Em’r\:gpmduccd a conniderable mumber of
non specific = reactions. Thy must be taken
into account when the flud medm =
As 2 consequence we would prefer uang on¢
of the two reactions on solid medium.
Although the two schemes for the clamfic
atron of coagulase-negative staphylococe ""'}:
tosted agreed w the vast majorit of -
strawns, the companson was i favour of "
Subcommutter scheme The dmdvﬂﬂtﬂg:}nn
a larger number of cnteria was more
compensated for by the increased rebabibty
of the latter scheme. In the mmphified scheme
a doubtful phosphatase reaction automat-
cally created disgnostic problems, m&{\‘;
addition the arginine dihydrolase te#t {ai
m seme instances. The addional rntﬂd:
of the Subcommittee usually ascertined
d cven 1f the phosphatase test W34

were untvpable No stran € d protein
A

equvocal In our hands, the trehalos tex



failed qurte [requently Ths created po pro-
bem for the diagnost of § saprophyhrcas
and § cokmii but complicated the ennifica
too of sowme otber specles.

The Subcommnuttre scheme wdentifics only
§ epudermdis S saprophyticus and S cohmn
Thee are the most mnportant
coagulase-negatve mn homan
mlectom, but the report of Aord ot al. {7)
11 well a3 the prosent findings, wdicate that
aber speces may abo be pathogeme, and
een cane senows infectom. In the present
mretaton as many as 33 per cent of the
unnary strams could not be clasmfied by the
Subcommtire scheme When the haemolytse
atrty oo human blood agar plates way
added o the critem, & tentative wdentifics
wa actordmy o the abbreviated scheme of
Kloas & Schlnfer (3) was possible for the
majority of the nonclamified st §
hocmolyticns and S Aoritmis apparently were
relably mdennfied, wherews § nmulens and
§ garaen cousd not be separated.

In the diagnostse laboratory S saprophyts
cas (and 5 cohnu) can be wdentified very
wuply by meam of the novotwoem tesi. To
dennfy § eprdernudi; and otber coagulase
oepathe staphylococo, mcrococa fin have
© be excluded by the ghacose fermentation
Wi, and then several cntrra have to be
r5ied. 11 » deurable that the dugnostic labo-
mtoncs that bave the eapacity collect inform-

aoce of all coagulase-pegutrve saphy lococc,
15d that cple dignostic cntena are agreed
¢pon Identfication on a mxonomic kael b
006 potaibic 1n the dugnostc borstary

In sccordance with earler reports (7) a
vy close corrtlaton was demonstrated be-
tween the tuochemica) clasafication and the
tpe of wall teichow scrd in S eprdermudy
10 § sepr phyt cus Some sirwm, however
appacently were atypcal i therr biocherncal
Properties, wheress  othens  could
Wm“dd‘wmm
or an ntypical teichowe ad With the cntera
el 1o the preent imesbgunon, the only
difference betwemn § saprophyticns and §
ehna wes (b brabliry of the latier to attack

sucrote  In contrayt to Schlafer & Aloo
(11} we found that eght out of nine unnary
S crohnn stramy contained the same terchaic
acids as S saprophyticws ie B N-acenyighuoce
samum] ribitol texchox ad and g\ acetyh
glucosarmunyl glycerol teichore acd  (pely
AgC)

In the other

no exchore

acid was demonstrated although poly © wa
found quite frequenty In many of thee
s no texbok and wat demomtrated
serolopeally  Tho might be due either 1o
amafl amounts of wall texchoe acds (4) ox to
the strum contynmg & type of telchace acd

not

-

~

®

represented in our reference systems.
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ANTIBIOTIC POLICY AND SPREAD OF
STAPHY LOCOCCUS AUREUS STRAINS IN
DANISH HOSPITALS, 1969-1974
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In tha penod 13691974 & decresdog mumber of Dansh
dramc

boxpital depariments recorded epi-
the Tocal sprmad of strajas was Jew

Since 1969 Denmark hes expenenced a
Rducmdmmpkmzsu)kﬂow‘
CWI exreus strams, te strajos resbiome
feast three antibeotica (5 17)
\clopment has been reparted from other
countnes (212, 14) where 1t happened

mmtpapcrum.ml:!mﬁnd
unwhcﬂtrlwm.'htlmbttmlh:m
lnnrpmno(-nuhoﬂulndrmsummmu’_‘

clllzs and x serley of other

Pecticalarly voth the “ﬂ”d:gfi
ereline aad nireptomycn (3)

Another factor however raz,
enres, coald alw the
mm-mlweh.“,ukdmd w‘m;}:
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Fig ! Consumption of antibiotics in four Danrh hospitals $ = strepto-
myan 1 = tetracyclines, M = methicillin.

1 vanous hospital departments in the yean
1969 and 1974 This investigation might also
reveal whether strains resstant to pemcillin
only were actually able to spread in the exst
ing hopital environment, and probably char
actenze straing capable of producing an epi-

dermic.

MATERIAL AND METHODS

Data were obtalzed from the central reghtraon of
Staphylococcns anteut strum (Statens Sernm natr-
tut) isolsted {n Danish bospitals In the yean 1969~

1974 (17) and from the septicaemis matenal (3)
As an account of the antibiotics used throughout
the whole country also imohes veteninary
cine it was pecessary to scek wlormation from the
of four big howpitals two from the
metropolitan area, hospitals A and B, and two
provincial hospitals, C and D
Epidemic strains were defined as atrains of
identical phage typs apd resistance pattern 1bat
occurted nhh.frrqumcyo(nle:ﬂSpﬂml
in howpita) departments whih in 1969 and 1974
had forwarded strains from at least 100 penoms.
The bacteriological methods were ghen io 2
previous paper (17)
For an L
Table 1

of tbe L see
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bowprtaht § = sirephomycin, T by . mtbicTl

RESULTS per cent. Apother chararterntc was
that the we of

Antibiotic Policy and Changes 1x the
Staphylococcal Flors

Deate from foxr haspiter. An account of
the consmmption of antib.otcs dipersed m
all forms was obta'ned from four hospstals
with a toral of 4,800 heds—about 16 per
“‘“““‘*‘m‘mvdmmm
Axmenlmdm.hhh‘

For our present purpese the mam [nterest
centered oo the e of streptomycin (S)
tetracyclines (T) and methwilin (M) The

of theso antih

hﬂ'dmptnd?ﬁm.l)uﬂngmm
studed, this conmmption rose by about 70

P A peh marvbed wamd St B, 0,2

et bocputal
b:dntﬂmmudlnn‘,] Foc the year 1974

daze from two of the hospital were mot
availahie,

s



TABLE 1 dntiblolis Reastance among 8 aurcus Strams Isolated from Densk Dermatelopred
Departments 1973

Antiblotc resl Alld i 1

pattern departments Dept. I Dept. I Toml‘an'lnim
gs-rr.:_doT Zg: J;; p AR 5%
PSTM +* 1% 7% ;* I?;
Total number af strains 771 128 14 20,254

P = pesicillin 8 = streptomycln T w tetracyclines G = chloramphenicol E = erythromeln 3 =

methicilln,

*+ = % rewstance to C and/or E.

From depertments I and I1 only one straln of each
pattern §s {ncluded.

In all four hospitals the use of § was
reduced conuderably n hospital B dramat
cally so

The ption of T also d ex
cept duning the years 1972 and 1973 in hosps
al A

The we of M was double or more than
that 1n bospitals A and B rather constant m
haspital C and—by companson—very high
n hospital D

Dunng the period investigated Staphylo-
coccus aureus atrmns from 37 758 panents
from the four hospitals were examuned these
stramns are connidered representative of the
focal staphylococeal flora (Fig 2)

The general tendency i all four hospitals
was a fall in the proportion of straund resstant
toS Tond M Inhoipital C the tendency was
interrupted m 1973 a detaled inveatigation
of the strains attributed thu increase to a
temporary rue in the level of hospital infect
jons due to an epidemic multiple-renstant
strain.

The decrease 1n the number of M resutant
straups at wll of the hospitals occurred despite
an inereaung or comstant coasumption of M
the lowest level of M resstance was obtuuned
at hospital D which had by far the largest
consumption of M

The large consumption of T at hosprtal A
was not accompanied by a high level of T
seustance, and the small peak of muluple-

Tined

phage type (pattern) withm each antiblotic redtmce

reustant strans at hospital G in 1973 was pot
preceded by ang increased use of antieoro

Data from dermatolopical departmenis
From the mvestgation of the central staplpt
ococeal regutragion 1t appeared that genenv
lzations for hoapitals as a whole dxd not ap-
ply to dermatological departments. These
departments marmtamed a conniderable use of
T also topically applied whereas § was wed
1 very wmal] amounts.

In Table | unstlected stramns from Dansh
hospatals 1973 have been compared with
stramns from all dermatological departmenft

The outstanding features in the dermate-
logical departments were the large number of
stoamms resstant 1o T despite sensumaty © S,
and the xmall sumber of M reyistant strank
Al of the latter were also resistant to per-
allin (P) Sand T therr senstmity patterns
and phage typss cosresponded to those of
commen hospital strams. They are assumed
to have been itroduced from other hospinal
departments, but the low figures mdicaie
their mnability to earabluh therselves a3 €p-
demic strains in the dermatological depart
ments,

On the other band, the strikingly lame
rumber of T resstant struns senntve (0 s
does not correspond to the staphylococeal
flora, neither 1n bospitals nor in the com-
mumnity Among sephicRermua st from
1969-1974 the percentage frequency of



rama woth thin antiblotc pauern wat 3

and 4 (commmunsty)
(hcs::])(andugrmmulmpmumﬁm.
tno possible exphnations remalin the spread
olphmzzdxzhrrmmlng’rxﬁiuncc,ﬂf‘
bu].prndofnhm-udmn:nbﬂdnnhn
with the antibwotc redstance men-
tioned.

TAME, 1 O cunenss o Methiclln Rewslant

focged to & single o few phage type com-
pkmandumruﬂznnbtoSlndT

A farge materlal s the present, however
shows that M reustance ks abo found in
stramm sermove 1o S andfor T (1o “shoorm-
A" M resstsoce pattern) (Table 2) with
a frequency that fncreases to 12 per cent in
1974,

The lower part of Table 2 shows that these
aboormal” 3 resatant strafm do not repre-

fenit & few cloocr, It gives the percentage of
to S adin T strayps with “aboermal™ ) remstance pat
Tots? teres within different phage groaps/com-
aonierof  Pereemt plexes in the total materml of 9704 M res-
Tone seafth 2 ytang stadar. With the excepton of the epr-
v BasmT e wtrain of the B3 A complex, they seem
to occur frequently un all phage groupe. Thus,
bl pALL] 21 M restance B neither wnttly fmrted to
s :_}g ﬁ straim reatgat to S and T nor to single
\ng 1634 ey phage type, but oceurs in a wade spectrum of
1973 130 51 strains, which until now has been ovenshad-
1974 %9 j£a} omed by a few strarm with epidemsc proper
Phage groop/conplex tes.
31,514, 80,31 conplex 90 3t
Groop 1 o 47
Group11 o7 41 TABLE 3 Aumber of Epudemis Strains® prr
Group 111 44 10 D partemcaty
e Yo “
Nuaber of Number of departments
KT (moatypable) tiL] 17 wraio 1969 1974
0 1 12
The latter pomibility hes been tested by 1 18 2
A scparate detailed study of the two hrgest 2 10 7
dermatological departmenn m the country—~ 3 ? 1
bere pamed §and 1L In onder 1o exchode the M § 9
Influence of crom mfection, the moaterial af Total 0 I
saims fram these deparimenn war reduced

1o comprme only ons representative of holarey
with ientical phage type and reshmnce pat
tem, From Table | it 4 wen that the upe
wnn) repsance pateem is found even among
m:dmwurmﬁ“m
n rendtence proportion of
M reshtant wraim has been redoced from a
sixkengly hugh leved of 19 per cent and even
40 per cent 10 boplial acquired bactersemma
(5) in 1969 (0 6 per cent fn the genesal
matenal in 1874 (17)
The majorty of M rewstant uralos be-
L

—_———
Bu-h:hnlmdnh.hl(rcqmdnhn!pa
ot
1 Proem which rpechocwm from t 1
Jexst 100 persoen

Epdemsc Strans 1969 and 1974

Recogeion of apdamic strans Aa ar.
fmpt was made to cruate the extent of
crom Infechon by regatrenig
tdeatical phage types and resistacce patterms
"‘Ww‘hbl{mdum’pa
eent in hospital depactents that in 1969 agd

Tan
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B rvPe 89 MuLTIPLE RES.
E3 OTHER MULTIPLE RES STRAINS
OTHER TYPES SENS P ps

MNUMBER OF DEPARTMENTS

1974 had forwarded strains from at least
100 persons.

From Table 3 1t 1 seen that the matenal
from 1974 dufers from that of 1969 in severnl
respects, Fewer departments forwarded 100
specumens, and fewer struns were represented
by at least 5 per cent, despito an increase of
about 2000 1n the total number of strains
examned.

Moreover the percentages of strmimy of
“eprdemic  occurrence (2 5 per cent) were
connderably lower (Fig 8) In 1969 the
epidenmuc strauns in 25 departments exceeded
10 per cent of the total number forwarded,
whereas in 1974 only one department could
reguster this frequency

148

Q rree 94

25
PERCENTAGE QCCURRENCE OF EPIDEMIC STRAINS

Fig 2 Percentage octurrence of “epldemlic types” fn vanous departments.

In 1969 epidemic multiple-resstant strand
were fourd in 45 departments, as againet 4
in 1974 The epidemic strams were M res-
stant—and ahways renstant to § and T as well
—in 33 cases 1 1969 but only in £ cases
n 1974

Phage types end antibiotic renstance of
eprdemuc strains. From Table 4 1t 15 scen that
the changes also concern the phage type and
the antibiotic pattern of the epidenyr strams.

The dominating epidermsc strams of the 83
A complex have lost their importance the
number of departments where multple-res:
stant stramns of ths category are epidemic,
have been reduced from 43 to 4 those e
stant to P only have dmappeared. Abo stramm



TABLE 4 Phegs Typ and datibotic Resigance of Epldemic Strolas™

Antibuotic Number of deparoomts
¥ prop/eny s semlthty 195 1574
Growp 2A/%0 Sexnthe 2 [
! gﬁww P 4 0
32/324/30 MT é l:
9 1932 S1/32A; 5T r
Sensith e 2 o
Growp TL : :c,/ssﬂ\ a 2 4
4 2 [
Geoap 1) 7M. N
/417331 /AA R AN/
crenples /33/93/89 r 3 o
=4 :/wwns R T+ a 4
ol # r 12
Number of @ »
cpedemle pruns

For i explication of the aomencistars, we Tabie 1

of the 32 524, 80 B1 camplex and group II1
stramt have vanshed, wheress in 2 jew de-
partroents group 11 strains wilt remain, How

In 1969 However {t & highly Improbatde
that It occurred as an sram in the

Prevest Tateral in 1969 1f 30, it wonld have
appeared a5 non-typable, and yixh strams
were not reenrded wath & foequency of 5 per
cent In any department in 1969

Io 12 depertments inchuded m Table 4
P reostant type 94 stouns account for sn
average of 7 to B per cent of the infe
Inth:u)almalmnlfmm[hnnhhoq:mk
Imﬂaeyml?ﬂlndlgﬂlummum
4 and 3 per cent of the stratm, respectively

Mo pasticular souree of the folates can be
polated out. 4 0 6 per cont of the stowum
[m‘b"“e‘-b\ﬂl.duntu,mm
chmlmmmnndm to type
94 and 2 per cent of those from wrl

In septracmis caxex, type 9 was folated
m 5 per cent of the casey In 1974 but n
1975 with » frequency of 10 per cent The
mhrymzo(mh;mhm”
"M‘I’“{““"‘*ﬂtn‘o\hmm
the rame anriblo.

The resistance of
from Table 5 trpe 94 xseen

M9
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1974 had forwnrded strains from at least
100 persons.

From Table 3 1t i seen that the materal
from 1974 duffers from that of 1969 in severa!
respects. Fewer departments forwarded 100
specimens and fewer strains were represented
by at least 5 per cent despiie an increase of
about 2000 in the total number of strains
examined

Moreover the percentages of strains of

epidemic” occurrence (= 5 per cent) were
conuderably lower (Fig 3) In 1969 the
epidemuc struns 1n 25 departments excreded
10 per cent of the total number forwarded,
whereas 1n 1974 only one department could

reguter thrs frequency
148

In 1969 eprderme multiple-resistant strait
were found in 45 departments, as agamst 1
1 1974 The epidemuc strains were M res
stont—and always resatant to S and T as well
—in 33 cases 1n 1969 but only n 4 cus
mn 1974

Phage types and entibiotic senstance of
eprdermc strarns From Table 4 1t 13 scen thot
Lhcc}mnguakomncuﬂtthhager)pcand
the antibiotic pattern of the epidemic strans

The domwnating epidemic strains of the 83
A complex have lost their umportance the
number of departments where muluple-res
stant stramns of this category are epidemic,
have been reduced from 43 to 4 those res-
stant to P onty have dissppeared Also straim



TABLE 4 Phege Typer xd Antibutic Redsiosc of “Epldrmic Strains”

Ansiblotic Nomber of departmaats
i L sensitivity 1969 1974
[
Growp1 ;mmm s.m:sua z 0
fszvm rs!:r :7 g
29; 79738 SI/52A150/19
Seoutre 2 [
Croap 11 1: /s8I w H °
i 4 2 o
Group 111 A
A1/ AIAR AL
r 3 o
conpies A
= HAsVe H e PIT+ Py :
et * 4 12
Nomber of o n
cpacomee etratas

anuﬁmﬂmd\hmdﬁ-mu'hbkl

of the 82, 524, 80 81 complex and group 111
wherear tn & few de

nngic phage type. Since these stram in the
country s a whole accounted for only 1-2
per cent each, the relatrve frequency in single

depastinents was probably due 16 3 ceriam
sprend of the strams m question.

et of typmyg phages unii) 1973 but by reny
toy freeredried sephcaemta siing the finy
appeanunce of type 34 conld be wtablished

w 1969 However it it hughly Improbable
that It eccurred as an epidenuc straln m the
present maternl m 1969 f o, #t would have
appested a3 and nuch sralm
were not recorded with a frequency of 5 per

P remstant type H straim account for an
menage of 7 to 8 per cent of the mfections.
In the total material from Danhh hospitak
from the years 1973 and 1974 1t amounts to
4 and 5 per cent of the strams, respectively
No partcular source of the soltey can be

cheal wecretons and spastum belonged to fype
94 aod 2 per cent of those from wnne

In septicacmua caser, type 34 was wolated
n 5 per cent of the caws m 1974 but m
1973 with & frequency of 10 per ceat. The
mortality rate of these infectons 1 about 39
which b equal to that of other strams with
the mme antibsotic rexrtance.

The antitsotic renstance of o
from Table 3 type 94 13 scen

149
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Fig 3 Pe e of id types” In varrous departments.

1974 had forwarded strmns from at least
100 persons.

From Table 3 1t n seen that the matenal
from 1974 differs from that of 1969 m several
respects. Fewer departments forwarded 100
specimens and fewer strmns were represented
by at least 5 per cent, despite an increase of
about 2000 in the total number of stramny
examined

Moreover the percentages of stramns of
“epidetruc  occurrence (2 5 per cent) were
conuderably lower (Fig 3) In 1969 the
epidermuc strung 1n 25 departments exceeded
10 per cent of the total number forwarded

whereas in {974 only one department could
reguster thrs frequency

148

In 1969 epideruc multiple resstant strans
were found 1n 45 departments, as aganst 4
in 1974 The eprdemic struns were M res
seant—and ahvays resstant o S and T as well
—1n 33 cases 1in 1969 but only in 4 cuo
tn 1974

Phage types and antibiotic renstance of
eptdemic strans From Table 4 1t 15 scen that
the changes also concern the phage type and
the antibiotic pattern of the epidemic strais.

The dominating epidemic straims of the 83
A complex have lost their mportance the
number of departments where muluple-res:
stant strains of this category are epidemic,
have been reduced from 43 to 4 these ros-
stant to P only have duappeared Also straing



stant strams, either in this country o m other
coustres (6, 12, 14) coukd ot be correlated
wath the of M and it scerm
probable that the M resatant multiple-res-
stant strans, havng & more fragile strocture
(4) than the correspooding M sensithc oney,
nquhe;m&tﬁ\npxm(rums-nd'l’(n
ordnmmmumldmnmlhrsde;’“-n‘}:
wicw 3 supparted by an ctservation from
yean 1972-1974 with dimmching but sill

we of 5 and T amoog 60,000
siralns the mumber of strum resbtant to §
and T but sepsithe to \ have been dation-
ary whereas the corresponding strams rexi-
stant to M are ol n retrest.

Tn Denmark, all the M reshtant stram
cunmg epademics belooged to the 83 A com-
phex and were reastant 10 S and T s well
In so far the obscrvabons scem to support
Laceys mooo-clonc theory (7 9) accordmg
to which the M remstant strainy represent
one or & few clones of mapbylococts How

theory could be modified o boply that oot of &
variety of M remstant strams, only a few
clones with special charsctermtics huve oot
Dow shown s capability to spresd to any
greater extent.

In our the use of ordimary peni-
alios (13) and  newer” entiblones, «g
cephalasporine (2, 11 15 19) canpot be con-
pected with the declme of the M ressmnt

traims, 1t must be admitted that the
obvosy duferences n contagionty between
vta, struins bargely remam
Plaioed From Fig. 3 it b seen tht 1a. 1569
Lhmh]‘p‘:mttypem“u[nm
(rtqn:nx}ynﬂattd'.hm-uyuthermuln-p&
restant type and i 1974 type of resistant.

to P oaly was domlnating but gpreading ata
l)oa:rn\elh:nﬂ?ﬂw?“::“‘ly As fun-
1 o

and geoctica of contagmaty n Wil hacking
1t  still not clear why these strams are super
for to other types with the same antiiotic
mttern.

Studwa of changing epudemee strains munt
be continued, s from an epndemiologacal
pomt of view the present 20-year period n
100 thort 1o Aliow any definute concluuom to
be made concernung the [nfluences govermng
the fhactuaton of the staphylococaal flora.
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TABLE § Astibiotic Resistance of 1964 Strams
of Phags Typs 54

Renstant to Per ¢ent
P 93
5 3
T 1
c 1
E 1
M bl
None 7
P } Sensltive to 80
PTorT) other antibloties 9

TABLE 6 Septicaernia Strainr 1969-19 4

Type 89 Type 34
Multiple renstant 96 % ‘%
TW— 89 % 1%
Hg+ H% 3%
Total number 407 79

TW— = do not produce the "Tween -80plitting

tnIryme.
Hg+ = remstant to mercunic chloride,

In Table 6 some characterutics of type 9%
and of the previcus donunating stramm tpe
89 are given

DISCUSBSION

The changing resstance patterns i staphylo-
cocer have 1n several but far from in all cases
studied shown a ume relapop with the con
sumption of antibiotics. Danish stuches dunng
the period of increasiog multiple repstance
have suggested the use of peniciilns and pos
sibly o weries of other antibiotics (18) or in
parucular the consumption of S and T (8)
as ponible determnants for the development.
Severnl other examples—most of them con
cerung ungle hospitals for a short penod of
me—have been discussed recently by Plorde
& Sherns (14)

In the present materal the examples from
dermatological departments suggest & con
nection between the antibiotic policy of a

department and the resuttance patiem emerg
mg from the spread of plamnrds, determm.
ing T resstance, among eprdemiclogically
dependent strainy

On the other hand the staphylococeal fors
af the four selected hospitaks was influenced
by the spread of identical strains, of wheeh a
dechning number were multiple resatant. A
dimunahed spread caused for ewmple, by
an mmproved hospital hygrene hu actmally
been suggested as a possible explanation of
the general reduction of the number of ml-
tple reqstant strans (10 19) In the praent
case, however mproved hygene can hardly
be the sole factor wnee a spread, admuttedy
redueed, of single phage types s nill evndent,
and with the important difference that the
predopunant eprdemc strainy now are res-
stant 1o P only

In this development, a change of the ant-
biotsic policy mught be an important determ
mant, provided less resstant strams e
supensor to multple-resstant ones under the
altered circumstances due to the rencted
use of sorne antibrotics This may be the aas
if 1t 13 generally true that multple resutant
struns have a slower growth-rate than more
sensitn e struns (8}

The munor differences 1o the antiboic
policy at the four hospials are rot clearly
reflected 10 the local antibiotic resstance
situaton, and st must be siressed that ober
ations from single hospitab or departmenty
over o short perod of tme—whether re-
ported here or 10 other studres—are concl-
st to 3 very lmmated extent only However
the general tendenc e3 are consrdered typical
for Danuh hosprals, and consist of a re-
duction 1n the use of S and T but ot of
pen.ealhins, In hosputals A and D tius develop-
ment 13 hhown to have started several yeans
proviowdy (3)

A country wide reduction of the selectnt
pmummncdvanndTmnymﬂhﬂW
been a pre-requsite for the present changes.
and may i partcular have reduced the num-
ber of M resstant strauns, of which the ep2
demsc ones were resistant to S and T

It 1 a fact that the occurrence of M rel



Acta peth, macroblel. sasd, Bect B 25 133-160 1977

THE ULTRASTRUCTURE OF
LEISHMANIA TROPICA IN SKIN LESIONS

Brer Hewrrex and Taxast hosvast

Deparment of Dermawlogy Usherdty of Copenlagen, Riphospitaket,
Copenhagex, Denmark

Hentser B & Kobarsal, T The wltrstructure of Leichmana { g In skin Jeiova, Acta path.
microbol, scamd, Sect B, 85 133-160, 1977

The ultratroctore of the amasugote sagy of Leisheenis { opw hm been tudied. The pre-
et work TEponts ot tww obacry sthocs ou the foee sractire of the basal body prokloveces

6 present parafic and ciowe 15 the bassl bedy The flsgeflen wxiset from the trsoetional wore
of tho besal body and has the clawical uxomeme (9+2) srwcture, However t the up
of the flegrllom the eratral tobsics v replaced by toe of the peripheral dowblet tabales
The altrestracterat fadiegs, &3 compared «ith previoos swdies of Leiskmenle arv ducomed.
Kay words Lochmenia tropic  Jenbmpanisie protoroa  pareeites,

P. Hmter Departwoent of Dermwislogy Ripshosp.talet, Blegdams | 9 DK 2100 Copenbagen
D Denagrk,

Recsnad 280,76 Accepeed 270176

sage
(L tropice) 13 tranmmitted to man by bates
of sandfly of the phltbotomes family The
protomon produces alin letions only (onental
sores & 17)

The fiwt sudy on the ultrastructure of 1.
fropuca wes repocted by Lofgren m 1930 (9)
Hwnuthatmhcxenmmdou}ymepm_
moautgore stage. The ammsugote sage has
been stucdwd by Phaw ot oL (13) Gerdensr
(6) and Bosrisad-Remmert Nicolay (2)
Tee of L.donotama and L
mencans bay been studied by Rudoaske ot

o, (18) Samyel & Sen Gupta (19) as well
m Yy Creemors & jadia {5)

The present sudy forms the baws of futther
studzes on the InfTuence of an drugs
on the morphalogy of L.trepucs (8) Com~
panng our results with previous wudies, we
found that the fine strociure of the basal body
and the fagellum of L tropece was msuffi-

described. The aim of the prosent

work was, therefare o study thes groctares
in denaid

MATERTAL AND METHODS
Puch 1dda biopncs wers taken (rom sodwlar lesiaes
d.”4r—:-ddmklﬂtdn;&unwhﬂhlm

T fard 1 & 8 pes cept wiwidon
of gharaldehrde In - eyoual acetate bafler pH 7 4
w5 75 per €2t sacromy 22 4 C meralght, The
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tinue blocks were then postfixed in 1 per cent
omic acld in veronal acctate buffer pH 74 at
4 C for onc hour After washung In the same
buffer the blocks were debydrated in & seriey
of graded alcohols and embedded 1n Epon 812 by
Luft s technique (10) Ultrathin sections were cut
by an LRB ultramicrotome and stalned with urany)
byu:ml.se and lead citrate The sections were studied
a Sremens electron mic 1A
at 80 kV with a double cmd.emrm :’iﬁw )

RESUITS

Sections of more than 200 L. tropica protozoa
were studied All protosoa were phagocytred
by dermal macrophages and enclosed in pha
gocytic vacuoles (Fig 1) The shape of the
parasite was ovoid with a maximum diameter
and n length of 1s and 2.5 & respectrvely

The pellicle bounding the indnidual proto-
zoa consisted of a 73 nm thick unit mem-
brane and a palsade of mcrotubules (Fig
3) Each microtubule was 322 nm mn dia
moter and had a 83 nm thick mm The m
crotubules ran parallel to each other at a d:
stance of 16 6 nm. An average of 94 micro-
tubules were counted 1n each parnute. The
microtubules were linked to one another with
35 nm thick fibrils which were arranged
perpendicular to the microtubules (Figs. 2
3) On longitudinal sections of the micro-
tubules, the linking fibnls were parallel to
each other at intervals of 21 6 nm (Fig 2)

The flagellar pocket could be seen at the
posterior end of the cell as an nvaginatron
of the unit membrane of the pellicle (Figs.
4 5) and conssted of a dilated basal part,
a narrow funnel lke part and an opening
(Fig 5) There were no microtubules present
beneath the membrane in the pocket wall
Concentric lamellar electron dense matenal
was found immediately beneath the umit
membrane of the funnel hike part and the
opening of the pocket (Figs 14 15) The
phagocytic vacuole communicated with the
pocket through the opemng (Fig 5) The
fine granular matenal, myelin figures and
double membrane-bounded bodies inside the
flagellar pochet and the phagocytic vacuck
were tdent cat (Figr 5 6)

The basal body connsted of two party, 1¢
a centrole-like structure and a trannibena)
zone continuous with the prommal part of the
flagellum (Fig 4) The centrole-lhe prt
was cylindncal, with a length of 125 nm and
a diameter of 200 nm (Figr 4 7 8) The
wall conusted of mine triplet tubules, exth
forming an angle of 30-45 degrees with the
tangent to the crcumfercace (Fig 9) The
indnvidual tubule was 25-29 nm acros and
had a nm of 5-8 nm. An indistinct dense cor
was seen in the centre. At the procmal part
of the basal body an electron dense basal foot
merged with the wall (Figr. 4 8) The tvo
mnnermost A and B-tubules of the proxumal
part of the basal body triplet were continvout
with the penpheral doublet tubules of the
transitional zone. At the level of C-tubule
termination there was a thin termunal plate
(Figs. 4 8) just above the level of the bottom
of the flagellar pocket. Near and parallel to
the basa] body a mmilar second aflagellate
basal body called prokmosome, could occa
sonally be seen (Fig 7) The trannpoml
zone was located between the termmal plate
of the basal body and the axosome of the
flagellum (Figs 4 7) At the centre of the
tranmtional rone therc were two indstnct
parallel cyknders, (Figs. 4 11} each of whk
was 54 nm 1n dmmeter and 260 nm long.
The cylnders termmated 1n the electron
dense axosome (Fig 4) At the periphery

Fig 1 A part of dermal macrophage wheh
has phagocytized nine L. fropuce protozoa is et
x 20000

Fig 2 1he palisede of oucrotalbudes {mt) is shows
in & Joogitudinal section. The Linking fibeils can b
seen between and perpendicular to the Indiidoa!
tubules, (srrows) x 120 000
Fl[.’namnnmcﬂoudtbtpcﬂk!enmh
u crow sectlon. The unlt membrase of the pellels
1 seen (arrow-p) abore the mcrotubules with thelr
linking fibrils, The unlt membrane of the phrfo
cﬂkucuole(lrrwa)o(l.h:bwceﬂmmmﬂ"
of the pellicle but 15 separated from thls fn the
nght mde of the micrograph. The phagocytic vacs-
ole (pv) b fled with a fine granular materlsl
x 120 060






nimne doublet tubules were found (Figs. 9 10
11) Each pair conssted of one complete
tubule with a diameter of 29 nm and 2 nm of
8 nm and one incomplete tubule grpping
onto the wall of the complete tubule (Fgs.
14 17) The centre of the mcomplete tubule
was frequently filled with dense materal
From the complete tubule two small side-
arms extended (Fig 17) The nine doublet
tubules extended from the basal body to the
flagellum

The flagellum extended through the flagel
lar pocket and stopped immediately outside
the pocket opening (Fig 5) The proumal
part of the flagellum was 250 nm 1n diameter
but became thinner m the funnel like part
of the pochet. At the pochet openmg the
diameter was reduced to half the size (Figs.
5 16) Two central tubules with a diameter
of 25 nm and a nm of 5 nm extended from
the axosome to the dutal part of the flagellum
(Figs 4 13 14 15) The axosome appeared
as an electron-dense duc measunng 92 nm
across and 25 nm m thichness (Figs. 4 12)
Two planes, one through the axs of the
cylinders of the trans tional rone and the
other through the central tubules of the
flagellum, met at o nght angle. At the
tip of the flagellum the central tubules
were replaced by one of the peripheral
doublet tubules which had been duplaced to-
wards the centre (Figs. 15 16)

The hinetoplast was located in the dilated
end of the mitochondrion lying close to the
baal body (Figs 4 7 8) The dumeter of
the disc shaped structure was 700 o and the
height 100 nm The hinetoplast consated of
a parallel array of lamellae lying paralle] to
the long axis of the cell The average thick
news of the indinidual lamella was 16 nm

In addit on to these structures winch were
wpecific for the protoroon ako ordinary cell
organelles were found. L. tropica had a ungle
oblong mitochondrion w-th relatrvely few
crstae The Golm complex and the endo-
plasmic reticulum were scen only occagonally
Free ribosomes were abundant (Fig 4) On
an average the nucleus occupied one quarter
of the cell (Fig 1) Both membrane bounded

dense bodies and multivencular bodies could
be seen frequently There were small vacuokes
1 the vicinity of the flagellar pocket.

DISGCUSSION

Many of our observations concerming the
ultrastructure of L troprca apply to most
species of Leishmama but some exceptom
must be emphasred

It has been claumed that the pellicle con-
ssted of two umt membranes and a palisxde
of microtubules (18) We found that the
outermost urut membrane was denved from
the phagocytc vacuole The observaton of
Pham et al (13) supports this view

The linking fibnls between the micro-
tubules of the pellicle were mentoned by
Rudzanska et al (18) In L. donorama. Sch
fibrils have not been described 1n L. fropice
(2 6 13) Luinking paralle! fibnl, regubarty
arranged at nght angles to the microtubuley,
have been reported in ) potnchomones
(12)
The different specses of Leushmania have
varous numbers of microtubules in their pe!

Fig ¢ The baal body (b) and the flagellum a7
cut longitudinally through the eentres. The
mx]panu(thebmlbodyanherencbemlhﬂ
Linetoplast (k) The tranubonal mone with twe
central cylinders (¢} & separated from the
body by the termmal plate (t} The central tobales
arne from the axosome (af
row a) The peripheral doublet tabuks (pt) extend
from the basal body throvgh the flagellum. a7
ribosomes (r) mmlnlhzcywphﬂnoll.beptv
tazoon. Cross mections of the flagelium at the ek
of the broken lnes with mumbers 10 to 14 art
shown i the sarous corresponding figures
x 40 000

Fig 5 The mirograph shows the flagellar pocket
(fp) as well ay the (lagellum The unit

of the pockst (amow-p) i continuois with the
umit membrane of the pellele. The unit

of the phegocytic 1acuole (arrow-) 13 separd
from the pellxle Cross sections at ths broken Jines
15 and 16 are thown 1 F ge. 13 and 16 x 40,000.

llar
Fig 6 [he granular matenal in the flagel
particles

peelet with double mem|
(arrows) and myel o [ ke figures (my) can be wen.

x 60 000
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F DCmmdhuﬂwy(h)Mhﬁnmwmhnddlhewnﬂm-
-’-.-(Pi) The wall of the prokimosome conurit of triplet A B~ and C-tubules. x 80,000

Fig {0 Crom section of the beml body t the kel of the teroamal platy The wall of the bam! body
conusta of nme doublet tabole X 89,000

Fig J1 Crom secbon of the trsomoosal 2o0e of the beaal body shoms tao kaditdnct central eyllsden
arrow<) snd wme penphers! dooblet tabules The umt membrase (srrow) of the flegellar pocket
aho dhowa. x 30,000

Fig 12 Croes secton of (he axceoene (smow) X 80,000

Fig 13 Crow wcton at the baw of the myosoee Two indistinet central mbobes merge with v o~
wme X 80,000

Fyg 14 Crom secuon of tbe (lagellum m the {mnmpallke part of the fagellar pocket, Bemeath the moit
aernbeame of the pocket, conceatric cectrom-demse materal (arrow) & e The (agellom
conunts ol n ¢ perpberal dowhiet tubeles and (a0 central tobules (axonemae wructere 9+2) X £0,000.
Piy 13 Crow sernon af the sl part of e Mlagelluin, Oma of the perpheral dooblet tuboies B dis-
laced towards the o (mTow) X 0,000

Fg I8 At the cxtreme ond of the flagrllon, the te coatral tubeics duappese wnd are rrpisced
come of (be perpheral tobules (arrew) mdmrdhm;cﬂmundmdmhﬁmi::
x 80,000

Fig 17 An eolargement of Fig 14 shick show part of the peaphera] doubict fubuler of the Dagel-
hon, Each par conasts of ons comphete and ome [ncomrplets txbale Ow the conpitte tobule tn  skde-
AEe e el (arrom ) x 240,000,

The flageltum of L.t oprca powemses the \mng(mmthomdonotmmd
clamcal axoneme structure (9+2) The pre- w the np of the flagellam. The re
wat study stremes that the central tubales phumgmulmnﬂxuhuhbyuueofthe

150



Fig 7 The basal body (b) and the aflagellate prokinowome (pk) are located close to the kipetoplnd
section

c)c(-n;lgl‘.)-b[ mitochondnon, Broken line 9 indrates

[ . J

the plane of the cros shown in Fig. 8

:r( 8 B-l;‘dfcet {(arrows) are shown merging with the wall of the proximal end of the basal body
ot¢ the datinct terminal plate (t) appearng at the level of the C-tabule termmabon, X 80,000,

licle. In L. mevicana there are 130-200 (7)
L. donocama has 80-120 (19) and L trop-
1ca 90 (2) Thus latter result 15 n accordance
with our observations. The palisade of micro-
tubules linked with fibrils probably supports
the external body form No pellicle-associated
structures, te cytostome or postentor mvagy
nation of the type reported by Pham et al
(13) and Gardener (6) 1n different species
of Letshmania were seen 1n the present study
It 13 well known that the basal body and
the centrole are related structures (16) Bagl
bodies occur at the base of both cilia and
flagella (14) Garmham (7) clams that the
basal body of L mextcana contains 9 doublet
tubules However Gardemer (b) and Bour
lond Reinert & Nicolay (2) and our observn
tioms show that the body wall consists of nine
triplet tubules. The appearance of a second
aflagellate centrio'e like prokinosome close
to the basal body 15 well-known 1 many pa
thogenic flagellates (23 14) In conventional
centriole replication a procentriole forms at
a nght angle to the mature wterphase centr

ole (15) However mn L. tropree the basd
body and the prokinoswme are alwap found
paralle] to each other

Root structures, e bas] feet, have not
been found m L tropica pre owly The
basal foot 15 a common appendage of the
bawl body of most cllia and flagellae {14)
No stnated roots were found. The functon
of the basal feet 1s not krown, but may be
an anchonng of the basal body to the sz
roundtng cytoplasm.

The transitional zone of the basal body has
never been reported 1n Letshmarua (2,3 5
7 9 13 (8 19) In the preent study the
basal body incheding the transitronal zone
13 simular to the type 11 basal body descnbed
by Piclia (14) with the exception of the
central cylinders Type 11 basal bodwes have
been found in kinetopfastal flapellates (1
29) The function of the tranntional yone o
not clear but 1t does not scem to partipate
i1t the movement of the flagellum (20} Thbe
sgmificance of the centrml qyhinders 15 ako
unknown
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Fig 9 Crom mcdon of the

beaal body (b) Just bekom the C-tubule trximion sad of the prokino-
e (pk) The wall of tbe prokisosome comurs of tripket A- B and C-tubalen, X 30,000
Fg 10 Grow wcton of the bassl body ¢ the bel of the trroumal plaze The » 11 al the beeal body
comimty of xme dowbiet tububes. X 80,000

Fy 11 Lrow mchiom of the trassitiooal mwos of the beml body thow two indixinct ceatral cyfindess
doublet tobuler, The wni membrne (Rrrow) of the flagellar pocket 3

aho thown X 80,000

Fig 12 Grow sechon of the sxmomo (srrow) X 80,000,

Fig 13 Crom mction at the hess of the zmmome Tw  bdistmact ceatral tobwles merpe with the -
wme x 80000

Fig 14 Crou weton of the fegeliom im the (nsel-ike port of the Oagalar pocket Besexth the it
mnewhrane o the pocket, & comcnine electron-dexse Lonellsr mammal (amow) b seen, The Qageflen
comits of woe periplural doublet tubules and two cintral tobwles (axoneme sroctere 942) x50 000,
Fig 15 Crom secton of the diial pert of the (Lapellom. One of the penpheral doabiet fubules i1 dis-
tlaced eowards the centre (srrow) x 80,000

Fig 16 m&mmdhwmnumﬂww;ﬁmw
ome of the prripheral tohaln (Krrow) mwibﬂﬂmumnhﬂhi
x 80,000

Fig 17 Ax ealirgewnt of Fap 14 which sbow part of the peripheral doublet tubuley of the flagel-
them Each pair conmsts of ape complete ova taconplea tabule, Om the compiels tubule tao side
T o seen (arow ) x 10,000

The fopellum of L.t oprca pomemey the  armimg from the
lamacs) axoverne structure (9+2) The pre  to the wp of the
wnt snady stremes that the central tubule placement of central tubuks by one of the

axosome  do



peripheral doublet tubules has not been ob-
served in Leshmania previously However a
m crograph of L. tropica in a paper by Bour
lond Retnert & Nicolay (2) shows the pheno-
menon though 1t i not mentioned

The hinetoplast 15 an organelle contmimung
DNA (23) Durng replication the DNA ma
tenal of the kinetoplast drvides before the
actual diviton of the nucleus takes place (7)
Many antiprotaroal drugs specifically induce
ultrastructural changes of the DNA hmeto-
plast of Lewhmanmia {8 11 21) The ngm
ficance of these findings must be based on a
comprehensive study of normal flagellates.

The authors wah to thank Miss Lise Fredebo and
Mrs urthe Brobeck for their valuable technlcal
anutance.
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EFFECTS OF AMPICILLIN ON
INTRACELLULAR LEVELS OF ADENOSINE
TRIPHOSPHATE IN BACTERIAL CULTURES
RELATED TO ANTIBIOTIC SUSCEPTIBILITY

A Troes® L. hanos, 1. Hépa, 5. Assber and L. Brore

Nanenal Defence Research JTaxdtute Deparnoent 4 8172 04 Sandbyberg 4 Bnedin,
ind Depariment of Clinksl Bacteriology Linkpiag Unhendty $-381 83 LinkSmay, fueden

Thore, A, Nilwon, L Hajer F Anstn, 8 & Brbar, 1. Fffects of smpicilin on (stracellalar
bﬁdmwumwmwbwmmw Acta
path. microbnol, scand. Sect. B, £3/ 161-168 1977

Short tkne effects of smplctllin on viability and lnels of intracellalar ATP wers stadied

ampncillinsadwced
ATP and alibitory moe ditmettns, s matsared by the afar diffesion
Rey words Adensine trpbosphaty bxiracellclar hcle bacwerial caltares ampeciTia.

A Thort, Natwmsl Debroce Research Lasltute, Box 416, 172 04 Soadbrberg 4 Sneden.

Rocerved 175176 Accophed T 76 roduced minbvion of growth as an alteroative

The smphbaty and hgh senntlvity of the
firefly locierase ATP amay and the fact
that it can easly be autoesated has made it
an atmacure altermitne to chmlaal micro-

Since ATP b & centra) metabolite 1n Eving
cell, the kel of intracellular ATP i sirictly
controlled, and varatoms in cdllbr ATP
contem rarely exceed one order of magmmde
{6) The determmanon of intracellutar ATP
can afford An estmmaton of the number of
cels for instance fn a bacternl colture, In
Princlple, 1t should be posible 1o we asry
of miacellobar ATP to xmem  antihiotic

N Acw pot mecrshesd wcomd Joct B 13,2

0, for example turbedity measrements.
With the aim of mvertigatmg the possibilrty
of eusg ATP auays for mesturing antibsotic
effects on meerobial cell, the effect of xmpl
cilln on ATP feveh tn bartenal cultores was
studied. Intracelhular and extrseclfulae ATY



MATERIAI AND METHODS

Analyticel Equipment
The lumi, used n the Tucif
ATP has been described previously (4)
Reghstration of maximum Jight mntensuty was
made by a digial peak holding memory voltmeter
model VID (G Gay Milan, Italy)

nsay of

Analyticel Reagents
Firefly luciferase (FLE 50) apyrase, grade 11
(crude) and adenosine-5 tnphosphate were pur
MU_E_A from Sigma Chemucal Co., St. Lows, Mo
Ampleilin (ampldillin  sodium, Doctacilin®)
was purchased from Astra, S8derthlje Sweden.
Other reagents were of analytical grade
Lucifernse reagent was prepared as described
previouly (4) and eould be wed for 2-3 days of
kept refrigerated. Apyrase stock solutlons were pre-
pared daily eonslsting of 0.2 per cent apyrase and
0 2 per cent triton x 100 made up In nutrient broth
(Difco) containing 4 mM CaSO,

Microorganyms

Sarciza lutea (ATCC 9341) Staphylococcus
albxs (h8462) and Protexs murabilis (LU S)
were ncubated in nutment broth on a rotatory
shaker at 37 C for 16-18 h, by which time the
cultures were essenhally stabonary For the exper-
menty shown in Fig 6 isolates from clinjcal speca
mens were selected to cover a wide range of amp:
cillin susceptibility

Semntivily Testing

Semsitivity testing was performed unng the broth
dilution and agar dffuson technlques (3) &3 lndi-
cated In the figure

# of B, [ Cultures

16-18 h stock cultures were diluted wnth fresh
nutnent broth to contun the number of bacteris
indicated in the figures. The diluted cultures were
incubated at 37 C on a rotatory shaker in the
presemce of vanous concentratons of ampwcilin. In
the expenments depicted ww Fipn 2-3  culture
volumes of 50 ml in 250 m! Erlenmeyer flasky were
wed In Figr, 4-6 2.5 was mcubated 1n 4 ml poly-

A fiim T

bactena and intracellular and/or extracellular ATP
concentrations,

Determmation of Number of Bactena
The numbers of bacteria were determined a3
colonry forming wnits (CFUJ by plating on nutrient

OVEAMIGHT (16 M ) CCTums
STANDAADIZEP JaOCUATE

IBCLRATION OF STRCMLTURES

+
TREATHINT OF ALIQUOTS ALAOVED 70a ASWAT

[ ¢

SINIAL ArTrASE
oiLuTrom TALATRENT
DXL Iom EXTIACTHE
PLATINR  LUCIFEASE LUCHFERASE el
AssAY Agsar ity

Fig 1 Scbematic diagram of assay procedurer. Ex
perimental details given In text.

agar (Difco) 01 ml of a seral dlation jo physo-
logical saline from 0! ml samples. Duplicate
plates from the 107 and 10 dllutoms were lo-
cubated overnight at 37 C and counted.

Luciferase Assay of ATP
Asuan were performed on | ml smples connft
ing cither of untreated baa:ri.-laﬂnmurﬂ,sgz
extructs. The samples were pipetied into 4
polystyrene tubes and placed In the dark
of the lummometer Luclferase reagent (04 md)
was Injected manually kto the sample by means o
nlml.ynngemdthemlnmmnh;htl-nlmﬂv
wus Standards with knonn amonnis of
ATP and reagent blanks were asayed in each
series All amay were performed in dupleate.

Determmation of Extrecelluler Plus
Intracellutar ATE

1 ml aliquots from the bacteral cultures were
extracted with | ml 0.3 M H,SO contunng ?
mM EDTA as described previoudy (3) TBe ex
tract was peutralired before auazy by a fivefold
diution In 6.5 mM ROH 20 mM tn1 base 2 m3
EDTA followed by a further fi efold diluten i
20 mM tma/SO, pH 775 contaning 2 mM EDTA-

Determunation of Intracelinlar ATP

1 ml alquots from tho bactenal cultures were
ncubated for 10 min at 37 C with 1 m) of the
apyrase stock  solutlon. In control experiments,
¢hle tremtament with the ATP hydrolyring enxyme
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RESULTS

Growth rates (CFU) snd ATP keveds in cu-
turey of § Intes wrere at bourly
ntervah.

The results depcted m Fig. 2 show that,
1n & control cohure growth s paralleled by
an increase m ATP levels In 2 cultare e
powed to a stroagly Inhibitory concentration
of ampacilin, the ATP level ipcreases for two
bours, after which the bevel Is coostant. Since
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ATP cnifed by amay of cultars filtrates aad sape
2atsnts broos crntnfuged amples. Tha, saly extrs
cellalar ATP roact with the Tuciferaee, wiich pre-
semably does it eater the bectera! eelly
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Fig 4 Dose/response relationstup of the effect of
ampsaillin on cell viability (CFU) and intraceliular
ATP levely, 1n cultures of § lutea S albus and P
rirabilis related 1o MIC values CFU (@) and
ATP (O) values are related to control +atues (100
per cent) obtuned in the absence of ampralbne
Arrows indicate MIC values obtaiped by the broth

dilution technique

the number of viable cells gradually decreases
duning incubation, ATP levels cannot be
correlated with CFU under these experr
mental conditiont

If the ampsaillin-exposed culture of S lutea
1 subjected to treatment with apyrase part

of the ATP 1 echmnated. The remaming
ATP 11 now parallel with the decrease in

CFU The observed effect of apyrase ind-
cates the exutence of extracellular ATP
Consequently cultures of § fatea exposed to
107 g/ml ampicilln were asayed for the
presence of extracellular ATP Fig 3 shows
that extracellular ATP 1 accumulated m the
culture and that the presence of ampillin
results n strongly increased levels of extra
cellular ATP The amount of extracellular
ATP found i the ampicyllin-treated culture
corresponds cloacly to the amount of ATP lost
after apyrase treatment (cf Fig 2)

In a senes of expenments, cultures of §
lutea S albus and P nurabiis at a density
of approximately 3 x 10° CFU/ml, were m-
cubated for two hours with semal diluboss
of ampiaslin. CFU were determined, and
after incubation with apyrase and extratbon
with H,SO, intracellular ATP was asayed.
Fig 4 shows the cloae correlation between the
decrease in GFU and the decrease in mtrace-
lular ATP levels with increanng concentra
tions of ampicillin MIC values correspond
to ampicillin concentrations with pronounced
effect on intracellular ATP
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contemt roten o ampscrl it
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Fig 5 Dose/revponss relationship of the effeet of

ha on acc I of Tular ATP

n cultures of § [utea ATP was dnmmdu-‘f:'
2 h incubation without preceding apyrase

ment or extraction with H,80, Bactenal content
utbebemnnmgdlh:nptﬁmmllﬂxla
CFU/ml Extracellular ATP level 1 » controd
alter 2 h ipeubanon 31 x 107 A Arrow -
cates MIC  alue obtaned by the broth dilatont

techmque
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The dose/rapame rehtomhp of smp- 37 C,

allin concentration and cxtracelhler ATP
teeels m cultures of S Intes way exammned
m the experment deprcted [n Fig. 3 The ac
cummuletion of extraceliular ATP takes place

a

el of ntracelular ATP
Fy 4

The relatomhip between effects of ampl-
alin on intracellular ATP and ampicillin
mateptiblhity 1n a material of 68 climcally bo-
lated bactena u shown i Fig. 6

Nutoent broth contaming 10 ag ampe
oflinfml was ipocolated with overmghe el
tures of the climeal holates 10 & fina) deaxity
of wpproxcmately 1 x 10° CFU/ml. Controh
witheart aopicilin were Inoculated smoudrane
outly Followmg wncubation for 2 hours at

ATP was & ined in
all cultures and plorted a3 percentage of
controd valoew. Inhihetory rone dometets were
determuned by agar dilfusion techmque (3)
with discy contaming 10 ug ampicillin,
Drvivion of the materml 1nto growps of low
mtermedmte, and stroog effects oo ntracefhu-
thTPkwhnm-rﬂ-mmlmp-
Glin mnceptibility expresed a3 whilvtory
zo0¢ dametinn.

DISCURSION

The results of the present study fodicate that

occurrence of extracelluiar ATP and effecty
oo intracellular ATP levels and cell vuabikry
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The effects on intracellular ATP are ohserved
at ampicillin concentrations below MIC val
ues of the bacteral strums tested, and are
possible to reguter within approximately two
decades of ampicillin concentration

In S lutea the ellect of ampicillin on intra
cellular ATP levels was shown to reflect a
leakage of ATP presumably as the result of
roembrane damage. However 1n many bac
teral struns accumulaton of extracellular
ATP may be prevented by the presence of
ATP-ase actnaty

Luciferase asay of ATP 1 technucally
sumple and the rapdly observable effects
of ampicilin on wntracellular ATP levels ful
fill the technical requrements for a rapid
susceptibility testing method The close rela
tronship of antibiotic effects on viability and
intracellular ATP levels, and 13 connection
to MIC values as demorstrated 1n the model
expeniments, mdicates a possibility of desig
rung a susceptibiity testing systemn based on
luciferase amay of intracellular ATP

The resulty obtamned mn a chmeal matenn}
(shown 1n Fig 6) mdicate that 1t might be
practicable to utilize thss approach for rapid
grouping of organisms according to antibio-
tic susceptibihity Further work will be di
rected townrds investigation of the chmical
relevance of susceptibility groups based on
assay of mtracelfular ATP

The technique rught alio be useful for
determmation of antibiotic Jevels in chnjeal
wpectmens, uglmng the linear part of curves
such as those shown mn Fig 4 Studies mmed

at explonng the practicability of these ap-
plicatrons have been imtiated and observa.
tions have been extended to include svenl
bactenal strams and antib-otics with different
modes of action,

Thus work was supported by the Swedisk Board
for Techuscal Dere opment

The skilful technical anbtance of M Maad
Karlyon and Mn. Axz-Cherlsite Encooon o grate-
fully acknowledged,
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Onc of the commoneyt methods med m the

LACK OF MEASURABLE
COMPLEMENT FIXING ANTIBODIES AGAINST
VIRAL ANTIGENS

Hrirv Roxy, Serro Prangsey Opo Wacme®
and Kant Porroas

The Memcipel Bacteviokogical Laborawry Asora Floepital, Heldakd, Fialend

Ruky, H Pyrblosn, 5 Weger O & Pentmen, K. Luck of mesearable eomplement
antbodics agaiast el sntgens Acts path. merobiol. scand, Sect B 83 167-173 1977
A wrslogical and chujesl study wes performed to find the cormmon features of 130 pstiaats
wibeut, axtihodics agatost 11 or mors different antigeas in the complement fsten (CF)
s Thase patients (= L6 per cent) were Giscovered during the sreening of 8,071 sdalt
panents. Rivyamamid f3ctoe(s) (RF) were found in the sera of 119 of the padents [n the

CF

caars wmi apparentdy doe to the [nhibltory effect of RF( ) v the CF test. Thit was
1ndweated by a posling reacton in CF afuer cntrifmgal wpwrnaten of I3 and IgG fractions
and aho by the datechom of sxthodws tang Imowodilfodon method. Posmlible kemmna com-
pPlrta were sought wing the platriet aggregaton test, which was paithe for the sera of 47
(= 37 per cent) of the petwents, The culcal diagnots of the 130 CF-nonresctors was rhem-
matod anhrics (RA) (ARA costeria) m 13 exsme 334 polmonary disesses in 65 cases. Sx &
conparison growp of equal ma there were only 3 RA patwnis and 15 whh poboouary d-
e, RA we tbo found b 20 per ceat of the RF posithe CF-naorescting patients, Ta the
comeparon growp of 37 RA petexs 8 CFemmreacins wers found (= 13 per cont) This
megrests thar the effect of RF( ) from RA pebents i CF reaction anes grestly

Fey words Cosplempent foxing entbodes  rhrumatold factor viral antbodbes Fe part.

Rl Raks, Departosat of Virology Ushersty of Heliall, Hesrtmaalokam 3 SF-00290
Hetmald 29 Finland
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cases were analyzed umng vanous tests for
rheumatod factor and the platelet aggrega
tion (PLA) test which has been used to
detect immune complexes (IC) 4)

TABLE 1 Age Ditnbution of the 130 CF \ox

reactors
Age Number of cases
(yeant] Male Female Total
20-29 8 9 17
30-39 17 5 17
40-49 13 5 18
50-59 14 14 78
60-69 13 16 29
70~ 10 11 21
Total 70 60 130

MATERIAL AND METHODS

\fateral

In 1972 pamed serum samples from 4 735 mb
Jects, and in 1973 from 6640 were sent from Fio
nah hospitals and lab to the D»
of Virology Univenity of Helmmly, to be screened
for viral antibodies. 8,021 paires were from adobs
{over 20 vean old) and these sera were stodied
farther The age distribution of the 110 CF-nax-
reactors found 13 sthown m Table 1 When the sge
dutribution of the 130 CF nonreacton b co-
pared with that of the 7,891 CF-reacton, there
was no sgniffcant difference in age dutribunos
between the two male groups m the female groaps,
however CF nonreactors were clustered amoeg the
over fifues {Table 2)

The diagnoss for the patlents were obtamed
from bhospital records. When a patient had beea
fiven severnl chneal dugnoses, he was placed m
one of the following main groups rhenmateed ar
thritls, other “coonectne tussne™ discases, hypo-

TABLE 2 Percentual Age Distribution of the Subpects orer 20 Years whose Sera 1 ere Seut for CF
screening Test and the Age Dutribution of CF-monreactors

Percentage of total m each age group

s 2029 30-39 4048 3059 6089
(yean)
All subjects s .
Female (CF noareactors excloded) 4314 26 19 14 15 4 I
CF nonreactors 60 15 8 8 23
All subjects 0
Male (CF non-reacton excluded) 1577 16 16 20 18 fg "
CF nonreactors 70 10 17 19 20
TABLE 3 RF Serology of CF-rorresctors and Control G onps
Clnical Bood
I CF CF noareactors with Total CF Rheumanhn:d Mnm
A gureactont oid arthrith ponresctory & (
(130) Rhmfag)' RAewladed (57 L
RE ten Ther No. pout / * No post,/ % (189 (Conlr;-\l groop)
1
No tested No. tested % podt. & pout & po
Latex 82 (21,3) 9t 0 92 3
=8 (106/130) 2
=32 (80/130) 62 (19/23) 83 5;' gjz .
=128 (7/130) 3 (3/23) 1 2 & :
Waaler =16 (55/125) 44 (18/21) 7: 6 b H
Rose =512 (16/129) 12 (8/23) 3 3 s 5
Ripley Z 16 (92/120) 77 (19/20) as I o s
B.wan &0 el 5; (llm)) .?; 3 91 6
16 (92/120) 7 ( 3 :
zzuz (46/120) 38 (17/19) %0 29
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TABLE 4 Dusect Platelet Aggregation Test

No positne/ %

No. tested

CF nonreactors 47/130 36
RF pontrve CF-nonreactors  40/113 35
RF negatlve CF nonreactors  7/17 41
CF noareactors with

rheamatold arthritis 12/22 33
Clausical rheumatond

arthrnitis {(companeon) 10743 23
Blood donors {comparison) 17127 <1

11 CF nonreactive Rheumatord
Arthntis Patients

23 { = 18 per cent) of the 130 CF non
reactors fulfilled the ARA entena for defimite
or classicnl theumatod arthnius (RA) (9)
Five patients had clamical RA the othen
definitt RA The CF nonreactons with RA
showved positrve RF reactions in all RF tests
more frequently than did the CF nonreactors
without RA (Table 3)

III RF Actiaty 1n Comparuon Groups

We compared the above results with those
of 52 patients from the Rheumatord Founda
tron Hospital Heinola, who fulfilled the ARA
cntena for clascal rheumatord arthnt (RA)
(RF serology 1 not included among these
cntera) There were 3 RF neganive and 8
CF nonreactors (= 15 per cent) 1n ths
group The CF nonreactons were all latex and
Waanler Rose positine Clamcal RA patients
showed poutrity 1n the RF tests sigmficanthy
more often than did CF nonreactors (in
cluding RA pauents) This difference was
evident at all titer levels of the Waaler Rose
test and at high tters of the latex and ba
boon tests.

The second comparson group consuted
of 117 blood donors whose RF tests gave
faurh negatrve results compared to the other
groups studied as shown m Table 3

Il Platelet 4ggregation Test (PLA)

Because a large proport on of the CF non
reactrve sera contamed mexsurable RF  the
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presence of IgG immune complexes m the
sera was also to be expected (13) As IfG
complexes have been shown to cause aggreg-
ation of human platelets (6) the sera were
tested for platelet reactivity A higher thm
notmal incidence of direct PLA. actnaty
{Table 4) was found in all the vanous groups
tested, 1rrespective of the presence or absence
of detectable RF actraty

IV Determination of Antibodies by the
Immunodiffusion (ID) Techmque

Antibodses against adeno or influenza virus
were studied from 41 CF nonreactne sm
with the immunodiffus on (ID) technique
Each of these sera had antibodres agamst one
or the both of these vinues. Four sera with
high antibody titers aganst adenovirus anf-
gen in unmunodiffuron were centnfuged on
sucrose gradients, After separatson of the £330
from IgG antibodies, adenovins antibodies
could be shown m all the sera also with the
CF technique

11 Clnical Diagnosis

Our CF nonreactor group included 23 RA
patents (3 1n the comparison group) 5 p2
tents had  hypognmmaglobulinacmua (=
agaimst two in the companson group) and
two of them had measurable RF The -
ber of vanous pulmonary drseascs was high
65 out of 130 patients had some kind of pub
monary discase compared to 15 in the com
parison group. Table 5 shows
pulmonary disease group because 12 patent
ahohadRAnndrerm.mﬂg]Ohadwmf
other mamn group” diagnoses.

Among the CF nonreactors, but without
RF actnaty there were also 3 patieni’ with
M-components two IgA and one 1gG One
had IgA myeloma, but no myelomas have
been found in the other two 30 far despite
intense hospital examinatton. The three p¥
trents were RF negative and had a positve
PLA. reaction. Tno others without RF n
thesr sera had hypogammaglebulnaems. but
for the remaning 12 subjeits no peafic ex
planation could be found for their CF non

rencinitly



TABLE 5 Cluscel Disguesls

Aaterial Comparison growp
Make Female pLE Female
Rbeanuatoid artbnus 10 13 1 H
Counecth e dwetues 3 7 ;
s t 5
:{Llh’hlnl 1 % i . 1
Prkoonary dwesaes  Total ao 43 v
1 ] ] i
Acrty rexplratony miection,
scate browehitis I + 2
Tubercolons 1 1 2
Plexriey 3 Ed
Oxber palironsry disesses 2 3 1 1
Acute rafetrions 13 12 15 7
Chrome imfections or perod afier the
wlecton proper 3 i 4 1
Oty dweaes 1 e 3 2
Total k) 0 ™ [
DISCUSIION bave . - { for o N

\\trrpatuttmiyu(lﬁ)ldnhpnncnn
smoog whom oo il anubodies could be
detected © CF screening testy with 11 or
mware viral antgers. Such sera were found
A abour 16 per cent of Al 23wt sera pezr
© our haboratory The maternl partally
oreriaps with the 41 patents studed earher
(3) but the percenmge of CF-poareactons
o sbghtly higher Many of the viral doegses
sertened for the CF int are known 1o be yery
common, and CF antdbodiet sguimt them
mﬂlnagemunbe[mndln-hrgeptu
porbon of sduls In fact, if 80 per cent of
wdols have anthodes meenmble m CP
lpmd:mqmdm;h,mump;,m.
fucnza, herpes, ademo and o omegalo
truses, the probabuhty of samevoe lacking aff
l}mennhbodruhn\:unlmu,m:lO[
m&ammmhmﬁu(}rma.
Pha:omm_hduﬁydepmd,on

the Inupal dihyon ol srmn wed m the
Uboratory and the bordertine between reac
mtﬁmemhmhm For
mndtbnmdﬂ\mo(-mmn',b,
pautrve for oos antgen.
Low \mal anthody tten in the CF 1oy

paonent. Detertable antibody tiess have been
bwer 10 rhewmatoed patlents than in the
cootral subjects tested for herper sanplex,
measles and mumpe antgem (12) Smidey
X Gary {11) have studred herpes
sdeno,

than m RA patents with RE (3)
A luge propocton (87 per cent) of the
C}"*mmmzmbndmbb RE()

st nere RF(s) posirve 1n the
Tha mzp;ba tat RF(s) may

crease “true™ antibady arers



CF viral antibodies were found in the IgG
fractions. Absorption of RF(1) with heat
aggregated IgG converted CF nonreactive
sera into sera which reacted wath some of the
antigens tested (5)

In the series investigated there were 17
sern which did not have measurable amounts
of RF(s) Explanations other than RF(s)
must therefore be considered as the reaton
for CF nonreactnity in these coses. Among
these 17 patents, there were two patients
with  hypognmmaglobulinaerua  and  three
with M-components, which may explain the
CF nonreactvity of these sera The remaimung
12 may by comadence lack these antibodies,
or factors other than RF(s) may interfere
wath the CF reaction.

It 15 known that one prerequusite for the
production of RF(1) 1 appearance of IgG
immune complexes. When these sera were
tested using the PLA. test, which 1 known
to measure ICs, a pontive reaction was fre-
quently found (Le. 1n 37 per cent of the sern)
We do not know how frequently the PLA.
reaction was due to ICs proper and in which
sera there were other platelet stimulating fac
tors such a3 aggregated IgG antiplatelet ant
bodies etc. From sucrose gradient studies, it
n evident that at least some of these PLA
reactions were due to ICs.

The Fe part of the IgG anubody 3 known
to induce platelet aggregation as well as to
contan the binding site for RF and CF Some
punfied RF{s) can effecuvely inhibit the
IgG immune complex medwated PLA. reac
tion and abo firatron of C by IgG com-
plexes. Consequently 1t could be expected
that sera contuning RF(s) would not induce
PLA reaction and could inhibit CF The
presence of both RF (1) as well PLA. actvity
and CF reactity concomutantly in a serum
could be expluned by asumng that the pa
tients own RF(s) are ineffectve mn some
mteractions with the Fc part This may be
due to varied specificities, affinities or relatrve
amounts of the reactants. Because of our
selection the present series contains sera with
RF-specificits agaumat that doman of the

Fc part in which a complement fixaton ute
15 Jocated

The practical mplications of the preent
study are that the RF(s) 10 tera must be
considered senowly when studying CF vinal
antibodies. This applies to both routie diag-
nostic laboratory work and seroep.demo-
logreal studies with RF(s) contunmg sera.
The senies presented shows at Jeast some cases
of nfectrous duseases, such as the five cuses
of serous meningit,, 1n which the actiologxal
diagnoss might be masked bv RF(s} To
avoid muleading titers, the RF(s) should be
removed prior to testing by absorphon of
RF(s) from serum with aggregated human
y-globulin (12) or with kaohn (2) er du-
ruption of IghM RF(s) with 2 merapo-
ethanol. Comparatrve studies unng different
methods should also be performed.

From the chimeal pomnt of view 1t & mtef
esting to note that about half the patents
in the present serres had pulmonary diseases.
This wncdence was fourfold higher than 1
the comparson patients. Previowly » hay
been shown that in some pulmonary dseascs
e.g chronic bronchitis, tuberculoss and ahe-
ohtu, RF(s) are frequently found (1) Ab-
normal pheuropulmonary changes have been
shown by x ray exammation to be twice &
frequent among reumatod patients with
high tters of RF(s) as among those RA pa
nents without RF(s) (10) Thesc findmgs
may akto suggest that RF(s) have some m
munocpathogenic ugmificance.

Further evahuation of the funcuon ol
RF(s) 1n varous mfectious and pulmooary
disenses wall be revealing Nonexutmg or ve}
low titers of CF antibodies are indicatve of
an immune complex mediated systezuc ds-
ease the development of which may be diffi-
cult to dutinguish from acute infections.

Thus work was supported by grants from the Surd

Jusilins Fonndetion and the Finuuh A-‘l:!;kr;
We

lr:;p/:ol' RA sera from the Rhsumatoud Founde

tion Hospital Techical amistance of Mr. Azje
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BRIEF REPORT

THE TESTING OF THE ANTIBIOTIC SENSITIVITY
OF BACTERIA ON AN AGAR MEDIUM
THE PROBLEM OF A DOUBLE ZONE OF INHIBITION

N Aorkeala and T ] Pekkaren

Department of Food Hyglene College of Veterinary Medicine Helink, Finland

horkeala, H & Pekkanen, T ] The tesung of the antiblotic sensthity of bactera @ an
agar medium  The problem of a double rone of inhib tion. Acts path. micrabiol scand. Seet
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When the sersltvity of Microcoscus Ixtexs ATTC 9M! © streptoenycin,  erythroeman,

aleandamycin and sprramyein was tested by an agar diffusion roethod unog antiblouc iw
rones of inhiation were

pregnated fliter paper duks on unbuffered Penamay Seed Agar two
obaerved around the duks after an incubation period of 24 bouns »t

Af Iutens seeded Pensssay Seed Agar was measured before an
30 C and found to be 66 and 87 respecthely \When the Pensuay Sced Agar wis bul

30 C. The pH of e

d after 24 hours Incubation at
fieted

to pH 6 1 and the sensitivty of the microbe to the antibioties was texted s before no

rones of Inhibition could be observed. The phenomenon of the d
poesibly be due to the pH increase of the medium from a relatively

ouble sones of inhihitlon may
fow level to the optinmum

range of activities of the anublotics dunng the Ipcubation period
Kkey words Senutivaty tesung antibloues elfect of pH

H Korkeala, Department of Food Hyglene Col

Recehved 1 vil 6 Accepted 42 xu.76

The sen ltmty of Airocose 1 [wtens ATCC
9341 to streptomyan erythromycin oleandomycin
and spiramycin was tested by an agar diffumion me-
thod { ) using satibotic impregnated Dlter paper
diks (Schleicher & Schull Dawel (TR, © 127
mm) on Penasay Beed Agar (Difco Iaboratories,
Detroit Mrmchgan USA ) The potency of the
dusks way s follow streptocoyan 40 ug erythro~
mycin 20 gg oleandomyein 50 gg and spiramyTin
80 pg per duk The mze of the inoculum was the
same throughout the expenupents, 02 ml of & bac
terial suspemion contaimung about 3 % 10% colony
forming units per ml The mmmum mnh bitory
concentrauon (M TC) of the antiblot es sgwnst
the microbe was determined by & plate dilutlon test
(1) The results are presented in Table 1 The
microbe way alo tested for inducible erythromycia
resutance (3) and found to be not reautant

174

lege of Veterinary biedicine Heldokl, Fmland

After the full Incubation period {24 houn 3t
30 Q) two rones of inlubltion were awan
sened around the antibsotc-fmpeegnated filter-
paper disks Thzmm.mmcd.uulyuwﬂdlh‘
sample was clear without vible growth of B¥
tena The wecond perlpbenlmmnummdb«lh
clear rone tbowed bacters! gmulhbm:vuld\l
clearly distinguisbed from both tbe
and the mner zons (Fig 1) The tno zo0cs BT
ooat cheaxly e wround the streptomycla diks.

seutnaty of the microbe to penscillin and tef”
cyclives was umilarly tested, o
011U and 40 gf tet

The r;'[ucglm\he M lutexe ATCC 8341 recded
PemnySechprwumcumddmﬂhw"
incabation st 50 C in & 30 wl decanter I whch
menprlrcmtbcprmdkkmmlncndnnd&
luwed with & few draps of dutilled water The pH



» fousd 1o be &7 Befors meubation the pH

wu 66 The satimucroblel pH optimem of sirep-

toryein ds 7380 and that of macralide antblo-

e over B (4) The compondiag pH opmes
Is abowt 4-6 xod of tetracyehnes ahout

$166 (4 2)

Ve thought that the presence of the tno sonet

aath-otsc there o lower than m the ceatral arva

TABLL 1 The AMLC <alwes (ng/ml Subrrate)

[ e fubbetet agaonst Microcoeoss lutens

ATCCIOM! oa Pexensay Sord dper Ushufiered
ad Buffered ¢ pH 61

Penmsay Seed Ager
Uabuffered Baffered to
PHEL
Streptoyan 320 1230
Rrythroeycla 003 010
Oleandanny cun 200 400
$panoyun

T | Ta mbintion somes of the growth of A,
recescus tatens ATCC 9341 ow
A aher M hown

STeplomreln fato the
*5 2 hows &t 4 (,

for the phane

mﬂnmhnhnbenmmh&hw
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MICROBIAL AGGREGATE CONTAMINATION
OF WATER LINES IN
DENTAL EQUIPMENT AND ITS CONTROL
J Kesmwr T D Foxom Nosox and ] Trmase

D of logy and Electron
DK-8000 Asrbus, Denmark

Royal Deztal Collegy

Relitrup, ] Foender Nuloen, T D & Theilads, ] Microbal agprrgate contamination of water
\aex m deutal epupment aad s control. Acta path. mcroblol. acand. Sect. B, 85 177-183
1977

Wmmmdﬁmdmhhamminedmdlamdmhﬁmd,haytﬂh(

) 4. 4 'y
Alcatigrses Flaobactermom, and Metarelle (?) Remora] of ederoorniany from the wall

of the tublag wis effecthraly sccooplobed by rindag with e noo-corroeh  mlwtion of 4 per
ceat Twers 30, coloured with Powcmso 4 R

Key words Comtaminmted water Unenj fungt bacteria dental clfmles,
] Kelstrwp, Royal Dextal College, DK-3000 Aarhrs C, Denmark.

Rece. ed 10?8 Accepred 10xL76
It o & phenomenon of profound oecological
dgmilcance

that certam

m dental equipment and tap water of plog
of aggregated microompanoms which coukd

micr

ad s %

mcludmg nov-epiphybe mecrobes, attach fo i

sohd gurfaces and bulld up mawes generally
conmstmg of different species of organmma
(2) In some cases the attachment of mi-
crobes may cawe abnomows problenu. An
erample s the octurrence in wtility water of
mucrobéal prodocts and flocks of mico-
organois, derned {rom o yer of mcrober
anbelnmuw:ﬂ:u{‘mptpamdmbu_
Thu communitation describes the presence
B A path mirrebnel. e St 1, 83,3

clogrng of the water

Plym'-bﬂfqdpmmintdmdwmu'ope;nw
my roors. The occurrence of mucroocganums
un\hcmtcrmlnnbcedmmx,md
tubes waa demonmirated and & characteria-
thon of mittobes present within the aggre
e ws d Belected 6




MATERIALS AND \fETHODS

Samples Materal was obtuned from the water
supply syatem of the Royal Dental College, Aarhms
and from dental clinics in that and other cities.
The samples were obtuned from the inner walls of
polyvinyl chlonde and polyethylene tubes of water
requinng dental equipment, from the water of such
tubes, and from cold water tape Flales of “din™
from water were collected on filter paper and kept
mout in plastic bags durlng transport. Water from
the dental school was recened and inspected at the
laboratory leas than an hour after sampling  all
other samples were wmally Inspected within a few
hours and at any rate within 24 hour.

Light axd electron microscopy Vet mounts of
the samples from tubes and water were examined
by phasc—contrast microscopy For electron micro-
scopy the samples were suspended 1 a fen drops of
dustilled water and duntegrated with a platnum
loop. With the same loop a portien of the suspen-
son was transferred to carbon reinforced Formwar
coated grids and allowed to dry The grnds were
then placed on drops of the solutions wed for
negathe staining. Each drop was placed on dental
wax. The grids were remorved after 20-30 seconds
and excew solution sucked away from the gnds
with filter paper after which the gnds were air
drned. The stalolng solutions were esther 10 per
cent ammonium molybdate, sdjusted to pH 70
with NH,OH, or ? 0 per cent phosphotungstic acad
adjusted to pH 70 with KOH. The gnds were
examined in a Ptulips EM 301 electron micro-
scope operated at 60 kV

Caltipation The samples were homogenzred 1n
0145 M NaCl in glass tosue homogenurers with
teflon pestles and cultivated on agar plates, Growth
media were Tryptcase Soy Agar (Balt Biol. Lab.}
for bacteria and Sabauraud Dextross Agar (Difco)
with 20 Lu ilin and 40 ax p per
ml for fungl, such rather nch media belng em-

A concentration of 40 xg/1 in order to male the
hquid easlly visdble The corrose effect was teged
by leaving test piecet of bram wire in the s
tions for 18 houns before Inspection mder a &
secting m pe at 25 % i Conr
trols were Lept in water or air Before bemg wed
In the corroton test, the wire was clraned by
immersion 1n 66 per cent HNO, for 10 1, rased in
water and finally dred,

RESULTS

The water samples obtuned from dentl
equpment or from cold water taps at the
clinies were often grey or brown and had a
foul odour and bad taste. The inner walls of
the water pipes and tubes examned were
covered with a layer of black or brown mate
nal which appeared to consat of fung and
bactenia when examined 1n the phase-contrast
microscope, Similarly the flales present 12
the water contained these types of organmmt
The flakes were blach or brown and wer
difficult to dmntegrate. Often they had denst
centres so that details had to be studied at
the perphery where fungal hyphae and
spores were seen together with numerous bac
tera some of which were motile (Fig 1)
Electron mucroscopy The resuls obtawned
with the two negative stams used did mot
differ mgnificantly Numerous microorgat
sms of different types were scen n varying
degrees of presemanon (Fig 2 3) The
mucroorgunisms were often surrounded by
a fibrllar network and had a morphology
correspond Dtomtherfu.nga!h)-ph:}em'lm‘

ployed 1n order to mjured k
(1) The plates were mncubated 1n molst air at
room temperature or at 30 C from one day to
several weeke Selected colonres were isolated and
The fung from these were idennfied at
the Mycolopeal Department, Statens Seruminsutut,
Copenhagen and the bacteria at the Insutute of
Veterinary Microbiology and Hygreno at the Royal
Veterinary and Agncultural Um eruty Copen

hagen.
Additional procednres Remonal of matenal ad
henng to plustc tubes of dental equipment was
attempted by treating 1 cm Jong pieces of tubing
on a whirimixer for 30 s in 20 ml duulled water
contmmng 1 0 per cent sodium desoxycholate, 0 04
M cthylenediamine-tetraacetate (EDTA) 70 per
cent NaCl, 10 per cent HyOy, or Tween 80 in
tions up to 4 0 per cent. The dye

varying coocentra
Ponce:u{Rwu.ddcd(olhElduucumcdn

tena (Fig 2 3) The bactena found were
mostly short rods, but occasronally cocty,
and 1n a few mnstances spirochetes were sect.

Some bactenal rods appearced i cham
surrounded by theaths. The sheaths some
times showed a substructure of nngs about
12 nm 1n dimameter arranged 1n a
pattern (Fig 7) Other bactena had Jorg
projections (stalhs) at one end (Fig 3) and
crou stnations were evident mn some of the
stalks (Fig 6)

Between the microorganisms, matenal was
found which contamed long curved fila
ments with a dmmeter of 15-20 nm, resem-
bling bacternial flagellas (Fig 3) Strarght



>
-

&
LY

Fig | Phuecoatras

fung proved to beloag to the genera Clado-

ponum C phalosporium of to be urspes-
fed {ilamentous furgn. Eleven bacttmal mo-
lates were weonfed as Prwdomonas (noo-
floorescent tcromonas Aanciobacter Al
aligenes  Flarobactenwm and  tentatnely
Moraxclla Thws, with the excepton of a
nogle uram of Voravelle (?) all polates
were typ.cal water or sl organkans, nooe of
=~

"}.

mucrograph from the perphary of flake obtatned from tap water Nuwmerow bec
tera mtermmgled with fungal byphss (A) sre semn ba the amre of the
ibesth-forming becterin Thewe

bectrria are sttsched to fungal kyphee. Magaificsion X

1)

s

Sorme beckena

which are pormally encountered m the ho-
roan moath,

Rmang of tuber Mucroscopy of the mate-
ml obtaned {rom the mner walls of tubings
of dental equipment showed as stated earler
that ot conssted of aggregated microorgan-
. Rinung of the tubes was consequently
attempted wath vanow Jnown
to mter{ere with {orcey mvoleed in microbl
adhenon and aggrrgation (13) Only desoxy-
cholatr 1,0, and Tween 80 were found
to be effectrve, and Tween 80 in 2 high con-
centration (4 per cent) proved supenor Thn
solution wax found to be Jess corrosve than
water and 4 per cent Tween 80 with 40 pg
Poaceau 4 R per lire (TPR) was therefors



MATERIALS AND METHODS

Samples Maternal was obtained from the water
supply syitem of the Royal Dental College, Aarhus,
and from dentsl clinles in that and other citics.
The samples were obtained from the inner walls of
polyvinyl chlonde and polyethylene tubes of water
requning dental equipment, from the water of much
tubes, and from ecold water taps. Flakes of “dint™
from water were collected oa filter paper and Lept
mout in plastc bags dunng transport. Water from
the dental school was recelved and mspected at the
laboratory e than an hour after sampling  all
other samples were wually Inspected wathun a few
hours and at any rate wathin 24 hours.

Light axd electron microscopy Wet momnts of
the samples from tubes and water were cramined
by phase-contrast microscopy For electron mcro-
scopy the samples were nupended 10 a frw drops of
distilled water and dnintegrated with a platinum
loop, With the same Joop a portion of ths suspen
alon way transferred to carbon rewnforced Formrwar
coated grids and allowed 1o dry Ths grds wers
then placed on drops of the solunoms used for
Dpegative staining. Esch drop was pleced on dental
wax, The grids were remoned after 20-30 seconds
and cxeen solution sucked awny from the grds
with filier paper after which the gnds were air
dried. The stuning solutions were either 1.0 per
cent ammomum molybdate adjusted to pH 7.0
with NH,OH, or 2.0 per cent phosphotungstic acid,
adjusted to pH 70 with KOH., The grids were
examined in a Philips EM 301 clectron miao-
scope operated at 60 kV

Caltiration The 1amples were homogenmed m
0145 M NaCl In glas tussue homogenmers with
teflon pestles and cultivated on agar plates, Growth
media wers Trypticase Soy Agar (Balt Biol, Lab.)
for bactenia and Sabauraud Dextrose Agar (Difeo)
with 20 Lu. Icilin and 40 xg in per
ml for fung such rather nch media being om-
ployed 1n order to rennatate injured orgunisms
(1) The plates were imcubated 1n mobt air at
room temperature or at 30 C from one day to
several weeke Selected colonies were isolated and
purified The fungl from theso wern dentihed at
the Mycologrcal Department, Statens Seruminstitut,
Copenhsgen and the bacteds at the Insutute of
Vetennary \Microbiology and Hygene at the Royal
Vetennary and Agncultural Um emty Copen
hagen.

Additional grocedures. Removal of mutenal ad
hering to plastic tubes of demtal equpeent was
nnunprcdbyuuuulan}an;p:ccuoltulnng
on a whirlmuxer for 30 5 1n 20 ml distilled water
cmmnm;lOpercemwd.\mduuvchdne,Dm
M ethylenediamne—tetrancetate (EDTA) 20 per
cent NaCl, 10 per cent H O,, or Tween 80 In
unn;cm:mmuomupta40pcrcm1.1‘hnd)e
Poaceau 4+ R was added to the salution weed at

8 concentration of 40 xg/1 1n order to make the
Lauid eanly vidble The corrouve effect was teted
by leaving test pleces of bram wre In the miv
tons for 18 hours before 1spechon mnder 2 da
sceting microxcope at 25 X magnificanon, Con
trols were Lept in water or ar Before beng wed
in the corroson test, the wire was clezned by
ummenfon 1n 66 per cent HNO, for 10 4, moed
water and finally dried.

RESULTS

The water samples obtaned from dental
equpment or from cold water taps at the
clintcs were often grey or brown and had a
foul odour and bad taste. The mner walls of
the water pipes and tubes examuned were
covered with a layer of black or brown maie-
nal, which appeared to consst of furm and
bactena when examuned 1n the phase-contrast
microscope  Similarhy the flales present m
the water contaned these types of organsme
The flakes were black or brown and wer
difficult to dmsintegrate. Often they had dere
centres 1o that details had to be studied 2t
the penphery where fungal hyphae and
spores were seen together with numerows b
tena, some of which were motile (Fig 1)

Electron mucroscopy The results obtamed
with the two negatwve stams used did not
differ mgmificantly Numerous microotgar-
wms of different types were scen in v2IJiE
degrees of presenvation (Frg 2 3) The
Ducroorganums were often surrounded by
a fibrillar network and had a :}lz.amphnﬁf

to eather fungal hyphae or
ml’;d";,g 3) The bactena fourd were
mostly short rods, but eccasonalh cocch
and 1 2 few instances spurochetes were seen.

Some bacterral rods appeared 1 chuns
surrounded by sheaths, The sheaths some-
times showed a substructure of rngs about
12 nm in diameter arranged 1 a hexogonal
pattern (Fig 7) Other bactena had loog
projections (stalks) at one end (Fig 3) and
cross stnations were evident n some of
stalks (Fig 6)

Between the mrcroorganusms, material wat
found whick contaned long curved fi-
ments with a dameter of 15-20 nm, resem-
bhing bactenal flagellae (Fig 5) Strasght
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bectera

thin flaments w th 2 dumeter about 3 nm
were obeerved 1n some regrons. These Dl
ments thomed a tendeocy to aggTegate 1o
bundles (Fig 4)

Cultiration \Deroorganmot demned from
water amples obtained from eght dental
umn were examiped. Eghteen uolates of
fung: proned to beloag to the genera Clado-
ponem C phelosporrem o 10 be umpec
f.ed filamentows fungl Edevrn bacteral bo-
lates were Wentified ay Pendomonar (non-
fhiarescent?  eromonar A nctobacter Al
elpens Flacobartenium  and  tentatrvely
Moratrlla, Thuy, with the excepton of a
ungle strmn of Morevells {?) all uwolates
were typ.cal water or woil organmms, none of
3

are attached to fengal byphae. Magndicaton x

which are normally encountered 1n the ko-
man mouth.

Rimaeg of tubes. Microswopy of the mate
nal cbtained from the inmer walls of tubings
of dental equipment showed, as stated earber

compourids known,
o uterfere with forces mohed in microbial
adherion and aggregation. (13) Only desony
cholate, H O,, and Twesn 80 were found
o be effectrve, and Tween B0 1 a high con
centratum (4 per cent) proved supenor Thh
soluton was found to be less corroaive than
waier and 4 per cent Tween 80 with 40 xg
Poocean 4 R per litte (TPR) was therefore
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MATERIALS AND METHODS

Samples Matenal was obtained from the water
supply system of the Royal Dental College Aarhus,
and from dental clmucs 1 that and other citier.
The samples were obtained from the inner walls of
polyvinyl chlonde and polyethylene tubes of water
requinog dental equipment from the water of such
tubes, and from cold water taps. Flakes of “dirt

from water were collected on filter paper and lept
maist 1o plastic bags dunng transport. Water from
the dental school was receised and inspected at the
Isboratory less than an hour after sampling all
other samples were usnally inspected within a few
houns and at any mte within 24 hours.

Light exd ¢lectron mtcroscopy Wet mounts of
the samples from tubes and water were examined
by phasc-contrast mucroscopy For electron micro-
scopy the samples were nuspended In a few drops of
dutilled water and dhintegrated with a platnum
loop With the same loop n portion of the suspen
don was transferred 16 carbon reinforeed Formwar
coated gnds and allowed to dry The gnds were
then placed on drops of the solutions used for
negatine stalning Each drop was placed on dental
wax. The grids were removed after 26-30 seconds
and excews solution sucked away from the grids
with flter paper after which the grids were air
dried. The staining solutions wers either 10 per
cent ammonium molybdate, adjusted to pH 70
with NH OH, or 2 0 per cent phasphotungstic acid,
adjusted to pH 70 with KOH. The grids were
examined in & Philips EM 301 electron mucro-
xcope operated at 60 kV

Cultsoation The samples wero hamogeamed in
0145 M NaCl 1n glan nssue homogenizers with
teflon pestles and cultivated on agar plates Growth
media wers Trypticase Soy Agar (Balt Buol, Lab )
for bactena and Sabauraud Dextrose Agar (Difco)
with 20 Lu. lin and 40 ax per
ml for fungl, such rather nch media being em-
ployed [n order to resuscitats injured organirms
(1) The plates were mncubated in mowt ar at
room temperature or at 30 C from ooo day to
serveral weeks, Selected colomes were uolated and
purified. The fung from these were {dentfted at
the Mycological Department, Statens Serummnsutut,
Copenbagen, and the bactenia at the Instituts of
Vetennary AMicrobiology and Hygrene at the Royal
Veterinary and Agncultural Unnemmty Copen
bagen

Additional procedwres Remonal of material ad
hering to plastic tubes of dental equipment was
attempted by tresting 1 cm long pieces of tubing
on & whirhmryer for 30 5 In 2 0 m! dosulled water
containing 10 per eent sodium desoxycholate 604
M ethylenedumine-tetrancetate (EDTA) 20 per
cent NaGl 10 per cent H,0,, or Twern 80
varylng concentrations op to 4 0 per ceot. The dye
Poncesn 4 R was added to the solupon wed at

& concentration of 40 xg/l In order to tuake the
hauid easfly vuible The corrome effect was tesed
by leaviog test preces of bras wire m the win
toms for 18 hours before mupection wnder & &
secting microscope at 25 X magnification. Ca
trols were kept in water or sl Before be.ng med
mn the cotrodon text, the wire was cleaned by
hnmcmqninsﬁpercmz}ﬂ\’o,{orw;,rmdh
water and flnally dned,

RESULTS

The water samples obtamned from dentl
equipment or from cold water taps at the
clinucs were often grey or brown and had 3
foul odour and bad taste. The inner wals of
the water pipes and tubes examuned were
covered wath a layer of black or brown mate-
ral which appeared to comat of fung and
bacteria when exaruned 1n the phase-contrast
microscope. Sumilarly the flakes present in
the water contawned these types of organsm.
The flakes were black or brown and »ere
difficult to duintegrate. Often they had dese
centres so that details had to be studied at
the penphery where fungal hyphae 3nd
wpores were teen togother with numerous b
tera sorne of which were motile (Fig 1)

Electron mucroscopy The raults
vath the two negatve stams used drd mot
differ uigmificantly Numerous mucroorgas
ums of different types were scen in vanig
degrees of preenaton (Fig 2 3) The
microorgamsms were often surrounded by
a fibnllar petwork and had a morphology
cosresponding to exther fungal hyphae & bat
tena (Fxg 2 3) The bactena found wer®
mostly short 7ods, but occauonally cocth
and m a few mitances spirochetes were seef

Some bactenal rods appeared 1n chams
surrounded by sheaths, The sheaths some-
tirres shawed a substructure of nngs about
12 nm 1n diameter arranged 10 a h:mgml]
pattern (Fig 7) Other bactena had Joag
projections (stalks) at onc end (Fig 3) and
cros ariations wers evident tn some of
stalks (Fig 6)

Between the muicroargaman, material w2
found which contuned long cunved fila
ments with a dameter of 15-20 nm resem~
blng bacteral flagellae (Fig 5) Straght
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boa of several microbal geoera has been ac
compluhed by exploring their adherence to
ghlsc\ﬂ'l]rtctn!rml'hlhn\tfoﬂntdan
the adhesion and sggregaton of mucroorgan-
mms (4 3 7 14) and the subject has been
dealth with m defall by Brock (?)

The Lght and electron microscomcal o
munation of the materus] contaminating the
dental clime water and water pipes and
tubes rovesled thut 5t contafoed numerom
mcroorgantrs of vanow  worphologxal
formm. Tungp were prevalent in the aggre
gatey, mtermungled with bactens, whch were
mantly short rods Soott of them appeared
m chaios adhenng to fungal hyphae, and
enmmaton in the electron mrcrascope re
ealed that the rods were nurtownded by
aheatha, some of which displayed a charac
termise ultrasteucture Such orderly oy of
ubstructural ot have been

0 the cell wall or external sheathy of some
microorganmm (8) Bactenual sheaths may be

Furthermore  the examinaven demon-
strated rodsbaped bactena which md cefiular
protrunand with charactenute o wwra
bom, forming to descnipy of wtalked

bactera (12, 15 16} Tt s ugodicant that
such stalls may form stcky “holdfasn™ with
which they are able to adhere to salid sur
facen.

The matera] between the microorganmams
was seen to comzt of a Lhrillar substance.
Cunied fibrils with a diameter correspondimg
to that of bactermi flagelle suggest that
part of the aggregates were formed by flag
ellated bacterm or disintegrated spirochetes,
and that the shedded fllaments contributed
to the coherence of the aggregates. Other
filarents were thin and straght and might
represent fimbrine detached from arganom
such a1 Puewdomonas and Acmctobacter
which are known to posses fimbrlae (9 10)
The abimdance of mucrobu) mats may have
developed a1 & rlt of sevena) cooperatmg
cooditions  {}) The inmufficrent omounts of
nutnents avallable 1 the environment, and
(1) the relatvely low fiow rate In some of
the ppes and tubes of the water supply sy
stem of the ballkdmgs from which the mmples
were obtawned. It has been obwerved that the
mifute amounts of organ:c matter i natural
water show a tendency to be adsarbed on to
3 vty of snert sobd surfaces, and that

o tan sdhete o owh gar
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Fig 2-7 Elecuonm‘i:r:agnphu[mntcnxldmﬂumthnin}‘lgl’l'humumaluunmmﬂyumd
y or phasph acd.

with i

Fig 2 A fungal hyphace is seen to the left. Rodihaped bactena surrounded by sheaths are present at the
top and to the nght in the illustratwon. Protrusfons (stalls) from other bactena ase sen m the centrt
of the fisld. Magmification x 7,000 The bar represents 1 am,

Fig 3 Rodshaped bactera, one of which has & projection (stalk) at one end, Magnification x 9,500
The bar represents | am.

Fig 4 An aggregate of thin straight filaments each with o dumcter of 3 nn Magnification x 72,600
The bar represents 01 am.

Fig 5 Material including many long carved filaments with a diameter of 15-20 nm found between the
micrporgannm. Magnificaton % 31 500 The bar represenns 01 gm.

Fig 6 Part of hacter.al projecuon (salk) which evhib.s a characteriste cress stnation. Magnilc
tioa X 50 000 1he bar represents 0 1 xm.

wed routmely for rnung the tubings of teral that resembled microscoprcally the og-

dental equpment.
Contaminated atrotor tubes from more than
a hundred dental umts at the dental college
were rinsed The tubes were filled with TPR,
left for 2-3 hours, and subsequently washed
with 40 volumes of water by connecting the
tubes directly to the utility water hoses. Thus
rinnng removed large amounts of black ma

180

gregates of fungi and bactena previoutly
found 1n the water

DISCUSSION
It 1 well known that mncroorgamsms 1
nature tend to adhere to solid surfaces and,
m turn, to each other In fact pnmary sola
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K’-‘"P!&Fuhan{nTD Aggrer-
of aral wlth Famdactsrrom
md‘rﬂ-noml Bol. Buccale. 2 347-
362, 1674
Mermas H b Microbul flme ta pature.
Micrehios. 3 247 237 1974
Pd-lwnll..r & C hen-Basre a;'nu
[me strocture of stalked bacterls

the lamily Cawlebaciirioc oo ] Cell. Fiol. 23
387-607 1964
16. 5 kevidt | M & Stmner R. T The devek
opment of eellular palls In bactertz. ] Cell.
Bt e 423436 1966,
17 2aBel, C. E. Tha eflect of sold rurisces

wpon bacterial scthrty J Bacteriol 46 39-
5 1943



faces, where they use the orgame matenal as
nutrents (11, 17) Most hkely, a secondany
concentration of nutrents occurs on the al
ready adherent m crobes, thus leading to a
continued adhesion of m croorganusms (6)

In addiuon the water left stagnant in
dental chimes duning part of the day weel
ends or vacations provides excellent conds-
tions for aggregation and for growth of m
croorganusms in the aggregates. Only when
a sufficient flow of water 1s estmblished 11 a
loosely adherent slough washed off and may
then leave the sitem (6) and may for
example, clog up the narrow tubing of the
arrotor used by the denust.

The 1solation of mucroorganisms that are
natural mhabitants of water soil or both,
supports the content on that the utility water
15 the source of the contam nation. Probably
a layer of m croorganmsms 1s bwilt up gradu
ally on the nner walls of the water pipes
and tubes, and the mucroorganums of this
layer could be responsible for the foul odour
bad taste and the mmcrobual flocks

Fortunately the problem can be overcome
by sumple measures, Effective nnung can be
accompluhed by treatment with + per cent
Tween 80 so'ution in water The pousibility
of dupersing aggregated microorganisms by
non ionic detergents bas been reported pre
viousty (5) In our hands, the Tueen solution
with Ponceau 4 R added (TPR solution) was
found to be non-corrosive  Furthermore this
wlution 1 inexpensne to prepare and can
therefore be recommended for the removal of
this kund of bacterzal contam nat on from the
water tubes of dental equipment and chnics.
Naturelly 1t would be a stll better measure
if the mucioongamsms could be prevented
from gaining access to enmvironments that are
favourable for their adhesion and aggrezn
fion This could be achieved by mounting
approprate filters in the water pipes of buld
ingy where such problems are likely to dere-
lop
I

cterial solates were kindly character
r“:,x:; ;)nrd ‘j)‘llirlnko/[ My cologrcal Department,
Statens Serumimtitut, Copenhagen, and Dr H

Errebo Larsem Imttute of \etermary Mcrobe
logy and Hygrene, Royal \etermary and Aprest
tural Unfveruty The

photomicrograph was provaded by Dr H P Pk
lipsen Department of Oral Pathology Ropal Dez-
tal College Aarhus We are grateful to Dr 4
Birch Andersem Department of Brophyscy, Staem
Seruminstitut, Copenhagen for valuable supyed.ons
and crtichin during preparation. of the mam-
scnpt. The study was supported in part by grass
from the Damush State Vedical Research Comnal
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tclhe-
sriaee of each plite, and redmction of

nlg‘-n;nuwdwuhpbntur!w9m
o sdditional mrobkc incobation at 37 €. Duwring

metah showed the presence of clectron deme
deposrts aong the penpbery of cells (Fig 1)
The depouts were frequently almat arcubar
In outline, Orcxxonally smaller demse spots
were chuerved w the Intenor of cells 3n sreas
thowing very Btle cytoplam (Fig 1b) In
geoenl, the cytoplarm of cells m colonres
treated with tellurite abo appeared to be
somenbat more contraited (Fig. 1¢) than
the cytoplasm of corespondimg untreated
cells which vwas barely v ible 10 thn stction.
Celly contarmng depauits of reaction pro-
ducts were seen along the entire surface of
the colonjes, wherns the central part of the
co.omer was epentully devaed of such cefh
\oteover tdhlomrdnd;eri.mmn;:n;e
o & colony geoerally contamed sev
stact dtes of depout, while cells along the
rest of the colony aurface moetly exhibrted
caly aoe (of two) reactron ntes.
Penpherally Jocalaed tellurite reduction
tites could be emblnhed aho In 4 ladlexi
cells prepared for electron microxcopy by the
plet

depouts la tha cells,

RESULTS

Among the Acholeplasma rpecies invert.aated,
colatues of A Lol and 4 ocwls strongly
reduced tellurite, #s shown by the develop-
ment of & grey coloranon of the coloakes on
modaton with the tay solobon 4. aran.
thum abo reduced the subwrate but at a
somevwhat lower fate wherens 4. grenadersm
and A modicem calonies did Dot show
deffute 140 of reducton eves after 9 hoary
of ncubation. The three M)y coMame rramg
tevted all reacted with telhurite, the two Af
mycorder sirauns strongly and A Bocigemtals
Rt 10 & somew hat Jewer extent.
Exammton of 4 Iedle:n cells prepared
for electron microscopy wlthout e of hesvy

ure described above How
eier the resulting deponts were obscured to

ocxls (Fix, 3) and A acenthum (Fig. 4)
treated with telhunte solutron. In gpecmmers
of the two orgarizma prepared by the com-
piete fimnoo and sammg peocedure by
which membranes were wellpresened and
contrasted, the electron dense depodts were
e to be located m the area between the
outer and fnoer layer of the triple memboans
(Fige. 3 and 4) and posibly a4o o the iner
layer (Fig 3b)
‘\hm"‘md‘lrﬂwoﬁﬂ
W"J’"“"pﬁ\m{nﬂmp of tel.
lants were examined  the ek

#eope, relsinely fange patches of hegh elscon

dmﬁfYnmmgn,be { A
wmmqmphm n‘.dl_

mrved ogly very carely Cells of Af yroudes
subrp capn and Af bo i

ﬁﬂ:mﬂu{w(ﬁgﬁm'{)m,umhan_
‘mmmhd&mmmpmd:ngwm
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Acta path. microblo! scand, Sect. B 85 184-188 1977

ULTRASTRUCTURAL
LOCALIZATION OF TELLURITE REDUCTION
IN ACHOLEPLASMA SPECIES

O Vomirer and E. A Frouvor

Institate of Medical Microbiology Bartholin Building Unnenity of Aarhwm,
DK-8000 Aarhus C Denmark

Vinther O & Freundt, E A, Ultrastructural localinatlon of teflurite reduction in Acholeplasma
species Acta path. microblol scand Sect. B, 85 184-188, 1977

Aerotnc reduction of tellunte by five Acholeplerme species and two Mycoplerme species was
imvestigated by lLight and electron muicroscopy Amang the Acholeplarma species, colocs of
A lodlacii and A oculi exhibited a heavy Tly vusible red of tellerite
whereas the reaction of 4 arenthum was wesker 4 gresxlaram and A modiewm did not
reduce the mut under the 1 conditl ployed The o subspecies o
M mycodes also reacted with tellurite, as did also the Imestigated straln of M bocrgenuieham
although to a lemer exteat. Ultrastrocturally reduction sites were Jocallzed to the crtoplasmic
membrans in the thres tellunta posltrve Ackoleplarma species and spparently to the cytoplasm
of Af mycordes mubep mycordes Reducton sites could not be demonstrated m 3 myesides
sulsp caprt and i M borgemstehum The remlts suppart preyious evidence obtained by bo-
cbzm}almahod:wh}chlndlwummbnmloaﬂnomdmdmmrmmA:hh)m
Key words Acholeplarms rpecacs tellurito reduction nltrastructural Jocalizatioo.

O Vintber Institute of Medical Microbiology Bartholln Building, Unhenity of Aarhat, DK
8000 Aarhus G, Denmark

purpose Three Mycoplasma struns were 1

Received 1.x.76 Accepted 161 76
cluded 1n the study for companson-

Omdoreductase actrty 18 sedmmented along
with the membrunes obtained from a number

of Acholeplasma specues by osmolysis (9 11)
whereas the actvity 15 apparently confined
to the soluble fraction of Afycoplasma specres
(6 9 10 12)

Tt was conudered of mnterest to investgate
the cellular localmation of cxadoreductases 1m
acholeplasmas by a method pot involving cell
duruption and to obtamn 1f posuble a more
precue picture of the stes of these enzymex.
An ultracytochemical procedure uttlimng the
reduction of tellunte to Te as an indicater
of oxidoreductase activity was wsed for this

104

MATERIALS AND METHODS

The following 3 Ackoleplarms srmmt wer testrd
{oc tellunte redaction A Lad.awy (PG8) 4. ecnb
(19-L) A axenthum (8743) A modiuiwm (PG43}
and A graawlarum (BTS-39) Also included in the
study wers A mycoudes mubip. mycorder (PG1)
A myeodes mbsp sepn (PG3) and Af bery)
taliwm (halle HE 1) All struns were

on solid B mednm (3) Plates wero
aerobacally for 2-6 days at 37 C, »€ wotil the
ma}oﬂtyo[th:cdonmmthaph(uhad

sizes from 150 to 730 xm In diameter At this thme
OJmlolelpucrnInolm}ouolK,TtO,



DISCURSION

The remslu obtalned in the present shwdy
thow that telfurite reducing actrelty 1 aso-
cated with the Limsung mombrane in the type
srun of three Acholeplesma speeea. The
mﬂdepcmuu(mcmnpmdmuohrnrd
m the Intenor of el dis-
playing Lttle o 1o oytoplasm (Fig 19)
are probably alio membrane xmociuted, being
Jocnted on 1nvaginated regrons of tangentially
weoooed membranes Thi interpretavos B
m t wih observatioms made by
Green & Mawsos (4) The pecubar rounded
form of tellarnmm deposits seen m prepara
pons where other heavy roetal had not been
troduced (Fig 1) may posdbly be doe to
parml melung of tefhrium {m p. 452 C)
m the electron beam cxmed by msufGoent
hent condoction in the sectom In wmilar
srudbes of teflurite reduction by bacteria,
oerdle-file deposlts hase been otmerved (14
15
The eectron demse patches i the cyto-

F g 4 A acenthum cell Incobated with telhrits for

brape localsed depomrts afv scea (arrobosds)
113 400

F o 5 Al mycodes mbep iy emndes calls iacubuted

with tellorze for 3 howns kod prepersd for ehec

o maToxOpy by the complew fostos proce-

durv post-stamed Rather lirge and diffuse pxiches

of bigh ehecivon deaty wnmaed to rpreent e

"*&Mmm-ﬂnmm
750

Fy 6 M mond

procrdure, port.
sancd Ke depouts of reduced telumy
dosened x 94,500 ulutfite con by

phmdczﬂ:o{\!myroduml:up.mru
des (Fig 5) are asumed to reflect sites of
telhunte reducing acth ity since umilar dense
artzs wese oot oheerved m cels wheh had
pot been treated with telunse, Tha datk
coloraton of tellunte incabated colomues of
Af wmycordes subsp.capn and A bocigems
talium which doss not show In the electron
a3 deponts of electron dense ma

terml (Fig, 6 and 7) may perbaps be ascrib-
“c bindng of unreduced

was obwens ed In sddition to the ducrete depo-
wu (Fig Le}

V\f gullicepticam and M meleagndis have
previously been studied ul after
icubation with telhunte (4 7) In Vf galli-
septicem cnystallme deponts were observed
around and mirde the infra-buch reglons (7)
whereas In AT meleagridis the only detectable
effect of treatrent with tellurte was an fo-
crease m the contrast of the external track
of the prlymmar membrane (4)

The xgreement between the renults of eyto-
chemucal vrulimtion of codoredoctase we
thaty In Ackoleplerma rpecses and previous
rendts obfained by biochemmcal methods fol-
Jowmg cell [mactionaton {9 11) males it
highly probable that the observed amocs
tion with the membrane reflects the truc
™ r1wo Jocakmabon of the electron tramsport
<ham I ths gemn. Furthermore, the en-
zyme NADH cxxdase has been thown beo-
chemueally to be an integral proten of the
inner track of the trple layered membrane
m A lodleed (8) Tha chservanon s to

“lbhnﬂ'nmhlmll)cl‘ufwo{[hg
uvestgated 4choleplasma struns (Fig 3b)
Tho method wed i thy ko estygation for
E!hfmlcdmmmmudm
reduction b mycoplamuas, e lncubation
of outgrown eolomes with tefhmite for el
thely short penoch of tme overvomes the
peobienn of an tnbtbtory el of the st
mmw‘f“'d‘bcutrﬂm
b incorporated In the growth medium (1)
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2 NarTrd Fig | A lddlewn cells ncubated with telluntt
;k\y T for 3 houry and prepared for electron exicr>
A scopy without me of beoyy metaly, pot port
= stained. (a) Deposs of redueed tellurite with
2 rounded outline are seen along the cell per
_‘g‘, . phery (b) Additional small deposits arc ob
I3 served In the low dennty areas of the cytoplea.
-~ - .& [y (c) Besides duscrete deponts along the eefl perr
(vl phery a general high contrast of the cytoplass
fs-—-d is seen. X 74 250 Bar on thu and all followny
P nmucrographs represents 100 nm.
2 £ ¥ Fig 2 A ladlemn cells incubated with et
‘f;'..r&,’,"f*i for 3 boun and prepared for clectron mkro-
ENIEA ony by the complete fixation procedure, bt
SRR TP post-stained. Small electron dense deposlts e
The obsered in the membrane area (arrowbead)

l?‘ x 74250
&y ;T: % Fig 3 A oculi cells incubated with tellunte for
Q{S\;“%ZI}?J 3 hours snd prepared for ekectron microwor
- 297 by the complete fiatron procedure, por-tained.
v (a) Denss depouts located on the trilaminsr

% b o

-
S membrane. (beewcen the two. arreheads) &

e ey observed. x 34000 (b) Higher magmficaton
42 of the part of the membrane between the amrow
S N pls beadson Fig. 3 Shows that depocts are loc
Ibed in the area between the outer and inner

G d )
a ,&% yer of the membrane and posibly also oa the
TR Ol N TR koner layer (arrowhead) X 180 000




pcta, path. mkcroblol. scand Sect. B, 85 189-194 1977

INTERFERON INDUCTION
IN HUMAN CELL CULTURES BY SMALL
MOLECULAR INDUCERS
(TILORONE AND ACRIDINES)
Mixeos Droaf and Eavix T Guiz

Kapt W Wliriman og Frues Bakteriofogiske Tastimit, Usn emity of Oddo Oslo, Noraay
sad Departmens of Pharmscology Semmelwsls Medical Unhenlty Budapest 1430 Hungary

Degré, AL & Qliz, E T Interieson foducton s bamen eell cultures by maall molecalar fn-
dacens (Ulovoos sid sepdraes) Acts path. wncroblol, seand. Sect B, 85 183-194 1977

Attoapts were mads 1o staalate inter{emon prodaction b human cell cdliures by two related
acndin drup, mepactioe sad Acoall Tlorome was incheded for comparbron. In kunman
embrro Loy fibeoblasts and m pormal bomen kakocyies ocly tlorons simmlaked s lnter
feron prodnction, AR throe drgs rmalsted modest interieow produchoa I teo Trmpho-
blascad cell Lves, All shree dngs enbroced the $endas sirmrisduced intedferon poxdocton
o hrmphoblasiosd calls,

Kay words Irterferon tedncton uman cell caltare anall mobscalar inducars, acndm droge,

M Drgrt, Kapt W Wiubetmen of Fros B sie Inmtitatr, Rikihospitalet, Oxdo 1
Korway

Reemned 2476 Accrpted 10au 76 Tuorone was included for
comparson, and

The demonstration that tlorone hydro-  some effects of ths drug pot previoutly stud

chlorsds 11 & potent antrviral agent and mter  sed were alao exammed

feron indocer (12 14) bas activated {urther

mhu.ncnm i

for possble similar activities, Dur MATERIALS A

my, the [23 y ears ser eral poutn ¢ findingy have ND IETHODS

been reported (7 8,9 15 16, 17 18,19 21) s oo enboo lung {HEL) oall mono-

Amocg the tooyclic dv Py 2 Laborsiry
compounxh beanng were grown It 50-30 per csnt mexture of Eagle’s

alkylammaalhyl nde chans which have been  Mmhmal

enmined, two agents proviowsly used ag antl. 4l and medlem 199 with 10 per ceat calf

paraste drups produced antnial effect and ;‘“""dwh‘h’m'ﬂﬁm“ﬁ

mduced circulatimg, mierferon 10 e ALET g gy e, Yo%, Ul Ry wd for

Parenteral or oral admnntration. These were The tymphoblestoid qnhlmd:xrs_ulm

the related acndine drums, mepacrine (quan-  EB (8) were )

actine Ambrin®) and Acranil® (7 8) The 1bwc calared 1 sepowron culrse

Preent communication reports the effect of hnf'd"m‘un"h“hvw

e substances ik tdro oo human cell, ‘K;melwuum
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TABLE 1 Istarferon Induition tn Human Embryo Lung Fibroblast Cefls by \[epacring Acraxil aud
Tilorene

Interferon levels m the supernatant after strmulation with

Mepacrine Acranil

ment 1 2 5 10 1 2 5 10 25 12 'Txlo;mc 10
(x/ml) (xg/ml) (/)

1 <15t 17 15 <13

2 <15 <15 <15 <15 <15 << <

3 <15 <15 <15 <15 <15

+ <13 <15

* Interferon umts per ml

cultured according to the procedure of Cantell ot
el (2) The cells were induced with the vanous
agents within 24 hours after bleeding The cell
concentrabons m all expenments were adjusted
to 107 per mL The cell swspensions contalned 23—
40 per cent hmphocytes and 60-70 per cent poly-
morphonuclear leukocytes,

Tiruser  Veucular stomatitis wvirus, Indiana
stran (VSV) wos propagated 1o the aflantoic
cavity of embryonated hens exgs and then passaged
twice in L-F] mouse fibroblast cells. Infectiaty
titre was assayed by the Infectmaty end point mi
cromethod en L-F1 cells Paramfluenza 1 vina,
Benday strain was grown 1n the allantoc cavity of
embryonated hens eggs and ttrated by haemag
glutination uung gumes piy erythrocytes. Toch
of both vimses were kept st -1 C.

Chemicals Acrani]l dihydrochlonde and mepa-
enne dihydrochlonde were supplied by Bayer AC
Elberfeld, Germany and tilorone dibydrochlonde
was a glft from Dr 8 F Arweger The \erreil
Natlonal Labc 1, Cincl Ohwo  USA
Fresh solutions in physiological saline were mads
for each experiment.

Intarferon assay Supernatants from the induced
cell cultures were adjusted to pH 2 by IN HOQ
After 2 days the samples were peutraloed by
NaOH. Interferon titres were estimated by a muero-
fectivity wnhibiton test (3 that wed HEL
celly and VSV The utres are m jnter
national standard umts (69 19 reference rample)

RESULTS

Toxcity tn Cell Cultures

HEL cell monclayers were grown In the
presence of vanous concentration: of the
three drugs. The cells were examuned duly
for signs of tomaty by hght mcroscopy  No
morphological alterapons were seen i 1he

P

presence of concentratrons up to 5 xg/mL
Shght toxaty was observed after 45 davs
on cells treated with 10 and 25 gg/ml of
riepacrine and Acram! and with 23 s/l
of tilorone Higher concentrations of afl three
drugs were markedly tome within two dnt

Tematy on lymphoblastaid cells PJHRI
was also tested. Viability of the cells aftet
3 days of incubation with vanous concenti
tion of the drugy was tested by the typn
blue excluuon method, Mere than % pef
cent of the cells were viable in the preseact
of up to 5 p_g{m.lofnnycfdnthrredn-'sl
Sixty per cent were viable m the presence of
10 and 40 per cent m the presence of 2
pg/ml of mepacrine of Acraml. The toxt
effect of tilarone was companable or possbly

slightly lower

Interferon Imduction tn HEL Cells

Three to five day old monolayers of HEL
cells were incubated in medrum contanuE
varous concentrations of the three dngt
The supernatants were collected after 20
hours and ausyed for interferon actnit In
somo experuments the mducers were remot
after 2 houn, and the cells were rep
with fresh mredum and incubated for
hours. There was no apparent difference be-
tween the two differsnt types of sumulated
and therefore only the fint type of exper
ments are presented 1 Table 1 Nether
Acranil, noe mepacnine nduced detectab'e
amounts of mterferon. On the other hand,
tlorona induced modest but wgmficant tres



mdmnxeﬂcctdu]uune}m-hobe:nob—
served with other cells (3)

Several facts indscate that following ra tiro
stmulanon with small-mobecalar fodacers the
mamn site of Interferon producton i m the
frmpbocd tisoe. Highest concentratiom were
lmmdmaqzmnx.huzhrnmx.:pken,md
in some expenments hmg (1 4 17) Ak
though Strngfellow & Glasgoer (20} could
oot reduce the tilorone-induced interferon
Irvchs by antilymphocyte seran m mce, tha
lul.r;yk\edm‘(md.nbu'lanmnhbnm

clated by this dnsg do produce mterferon
Thn has been confirmed In the present study
usmy establhed lyrophoblastosd cell Lines
and ly pon.tatic o of
tlorone. Interferon was abo produced under
human keukocyter, The

Acrant and mepacrne mdaced modest mter
feron production in the lymphoblastond eclh,
but oaly m uightly toxe concentranom
When non-toxic concentranos of these two
drugs were applied In keukocyte caltures, no
interferon conld be found.

All three drugy enhanced the Sendas virus

of the findings of Groelks ¢f al. (10) who
meported & gnesgune interferon mduction
by vlorone and polyribonomnic polyribocyt-
dvhe aod 1 munne cell It o powhle that
the iterferon stmulation 10 the hmpho-
blastond cells by the drugs alono 1 abo an
enhuncement effect Establivhed hymphoblast
o cell Loes armally contam several copes of
Epriem-Barr vina genom. Spontaneous hnter
feron production has been demonsirated 1n
weveril such Loes (13) Although we conld
not fmd spontancons preducpon 1n our hoe,
1t gght bave been praent ; small amounts
not detectable by the method employed. The
lack of mterferon production by the acndine

dmllmnm-ma]hﬁaq—temhm.bm
ports thiy notion.
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of interferon when added in a moderately
taxic concentraton. The antviral actraty
was charactenzed as interferon by the stand
ard erteria. Direct addion of the drugs did
not wfluence the multiplication of VSV

Interferon Induction in Lymphoblastord Cells

Suspensions of P,HR1 and EB, cells, con
taming ca. 107 cefls per ml were supple
mented with Acranil, mepacrine or tilorone
n vanous concentrntions. In some expen-
ments the inducers were removed after 2
hours and the cells were repleushed with
fresh medwm. In othery the celly were
cubated n the presence of inducers for the
entire penod of 20 boure, Then the cells were
sedimented by centrafugation at 3000 rex [/
mun for 10 munutes, and the supernatants
were tested for interferon actnaty (Table 2)
All three drugs induced interferon production
1 both cell types, although the titres were
generally low The production was to some
extent dose-dependent. The effective doses
of the two acnidines were partally toxc.
Removal of the inducers after 2 hours did
not mfluence the mterferon utres

Double Induction 1n Lymphoblestord Cells
with Viral and Chemical Inducers

To anpensions of P,HR1 or EB, cells, con
taumng 107 cells per ml, 20 per cent (v/v)
Sendm virus 600 haemagglutinating units
per mi, and an equal volume of medium con-
tarung vanous concentrations of the three
drugs were added After incubation for 20
hours the suspenvions were clanfied by centn
fugation and the supernatants were tested for
terferon actuvaty (Table 3) All three drugs
enhanced the interferon production i both
cell types, as compared to the titres induced
by the Sendar virus alone Mnnmal effect of
mepacnne and Acramul was seen with the
highest ptibly pon-toxac concentration
5 ig/mLp;?:dea: dose-dependency could be
seen for ulorone. Toxic concentrations re
duced the interferon production 1n all expery
ments,

Interferon Induction in Normal
Human Leukocytes

To leukocyte mupensions contammg 10
cells per ml, 20 per cent {+ /1) Sendu vins,
600 haemagglutmating umts per m), or
equal volume of mednun contasmng tiloroe,
Acramil or mepacrine were added to fiml
concentrations of 5 and 10 pg/ml The cuk
tures were incubated 1n a roller for 20 houn,
then the cells were sedimented by centrifoga.
tion at 3000 rev /min for 10 munutes and the
supernatants tested for interferon actrety
The Senda: virus mfectvaty was destroged by
HQ1 treatment at pH 2 for 2 daps at 4°C.
The Senda virusanduced leukocytes pro-
duced 2-6000 unis per ml Tilorone-nduced
cultures contuned marginal actnaty (15-%
umuts per mi) while the other drugs drd
induce production of detectable amounts of
nterferon

DISCUSSION

The small-molecular weight mterferon &
ducers seem to have numerous common 20-
logieal chamctersticy, 1n spite of stroctura!
differences. They all prowade apnviral acter
ty and induce mterferon producton ia 1Y
1n muce and 1 some other experimental a1~
mals. The Linetics of wmterferon productiot
are typically delayed and prolonged (4 13
17 20 21)

Attempts to induce interferon producton
11 oitro w pon immunocompetent morolyT
cell cultures were largely unsuccessful (4 5
10 15 17 20) In our experuments Acal
and mepacrine did not sumulate detectable
interferon levels 1 HEL cultures, but wben
added i moderately tac doses, tforone did.
It mught be worth mentiorung that treatmeet
of mousc embryo fibroblasts with the same
concentravon of tilorone as in our
ments stunulated snterferon production (19)
The same authors faled to produce il
feron 1 human embryo fibroblasts, Howeve!
they wed Jower concentration of the drug
these negative experments (10) Correlatont
between the taxc effect and the mnterferon
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In the sperimens from each pagient with a
clmical diagnosis of HS\ prmary infecton
Nos 1 91 2 fourfold or grenter icreas 1n
Igt: antibodes was obwersed m the FAT dur
wy the comatescent phase of the drvease. \o
differences were found between patients with
Presumable type 1 miecton (Mtomatts apd

Leratith) and tho with type 2 nf
(genital berpes) Generally fATIgGm

paralleled the

though at a cae to two hundred
el

In patents with a
a definte Ig)g

RIA uten,
tmes lower

peomary HSY mfection
response was found tn the




fected coverslip cultures in the demonsira
tion of botl Ig\ and IgG class antibodies
1a human sera to 1SV induced surface anti

gens.

MATERIALS AND AETHODS

Cells Hela Brutol cells were used throughout the
study Cells grown in 120 em® Roux bottles were
detached with 02 per cent trypsin-—0 02 per cent
EDTA solutlon, dispersed and seeded on coverslips
m the bottem of 150 mm dismeter Petn duber,
each dish contuning 5 corvenslips. Eagle s muumum
essential medium supplemented with 10 per cent
of foctal calf serum and 5 per cent of tryptese
phosphate broth was used as culture medium, After
an overnight growth the cultures usually showed
a confluent monolayer
Virws The VR stran of HSV type 1 way used
at o multplicity of 5-10 PI'U per cell to Infect
the coverilip caltures Before infection the cultures
were washed three times with Hanls  balanced
salt solution. After 1 hour adsorpion of virus in
oculum at 23 C the maintenance medium Fagles
basal medium with 0.2 per cent of bovine serum
albumin was added The cultures were wrubated
at 37 C for 6 hours for 1§G antbody tests and for
10 hours for Ig\! antibody tests

Immunoflxorescent techmique After washing the
cultures three tumes with phosphate baffered saline
(PBS) they were allowed to dry at room temper
ature for 5-10 munuter. The surfaces of the cover
slips were dhvided 1n o 12 squares with nad polish
to prevent the serum dilutions from mixing to-
gether Without any fixatren twofold seral serum
diluons (1nacthated for 30 mmutes at 36 C)
were applicated in each square and incubated in &
mont chamber at 37 C for 45 minutes in IgG
testy and for 3 hours In IgM tests. After washing
with three changes of PBS the FITC-conjugated
sheep anti human IgG (Statens Baltenologisks
Laboratorium, Stockbolm Sweden) or sheep ant
human IgM (Wellcome Beckenham England)
was added 1n optunal work ng dilutions, checher
board titrated before hand After incubation in 2
rout chamber at 17 C for 43 munutes the cover
ips were ma hed as abore Tho specimens were
mounted with buifered glycerol pH 85 and ¢
amiped with o Le 1z Ortholux flaorewcence micro-
scope. The endpo at tier of a serum pec men na
defined a1 that serum dilution which tll showed
a defimte specific membrane fluorescence

HSF redsowmmunonssey (RIA) A sol d phase
radipimmunoasay developed in our laboratory for
detection of 1gM and I§G clan sntibodies agumst
HSV was ued @ previowly descrbed 1n detail

(5)
Bnefly fourfold serial serum dilutrons were 10

1A

cubated with the antigen coated polystyrene balte
After 1 hour incubation at 37 C the serom was
asprrated off and the balls were waibed twice with
3 ml of tap water Aliquot of 133 Libeled ant-
human a or ¥ immunoglobulins contalnrg 30,000
cpm was added to each tube After meubaton for
1 hour at 37 C the radroacthe solution was wph
rated off and the balls were wathed a1 abone The
radioactivity bound to the balls way counted with
a LhB Wallac gamma counter Endpoant bter
1alues were obtamed from the epm verus dlotos
cune (log 2) of each speamen. Titers were ex
presed 2y Jog 2 vafues of reciprocals of the serum
dilutions,

Sermm speamens Altogether 35 specmmens from
20 patents were included in the nudy Pared o
rum samples were obtained from 6 paticnts with #
chieal diagnoals of HSV type | primary fafecion
and from 3 patlents with a genital primary HSV
infection, Samples from 5 patlents wlth recomest
HSV infections and from 2 patients with po h-sory
of HSV Infection were iwncluded. Palred serost
samples from 2 patfents with clinscal vancella usd
from 7 patrents with herper roster were aleo tested

RESULTS

Preliminary expeniments Tots with Loomn
HSV anubody negatre and positrve sera were
carmed out 1n order to establih the optmmum
conditions for the fluorescent antibody test
(FAT) Dufferent incubatron tumes (4 6 10,
18 houn) of cultures with virus were tested.
Opumal results (bnght speaific fluorescence
and absence of unspeai{c fluorescence) wer
observed after 6 hours incubation m the g6
test and after 10 hours mcubation 1n the IgM
test respsctnely The multphaty of infecton
was also tested and the best results were ob-
tamed with 5-10 PFU per cell

Sera negatne for HSV 1gG ant’body m
RIA gave no sp~cific flucrescence in the G
FAT A clear membmne fluorescence w3
observed with sern positne for HSV 16
antibody 1n RIA (Fig 1) In the IgM TAT
the specific fluorescence was less mtense and
the background fluorescence was somewhat
more apparent (Fig 2) However speaific

fluorescence was eas.ly recognized.
Antibody assay results The results of test

Table !
ing the patients sera are shown in
m comparson with the RIA HS) antibody

uters.



imfected covendip cultures in the FAT
T?h\'t\mdthhmthﬁdforhmm
:pccm:m-.nd,mndctmoﬂ,wd\cd.m
sraton of IgM and IgG clam antibodes to
HSY induced murface antigens.
Homan HS\ IgM antfbodies hne been
detected by imdurect h

tobuh Thodi

other than HSV
Homever for the IgM et a 10 houns sncuba-

tion tmme was found to be necemary cven if it

uamg both fixed (7 18) and unfixed mlected
cels (9 20) but the methods are rather
Inbonows and ddficult to carry out i trshing

with taue culture cells » often necessary be-
crme of {fuorescence. To 1ocree
the Ig\{ speafic fluorescence testmg serum
IgM fractions after sucrose dermty gradent
centrifugaton (7) of testmg sern alter re
moval of IgG by Steplglococcus axreus ab-
sorptem (18) have been ined. In detecting
Ig\ antbodies sgalmt puface anbgens m

In our floorescent anhbody method HSV
infected unfoeed conenlip cultures are wsed
acd HS\ IgM and IgG sntibody detection
o posible without any treatment of the se
Tum except heat mactvabon.
However 1t n to be expected that ant.

Jobuhm, sxch a rh d factor
will nterfere whh the I test described
21 ali0 with the otber FAT in the IgM ano-
body detection (10 17) Compared to the
RIA InM and IgG antibody Liers, the FAT
titens were Jower but 1n Do case would the
dmgnosts of recent HSV infecton bave been
Jossed.

The nnluplcty of mfecton 1 ooe of the
umportant facton m the tert. Cells thowing
rpet_f:fhﬂucmcedwldkzpmprﬂynt
tered 30 that the mterpretation of the teit w
sraghtformard and reliable. The mcubation
tun:dd\:mkm‘nh\—mn,bhnw
tant, For the IgG test the incubation time of

© houms was found 10 be optinnl. Increanng
the tme results m an increase of

ufspeafic
Tuorescence possbly rehated to the mductson
of Fe receptors on the cell surfaces of HSY

wlected celk (22) receptors which hind

compx of HS\ {1 8) concerrung both
IgM and IgG response (6) tests detecung
antibodies agamst these antigens are paroca
larly usefal m promary HSV mfectons. The
surface antigens have been found to resemble
the components of HS\ envelope (13 14)
These antigens appesr on the cytoplesme
membranes shortly after infecton reaching
their muxmum at 8 to 10 howns postinfecton
(4 13) Tbe echpee ume of HSY mfechon
in Hela cells it found to be about 12 houry,
and respectrvely the latent penod 1 up to
16 bours (21} Comequently it seems that
within the tme kchedule of the present FAT
the other HSV antrgens do not 1nterfere with,
the sarface antgens, the test thus meanmng
ant’bodies mestly agamnt HSV woriace ants

gem
A dmdvantzge of this method i that direct
servlogical typlog of HSV mfecbons i not
pousible, unce HSV type 1 and 2 share com-
mon emelope antigens mducing both IgM
and IgG cron-reactmg antibodes {1 6 8)
On the other hand, 0o crom-reactrvity was
found with VZ\ wntibodier, as alo found
when studymg antibodses to surface antgens
mduced by VZ\ (23) This crom-reactrerty
ly seen 1n the ph
test and In cumunofhiorescent test with fixed
antigens (16) Homever some crom-reactny

AVAY nntfbodx;,crmhrth!hzmmiopcmd.
gen of HS\ (Kelimo K. unpubluhed ob-
servatiom) muggesting the absence of cros-
eacthaty mihe surfeco antigen FAT B

dnetodnb-rermmnyo“hn pectly
\‘““”‘
Tt riody wa sipported by the Acedemy

ind "Sirdica Roveres Covend oo o1 I

sristiocs of M. Lerme A rmd und
ARE P praetlly st



TABLE | FAT IfG and IgM Titers againg HSV T: peron
yhe 1 Induced Su 1
HSV RIA IgG and IgM Astibody Titers, All Titers Are Ex;rf:x‘s:i :.ru’l:ut ;l?:: y

Clinscal diagnosls Agein  Daysafter IG e
years onset FAT RIA FAT RIA

1
stomattls 1 2 <3 <4 <2 “
2 stomantis 2 " 9 15 s 12
4 <3 <+ <2 <4
3 stomatl 18 10 15 6 1
. * o <s <4 <2 10

10

4 stomatitls 14 . <3 1; <3 1:
15 9 15 6 1
5 keratits 15 1: <18 < < &
6 stomantly 17 6 <3 s i i
11 9 15 4 13
7 genital herpes 17 5 <3 s <2 s
18 7 14 3 1
8. genital herpes 23 10 s 10 <o 7
25 8 12 4 7
9 genital herpes 27 7 <3 <t <1 <t
22 7 4 4 12
10 recurrent herpes 25 1 8 14 <2 <
1 recursent herpes a 2 7 15 <2 P
16 8 14 <2 <4
12. recurrent berpes 31 ? 8 12 <2 G
13. recurrent herpes 37 3 8 14 <2 <t
14 recurrent herpes 46 8 7 15 <2 -
15. no herpes history 28 <3 <4 <2 <4
16. no herpes hotory sl <3 <4 < <4
17 vancella 12 1 <3 P <2 o
3 <3 9 <? 1
18. vancella 20 1 <3 <4 <" <4t
13 <3 <t <2 <t
19 herpes roater 16 3 7 13 <2 g
11 7 13 <2 9
20 herpes rorter 81 7 6 1 <2 5
19 7 13 <2 6

FAT with uters one to two hundred tmmes
lower than by RIA As a conscquence three
acute phase specimens {Nos. 3 4 7) poutnve
in RIA were negatve m the FAT However
FAT demonstiated an IgM ant:body response
also in these patients

All ens taken from patents with
recurrent HSV nfections (Nos. 10-14) were
posave for 1gG antibodies both m the FAT
and mn RIA, whereas TgM class antibodies
were not observed in either test.

Serum specimens from two patients with
out any hustory of HSV nfectons (Noa, 15

16) and negatie in RIA, were alo negatret
in the FAT
Apparent cros-reacting HS\ antbod) ¢
twity was found by RIA both 1 IgG
Ig\M tests n specimens from pavents with
vancella-zoster virus infections (Nos. 17 19
20} while in the HSV FAT no crom-reactivl

ty was observed

DISCUSSION

Geder & Shinmer (3) detected antibodies 10
HS\ induced surface antigens in aumal serd
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In the cocaidia, the oocyst 13 the form of the
organusm which must survive 1n the extern
al environment 1n order to provide a means
of transmussion of the paraute from one host
to another To protect the cocyst agamst the
ngons of the external environment 1t has a
protective wall which 15 formed prior to the
orgamsm leaving the host cell and being shed
with the faeces of the infected host.

In previous reports we have published de
tails of the ultrastructural aspects of schiro-
gony mucrogametegony and macrogameto-
gony 1n Eimena brunett1 ~a pathogentc cocc
dian of domestic fowls (5 6 & 7) In ths
paper we will describe the ultrastructural
changes which were found to occur as the
wall was formed around the developing ococyst.
In addition the sub-structure of the walls of
oocysts still present within the epithehal cells
of the host will be compared to that seen in
oocysts which had been excreted with the
faeces.

MATERIALS AND METHODS

The techniques used in the present study to exa
mine the endogeneous development have been pre-
viowsly described (5) but can be summarised as
follows The chickens were killed at 120 and 144
hours post infection (p) Preces of the small in
testine coatalning parasites were fixed In glutaral
dehyde and oemium tetroxde and embedded in
Vestopal W Thin sections were examined in the
electron microscope after stalning with magnedum
uranyl acctate and lead ctrate The obseratons
on oocyst wall formation were rmade oo material
from the same scries of chickens as used 1n our
previous studees and were based on the examina
tion of approdmately 400 mycrographs

The techmques ynvohied 10 the examinstion of
the ultrastructure of the wall of oacysts obtained
from chicken fasces ha € been prev ourly described
1) but can be summarised ms follows Oocysts
were pre-embedded 10 crosm Imked bovine serum
albumin (BSA) secnoned with a cryostat after
rap d free;ng in hqud nitrogen and flxed 1n Rar
novsky s fixatne (9 followed by osmuum tetroxd
The final embedding sectoning, stamsng and exa
mination was carmed out &1 wmmansed for the
infected ussue

RESULTS

oocyst wall

M. tes on which signs of
acrogame o

formation were obvious were only

N

in chickens killed at 120 and 144 hours po

The ultrastructural detals of the macroga
mete were as previously described (7) It s
belreved that fertilmation of the macrogamete
by a microgamete occurs prior to cocyst wall

Figures 1-13 are all electron micrographs obtaned
from sections of epithelial cells of the small fme-
stine of chickens lnfected with E. breastts and
illustrate the formation and srocture of the coo®

wall,
A double bar (=) on a micrograph represuts |
xm and a smgle bar (—) represents 100 2.

The followlng abbreviations are wed

AL - Amorphous Layer C — Canalicall €M -Cr
toplasmic Masn of the Oocyst ER - Rough Ends-
plasmic Reticulum I — Inner Layer of the Occydt
Wall LM - Limiting Membrane M — Mitockoo
drion  MP — Micropore N — Nuclem NU - Nv
cleolas O — Outer Layer of the Oocyst Wall PG-
Polysaccharide Granule PV - Parasitophoroas \rr
cuole UM - Unit Membrane V - Lome Vel me
rounding the Ooeyst WFB [ ~ Wall Formuag Bo-
dwes of Type \\’FBII—\hﬂFnrmhrlBud.'ﬂ
of Type 11 I-—GnnuLeroneo{tthmﬂh)U
of the Oocyst Wall Z—Hm\ogmmmchclhe
Outer Layer of the Oocyst Wall 3 — Ommophii
Zoneo(dve&llcrhrtro{lheOoqﬁ\hﬂ.
Fig 1 A\nynﬂymnmmulmﬂmh
ﬂIunnled.Atthumgeth:mnmmhm
wbemmundcdbynlw-e\eﬂ(mm)ﬁ
cytoplawm contains polysaccharde granskes, mite
chondria, canalscul, WFB 1 and WFB 11 The =
cleas & mot included in thu sccoon. X 7,

Fig ° ma-mmmmb;hepmphmd
ln‘omtmn'n showing the two cloely appled ot
membranes below the limiting membrane An smot
pbmuhyerhprnu'ntmeemrnuroll}EEﬂ*“
ing membrace, Note the separation of the t0
unit membranes (arrow) which thought to FEPTE

indicaton of the vl formation.
sent the fint 166000

Fn,Jhndthtpedpbmn(nmnmn-.mﬂﬂ
to that in Fig 1 In thnntbnthrrcmmbﬂ\‘;
of the looss cﬂ(ml)unbtmﬂtﬂ'b’

the lmitng membrane of the organum. x 90,000
Fig 4 A b hrrmagmfncldonolplndﬂ(l
A‘dmol m‘r:‘n 1 13 shown n whrch It would ap
pear that the homogenecous matenal pawes lmh
a granular phase (arrow) bt[mbe.ngnpbtl‘d

a more electron trand reent material X 45,000

F‘,shnof-mmdmannmn:mﬂarw
tbul.nfl_ldmng(herpnntﬂﬂznppeannt:
of the WFB II at ths mlylugeoluxyﬂdﬂ‘

opeent. > 45000
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formation. In our material however although
microgametes were seen 1n the cvtoplasm of
host cells which contaned macrogametes, no
evidence for a fuson of these gametes wag
observed,

The macrogamete was surrounded by an
amorphous layer below which a pellicle was
present The pellicle conssted of a sagle
outer unit membrane plus two closely applied
inner unit membrines The first evidence of
the mmuation of oocyst development was o
separat on of the two closely applied mner
membranes (Fig 2) The amorphous layer
and the two other membranes had i ths
way become separated from the cell surface
and a loose vesl surrounding the organism was
formed (Fig 1) This veil appeared to be
made up of two or three membranes of van
able thickness (30-120 nm) none of which
presented a typical unit membrane structure
(Fig 3) The organtms at this stage possessed
the organelles previoushy described as bemng
present in the puacrogamete vi7 a nucleuy
with 13 nucleolus, multi membranous vacu
oles, polysacchande granules, canalicul m
tochondria and wall forrming bodies of Type
I and Type II (WFB I & WFB II) (Fig 1}
In both types of WFB some structural chan
g3 were observed at this early phase of oocyn
formation (Fig 1)} In the WFB I 1t appeared
that the electron dense contents had started
to dmsolve as evidenced by changes in stam
g characterstics, although the shape se,
and lrmting membrane were stll retaned
(Fig 4) The electron dense matenal seemed
to pass through a transit onal phase which
was granular m appearance before being re-
placed by an clectron translucent materal
obsenved mn the peripheral region of the gra
nule (Fig 41 In the WFB II the homoyene
ous appearance was alsg lost apd they took
on a sponge like appearance (Fig 5 Tt was
common te find 2 or 8 WFB I wathin the
same cisterna of the rough endopla muc retic
ulum (Figs. 1 & 5

In the formaton of the outer [aver of the
oucyst wall a contuuous svnthens and release
of membranes fram the surface of the orga
npm seemed to be invohed The membranes

ot

were apparently coated with materal from
the WFB I and a lammated structure was
formed withn whech the unit membeses
could no longer be dotingushed (Fig. 6)
The layer was mitally useven 1n thelnes
but appeared to become of uniform theclpess
(approx. 700 nm) n more developed oocystt
(Figs. 8 & 9} In these the outer hyer con-
ssted of homogeneous matera] with some
granular materal present 1n certam regom
(Fig 7) The mater:al resembled the oo
tents of the disolving WFB I both m appear
ance and stuning properties (f Figr 4 &
7) When the formation of the outer byt
was complete, the WFB I had dsappeared
from the cytoplasm of the organsm and caly
a number of small vescles remaned (Fig.9)
Up to thus stage the other cytoplenc e
elles remauned unaffected (Fig 9) It shoad
also be noted that 1t was posible to ohent

Fig 6 Pant of the penpbery of an ongstet 2
which the outer Jager of the cocyst wall appeant
mbcb\lhepmcwollormanon.l‘(mth!'-k
membranes seem to be released and that they &

ted with homogenous matenal (srrows)
i x 90,000

Fig 7 P:nofzthmpheryuhnmpn}mmk
(urbatmﬂ;?:\tnb.unagca{dnekxpmm“h‘
outer layer of the oocyat wall Is hmmem’:
appearance with a few patches of grapular mateT.
(arrow) X 90000
Fig 8 I‘;nolltheﬁphcrydmmiﬂﬂﬂﬂ‘f:
to that In Fig 9 A micropore with typieat "
structure f3 present on the Hm:dngmhl:“
the cytoplsumic mas below & well deveioped
layer of the oocyat wall X 90000
the
Fig 9 A section threugh an organiun 1 whel
w‘rerhyero!zhamnunﬂuulunﬂmmlhﬂ
mers The cytoplasm contalms a nuclesy, numeros
goly eaccharide granules, canaheuls and & fex uﬂn‘:
of rough endoplasmic reuculum. At this ruge f
wall formaton the Inner Leyer b not formed 22
the WFB T are still present. Not
of WEB 1 are present as small senchs

Fig 10 Part of the penpha-yofmm!uh::
which lhaoumrla)rrnl:beooc)uunﬂ\wdnd
demsed into a structure exhibiting three du!
00e3 £ an outer graoular rone a ouddie pod>
gencous rone and an inner osmiophl.c Tone
\nner layer hai not been formed. x 90 000



on the fmiting membrane of the
:Dcmm‘mbchwthnfmng ooy st
all (Fig 8)
‘Mgm(mmo{mmhﬁd
the oocTat wall, tbe WFB TT seemed to bave
‘ﬂnhwmlp];nrmtc
than theae prewns m les developed cocyitx

1) A region of los eectron deme
g‘m‘ )vmofmn observed around the WFB
“mtmzhemd\h:m:ghﬂ‘dﬂ'
plasmsc reuculum (Fig 9) The firg ev.dence
o formation of the inmer lyer of the ooyt
wall was prosented woth the sppearance of

Py 11 A portsan of an
uutmnon of formaton of

Fig 12 Past of the penpbery of  fully duelopsd
m.u dnowing the Erchieeture of the wall The

Fpr L An orpobis wiih & fefly Sormed coom
wall The crioplasa contars a pockus with o
of

nacleakn, & mxsber of polyscchatxde gra-
aues und  few remanacs of the YFB 11 {arrom }
The uregular shape of the oocyst » balwved to ba
1 arnfact craved by gt thembage becrose the
ooyt wall reprewaty  magor batner © fmune
axd other romgents X 7,300
Fagures 14 16 are elecron cocrogtapds whock e
rtrute the ol the wally of oacyrts obuned
from chocken farcet Tha loose ol weem eroand
ooty presest 1o the mrarsin of the hout M abeeat
m the materia) 1 taew coCysts, the wall coumsts
o 10 outsr eyer whath could be Aifferenvated hato
Layer

0 the oxter oocyrt wall % the crome Enked BSA
wd for pracary embeddmng.

Fp 14 Toe gramedn lorm  some of newrly ensorm
thackwem X 90,000
Fig 15 The goaks arv preseat i agyergasss

clmam x 90,000 =

Fr 13 The yranukes v abeent. x 90,000,

an app ty 15-20 nm thick membrane
below the outer layer of the cocyst wall (Fig.
11} Between this membyune and the imiting
membeane of the organtam, patchey of sponge
ke matern] sanifar o to that
obsersed within the WFB 11 were seen (Fig
11) It appeared that these patches could fume
and thus the inner layer of the oocyst wall
wa formed (Fig 12)

Once the complete cocyat wall was formoed,
the organm was found to contain a centrally
\ocated nucletn with a promment poclecins.
The cytoplasm was demely packed with poly-
ssccharide granules bat a {ew mitochondra
and soroe strands of rough retsc
ulum were aho present (Fig, 1) The WFB
I was not observed but a few remmants of
the WFB Il could stil be dytmguished (Fig
13) After the matimation of the oocyrt wall,

thee mas of the org; ppeared
to be reduced 10 sze and 5t was always limited
by a mpgle unit membrane (Fig. 12) It alw

scemed to have thrunk away from the coont
wall and a finely dispened modenately deme
material filled the regaon berween the cocyst
wall and the cytoplasmuc mas (Fig 12)
Sub-stracture of the fully formed socys
zell The fully formed oocysts, that were
preseat withm the host epithelal cells, always
poscwed the delcate veil (Fig 12) Under
the vell, the wall proper was made wp of two
well defined fayen.
'nmw:uh,ero(d:aucmnn-pmmd
*3 & bornogeneows lyer 700 om 1n thicknes
inthemhcrmguol\nﬂfmnnumhn
wulmmd:ondtmed,tnhmmgu.mto-
hyer approximately 250-358 mm thide When
fully formed, the Iayer could be differcatamd
into three zooes (Fige 10 & 12) The outer
mhldtgnnnhx-ppeunmmdvmgd
betwern 70-140 noy 10 thicknes. The middie

zone had a.
Sppearunce and
ned between 150~'l\'l)nmlnixkna-'};
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of the
mnupotuanthn\mungmmbnm
cytoplamme man below the formung cocyit
vall (Fig 8)

Before the formation of the inner layer of
tt:oocyuwnﬂ.the\\'}'ﬂllnamdwhne
become still Jess h

(Fig 11} A regwon of les clectron deme
materal was often obeerved around the WFB
1I present in the enternae of the rough endo-
plasmc rencuhum (Fig 9) The fint evidence
of formabwon of the moer hayer of the cocyat

th:ntbosapmtmuhm’ Jop

wall was presented wath the appearance of
h ly 15-20 nm thick membrane

oot wull repevsents  maor barmer so fmathves
2d other reageats x 7,500

Fagures 14-16 are electron
srats the srwcters

Fp 14 The grusules forn  moc of pewly eml
X 90,000,

Fig 3 The gramies are prwen: fa

chmten x 90,000 uyrepe -

Fig 16 The grancles arv sbeems. x 50,000

an T

below the outer layer of the cocy wall (Fig.
11) Between ths membrane and the Limuting
membrane of the oqganm, patches of sponge
like matern] similar in appearance to that
obsenved withm the WFB 1I were seen (Fig
11) Tt appeared that these patches could fuse
and thus the inner layer of the cocyst wall
way formed (Fig. 12)

Once the complete oocyst wall was formed,
the organum was found 1o contin a centrally
Jocated nockeus with a proomnent nucleohus.
The cytaphusm veas densely packed with poly
saccharide granules but & few mtochondna
and some strands of endoplamme retic
uhm were abo present (Fig 13) The WFB
1 waz not observed but a few remmants of
the WFB 1 could stll be distmgusshed (Fiy.
13) After the maturation of the cocyst wall,

yiop an of the P 1
10 be reduced in shre and 1t was always Emrted
by & single amit membrane (Fig 12) Lt ako

wemed 1o have thnmk away from the oocyst
wall and a finely dupersed moderately deme
roatenal filled the region between the cocyxt
wall and the cytoplasmic maw (Fig 12)
Sub-structare of the ully formed oocyst
well The fully formed oocysts, that were
present withun the host epithelial eells, atwap
porcwed the deliate veil (Fig 12) Under
ths ved, the wall proper was made up of two
well defined bryens.
The outer hayer of the cocyst wall a
bl layer 700 nm tn thickness
mﬁtuﬂmmguornﬂfmhw
W(mwmhmmmm.
layes appranmately 250-350 nim thick. When
{ully formed, ihis layer could be dufferentiated
an!htemuel(}“,g._w&lz) The outer
rone had a granular appearance and
between T0-140 nm m thickpess The mppis

a
ted berween 150.200 nomy fhppe, 'Ddth:

x«K7



mnner rone was more osm.ophilic than the
first two and only 10-30 nm thick (Figy. 10
& 12)

The inner layer of the oocyst wall was ho~
mogeneous 1n appearance and approx. 80 nm
in thickness (Fig 12)

It was imposuble to distinquish umit mem-
bmnes delimit.ng the two layers of the oocyit
wall

The structure of the oocyst wall as observed
in oocysts obtained from chicken faeces, dif
fered shghtly from that observed 1n the mature
oocyst before excretion from the host cell. The
oocymts from the faecal matenal lacked the
debeate membranous vel (Fige. 14 15 &
16) The two layers of the oocyst wall were
smmlar to those observed on oocysts from the
mntestine (cf Figs 12 & 14) except that the
outer granular zone of the outer layer in cer
tan cases, was absent (Fig 16) or reduced
m width and i others presented the granu
les 1n clusters or aggregates (Fig 15)

A duagrammatical representation of the ul
trastructural changes observed dunng oocyst
wall formation 18 given 1n Text Fig |

DISCUSSION

The presence of membranes (in E brunetts
forming a loose veil) extenor to the two lay
ers of the oocyst wall has previously been
reported for a number of Esmena spp al
though the number of membranes present in
the different species vaned (2 3 4 11 17
& 20) In E brunetr asn the other Exmena
spp 1t appeared that the membranes of the
veil are formed by a separation of the hmut
ing membranes of the macrogamete The
membranows nature of the veil observed in
thy study corresponds well to that referred

I Di A to F summanse the
I:;‘:a:::lﬂchmm' umobamﬁ dunng the formation
of the oocyst wall in E. brumett In Dugram E
patches of matenal smlar in appearance to the
contents of the WFB Il aro marked by amows
chmmummmdmnnﬂol
oocysts obtmned from chicken faeces
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toas Layers 1 2 & 3 of the oocyst wall of
Toroplasma gondy (8) In T goxdu how-
&er these lnyers appeared to be synthestred
extenor to the Limrting membrane.

From the stroctural changes occurrng n
the WFB I 1t would seem that part of ther
contenss are beimg released pnor to the nin-
apan of the forrmtion of the outer byer of
the oocyst wall Changes in the structure of
the WFB I observed prioe to coqyst wall for
matoa have abo bern reported for £ leb-
bexne (20) and E. nucsts (22}

Ihe formation of the outer lyer of the
ooyt wall differed from that reported for
other Emverse spp and T gondn (8 & 14)
In £ brunstti 1t appean that thn yer n
focoed. from membranes releastd from the
arface of the mucrog m comb

Layer of the oocyst wall Bath these obaerva
tom provide evidence for the imolvement
of the WFB 1l in the formation of the inper
Iayer of the ooryst wall

The findmg that the WFB 1 and WFB II
give roe to the oater and inner layen of the
oocyst wall, reapectnely u umilar to that
reported for the other Eimens spp studied
{14 15 & 16)

In other members of the coccldin, which
have been studied, belongmg to families re
lated 1o the Fimeridae typrcal WFB 1 & 11
are abaent and the procem of cocyst wall for
mation nt different (for references see Schol-
tyseck ot ol 14)

Mictopores are present on the Leondtmy
membrane of the eyloplasmic mam below the
dees

with the contents of the WFB I In other
Limena spp it o thoughy that the WFB [
coalesce at the peniphery of the organmn th
formmg the outer fayer of the oocyst wall
(13 & 14} In E necatric (4) E. muvat; (22)
and T gondn (8) the formation of thu layer
= reported a1 occurnng from granular mate-
n-lreh-:dby“'l"BLmd.uappcznnccd
the WFB I during the formatron of the outer
Layer of the oocym wall sggests that these
bodies wre takong part in this formaton,

We found that the outer layer of the cocyst
wall condemred mto a sructure which exhy-
beied three well defined mones. A wmilar roa)
partiten of this layer has not been obwerved
for other Exmena pp or T gonda although
some granolar material has been reported on
the exter.or of the outer Iayer of oocysts of
E weteins when obeerved m the htenine)
famen (4} In B callospermophuli and E. lars.
meredns (121 Imspore cany (19) and 7
1 and I awana (18) granuhr matera]
Iulhomlmthcwln"lﬂl’lmm
obtamned Irom faecal materal

and uructyre
= tat prewnt withm the WFB 1] Sumifar
obstn atiom h\tlﬁl‘fﬂl’wﬁl’ﬂy"
tubing (10) dl-rrmglhelofnnl.moft}g(m

BOMU et el waad, St B, 3

pong oocyst wall Io K. brunelts, Bimilar
cbeervations have aho been reported for E
tenella (11) E. mecatnr (4) E. labbeana
(21) and T gondu (B) bus the functional
n@mﬂﬂnteddxprumao(nﬂaopn;udu-
nng oocyst wall formaton s unclear
Tbncywphamxmo(rhzoocysuof}s
brunett; coatuns large amounts of resene
foodmn:hl(pdynmlnrﬁelmuh)'bxh
uunn'hrtoﬂntmpunadforotha&mnu
ipp aed T goxda (B & 13) Probably some
of these polyracchande

b""’mpwmdmbcpmt durmg
‘m"““‘i“ﬂ/m(i)hnuelmdm
evidence of dm!ﬂlhtdntbpmgw

E kungits, o
The region between

the outer and
Iyers of the fnner

o T mﬁhmulnmgdxhw
nor of the oocyst was



lar region there 1 present erther a repellent
substance or an inhibitor of polymersation
which prevents penetration or proper cross
Linking of the Vestopal or Amldite.,

When the ultrastructure of the wall of
oocysts obtamed from faeces 1 compared to
that of cocysts present within the epithelal
cells, only miner differences are observed The
loose veil 15 lost and this 1s not completely un
expected unce the oocysts have undergone a
number of mechamcal and chermueal treat
ments dunng the procesung of the faeces.
Slhight differences are observed in the granular
20ne of the outer layer and these are probably
also explained as results of the handhing of
the faecal matenal It has been stated that
connderable changes occur 1n the structure
of the oocyst wall after excretion with the
faeces (18) In the ococysts of E brunetis
however only slight differences are obsened
in the walls after excretion and we are thus
unable to support thrs idea.
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ratory Minbtry of Agriculture Fisheries and Feod,
New Haw Weybrldge Surrey England for sup-
plymg a pure sample of oocysts of E. brusetti and
to K L. Fennestad VLD, Statens Serununstitut,
for provisron and maintenance of the chickens We
gratefully acknowledge Mr. H Rarn for technical
adstance, and Mus A Ocergsard and Mr F
Laursen for pbotographic amustanco
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THE TENDENCY OF SMOOTH
AND ROUGH SALMONELLA TYPHIMURIUM
BACTERIA AND LIPOPOLYSACCHARIDE TO
HYDROPHOBIC AND IONIC INTERACTION,
AS STUDIED IN AQUEOUS
POLYMER TWO-PHASE SYSTEMS

K E Maaxusson O Steroan, C, Tacessox L. Eppo
and *G Joranssoy
Dept. of Medical Mierobiol U of Link$pl) 5581 85 Lmidpung and

*Dept. of Brochemustry Unlyversity of Uroek, 5901 87 Umel, Sweden

Maguusson, K. E,, Stendahl, O., Tagenson, C, Edebo, L. & Jobanuson, G The tendency o

smooth and rough Sefmonells (yphrmunam bacttna and Gpopolysacchande to bydrophobs

and lonic jnteraction, as studied In squecus polymer two-phase systems. Acta path, mcroblol

scand. Sect. B 85 212-218, 1977

In aqueous two-phase system, the partiton of bacteru and [popolyacchande (rom s roogh
i

(R) stram (Rd ) of Selmonella typh fluenced by palymers with eovalendy
hinked hydrophobic groups indicating hydrophobc structares itle at the cell surfsce.
Furthermore, the partition of the R bactersa 1s influrnced by & number of inorganx pesine
and neyathe rony, bly w5 2 of & with pegatrvely charged surface
structures. In contraw, smmooth {8) bacteria and lipopolyaacchande from the pareat srun

hobx or charge i fon indicating extensive

do pot seem to partkapate in either hyd
hydrophilcity wathout charge, Thus, the Swpecific polysacchande tde chain of § frphr
munum might senve the purpose of blindfolding aspecific bost defence mechanmms dt?en::
on hydrophobieity and charge On the contrary the R hacteria and R Ipopofyuccharide =
phywcochemical properties which predisposs to interaction with weveral tpes of ot
organelles and molecules.

Key words Selmonefle typhimarimm  bactern and lipopolpacchande  hydrophobic snd sk
nteracthon  aqueous polymer two-phase systemae.

K. E Magousson, Dept, of Medscal Microbiology University of LinkBpmg §-381 83 LinkBe-

g Sweden.

thelial systern (21) and attachment ™ Hela

Recened 82176 Accepted 3177 o
uch greater than
The Labiity of Salmonella typhsmunum R cells m ritro (12) 3 mi
bactena to ghngocytmu by polymorphonu  of S bactena. The lack of S-speafic pob
sacchande side chains in the surface lipopolf

trophals (PMN) (18)  clearance
zﬁ ticeubloid ménm to the reticuloendo-  sacchande (LPS) of R bactena is well knows

212
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MATERVALS AND METHODS
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10 mgiml in PBS.
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00000} with &y prridine sad after mrpeniion
of the 15



brate at 4 C overnight. The total system con
tauned 44 per cent (w/w) PEG and 6.2 per cent
(w/w)} dextran in 003 M trh buffer A batch of
some hundred m! was twsually prepared Two ml
of bottom phase and two ml of top phase were
pipetted into graded test tuber. To each tube, 01
ml bacterla or LPS and 01 m! of hydrophobleally
substituted polymer in tris buffer were sdded. In
order to study the effect of different lons on
the partiton the tns buffer was exchanged with
a 0.5 mM pbosphate baffer pH 70 (See Fig 3)
The tubes were inverted repeatedly (X 20} for
mixing and the phases were allowed to settle for
45 min, The volumes of the phases were measured.
Then 0.5 ml mmples were withdrawn from the
top and the bottom phate The remaming hquld
contalmng the Interfsce was finally mixed and a
sample taken Determunatron of the bacteris (v
able) In the phases was made by dluting each
allquot 1 10 and measuning the optical density at
650 nm In a spectrophotometer (Beckman DU 2
Beckman Instrument Inc., Fullerton, Cal 92634
U.S.A.) or by messuring the madioacthity in a
gamma  seintill counter (Intertechn) SA,
Pans, France) The latter procedure was also used
for the MCr LPS The dutribation of the bac
tenna and LPS between the phases was then ameu
ed on the baus of the volumes of the phases. D
to Inhomogeneous dutribution In the phases,
certain cases the recovery of particles may exceed
100 per cent (See ex. Fig 2)

g
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{ Partitron of viable bactena, § typhamuniam

bols) and M8 (filled symbols} m
tratrony of Trton

Fig
R0 (open sym

Abscinna Final concentration of Tnton % 100 (per
cent w/w)
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Fig 2 Parttion of MCr labelled Lpfmidr,,u
murrwm R10 (open symbols) and AMS -
bols) in the presence of dulTerent conceatrationt o
Triton X 100 O = top phase [J = bottom phax.
Ordinate PertrnlLPSintopmdhomPh!&
Abscla Final concentration of Triton X 100 (pef
cent w/w)

RESULTS

Influence of deaxycholatse PEG The presenct
of deaxycholate-PEG in concentratiors g
ing between 0 and 088 per cent (w/w) ad
not influence the partition of MS and R10
bactern (Table 1) Nesther was the part-
ton of ther LPS markedly affected, there
being only a shight wncrease m the parutod
to the top phawe for R LPS \Iorccom?;
cuows, bowever was the accumulation
alkal treated LPS (aLPS preparavon ¢
15) mmLthoppthpmmortdb)dw!r
cholate-PEG 1n the phase system ”
Influcace of Triton X 100 Trton \ 1
i total concentrations £ 00005-0.5 per cent
(w/w) 1 the phase sytem had Ltle effect
on the partttion of the bactena. The RI0 w8
hardly affected, whereas the MS bactend
were decrensed shightly 1n the top phast from
74 to 60 per cent and moved toward the Intef
face and bottom phase (Fig 1) Ths maght
be due to damage of the cell cmelogc n .
high concentration of detergent With Rl
LPS, increanng, concentratons of Toton
100 promoted the accumulation into the top
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Fr 3 Partioon of viabc bacturts, § typhimariom
R10 (open wyabole) and M8 ((led eyombols) &
the proveace

of dfferent concentratons o palh
wr-FES
Ordinate

o0t

O = top phase, [ = bottom phast.
Per cemt bacterin I top and bottom

phae
Abachme. Frul conceatrabon of paburtortPEG
{per cvat w/w)

phase. In the shaence of Triton . 100 85 per
etnt of the LP3 was reconered {rom the bot
torm phase a3 compared to oaly 20 per cent
sith 1 per cent (w/w) Triton m the phae
mtem The parttion of the MS LPS was
not sffected by Triton (Fig 2)

Influence of palmtorl-PEG and palmitoyl
dedt an. The presence of PEG pro-
moted the partioa of R10 botteria to the
top phose at final concentratons of 0 002 per
ceat (w/w) and greater (Le about 0.03 per
cent of the PEG exchanged with PEG with
fydrophobuc groups) and higher whereas
there wat no effect on the partinon of MS
(Fig 3) Only the hughest concentration (10
per cent} gave a muafl decrease m the top
phase. No conchahe effect of palmtoyl
dextran o concentrations 0-025 per cent
(w/w) was obenned, either on RID or MS
bacterta (Dot shown by flgure)

WWrth R10 LPS PEG in coocen-
tatiom of 0.001-0.002 (w/w) and greater
increxsed the affinity for the PEG-ch top
phase whereas the S LPS was not affected
(Fig 4) Palmutosldextran at 0.23 per cent
{wjw) and lower dd not nfluence either
the drstribution of R10 LPS or of M3 LPS
(Dot sbown by figure)

Pmdw-u{bulmauLhcpvmua[u

orgenic salts. The cifect of 0.025 M concen-
mdpounmhldﬂordhﬁd:h
dtlmlhtpamnmu()[S("Crhbdkd)
weas small or negligible whereas the partron
of RID (Cr labelled) d:ptndcd-ndF h::ﬁ\:
parteolar jon (Fig. 3} Li 1t
oc Do effect, whereas the other loos pramoted
the accurmalabon into the bottom phase. Ar
ranged In moresung order of anons F
<Cr<Br<l and of cations Li <Na <K
{Fig.5) It x notable that m comparnon with
the tms buffer the pbosphate bulfer used m
this context moves the R10 baeteria from the
bottom phue towards the foterface.

DISCUSSION

The attachment of § typhsmanem R bac
tena to different kmds of anmmal cells such as

(18) macropbages (6) Hela
cells (12) and amocba (8) 1 more avid than
that of S bactena. Since the difference n evi
dent also 10 the aleence of serum, aspeafic

[}
ot yood 1ot o

Fit ¢ Pattion of NCrlsbeSed 5 ik
manem RI0 (open syoabols) and u‘;"?-mr;w
bols) tn the preencs of differeat conceatratons of
O = %p phue, [J = bottom
Ordlnaie- Per cvat LPS
Absclua. Fleal
{per cont w/w)

i wop and bottom phase.
coceandon of pelmitorl-FEG



brate at 4 C overnight. The totsl syst

em con
tauned 4 4 per cent (w/w) PEG and 62 per cent
{w/w) dextran in 003 M tru buffer A batch of
some hundred ml was usually prepared, Two ml
of bottom phass and two ml of top phass were
plpetted into graded test tubes. To each tube, 01
ml] bacicria of LPS and 01 m! of hydrophobcally
substituted polymer n trs buffer were added. In
order to study the effect of different jons on
the partition, the tns buffer was exchanged with

2 0.5 mM phosphate buffer pH 70 (See Fig 5)

The tubes were inverted repeatedly (x 20) for
mixing and the phases were allowed to settle for
45 min, The volumes of the phases were messured.
Then 05 m! mmples were withdrawn from the
top and the bottom phase. The remalning bquid
containing the interface was finally nuxed and &
mample taken Determination of the bactens (vi-
able) in the phases was made by diluting each
aliquot 1 10 and measunng the optical denuty at

630 nm in a spectrophotometer (Beckman DU 2
Beckman Instrument Inc. Fullerton, Cal 92634
USA) or by measuring the radioactivity

illation counter (I hal

for the MCrLPS The distnbution of the bac

terta and LPS between the phases was then asess-
ed on the bass of the volumes of the phases, Due
to inhomogeneous distribution in the phases, in
certain cases the recovery of particles may exceed

100 per cent (See g Fig 2)
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Fig ! Partition of viable bacterin, § typymunzm
RI‘O (open symbols) and M8 (filled symbols) 1n
the presence of duferent concentrations of Tnton
X 100 O = top phase [J = botiom phase.
Ordinate Per cent bacterin in top and bottom
phase,

Abscissa  Final concen
cent w/w)
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Fig 2 Partiton of "Crlabelled LPS S hpir
munxm R10 (open symbols) and MS (filied 2
bols} lntbepxmddxﬂnmzcmnmwd
Tnton \ 100 O = top phase, [ = botom phie
Ordinate Per cent LPS 1n tap and bottom phae.
Abscisea Final concentration of Triton X 100 (o7
cent w/w}

RESULTS

Influence of deoxycholate PEG The prescr<t
of deaxycholate-PEG 1n concentratoas fans:
g between 0 and 0.88 per cent (w/w) dlé
not mfluence the partion of MS and R!
bacterra. (Table 1) Neither was the partr
nonofdlurLPSmarLcd}yancted,thﬂ\‘
being only o shght ncrease in the partiof
to the top phase for R LPS \Iorccmq:\;
cuous, however was the accumulation
alkah treated LPS (aLPS preparabon =t
15) mto the top phase promoted by dessT
cholate PEG 1n the phase system ®

Influence of Trton X 100 Totoa \ !
1n total concentrations 000003-0.5 per cent
fw/w) in the phase system had Lttle effect
on the partinon of the bactena. The R10 w3t
hardly affected whereas the MS bactend
were decrensed sbightly 1n the top phasc from
74 to 60 per cent and moved toward the mie?
face and bottom phase (Fig 1) This mk%ﬁ
be due to damage of the cell envelope ™

high concentration of detergent. With RI10
tons of Trten >



3 bacteria did not resct with the different

blindfolding and escapmg aspecific host de
fence mechinmms which operste via surface
or charge Hydropbilic pro-
hpndmpbmmhmnhqukm(mﬂdﬂ
&d resporsible for thewr more stabe swpen-
wony, virulence aod rexstance towards phago-
ovtows (3) and thi o now beng substant-
ated,
On the coamary R bactera and LPS
showed greater tendency to wteraction with
bydrophobac and charged groupe. Already 1n
1995 Vxdd ot o. (14) postulated on the ba
s of theorenea! considerations, that phago-
ries would more emlly become attached to
drophobsc particler, and o the words of
1an Osr {23) phagocyies do not dn h

lx-mrs,uennpuntd.Smh)dmpholnmy
seerms to facilitate the fnteracuan and bond-
mgne{a\an'.he;etmdq-peuimupm
ton 3 the bane mechanfsm Whether ths
Istronahp = rep of all Selmonell
S and R strams remans to be proved ex
perimentally Sach a mechanism wostld, how
ever hme gepera] mmportance mn the inter
action of anmal cell membeanes with extra
cellular materal.

The hgher virulence of S bactera of §
typhrmunam than that of R tactera b thus
pot due to higher tomcdty o reactrviy to-
wards the host celly, but Is & conseqoence of
escape mechanmms which allow the bacterm
to alip through the tmperfect walls of the

between self and noneell but ust between
particles that are more by

or tmore

the R bacterm and LPS arc more rezcthe
10 a vanety of bolomcal mteractions. They
are more rapsdly deared from the blood
sream (10) and more toxce to hondrma

The ulled techaies] mmtance of Kerdmm Heger
sten bn gratefully acknowledged, This rescarch was
sexpported by the gramt B 76-16 X-02163-10 from
the Sx cdick Modical R rear k Cowncd.
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Fig 5 Partltron of viable bacterin, S typhimurinm
RI0 (open symbols) and MS (filled symbols) in
a dextran polyethylene glycol two-phase system
contuning 25 mA sodim halides (A) or almli
chlondes (B) Phase composition 62 per cent
(w/w) dextran, 4 4 per cent (w/w) PEG 05 m3l
phosphate buffer pH 70 25 mAl chlorides or
halides, O = top phase, [] = bottom phase.

differences between the two kinds of bacteria
have been demonstrated by partition 1n poly
mer two-phase systems consisting of dextran
and PEG (19 20) Recently it was shown
by means of a phase system with charged
PEG that R10 has a net negatne charge
whereas MS s apparently uncharged (22)
However no conclusion with respect to
hydrophobic mechanisms was jusufinble on
the basis of those expenmentt. Partition in
the two-phase system has been found to corre
late wath contact angle measurements snee

ate

the presence of § 3 phimarium S type LPS
on the bactenal surface reduces the contwt
angle 1n consequence of hydroplilc effects
(4) Thus, in the two-phase system, vurtmlv
uncharged and hydrophilic S bactena prefer
the PEG-nich top phase and ess hydrophilc
and negatively charged R bactena prefer the
dextran rich bottom phase. More direct prool
of the hydrophobiaty of R bactena comet
from the present expenments, unce FEG and
dextran covalently inked with palmitoy] wde
chams especaally palmutoy] PEG were ob
served to influence the partition of R bactern
and LPS but not that of § bactera (Fig
1-4)

The conspicuous effect of palmitey-PEG
on the parution of R10 m contrast to deexy
cholate-PEG or Triton \ 100 (octylphemk
PEG) might indicate that stenc properte of
the hydrophobic mofety played a rok ®
that interaction was favoured with Jess bully
chain-like structures. A similar effect W
observed with RI0 LPS where a muh
smaller concentration of patmutoy-PEG (Fis
4) than that of deaxycholate PEG (Table 1)
or of Trton \ 100 (Fig 2) was nteded to
affect the parttbon The capacty of deow
cholate-PEG to affect the partitron of RI0
LPS and sull more of RIQ aLPS (Table 1)
indicates that the hydrophobic moeties were
more accessible 1 these preparabioas, 67 that
they quangotatively domunated the surface
properties of the particle to 2 larger extent
(sce 13)

The additton of alkalt halides toa dextran
PEG system probably leads to an interactiod
between PEG and the negative halide »0%
%o that 1t behaves as negatively charged (1)
The order of the effect of the halidet (F<
Cl <Br <1 ) oa the partiion of R10 (F¥
5) corresponds to thewr degree of interacton
with PEG and the effect on the partiteon
of ovalburmin at pH 6.9 (11) Also the effect
of cations on the partitron of R10 was umilar
to that on ovalbumun (11} These results arc
conustent with the negatve surface charge
of R10 (22) The very small effect of 1ons o0
S bactena and LPS was comsp cuous, thus
indicating neghgible charge interaction. Sint®
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Phorpholipase C (EC 3.1 43) (FLC) ban
exenryme produced by some memben of the
farmily Becilloceae In recent years PLC fram
Baalles cereus has been the subject of & num-
ber of investigaboms 10 our (2,13 15 16, 19
24) and m other Iaboratocks (12,25 %Q,31)
We have previowly reported that a Jow mole-
culir werght compound present in the Beef
Heart Extract-component of the Brain Heart
Infunon medimm (Oxold) completely mhibe
ted the synthess of PLC without mieriening
with hacterlal growth or spoculaton (23)
Further ytudis on ths compound and s
mode of action sre reported here,

MATERIAL AND METHODS
Bactstiel Strebs and Cuitivatrw

some experimnents
ot ol (30) or & 1 per cont maktme0S
camcies bdrotyrase

Enrpme Asseys

deseried by
Ot «ni ct o (24) Oon o
Qe ) One PLG malt jucthased oo
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Phospbolipase C (EC3.14.3 ) (PLC) ki an
exoerzyme produced by some members of the
faoly Bellacese In recent years PLC from
Beallns cerens hay been the yubject of & oum-
ber of mvestagations in our (2,13 13 16 19
24) and m other hboratones (12,25 30, 31)
We hane previoanly reported that a Jow mote-
cular werght compound present 10 the Beef
Heart Extract-component of the Brain Heart
lofunon medium (Orosd) completely mhibs-
ted the rynthesis of PLC without intecfening
with bactenal growth of sporulstion (23)
Further studies o0 this compound and 1t
mode of action are reported here.

MATERIAL AND METHODS
Bacturie Strefs exd Cultiveiion
Bacilles ¢eress ATCC 10987 waa siored

hored w600 koa. o
Exnyme Assezs

c deverbed
Otnwsr 4t ol {4) o PLO wat bnsctnred o
it of tlawse thrombo-

€ Proolytic

plaxin per ody w37
acthvity
“ br Mey & HIEetr (18)

i



wing casc{n or aro-casen (Sigma) as substrate,
Amylase was determined s described by Coleman
& Ethote (9)

Gel Filtration

Bwo-Gel P10 and P2 (Bio-Rad) were used In
columns of 2.8 x 61 cm and 28 x 530 cm. Stan
dard procedures were followed The columns were
equilibrated and eluted with 5 mM Na phosphate
buffer pH 74 10 015 M NaCl at & mte of 20
mi/h,

Axtisers

Antisera agatnst PLC were raised as described
{Otracss ¢t &l 1976 In preparation ) by infectron
of purifed (15) enzyme into goats. The monope-
afic antbodies obtafned were isofated as deseribed
by Fahey (11) and further punfed by using a PLC-
Sepharose affinity column {Otaaess ¢f ol, 1976 In
preparation)

Thn-layer Chromatography

Thin layer chromatography (TLC) was carned
out on 0.3 mm dlica gel H (Merck) nsing n-buta-
nol acctic acid water (80 20 20) ss solvent and
ninhydnn (hoch-Light) for detection.

Paper Chromatography

One dunennonsl chromatography on Whatman
No 1 paper was used, The solvents were n-butanol
acetic ackd water (40 6 13) and wopropenol for
mic acld water (70 20 10) The spots weve detec
ted with ninhydrin,

Amimo Acrd Amalyses

Amuno acid analyses were carned out on a Jeal
JLC-6AH analyzer after hydrolysls of the inhibitor
fraction In 6 N HC1 for 18h at 110 C.

Scaaming Electrom Microscopy (SEM)
Thecelhwzmﬂx:dfor?hml.!:ﬁm
dehyde in 008M sucrose, dehydrat
xaluunl :d and transferred
to pentyl acetate. Finally the cell suspenuons were
placed on glass cover slips and subjected to criucal
point drying with LO,. The specumens were coated
wath carbon and gold by vacuum evaporayon and
examuned 1 & Hitachi (HHS/2R) scanaing clec
tron mucroscope at 20 XV and a 30 tilt angle.

Isotope Experrments
200 al L—(U-? C)-leucine (specilic actn vy 348
Cu/mol, 50 xCy, ml) and 12 sl 3 620 unidine (spe-
afic scuuty 41 Cymmol, 1 mCy/mi) (Radio-
chemucal Centre, Amertham) were added to 15 mi
medium, The baeterial cell pellets were extracted

290

with 2 ml fce cold 0.5 M perchlone asod (PCA)
for 15 min a1 2 G, eentrfuged (10,000 ¢ for 10
min at 4 C) and washed with ke codd PCA
five times. The fast PCA-extract was counted 2ad
found to be free from ngnificant radicactivity The
fina! pellet was dissolved In 1 ml 08 M NsOH
for 48 h at 37 C in closed tubes, From exch
hydrolysate three samples (0.1 ml) were comted
la a Paclard Tricarb 3373 ScintMaton Coemter
after mixing with 10 m! Instagel Quenchung wis
found to be Insgnificant.

Other Methods

Protein was determined by the Lomry smethod
(17) using bovine serum albummn s standerd
Hexoses were determuned by the phbenol-sudphone
scid method of Brggs et al (5) pentoscs by the
orcinol method (27) deoxyribose by Burtuo s e
thod (6) phosphorus as described by Ches 8 d

1 h at 37 C bafore use.

RESULTS

The low molecular weight fraction of Beel
Heart Extract completely inhilsted theappear
ance of PLC 1n the growth medrum of certam
substrains of B cerews ATCC 10987 (Fig 1)
In confirmation of earlrer results (23) po m-

[
2 3
e

Fig 1 Eﬂmdlmvmokcnhr‘mh‘{g“""d
Brain Heart Infusion on actmty
and bacterial growth in fiquid culare.

{n the
phaspholipase € sctivity for cele grouies
Jow molecular fraction of Brain Heart Infutos
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Fig. 2 Gol Shirsuom of partially

rechrosstographed .
P2 coloxa (28 % 30 ) equllibratad and elated
with phosphate-buffered mfine. Fractions of 2.2 ml
wer collected 4t ats of 20 mi/h,

erease of intraceftular PLC activity was found
when bactera inhibited by the Beef Heart
Extract were broken by bomogenmanon, alu-
rina grnding or sonicabon. No antigenx
marerial was found when the mooospeafic
anthodies agalnat PLC were wed in bmmre-
podiffuson agalnst or pormal or
iehibited bacteria (3 X 10° celli/ml)

Ch

of Inkibator Prepa

A partul punficaton of the inhibitor was
ohained by uccesave gel fitranom on Bio-
Gel P 10 and P 2 cohumns (Fig 2) The fimal
Preparanons (Pool 3) completely whibated

the merease m PLC actnaty {Table 1) Seve-
ral tests were carned out to gam mformation
about the rature of the whibitor and ity mode
of action. Calibraton of the P 2 cohumn with
vitamin B,,, riboflavin and tyrosme

a molecular weight for the mhibutor of 600-
900 provided mgmifcant adsorption of the
inhitatoe to the gel matrix dd not take place.
The mhibitor was heat stable and actrve after
autoclaving at 120 C for 15 min m growth
medrum. Digestion of partully punfied inb-
bitor with (fima! concen-
trabon 100 xg/ml 2t 37 Cfor 1-2 b} reduced
the mhibitory effect by 70-80 per cent. Pro-
nase had no effect on the growth of bactena
in the concentratioms used. Protem determi
nation showed that the partally punfied inht
ator fraction contained 1.2 mg/ml and com-
pletely fahibrted the PLC synthess at 06
mg/ml of growth medium. The growth of

small smount of obose (32 pgfml) Trace
amounts of organic phosphate (1 pg/ml) were
detected. was not found (Le. less
than 1 xg/ml) Ninhydnn tests showed the
presence of frec amino groups (about § per
molecule of mol. wt. 6-900)

The ultravolet spectrum of the prepars
boos had a maxinum at 274 nm at peutral
PH. The rato Ara cn/Ars %23 328 Thewe

¥ine but pot tryptophan in the preparanoes.
The 130 Avw s /Arss sn Was 1.29 thin mag
gesting that very Fttle or o nuclele ackh,

TABLE | Eff ct of [ fmblior om Groatht and Extroceffaler Phosphohpase C Actilty

165 mom 40 mia

ot 0 o A2 min
AW Ushyml A60 Uil A0  Ussvml As
1 113 3 120 19 148
a
§ 08y 0 150 70 153 s :Jo 13
113 ° 150 ° 188 3 7 n
+ [ 168 n i N ll—f;g 2
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Fiz 3 Phospholipsse C scthity and bactrral
growth after resuspemion of washed cells,
—(O— Absorbancy a2t 600 om and —A——
phospholipase C activity for cells reswipended in
nutrlent broth,
—@— Absorbancy at 600 nm and —4g——
phorpholipase G actrvity for cells resuspended in
nutrient broth contaning 60 xy nfamplan/ol

nucleotides or punne and pynmidine bases
were present The UV spectra at pH 2.3 and
74 comaided whereas the spectrum ot pH
10 7 showed a marked increase at 235-235 nm
but no marked change at 274 nm or above.
Tyrosine mn the preparations 1 thus not 10n-
ed at pH [0 7 Amino acid analyses showed
that the preparation contained tyroune gly
cine senne glutamec acd alamine, aspartic
acd and threonine in molar ratio 1055.39
2318171 No attempts was made to de-
terrune how much glutamic and aspartic acid
were denved from glutarnine and asparagine
Paper chromatography :n the n-butanol 5
stem and TLC gave one ninhydrn poutve
spot. The uopropanol system gave two nm
hydrin pountive spots, thus showing that the
prepamton contamed at least two different
peptides. No minhydnn postive spots with
mobilities corresponding to thate of tyrosine
glyune or serine were seen

Afode of actron of inhibitor
In order to 1nvespgate the mode of acton
of the inhibitor we studied the synthess of
PLC in bactena harvested when the l:g‘; of
theais was close to or atitx est
::;n;u'z;cclh from 20 m! culture were har
vested by rapud filtration on 0.22 5 Millipore

N

filters, washed with 10 ml freth medrm and
resuspended m fresh nutment beoth withm
2-3 min The procedure was carned out at
37° G with prewnrmed medium. The effect
of whibiters of DNA replicanon (nalidme
acid (Sgma)) transcription (nfampeon (Le
petit}) and translation (chloramphenseol (Sig
ma}} was compared with the effect of the
unknown inhibitor by adding the respectre
compoundt to the growth medium used for
resuspension of washed bactena.

Resuspension of the cells m nutnent broth
without any addition was followed by a b
phasic increase 1n the PLC actmty of (e
medium (Fig 3) as also seen for the extn
cellular protease 1n Bucillus amylolguelecens
(34) The (irst phate lasted 10-20 mm and
was not iphibited by nfampicm at a concen-
tration wich reduced *H undune incorporaton
by 85 per cent after 5 nun and by 91 per
cent after 10 mun, However the second phase
of mereased PLC actnaty was completely abo-
Irshed.

Naldixid acxd had a smular effect, perout
ting the fist and phibiting the second phase
of mereased PLC actvity Complete mhibe
tion of DNA rephicaton was obtaned with
80 pg/ml, and ths concentration was used.
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Fig 4 Phospbolipase C acthlty and bactesial roath
cells.

after resuspennon of washed
"z at 600 pm and —AO—

—(— Absorhancy
phospbolipass G actlvary for eells resurpended f

nutrient
Absorbarncy
phompholipase C actlvity for cells rempended @

beoth contalning 400



TABLE L Effect of Inkiliter en Orowdh

75 mfn 93 win

«xd Extracollaler Proteslytis detivilyt

103 min 120 min 143 mha

A0 Unftyiml A 600 Unaw/ml A 600 Unltyiol A 600 Undt/ml A 600 Upit/ml

Cascn mediom os7 o L1 al
Cascte Dedizm o3 ° o L3
+ Takibisor
Casc.a medpm 034 4 o ot
+ Casln

114 04 145 11 177 30

-

Absortancy at 60 mm.
t Ome olyac wmlt

b

s N
nh m0-casen gy smbacrate.

Chloramphenicol sbolnhed the
{732 3 well 23 tbe secood phese of PLC -
e (Fig, 4)
To smdy the effect of the Inhibitor oo other
Nlolar eraymes, we & d the ac
tnty of e-smylase and protease (1) 1n the cuk-
tme supersatant,. Only very low a-amylase
ectnfty was detectable. However the inhibr-
tor had & marked effect on the meTease of
actryity in the culse ppemanoh
{Table 2) This was not due solely t0 repres-
o of protease synthers caused by the addi-
on o amino scds or emll peptides with the
mhibvor preparatoo, snce the additon of
03 casem hydrolysate allowed At lesst 53-75
Per cent of the protease actrvity to appear in
the wpernatant (Table 2) Furthermere, the
Procase-digested inbibator was lem effecte
than the Endig wnhubitor m yohibd
the mcreave of pratech O actvity 1 the cul
e pupernatant. Dunog tha work wo obwer
ved sepeairdly thar mbeiraios of B eeraws
ATCC 10987 prevsously mbibcable with re
Sprey 10 PLU gy nthess, Decame uninbivitabie,
Tha instabdity sugested that epootmal ge
ne(s) mght be wnohed. In & SEM rtudy of
inhsbrtable and nonunhilctable vensnt of the
Qme subrtram, & clear difference was noted.
The whibitor-meenntve cells had a large
mmber of piliike structures (Fig. 3 A)
wheren the inhibliorsenative cefh had oo or
very few sach structures and tended o grow
10 Jorg chalm (Flg, 5 BY

113 0y 147 ol 126 02
113 02 145 aé 150 12
Tocreast at 440 wm of 03 {x 40 mix «c 37 C

DISCUSSION

The mhilator stadied here had no effect em
the activity of PLC & cuf o (23} asd did nat
lead to any detectable n sccumn-
lation of PLC actrvisy or antigenccally croes-
reacting material Hence, 1t bs probably a true
Inhibitor of FLC ayntbeals, Tha bs further con-
firmed by 1t omedmte effect on the increase
of PLC sethnity whxh b stmllar to the effecy
of chlorampheaicol, thus sigpestmg that the

postiramscriptiomal
The mture of the inhibior remams n-
known, Amlyses of the partially purified pre
perations suggest that it B a pepode snd
make altFrnatves like carbolrydrates, phospho-
Lipads, sclesc acids of ther components len
likely The effect of prootse sopporns thha
hypothesia. The products of the PLC reacton
bave been tested enclier aadd {ourd 10 be with-
out effect (23)
The presents of frec ammo groups (about
3 per molecule of mol wt. 6-000) Is difficult
xomcundkm;hthemucmmo{madmry
peptide of 1thn molecalar wesght and amino
‘ddmmmemm,be
hnﬂ:hm‘mmidmednm
P were mbm d rep ‘,mgﬂ
flimation and oo tpos o free
f7oune, gheive of serine were scen in TLC,
mmdmmhm
per mokecule groum
. present, Mmmwmtd

The mhilutor was abw effectrve agalost the




increase of proteolytic activity m the culture
supernatant. \ arous extracellular proteolytic
enzymes are produced by members of the fa
mly Bacdlacege (9 10 14) and no attempt
was made to churacterire further the proteo-
Iytic activity studied here.

The powuble exstence of a peptide which
inhibits the synthesis of at Jenst two extracel

224

Fig 5

Scanning electron

micrographs of

Baculins cerens grov®

n putrient

A Inhibitor insenntne
cells

B Inhibtor-scaut! €

lular enzymes 1n B cerens 8 nteresung 18
Y oneda and Marwo

relation to the reports by

and their collaborators (1 28 29) which sug
gest a common genetic regulation at %0me step
of exoenzyme synthesis in Bacrllus subtiis. Our
obsenation of an mhubitor actine ngamst at
least two different exoenrymes supports the
exntence of a common step and the results



wogpest that the inhibrted ¥ep B postiran-

pbenomena Teportrd here
huzmhﬂmrmmdinhﬂiwfm"‘
e strm otherwse thought 1o be mogerue,
are abo very mmilar to observatons by Ayx
sxacral (1) m B. subtils.

Since the extracellalar ennmes and toxiny
mmtl«hwwtﬂma
the Beurd Fucid: b
dmgmmmbhamshlh“‘m‘
beal mportance.
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METHODOLOGICAL ASPECTS OF
AN AGAR PLATE TECHNIQUE FOR
DETERMINATION OF BIOLOGICALLY
ACTIVE 5FLUOROURACIL IN BLOOD
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A o crobuclogeal sgar plate teckn.que for tiom of 311 L biood,
e aod ble from pan, dog and prg wae evalosted Different bactens] test strama, medis
mochiicanons and trcknques for mocalinm were staded. The sirain StreMococsns foscalss
ATCC 8043 recommended provinaly by Clokion § & »as found 1o bo the most ruzable,

methodologcal
oratly moam  and pracheal for routme daternunation of crtotoxikc composnds frum S-flooro-

wracil i serwm, plase and urme
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The proliferation of malnant cells can be
tnhitwted by ytostatc drugx. S-{lucroursail
3T seemn 10 be the most effecthve drug
bor of from ads =3
noma of the breat and the gastrontestmal
tay 121 The tumour inbibutory
of 5TL were ongually demonstrated
Heelberger & o-gorkers in 1957 (7) The
bemotherapeutsc action of S-FU is related to
the cormipond my mxleoude  (FURMP)
»

10, $-413 46 Goth

winch blocks thymudylate gy nthetase

for DA tputhess aod cel rwﬁmu:ta;]

Thb means thar all rapudly growmg to

are influcuced by the dnw (10) Ths pae
ect has restncted lh‘“’eﬂ"-bedmgh

cancer therapy and often consttutes the lumy

tanon of the treatment.



tumour response to 5-FU treatment vary very
much 1n different indnviduals in relation to
their Iiver and Lidney function

The difficulties 1n predicting the effects of
a gven dose of 5-FU necesmitate the devel
opment of a method for determining the con
centration of actre drug mn tusue and body
flurds, Furthermore, such a method 13 neces-
sary for evaluation of the rationale of differ
ent forms of admnustration of the drug

A mucrobiological method for estimanon of
the concentrtion of 5-FU was described by
Clarkson et al (1964) This was clumed to
be superior to the spectrophotometnic me-
thods avmlable because 1t determines lower
levels of the drug and reguters only the bio-
logically active substance. The method
based on the fact that the growth of an
enterococcus strain (ATCC 8043-S faecalis)
1s mhibited by 5-FU

The aim of the present work was to report
the technucal problems associated with micro-
biological determination of 5 FU i blood
unne and bile

MATERIAL AND METHODS

The experiences are based on amalyss of 3764
samples of semim, plasma, urine and bile (18681
from patients 1169 from dogs and 624 from
prgs ghen 3-FU) Commercal 3-FU (fluorouracl
Roche) 30 mg/ml, was used. The cnterococcas
strain ATCC 8043 (S faccals) war used as refer
ence test organism. A total of H different bectenal
strains were tested

Capps, Hobbs & Fexs Folc Acxd Anay Medlum
was used for determinanon of 5-FU Thy wu
made uracil free and folic acid was added (Table
1) Duferent types of standard ponselecthe bac
teniological media were also tested. For seanti 1ty
tests a peptonelrec agar with % per cent horse blood
($)wa used Inoculanon of the medum with »

supended 1n 3 ml nutreat

btm'hmdxncuhlwdltHCfaeroun For
of this culture 1n 50 ml

and the surplus was druned off carefully
plates were dried at 37 C 90 munutes before and
60 minutes after Inoculaton Unng the pour plate
techmque 30 m! of nutreent broth wat inoculated
with the bacteris from ome colony After incuba

ng 5-Fu/mi
240 .

1204
60
30

154

40 mm

30
zone diameler

20

Fig 1 Representaine standard cune for STUR
human serum,

tion for 4 bourns at 37 C,l.hecnluuelulp\ﬂ
dmn(iml]m/m}n)mdtbewdmlmﬂd‘d
mleIn]ina?mlolLbnmjpennmuumhtd
thoroughly with 500 ml of mediom. Standsrd
plasne Petn duhes (Nuoe, Roskilde, Demmark)
\dlhdnmetmc-lande,nmﬁﬂtd‘hh
25 and 55 g of the mediom, d’?ﬁe;
balance and left to solidify oa a carefully ke

table,
Three different methods for npploz?lldo: of sx
were 100
ples mesngated 1) F.] o oo

way applied with 50 al micropipeties
(10 mm diameter) cut wn the apar piie ™
bumdmmmmmcddmdu-pw
dih or of agar medmm 2) 30 al of the BT
uunﬂdcdtoﬁ\mp;perducx' lomh:)

meter 3) lO,Jdlh:ump}am-ddcdm o

dmes 5 mm In duamete?
crocapillar tubes to paper hnq:rmrhﬂ‘""h

of prediffusion on the sone

The interaction of some
es and chemotherapeutic d
for %-FU with the enterococcus ATCC 8043 w2
alo imvestgated unng tho agr duffuvon pAPCT
disc ethod (AB B.odisk, Stockbotm} (6)

wsed antibwo-
nmon:hcv.rﬁn‘“‘"

*(AB Biodsk, Soloa, Sweden)



TABLE | UM8 Medification of the Arsay Medium of C ppsr ot ol

Final concentration
o
Selution 4
(0.0000004 ¢)
::_‘-n:d(ukml—i”l) Sg: (0000003 g)
Datdld water (g Mulbpors ar redistilied) 1000 m!
Seixtun B
(0.0002 )
pAmizcberumne acd 0 mg 000+
Cule o D-paatotbemate {Merck) 40 g (00004 5)
DsaBed water (g Millipors or redwtilied) 100 mg
Complrte mediame
Vit afree Casmrniro Ackds, Defco 0288 12g
Clacone AR hedd
Trt-Sodom Citnize 2H,0 AR g
LCrame AR or CHR. (BDH or Fluks) 02y
L-Trpioian, AR ( g Merck 8374) 3};
Adenrae smilphate ey Sipma) .
Gurzine ( & NBCo) 002¢
Thamae bydrocklonde (Vimun B g Merck) oomg
brdrocklonde (Viamu B, . Smma. P9753) 0004 g
Riboflniae (Vrtamin B ) pare 0002y
Y acme (Nicotmse aad) pars 0002y
KHPO AR 1g
Momo-Potasunaa e, KILPO AR g
Mopemcsmiphare 3380, 7H,0 AR 04
by NaCt A gﬂh
(1) walphase, Fe$O, AR 02
Mingracss salphate MaSO SH,0 A R oy
Apr Ord Ko 1 L11 14g
Datlled muser (g Aullypore or recdwtalled) 1000 m!
Sohriom A 01lml
Sebotnm B 1ol
mhmwmmu«mu-mmmm-mwmmm
boled for 2 or 3 mummtes with frequent ag muon. Sol

added et pror 1o heatiog o the wiocls

1117
14 o plates ary £0ed with 33 ¢ melied

Ibe penclm m the matermal oder bivcege

U wu mactn i by pressskmg with e
Mliom of 10 4l peacillasse (Pease LEQ
200,000 wwitv/ml) 1o the tew docs

*mnmdmzumso,m and 240
Sx 3 werum (oot macmased and actn ted
fe % m wd 38 C) plaxna, onne, bale and
1aliot X wicd far omstructon of wandard cor e

The dortmerer of the 2o of sahob ton of
mlhmlltmﬂcmm’d
7 20 howns 1137 G (Fig 2) and the comen.
Taten of et nie calcutazed by mears of

annm
ATCC 3043 4nd 33 oxher bacterul strams were

ocdrm (0o balancy)

TLows—or  posald
C for 8 mmater. The

RESULTS

hﬁttnnlngnjndnmu
.m}rmc""mp‘ﬂmxhh_‘h
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tumour response to 5-FU treatment vary very
much 1n different indrviduals 1n relation to
therr liver and hidney function

The difficulties 1n predicting the effects of
a gven dose of 5 FU necemtate the devel-
opment of a method for determining the con
centration of active drug n tusue and body
flwds. Furthermore, such a method 1s neces
sary for evaluation of the rationale of differ
ent forms of adminsstration of the drug

A microbiological method for estimation of
the concentration of 5 FU was described by
Clarkson et al (1964) Thus was clamed to
be supenor to the spectrophotometnic me
thods avmlable because 1t determines lower
levels of the drug and reguters only the bio-
logically active substance. The method 1
bated on the fact that the growth of an
enterococcus strain (ATCC 8043-S faccalis)
18 mhibited by 53-FU

The aum of the present work was to report
the techrucal problems assocated with micro-
biological determmation of 5 FU i blood
urine and bile

MATERIAL AND METHODS

Theupenenmmbucdon-nalymol376|
samples of serum, plasma, urine and bile (1881
from patents, 1169 from dogs and 624 from
pigs gren 5-FU) Commercial 5-FU (fluorouracil,
Roche) 50 mg/ml, was used The enterococcus
strun ATCC 8043 (S faecals) was wed as refer
ence test organusm. A total of 34 different bacteral
straim were tested

Capps, Hobbs & Foxs Folxc Acd Assay Medium
was wed for determinabon of 5FU This was
made uracil free and folic acd was added {Table
1) Different types of standard non-selective bac
terrological media were aloo tested. For sennthaty
teats & peptonefree agar with 5 per cent hone blood
(3)was used Inoculation of the medium with &
test strain wa performcdnt.btfb’yrurflce-tcdm{
or by the pour plate techmque. Colonies from an
overnight growth were harvested vath a l-micro-
Ltre platinum loop euspended 10 3 ml nutrrent
broth and incubated at 37 C for 3 hours. For

surface
before and

mque 30 of nutrient broth was noculated
oy o - colony After ncubs-

with the bacteria from oee

ng 5-Fu/ml
240 x

120
601

30

40 mm
zone diameler

Fig 1 Rzpmumeumdndcmehs-ﬂlm

human serum,

20 30

ton for 4 hours at 37 C,d::cvlmrel’ﬂ@’
down (4 000 rev/mn) and the sediment
ml[)mlnhna?mldlhhmmmwd

and 14 cm, were filed witt
25 and 55 g of the medmm, reepectnely mun;
b.lllnc:lndkf!lombd.\fyonlcnr{uﬂylm
table
“Three different methods for applicanon of ST+
ples were imestigated 1) 100 gl of the mmps
was applied mlhbﬂplmmplpmalnmhﬂﬂm
m the agar plate
od either of the P

plates were erther {ncul
at room temperature for 30 or 1
to incubation, to allow eﬂl;‘ﬂ;‘ the
of prediffunon on the rone Lon.

The mterscton of some !enenﬂyﬂ:f:“‘”db”
fics and chemotherapentic drugs o: w'!"‘““”

for 3-FU with the enterococcus
pet
o mvesugated, using the agar diffoson P
- Stockhelm) (6}

disc method (AB Blodil
“(AB Brodnl, Solna, Sweden)



S. (aecals
TAMLE 2 J kilkwtien o MMAMMCWMM'IIA:GI-‘A-[
ATCC 3043 Tesed by ;’u Ager D ([usiex paper Dusc Method (AB Diodisk Steckhelm} The Coacen
crstrations Tesed and those Cenerelly Serm durag R wties Ther py ead Toxls Concentrations aré
Goom

& Texde
Dreg eed ot Therapewtic conc. (mg/ml) mln
Py wermm
G/} (=) il (o)
FaicDeG 100 25 10 2000 g
AmpicTLa 100 el 10 1000
Methallm 100 <10 10 2000 400
CarbeneTHn 1000 21 10 2000 400
Cephulotn 300 <10 15-10 2000 150
Enyibramyeln 150 29 3 1000 (10-20)
150 5 510 2-200 —
300 <10 n 1000 20
Keawmycia 30 <10 10-20 200-500 3040
Gentaneren 300 16 s 100 10
Cuonmphaaicod 00 1 s 30 30
Tetraeydine 300 @ 3 300 (20)
Oxytetracy clime 300 1 12 00 (20)
Doxyoychne 300 43 0 (20
2500 <10 100 1000 130
Narolarentotn 3% 0 0 100 —
300 <io L) 250 (30)
Fadz 00 % 44 os 0
Trazetbopea 12 31 831 200 ey

Pet cont above the 1000 g level The same
regremon ine was obtalmed mrespecthe of
whetber 5-FU was diluted o plarma, urine
or ubve 1-2 mmm smaller and lew sharp
moes were obtamed in inactrvated werum,
and ditution in bile to 25 ng grve 4-5 mm
Larger rooes Double inhibiion rones were
reoerally seen when tesung prg serum (Fig.
3) The outer border was wed for registra-
bon 1n these caser. There was oo dfference
tetween the regremon Tines cbtamed by wing
the serum of the proband or pooled human
seram

The medvm wed wat coloured (lightly bt
s Optimal for the

Drug Interaction

The influence of different antibeotics and
chemotherapeutics on the growth of S far
calte ATCC 843 can be wen from Table 2.
The test strain was not stmitive to sulpho-

pai
xvay were recorded in direct Hght on the
plate w th a dark tackground at about 1 m
dmance Al the recordings were made at the
ume angle When larger mnes occurred
(>40 mm) diuwson of the tamples was
necesary 3-FU  concentatiom were best
calculated by uung dally plotung of

cunver

Inoculation

lnctdtrmubnmnmmm‘be
Wmﬁmhmmmmmm
before and after inoculation. To obtain uns-
lotmd}m-fbulhudl.hebnnmmdcbm



Frg 2 Representative inhibitton rones from 5 FU
in human serum.

centrations of 5-FU but uracl free medium
was necessary to obtmin determunation of con
centrations below 60 ng/m!

Test Strans

The highest sens tnity was shown by Sta
phylococeus eprdernudis and Staphylococcus
aureus and the lowest by Pseudomonas aeru
ginosa and Salmonella ty phimunium. ATCC
8043 other enterococer pneumococar and
haemolytic streptococer had intermediate sen-
sitnity  The most disunct nhibition zones
caused by 5-FU were obtamed n test systems
with the enterococr 5 FU was shown to
mhibit strongly the n crtro growth of bac
terin commonly uolated from the respiratory
tract The effect on the aerobic normal or
faecal flora was less pronounced. The growth
rate of ATCC8043 was mtermediate as
compared to the ten other 5-FU senntive

stramns.

Storage of Samples

No change n actnity in human serum
contarning 5-FU was observed after storage
for 24 hours at 20 C (14 mmples from 8
patients) In contrast, the 5-FU actvity m
plasma and serum from dogs diminnhed by

230

Fig 3 Double inhihiuon rones from 5-FU in pyg
serum.

10 to 15 per cent per 24 hours at +25 G
+4 C,-20 Cand +37°C.

Registration

The standard curves were plotted o sem
loganthme paper and hnear regresson Lnts
were drawn by visual estrmanen of the range
10-120 ng/ml (Frg 1) Twenty such standard
curves were anahzed statsncally waeg OF
vett: disc computer P652, and tested agamst
sx functons (straight line paraboly, cubee
exponential power cune and power/expo-
nential) The best fit was found for power
curve (r=079) The r value was 0 4 for the
exponential function wsed by us. The metho-
dological error was calculated from 99 dupl-
cate determunations 1n the present materl
uung the following formula

pY:]
SE =}/ %0~

were d, 1 the difference between duplreate
determnations (11) The error was then ex
pressed as percentage of the mean of the
determmnations. Serum from prgs, dogs and
humans was mncluded The error was 12
e concentration Tangt

serum, 144 per cent
nd 155

per cent within th
0-120 nz 5-FU/ml
within the range 120-1000 ng/mal a



TABLE 2. Ixkikitien of Differemt AntiFotic "D,‘,‘Cmﬂf‘";-ua - ;A(l.‘f‘r.v;)b ;ihalmm
ushon-paper
e Bl et e T

Gam

Toxkc
Concemtration  [gpihiton Therzpewtc cooc. (sg/ml)  concentration

bret ! lmnm Senme Urme im perum

(eg/md) (re/ml)
PeskcTE G 1] 15 10 2000 400
Aswoic Tn :on ] 10 2000 400
Methicillin 100 <10 10 000 400
Carben ol 1000 21 10 7000 400
Cephalatin 300 <10 15-20 2000 150

Lryibroanyca 150 9 3 1000 {10-20)
Liscony thn 150 13 3-10 2-200 —
Sirepeoarcls %0 <10 0 1000 0
Kaaemyenn 300 <o 19-20 00-500 3040
Gentacxyes 300 16 L] 100 50
Chlwracepbenscol 200 a8 5 0 0
Tetracyeline 300 4t 3 100 (20
Crytetracyelime 500 1 1-2 200 (20)
Dosyeyelima 200 43 6 0 £
Salfaleotimidon 1500 <1a 100 1000 150
Kute{uraatorn 200 EN o 100 e
Kaldcsa 300 <10 © bred @
Twida w0 0 pod o8 %
Triwetboprmn 12 EH 03-1 200 (1.%)

per cent abose the 1000 ng-level The same
regresson L was obtamed  frrespeciive of
whetber 5-FU was diluted in plasna, urine
o mine 1-2 mm wmler and lew sharp
To0ey were obtained i nactreated serum,
and diuton m bile to 23 ng gave 4-3 mm
Larger zones. Double inhibition 7003 were
wenenslly seen when testmy pig sesum (Fig.
31 The outer border was wed for reguin
ton i thewe cases. There was no dilference
between the regrernon Enes obtsined by tmmg
the serum of the proband or pooled human
serum

The medium used was coloared afightly but
wa tanspareat Optamal condibora for the
awxy were recorded fn direct light on the
plate with a dark hackground at shout 1 m
dutance All the recordings were made at the

dilauon aof the mphes was
mecerary 3FU concentrabom were best
cakeulated by wing dally plottiog of

cuno.

Drug Interaction
The infhrence of dufferent antibiotics and

chemotherapeutics on the growth of S fes
calis ATCC 843 can be seen from Table 2.

The text rtrain was not senmtae to sulpho-

influence on cither the 5-FU the entero-
cocrm etrain of the medhum.

Inoculation
In order w0 obam even growth on the
:{"mﬂx:.hmwmdnhphm

ore and after moruhatlen. Te abtna uni.
fc-mdwihmloudchgm.bdm



Fig 2 Representatne mhibitwon rone from 5-FU
mn human serum,

centrations of 5 FU but uracil free medium
was necessary to obtain deterrmination of con
centrations below 60 ng/ml.

Test Stratns

The highest sens tivity was shown by Sta
phylococcus eprdernudis and Staphylococcus
aureus and the lowest by Preudomonas aern
ginosa and Salmonella ty phimunum ATCC
8043 other enterococc: pneumococa and
haemolytic streptococer had intermedzate sen
sntity The most disunct mhibition zones
caused by 5-FU were obtamned in test systems
with the enterococcni 5 FU was shown to
mhibit strongly the n mtro growth of bac
tena commonly wsolated from the respimtory
tract. The effect on the aerobic normal or
faecal flora was less pronounced. The growth
rate of ATCC 8043 was intermediate as
compared to the ten other 5 FU senutive

trans.

Storage of Samples

No change m actvity i human serum
containing 5 FU was observed after storage
for 24 hours at 20 C (14 samples from 8
patients) In contrast, the 5-FU actnaty in
plazma and serum from dogs dimnished by

280

Fig 3 Double inhlhutlon 2006y from 5-FU m Pt
seTurn.

10 to 15 per ccat per 24 hours at +25 G,
+4 C -20 Cand +37 C

Regutration

The standard curves were plotted on sem-
loganthmic paper and linear regresoon hnes
were drawn by vl estmation of the range
10-120 ng/ml (Fig 1) Twenty such
curves were anahzed statsticall usng OF-
vett: disc computer P52 and tested agamst
ux functons (straght line, paraboly, cubsc
exponential power curve and poner/epe-
nential) The best fit was tound for power
cunve (r=079) The r value was 0 74 for the
exponential functron used by us. The metho-
dological error was calculated from 99 dupk-
cate determmations mn the present materal
uning the following formula

=d
SE ul/ 2n

were d, 18 the difference between duplaate
determunations (11) The error was then €
pressed as percentage of the mean of the
determinations. Serum from pigs, dog <
humans was mcluded. The error was 12
per cent within the concentration range

0~120 ng 5-FU/ml serum, 144 per cent
within the range 1201000 ng/ml and 155



e it o koown that 3-FU eoncentrations
much harger than 250 ngfml are often o
conntered durmg Greatment of pabents, care
ful diftion of the smple and conunuous
we of the bum method seem to be prefer
able.

Detrrmimanon of antibote actwwy i hu-

sults are based aho oo data collected during
“mmwdm‘ﬂmmhm
thod. We are of the opinion that the prec-
sion of the aray can be mcreased by uing
the surface-seedimg technique for moculatson
of ATCCBO043 the basin method for applt
caton of fresh emples, and the other opta

odi tioned (uracilfree medium,

targe plates, shoct storage etc.)

Dilubon of samples could be carned out m
verum, plemma, unne of | !

As has been pointed out previenly (8)
s mierobzal 1 method Tty worked
out by Clarksom ot o, (3) n sufficiently
semaitne for meanomg blood concentratrons

Some coamnonty used antibiotics may mter
act with the esumation of 3-FU actinty The
mfluence from the penicillm group w5 exsily
ehminated by penicilimase. Many other gen-

be avouded, since 1t a not pomible to efimi-
e their mfhuence on the test spytem. As was
expected, the enterococcns stran wed was

In clinical routme, the practice of storing
froern serum and arive for 24 hours has no
dradvantsgm. However serum and plamma
fram dogs are more senitrve to storage and
the actnaty may be reduced by 10-15 per
cert duning such conditiont.

We bave uwed vmually evtimated regres-
won fnes m a verniloganthmic system as stan-
dard curves, a1 bas aho been done by fa
Clarkson et  (5) and [Hunt of €. (8) The
atstcal analyms shows that this b not quite
correct from s oathematceal pomt of view
and har thus caused some error in the
method, Howerver th type of reference

curve h ean to draw and the
error was onby 10-13 per cent within the
oncentration ranee 10 to 10,000 ngfml

wmple It thould be soemed that these re.

ol comp ds (or cytotmoc equi
vajents) following 5-FU trestroent, The pre-
sent stidy draws attenton to many factors
which influence the recordmps. We recom-
mend strongly 8 laboratory rounne which
includes, for instance, dally constructon of
standard curves, using the mme bach of
moculated plates and a careful inventory and
close regntranon of drugy which maght inter
fere with the growth of the test strain. Ac
cording to our experence the detaih gven
in tha paper form the bash for succesful sp-
phaation of the method for regntration of
3-FU actnity both m climeal and expen
mental work.

CONCLUSION
Summaenzed [avruction for Laboratory Use
Cytogtaticam  3-flooro-uracil (Roche) %0
mg/ml m 5 ml ampoules. Stovage at 25 C,
Test st @m Streptococcus fascals (ATCC
aH3)

Mediam U8 (Table 1) 33 g medium/
S

i2e of pete Dumeter [4 mm
ockilde, Denmark) (ooss

Inocelation Dry the plates
cubator 1t 37 C for about

one

R

n a dry in
oo¢ hour Take

speneon. Carefully

l’!m‘ttbeﬂu‘phnbyl\thonlhdd:yzhg



Iar rones by the pour plate techn.que 1t was
necessary to mix thoroughly the bactenal s
pension with the melted medium at 48° C.
The mhibition zones were smaller with the
pour plate technique than with the surface
seeding techmque

Plate Su.e

The space for {ree duffusion of 5-FU (in
chinical concentration™) was too small in 9
cm plates. Plates with a diameter of 14 cm
with only 4-6 mamples on each were more
suitable, Standardired thickness wos achieved
by filing 14 cm petn duhes with 55 g of me-
drum on a balance, and leaving them to soli
dify on a honzontal table.

The plates could be stored for 14 days at
+4° G and inoculated plates up to 5 dayx.

Application of Samples

The inhibition rones were of the same
sre independent of the two types of basins
in the agar Using the two filter paper duc
methods, the rone diameters were 10 and 50
per cent smaller respectively If the sample
was allowed to dry on the paper dusc before
being placed on the agar surface the mnhibi
tion rones were larger and more distinct

Prediffusion

With prediffuson  1-3 mm larger and
sharper mhibition rones were obtaned as
compared to direct incubation,

DISCUSSION

Senntivity to 5 FU scems to be a general
property of bactena Certain straum, espect
ally gmm negative bacilll such as proteus,
preudomonas, Llebuella E coli and salmon-
elln show a rather low senutnaty to 5-FU as
compared to enterococel while others like
Staphyloco cus efndermidis are much more
senmtive  Pneumnococer and haemolytic
streptococc1 have about the same sensiinvaty
0 5-FU as enterococet Judgng from the pre-
wnt s wro results, dmturbances durnng
freatment with 5 FU may be expected 1n the

normal oral flora but probable not m the
aerobic fecal flora.

The enterococcus strain ATCCB3 (§
faecalis) 18 easy to handle and has a smtable
growth rate by surface seeding on the uradk
free medium. This method seems supenor to
the pour plate techn.que with the medum
contuning uracil ongmally used by Clarkson
et al (5)

Ordinary standard meda for bacterolog:
cal work are not suitable for regutrabon of
the low 5 FU concentrations usually reached
continuous nfusion of 15 mg 5-FU per kg
body werght per 24 hours (1) By mahsog
the medium uracil free, 1t hay been pondble
to obtamn a test system which 13 autable abo
for low concentrations of 5-FU It n prob-
able that the repressor system of the bactern
works and the sennitnaty becomes higher The
bactena need uracil, and if the medwum does
nat contun thy substance they sytbesTe
the enryme necemary for uracl sthes
5 FU seems to mhibit synthess of both RAA
and DNA m bactena (9) and thus ao the
synthess of enzymes. This 1 in contrast to
the conditons i mammahan celly where
manly DNA-syntheus s imohed.

The present investigation has shown that
the medum and the surface-sceding method
with ATCC 8043 used are easy to handie
The method 15 more senutive and resalts o
only mmnor methodological errory a3 com-
pared to the pour plate method.

We have found that agar plates of at least
14 cm i diameter must be used to permit
free diffusion and to ehimmnate the nd of
an influence between matermls from the
cources of diffusion. Fusthermore the plates
must have a constant agar thickness and ths
can be accomphished by weighing the plates
durmg pounng Ve have also found cyhndr-
cal holes cut in the agar to be suttable for
routine use. They permit exact applicaon
also of volurmnous samples, which increaset
the senutvity of the amay The rather large
agar plate permuts durect recording of 4‘5l
samples contmmng up to 250 1g 5-FU/m
(Fig 1) It s true that the filter paper dre

method gves smaller inhibiion 7073, but



Acts path. wherobiol. scasd. Sect. B &3 1215237 1977

BRIEF REPORTS

T TYPING OF GROUP A STREFTOCOCCI FROM CLINICAL SPECIMENS
RESTRICTION OF THE NUMBER OF IMPLIED 3 TYPES
IN EACH T PATTERN BY TESTS FOR OPACITY FACTOR AND
KICOTINAMIDE ADENINE DINUCLEOTIDE OLYCOHYDROLASE

R gahold Jrarpen ead Ponl Chnstemmn

The Institwse of Medical Mucroblology Uphverxty of Laad, Sweden

I aruen, R & Chnsenmn, P T-typiag of group A mreptococd] from climeal specimens
rrcmetion of the mumber of fmpled M type In each T-pariers by tests for opacity facior
4 or Acta path. microblol. scand. Sect B,

and
4 N1y s

117 group A streptococes, comsermtnely nolsted from routise throar pwab cubteres, wire
Totyped and frrther charmcterzed accordlag to ther eryme reactions, The resahts of typieg
with reo different conumeraal kits of anth-T sra shomed good agreement, 89 per cent of the
mrim s-ere typable by erther of thes kits, 68 per ceat of the stralns were OF-pocitn  asd
93 per cant NADsepomtnie. W th Totyping alooc, 22 per cent of the siraim thowed sgglutin-
wton patterns mnplylag owly one M type each. Whea comaidered together the T-typlng and

reachons made 1t posible w0 moplicats coe M type ouly for each of 43 per ceat of the
mram 1 forther 34 per cent of the sraim, the poudhle M type of each straln was restracted
‘o four 7ps Homever these fiodings were hampered by the fact that the T pettermu of &
wamber of more sldom met growp A sreprococc] b wt bren [merigated adequately
Kay words Group A sreptococe: T-ypy M typen,

R 1 arvom, Imutors of Medical Muroblology $5hepaten 23 $-293-57 Land, $neden.

Recened 28477 Acceped 28077 cberr ation that the opacify factor o
The cimscal aad o toamide ademae Gl | o o
g groap A teplocoet m

trerns farther into
acutr powt-Rrrpecoctal s = few (e Of k ot & (7)) wiberospe
1Ypes e conmected = drscave @t far Preset work
1 conceras the throat wppiicarion of T

rruse, trpe 3 12 (bot abo
A types 4 6 and 19) w potentally nephrispraic
L 1]

Therr arr sern) rooes why

luscal wrwbected

Aateristt exd Method
Strens. Growp A "y
o AT i e
betw.
ber 1976, wers v en the 1 1ed {51h Koren
Fical Gromping Gromp A Ftreptococe] wers



plates again n the dry 37° C incubator for
90 minutes

Application of the sample Cut holes m the
agar with a sharp-edged metal tube (din
meter 10 mm) not more than 4 basins per
plate Remove the agar in the hole with a
cannula. Apply 01 ml of a sample with
a microp pette into two opposite banns, Do
not use any preddfusion time. Incubate at
37° C for about 20 hours. Record the outer
most inhilition zone

Sertal dlution of 5 FU Use distilled water
for the dilution of 5-FU to the concentration
Jevels of the regression line (<500 ng/ml)
Use non-mnactvated pooled human serum
for 500 250 125 60 30 15 and 7.5 ng

Meda. The medium uwsed 13 extremely
sersitne to high temperature. Good plates
have a light yellow colour Ready plates can
be stored at 4° C for 14 days and inoculated
plates for 5 days.

This work was supported by the Sweduk Cancer
Soclety (Project No 512 B71-0IN)
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TABLE 3 T Types and Encyms Reactions of 117 G exp A Straptoces & Sirams Iseiated from Threat
Cutares

N M types.
T pastern B‘N M typey mpheatnd® EOR NADw o seraam immplcated®
1 L] M1 — — 3 p34Y
186 A2 + + 14
+ 2 M2
VIve,,, 10 M3 13 53 59 41 43
52 53 36 + + [ A1y
— + 4 M3
im 51 24 24 26 28 25
15 48 60 + + 0 34 28,48,6.
— + 12 ?
4 M6 + 4 M6
12 16 Mi, 2 + + 10 Mrz
— + 6 a2
ot typehle 13 - + + 7
- + & -

The T sangens of M types 32, 34 36 37 38, 40, 42 30 62, and 63 have mot boea adequately fn-
voogated

H
e
f!
>8
2:
E

Fa
<fF
FEE

M type was mrpbeated for each srum
xethod and m a further 34 per ceat, foar duffer
o A rypes for stram, There romams to be
bowne  wunpls method by whah the
M typw can be dalintrialy defined m strams from
weamens 1t pomsble thar the type-

5
T
-y
t

Jr—
H o (6) conld provsds soch 8 tool m elmical

waod 36 131 186 1933 -3 Littwkes R, Lot
Wkem D fohwien D R L Wamnamaker L 1y
) Cla Mrrobwol 3 333-336, 1976 —4 Meyd

Cenpany Baltimore
] Wemsomekrr L
and

thol, 6 224-226 1953 —5
Widdowses

J P In Wase

The
1964 p. 289-300.—9 Retre,
W & Matsm, ] A (Eda)



TABLE | Streptococcal Ante-T Sera (Chemapol)
Used in the Investigation

Polyvalent antiserum  Constituting monovalent

pools era

T 1313 B

U 24628
W 5 11 12 27 44
N 8,14 25 Imp 19
Y 9 18 22 23

initially recognized by bacitracin senntivity (4)
and increased hemolyis in the presence of nucleate
{2) as described by It allerstrdm (10) Deflnitive
serological grouping was performed as described
presiowly (1)

T typmg Two sets of commercial antisera were
used one set, purchased from Chemapol Prague
contalned the antisera Indicated {n Table 1 The
other set was manufactured by Toshiba Kagalu
hogyo Co., Ltd,, Tokyo and was very kindly do-
nated by Dr ¥ Miyemolo Ranagawa Prefectural
Public Health Laboratory Japan. The sera were
named a1 luted in Table ! with the following ex

the monovalent sern 5 27 and 44 wero
supplied as o single serum, 5/27/44 and antl T
14 was named T14/49

Tests for OF end NADse OF was demonstrated
as described by Maxted ot al. (6) (the “plate me-
thod™) The strains were imvestigated for NADze
production as dewcribed by Litticken et al (3)

Resxlts and Ducusnion
Among the 117 mrains of group A streptococe!
Investigated 102 (89 per cent) were T typable with
the T typing st from (Table 2) T
4 domlnated, constituting ooe third of the
strains, followed by T2 T12 and T28 14 14 and
11 per cent, respectnely There was good agree-

TABLE ? T Patterns of 117 Goxp 4 Isolated
f m Th oat Caltures

T pattern Number of strains
1 6
2 16
3,13/B 6
4 = 39
6 4
12 16
13 4
28 13
Not typable 13

ment between the results obtained with the toe
wts of commercial antisera the same types were
obtained, with the exception that one stram, pos-
typable with the Chemnapol sera was T13 with the
other set, while a T4 typed by the Chemapol 1
was non-typuble with the Japanes sera Thn cor
relatlon was somewhat surprising, considering the
results reported of a comparison of strum betweea
different laboratones (9)

It {1 not possible to “tramlate” T types & M
types direct partly because a number of M typet
have not been adequately imertigated with re-
spect to T antigens (5) (scc Table 3) There ar
two maln possible reasons for ths lack of infarms-
tion (1) many of these straimy are very seldocy
met with In clmical specimens, and (i) recently
described, new” M types (for example types M
62 and M63)) malnly impetigo strawns, bne X
been sufficlently charactermed

The type T! T2 and T6 struns Isolated coo
stituted 27 per cent of the group A
imvestigated  the M types implicated fn these T
patterns are types M1 M2 and M6 respectnel
(5) with the lmitatons described abone it owam
thus pomible to conneet one-ffth of the
with one probable M type an the bads of T trprd
(Table 3)

68 per cent of the strains were OF pomthe whikt
95 per cent were NADsc-positive  the NAD»-
negative stralns were all T1 Thu, under the P
denuological arcumstances during which the strales
were collected, OF reaction was more meful thaw
NADwe-production for the tung of differ
ent T patterns.

Bucdonnhxkgmndbmv}tdgeollhedn‘u“'
butwon of OF (see Varted ot o (3) sxd NAD=
production (Ofek o al. (7) with the correchot
of Lutticken et & (3) .nmxtbc\-ulou!MWP“v
1lw1:pulibl:wrtdnceldﬂfurth£fth¢ﬂﬂmh"
nlllrypcllm-pbcnmdlnebep:(mf :
(Table 3) In 44 per crat of the stralns d:edu
entyme resctions found attributed
strain to a mngle M type For example the enrye

2 pattern into N‘L:‘“:F:h
1 lommpmblh}yrdn:dlonn
ﬁe:umty not to MI2 and (1D 6 other M}:’ll;
Lthpaﬂcmmdcnxymﬂruﬁbmd‘hk
plicated M12

The T4/28 complex represcn
among which the enryme
not artribute the #
known M

To ourty:mkdgt no dotailed stedy bt yet
been made of the of OF ad NAz
characterntics. However Maxted o al (6) w3
that the OF = & stable

and the investigations
:‘}fn (see Lutticken ot 4L 3) wndicated
as regards NADae production The

group A
of Opek ot ol (1) x4
he ot



TABLE | Statistical Comparisen by Use of 2 X 2 Coati pracy Tebles, of Ochratocin Conteminstion

# Cereels from an Endemic Area (EN) aad  Nem-endemis A ca (Noen-XN) Yo

Correction for

Contiawaty ir Uprd

Total

Maw
No. of muapler contaminated
Na. of ramples mot comtamddnated
Toul
Per cemt contaraineted
Whoat
No. of mrzples contenmmated
Ne. of mzaples not contaminated
Tutal
Per cent contamimated

Rariey
Mo of sxrples contaminased
Ko of mraples oot contarmaated
Torl
Pet coxt connaminated

AR cerrads
Xo of mmples contamanted
Ho of mraples mot contamunated
Total

Per cent contrmumated
= 402-PCO0S

o

b
§

TABLE 2. Concentrafion of O hroterra 4
EL

oedsteff
5 ochratoxts A/kg
Exdewss arv
Mane 18,90
Whent 12,36 33
Barley Py
Pork 3

Mage 14

Owe marmpis oot of 12 pork samples wis contazal.
auted with schratonn A No pock srxpley from
the noorendeanc w e collectrd,

Matenali and Method
Samplay of foodmuff wE comdocked [ reo
Areie mear Anoosks Brod, Y wroalenia, @ the pert,
od 1971 1973 Orw endemac wrrv,
(comtrol  area)

. However the
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BALKAN (ENDEMIC) NEPHROPATHY AND FOODBORN OCHRATOMIN A
PRELIMINARY RESULTS OF A SURVEY OF FOODSTUFFS

P Aroght B Hald! R. Plitine' and S Ceorrds

1Renal Laboratory Department of Pathology Rigshospaualet,
DK 2100 Copenhagen & Denmark
Insitute of Hyglene and Microixology Royal Vetennary and Agncultural Unneruty
Copenhagen, Denmark
3Department of Tomcology Insutute for Medical Research and Occupatrona! Health,
Zagreb Yugoalavia
+Departrnent of Epidemiology ‘Medwcal Centre Slavoosk: Brod Yuogoslavia

Krogh, P Hald, B. Plejtina R. & Ceovié S Balkan (endemic) pephropathy and foodborn
ochratoxin A Preliminary results of & survey of foodstuffs, Acta path. microbiol scand. Sect.
B 85 238-240 1977

Och A b 1 neph fungal bolite (mycotoxin) occwring 1 foodstufls. The

pound is causally Inted with myestoxic porcine nephropathy a ducasc

with a human kidney dissase Balkan endemic nephropathy A prelmnnary suney of bome
produced foodstuffs n arcas of Yugoslavia revealed that coataminaton with ochratodsn A B
more frequent in an area where Balksn cndemic nephropathy is prevalent (endemx area)
Lh.lnmmuuuhuenhhdueueu-henLThumdnxuhi;baexpomnmloodhﬂ
ochratoxn A in the endemuc arca. Thus further evidence 19 provided supporting the hypothess
that ochratoxin A is a disease determunant of Balkan endemuc nephropathy

Key words Ochratoon A mycotann  Balkan endemic nephropathy
P Rrogh, Renal Laboratory Department of Pathology Rugshospitalet, DR 2100 Copenhxgen
Q@ Denmark.

Aspergiling and Penscillm (%) This compoend,
occurning In feeds and foods, has been SbTl

Recerved 34 77 Accepted 3 77
disease determunant of porine
as a mafor * Krogh @

Balken (Endemic) Nephropathy (EN) ks « fatal

chronic kidoey duease affecting rural populations
in areas of Bulgarma, Romanis, and Yugostaia
The etiology of the discase 1 sl unknown, after
more than 20 yrars of enological invesugat ons
which have nclided the search for heavy metals,
trace elaments, nfectious agents (bactena, virus)

and genenc factors (8)

Mycotose nephropathy 1 & naturally occurring
direase 10 far obsered 1o pigs and poultry Ochra
toxln A a dib dernatrre linked
through 1 7-carboxy group to L-f-pheoylalanine,
11 a pephrotoxt  secondary metabolite (mycotonn)
of several species belonging to the fungsl genera

nan

posible also avian pephropathy
called the attention to the
the chanj of renal structure &
tween m‘ﬂm ochratoxin A-cndun"d porcine P
hropathy suggesting common causal

P edition severa) epidemiclogical smilentics b
toeen the human and porcine pephropatby bave
been obmenned ncluding the endemic occarrenct
(5) In order to elucdate the in-
dmtdochnlu:&n.\uudmdﬂ""”}'
ent of EN investigations were imidated aumins 31
the determination of ochratoan expoaur®
foodstuff 1n endemuc and nop-endeguc artas



TAMLE | Sictitical Comperisen by Use of 2 X 2 Contingency Tebes of O hratax Coxtomnaton

o Coreals from 2 Esdemw Area (EN) exd  Nencudomic Area (NewEN) Yates

Correction for

Coxtoanity is Used

Non-EN EN Total

Per omt contemmated
It = 402~P<00)

45
48

47 11

TAILILCO!‘MME--{OEMM‘“A
in Foedstuff
—_ e
mg ochrasowin A/kg
— mochminAdg
Endruc orve
My 18,9
Wheat 12 36,35
Rarkey H
Pork I
Nowendemes area
M “
O uumple 0wt of 12 pork sanples wae contami-
murd oh echrasaun A No pork froo
tbe mom cademac were collected

Metmals ad Meikag,
Ramplng of fooduutls wae conducted 1a two
e

rea

satly (1o endewo sod noo-endemic ares o
coxparcd by mee of 2 X 2 contingeney tables (10)

Rerlt end Disusnes
Ochrasonm A w s foxnd n foodstuf! froes boch
Bot-endewe

fadenne aad erese. Hom, the
frequency of ochratomin l:”
oy bogher fn the ende
"lh“‘“d"“‘“"ﬂ(hbk 3]
[
(1) Inohmg boge cumbers of
fm the hugh h ""“"“ﬂ-m:
:.‘hr'w';“m-"" The comparathy Jy
A
foodsall from the c:r-:d::,ﬂh,



been reported. Thus 26 per cent of mawe in
France was found contaminated in 1974 (1) and
0-2.8 per cent of wheat 1n USA contaned ochra-
toan A in the penod 1970-1873 (9)

The concentration of ochratoxin A In grams
ranges from 5 to 90 ag/kg (Table 2) In addl
tion 3 ag/kg of ochratoxin A was found in cne
out of twelve pork samples collected in the ende-
mic area, Thus occurrence is probably the result
of the use of ochratoxin contaminated ankmal feed,
pointing to realdues of ochratoun A 1n thuues
of daughter animals {plg poultry) as an impor
tant exposure channel (4)

The higher Irequency of ochratoxdn A contam}-
natlon of foodstuffs indl higher och A
exposure to humans in the endemx area. Thus
further evidence ks provided supporting the hypo-
thens that ochratoxin A is a disease determinant of
Balkan endemic nephropathy

This Investigation recerved flnancial support from
the I orld Health Orgenization the Danish Inter
nattona] Derelopment Agency and the Research
Cowncll of SR Croatis The authors are indepted
to professor ¥ Jend Institute for Medical Re-

scarch and Occupatronal Heahh, Zagreb, and ts
director I Grgié Medical Centre Slavezda Brod,
for valuable auistance
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CYTOCHEMICAL ELECTRON MICROSCOPY
ON POLYSACCHARIDE GRANULES
IN THE ENDOGENOUS FORMS OF
EIMERIA BRUNETTI

D ] P Fraoumox  * A, Boom Axorrsoe’
W M. Hurcamsox® and J Can. Sax

1 FAO/WHO GCallaborating Centre for Ressarch and Referencs b Texoplasmosls
aod

2. Dx of Bratens (> Denmark

wad
3 Drpartrwmt of Biology Unneruty of Stadheirde, Glasgow Scotland

Ferpwon, D ] P Berch-Awderses, A., Hotchwon, W AL & 8im, J Chr Cyuochemical ehectron
Tacrowcopy on polyscchande granales n (he endogrnous forms of Kiwsrie broneit, Acta path.
merobuol. scand Sect. B, £3 241 148, (977

The cudogenoos ctages m the Lfo cycle of Eimerle branetts wers tested for polytaccharide
omteral by microacopecal cysochanlrtry msiag the periodic sod thiocarbolrdrazide-
cacxhem trimode (PATO)-trthod The parssitrs were obseried withis the cpitbefial cells of
the anall miestine of mierted domestic bowls, Two types of qrazules reactsd posithely for
potrscthande The fuu was bge, apprommasely 500 roa by 250 xm. Thew granules had
0 eppesance shuilar 10 the poiymcchande granudes seported for other cocckiian parmfter
They wers oberved m maters and dered oocrits. The secand
70w of graamie was wmller (15-30 am [ dameter) and was oaly cbaerved ot the periphery
of the reudusl crtoplase mam of matere mucrogamoats. It win more simfar bn wppesrance
0 swetaman glycopen then the former, Howner tiace tho PATO-tartiond dowt aot differentiate
Metwee duffervat polyeaccharides t cas pot be proven If these granates n 2t contaln gyco
mmmxdummmmupdmm-mm byt

PoLint reacton bat Al cxacsiartos of te controls
i it appeared that this was not @ specific

Key mordh  Esauna brameft dectron Jrmcch

ke ero Erungies
D ] P Ferywan, Depurtment of Toropiamoots, Stasens

DK 2300 Copenbagra § Denmark. $erwningitg, Amsger Bosies ard 80

Recenwd @ 77 Accepeed 9077
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electron mucroscopy showed that the ultra
structure of the granules war different from
that of metaran glyrogen particler. In con
sequence of this, Scholtyseck (11) proposed
the term ‘Cocadienghyhogen™ for the poly
saccharde present in the granules of the coc
admans. In biochemical studies the polyac
charide of the cocerdia was solated and found
to be amylopectin (10) Rjyley (9) has re-
viewed the cytochermeal at well as the bio-
chemucal aspects of the polysacchandes pre
sent m cocaidians.

In previous studies (3 4 5 & 6) on the
ultrastructure of the endogenous develop-
ment of Eimena brunett: (a pathogenic coe
cadun of domestic fowls) we have referred to
the presence or absence of polymcchande
granules. The 1denufications were, however
based solehy on the morpholegical features of
the granules as described for other cocardian
parantes (12) Recently we have used the per
1odic acid thiocarbohydrazde-osmuum meth

od (7 & 14) for the demonstration of poly

sacchardes i thin sections of the endogento
forms of E. brunettr thus attemptg 2 hsto
chemueal corroboraton of our morphologxal
evidence. Our results are presented m thos -

port.

MATERIALS AND METHODS

Tusue Preparation

The techniqoes used to prepare the
forms for ultrastroctural caminaton have been
previously described (3) bt 1o bref preees of the
small intestme of miected chiclem were fied =
glutaraldehyde and owmimm tetromde and embed
ded In Vestopal W

Hutochernical Teckmgque

Crystalline periodie acid {analysical reagent) and
thiocarbolnydraz.de for electron microxcopy wert
obtalned from E. Merck, Darmstadt, Wee Get
many O«mumm tetroxide was suppled by W C.
Heraeny, Hanan, West Germany

The test for polywucchandes was camed owt
unng a vanaton of the proodic acid th.ocarbo-

Figures 1-12 are micrographs obtaned from sec
tions of eplthelal cells of the small Intestine of
chickens infected with Ermena brusetts. All sections
used for iMustrations have been post-stained with
magncaiium uranyl acetate and lead atrate

The following abbreviations are wsed throoghout
C - Canabeull ER — Rough Endoplamsc Reticu
lum FL — Flagelum I — Inner Layer of the
Oocyst Wall LM — Lumtung Membrane of the Cy-
toplasmic Mass M - Microneme MG - mlero-
gamete MI - \itochondrion N - Nocleus O -
Outer Layer of the Oocyst Wall PG — Polysaccha-
nde Granule R - Rhoptry RM - Renduat Cyto-
plasmic Mass RN — Reddual Nucleus V — Outer
Vell of Oocyst Wall — WFBT  Vall-Forming
Bodies of Type I WFBII  \Wall Formmg Bodws
of Type 1T

Double or 1ugle ban on the mucrographs repre-
sent | gm or 100 nm, respects ely

Fig 1 A section through a merozoste which has
been treated by the PATO-method show.ng the pov
jtnve polysacthande granules. The nucleus, rhopt
fies, mucropemes, and a mitochondron are also vis
fble. X 30000 "

trol section thowing part a macro-
F’fm“x’z cl:::; has not been reacted with any of the
‘:hemk-ll of the PATO-method. The nuclem, poly-
saccharide granules, mitochondna, WFB I and
WFB II can be sern. X 15,000

"t

Fig 3 Part of 2 macrogamete which ha been
treated by the PATO-method showing reactxan pro-
ducts on the polyaaecharide granules, Note that -
WFB I appean to have reacted slightly {as endenc
ed by the increased denuty to electrons) while the
WFB I thows no reaction. X 13000

Frg 4 A control section showing part of 3 maac-
gamets which has only been treated with the ot
um tetroxide siep of the PATO-metbod. Note that
no resction Is shown by the polysaccharide granuley
the WFB I or the WFBIT X 15,000.

Fir 5 An unomdired control secton through part
of & macrogamete which has been treated with d:f!
thiocarbobydrande and ownfum tetrodde steps
the PATO-method. Note that the polyaccharde
gmulnlbcr'uon:cum,hnlhnlhemﬂﬂ*:
density of the WFRI In comparson to the WFP
u retalned. x 13000

Fig 6 Part of an early macrogametocyte whch h3s
been treated by the PATO-method. The small, oo
Iy formed polysccharide granules show # podth™
reacoon, The nuckus, rough endoplaemd rrb;
lum, WFB1 and WFBII of the orpanian are
shown. x 30 000

Fig 7 Part of a section through 2 fnﬂyofwufﬂ"d
oocyst which has been treated by the PAT! it
od. Note the poutive reaction of the polyaceha
granules and the secmingly alighily poutive reacnos
of the outer layer of the oocyst wall. x 43,000






electron mucroscopy showed that the ultrs
structure of the granules was different from
that of metazoan glycogen particles. In con
sequence of ths, Scholtyseck (11) proposed
the term “Coccidienglykogen  for the poly
aaccharde present in the granules of the coc
adins. In biochemical studies the polymac
chanide of the cocerdia was solated and found
to be amylopectin (10) Ryley (9) has re-
viewed the cytochemical as wel) as the bio.
chemical aspects of the polysacchandes pre-
sent 1n cocardians

In previous studies (3 4 5 & 6) on the
ultrastructure of the endogenous develop-
ment of Eimena brunett: (a pathogenic coc
adian of domestic fowls) we have referred to
the presence or absence of polysacchande
granules The identifications were, however
based solely on the morphological features of
the granules as described for other coccidian
parautes (12) Recently we have used the per
iodic acid thiocarbohydrande-osmmum meth

od (7 & 14) for the demonstration of poh
sacchardes in thin sections of the endogencous
forms of £ brumett: thus attempting 2 hito-
chemcal corroboration of our morphological
evidence. Our results are presented m ths re

port.

MATERIALS AND METHODS

Tissue Preparation

The techniques used to prepare the eadogroons
forms for ultrastructural examibaton hame been
presiomly described (3) but In beef poerrs of the
mmall intestine of infected chickens were foed b
glutaraldehyde and ommium tetroode aad embed-
ded m Vestopal W

Histochemical Techmque

Crytalline periodic acld (analytical reagent} and
thiocarbobydradde, for electron mxroscopy were
obtalned from E. Merck, Darmstadt, West Gx
many Osmuum tetraxide was supplied by W C
Hersenws, Hansu West Germany

The test for polyssccharides was carried owt
uslng & varaton of the penodic acid-thocarke-

Figures 1-12 arc micrographs obtained from sec
twons of epithehal cells of the small intestine of
chickens Infected with Ebmeria brunetts All sections
used for {lustratlons have been poststained with
magnetium uranyl acctate and lead atrate

The fi abbreviations are used throughout
G - Camliculi ER - Rough Endoplasmic Reticu-
lum FL - Flagellum [ - Inner Layer of the
Oocyst Wall LM — Limiting \Membrans of the Cy-
toplasmic Mass M ADlcroneme MG - milcro-
gamete MI — Mitochondnon N - Nuclews O -
Quter Layer of the Qocyst Wall PG — Polyisccha
nde Granule R — Rhoptry RM — Rendual Cyto-
plasouc Mass RN - Rendual Nuclews V - Quter
Veil of Oocyst Wall — WFBI - Wall-Forming
Bodies af Type I WFBII — Vv all-Formmg Bodles
of Type 11

Double or sngle ban on the micrographs repre-
sent | gm or 100 om, respectively

Fig 1 A section through & merocote which has

been treated by the PATO-method show.ng the pos-

itve polpactharide granules. The nuclews, rbopt
and & d

h

are alio vis-

ries,
tble ¥ 30000 u

trol section showing part a macro-
::;:;El:l::hnmbccnnmrduhh-nyo{me
B espleals of the PATO-metbod, The nuctews, poly
saccharde  granules, mitochondriy, WFB I and
WFB 1] can be seen. x 15000

Fig 3 Part of a e which bas beex
treated by the PATO-method showing rescoon pro~
ducts on the polysacchande granules. Nots that the
WFBInppunwh:reratttddhhﬂy(unﬁmc
ed by the increased demuty to electrons) while th
WFB I thows no react.on. x 15000

Fig 4 A control sccton showing part of 2 mxT>
gamete which has anly been trested with the om2r
mnleb-ux}deuepo!lbePATOmﬂhod.No«M
o rexction J1 shown by the polyssccharide gramie,
the WFB I or the WFBIIT x 15,000,

Fig 5 An unoxidized contro! section mrw:hw,;
o.(lmxcronmetewb:cbhub«ntmtcd-nh o
thlocarbohydraride and oemium tetroudo step
the PATO-metbod. Note that the pdyl-ll'-\‘hl“‘:
granules thow no reactlon, but v.hatdz:lu:m?"
danhyn{v.h:WFBlmcompn.dnumlbeWF!
o retuned. x 15000
FuSPlno(mmlymnaoglmdﬂfﬂ"m‘m
been treated by the PATO-method. The muﬂ,n'!“c
Iy formed polysecchande granules sbow a positn
resction The nuclews, A “'—";
Jum, WFBT and WFB I of the organium arc 2
shown, x 30 000 £
Fig 7 Pant of a sccuocn through a ormed
Dofryﬂwhkhhubrenlrﬂltdbylht?.kwh
od. Note the paslthe reaction of tbe polyact
granules and the seemingly slightly podtl © reaction
of the cater layer of the oocyst wall. x 43,000,
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hydrar:de-ommium tetroxide (PATO) method in
troduced by Hawmker et «f (7) and Seligman o !,
(14) Thilry (15) evalusted thu method and com
pared the osmium blacl deposits obtained with the
depos.ts developed with a siher proteinate reagent
nstead of osmlum trestment. Dr | Thelede*
has modified Thiérys schedule for the PATO-
method and has chtauned reproducible results for
the d of polyracchandes in ultrathin
sections of human dental plaquer He was most
generows an placing b protocol at our dispotal
and the procedure we have used is almost 1dentical
to the one developed In hu laboratory The details
are at follows

Sections are placed on formwar coated carbon
rewnforced 200 mesh gold grds. Through afl re-
agent baths and washing procedures the gnds are
carnied in BEEM capsules (Better Equipment for
Electron \Microscopy Inc, Bronx, NY USA) from
which the tlps have been cut off to leave a hole
for draung The BEEM capsules hang by their
open lids on the edges of plastic tubes (Listeroid
tubes, Spinco Divhion, Beckman Instruments Inc.
Belmont California) which have been cut down to
a volume of about 2-214 ce. Prior to use capsules
and tubes are treated with 01 M HGl in 70 per
cent aleohol and thoroughly rinsed In 100 per cent
akohol. The following reagents are prepared 1 per
cent (W/V) perodic acid In dutllled water pre-
pared approximately half an hour before use 1 per
cent (W/V) throcarbohydrande in 5 per cent seetic
acid prepared at 60 C with stirring for 13 min
(magnetic stirrer) and stored overnight at 60 C
before use. 2 per cent (W/V) osmuum tetromde fn
dotilled water prepared 1-2 days before use. Grids
are treated at room temperature (20-22 C) with
all reagents, except the thiocarboh: sccord
{og to the following schedule
1) 1 per cent penodsc acld for 43 min in a dark

rootn.

2) The capwles w th grids are washed in a jet of
dutilled water unng & vo! me of approumastely
10-13 cc and thea allowed to soak in water for
5 min. Thit procedure s repeated and followed
by a final wash w th 23 cc of water

3) The capsules are drained w th fiterpaper and

transferred to the thiocarbohydraz de solunon

which is millipore-filtared (043 , pore uze)

{mmediately before use treatment for ? houn

at 60 C.

‘The prerrously mentioned washing procedure

repeated

The osmium tetroxide treatment 1 carned ot

for 2 hourt In & fume hood

6) Finally the arids, 31ill in the BEEM capsules,
are washed as previously described

# Dept. of Electron Microscopy Royal Dental Cof
lege Dh-8000 Arhus, Denmarl

04d

Sx gnds with sections were wed for each ex
periment in order to include the necewary contro,
whereby treatment with one of the reagents was
omtted to detect any false ponthe reactom. Each
series was car ed out in duplicate and ove gr.d xa
cxamined directly while the other was post-staived
with magnesium urany] scetate and lead cinate
Electron microscopy was performed a5 previony
described (3) but to allow easer Mentficanon of
organelle structure only mxcrographs obtaned from
post-staned grids were uswd for the flhustraton of
this report.

RESULTS

When thin sechons of the endogenous forms
of E branettt were cytochemically tested for
polysacchandes, two types of granules thowed
a positrve reaction

The fint type of ganule was a large sruc
ture which was observed in the mature me-

Fig 8 A section through a late microgamont whch
was treated by the PATO-metbod The small gras-
ules with reaction products in the peripheral eyt
plasm of the residusl cytoplamue masses are evr
dent. Some developing microgametes can abo b
seen. x 15 000

Fig 9 An enlargement of part of & small regian of
» microgamont in Fig 8 in which part of a m<ro-
gamete i3 shown. Note that the pd)ncchzﬂde
granules wath resction products are preseat calt
below the limting membrane of the rendual cyto-
plamic man X 90 000

Fg 10 An untreated control section through part
of a late microgamont, and a developing mrer>
gamete. Note the small glyrogen-Lhe poly

granules distinguishable adpcent to the Lot
membrane of the roldual cytoplasmuc mast
X 90 000

Fig 11 An upomdired coatrol section showug part
of & late microgamont which has :;n treated with
the thiocarbohydrazide and the oemium

steps of the PATO-metbod. Part of & uutml'lm'§
s also seen  Note particularly the ghost moges
the polytacchar de granules present adjacent to the
limuting membrane of the residual ¢y toplasm.c man
of the m crogamont. X 90 000

Fig 1 A section showing part of an early mlero-
gumont which bas been treated with the PATO-
method. A nuclews can be seen protruding from the
wrisce of the microgamont. Note the lack of a5y
reactne polysaccharide granoles st thi saxt of
derelopment. X 90 000



dEbmtﬁLToLhnbutn{mnhm\dtdﬂ.
lhnl‘h,hhﬂm(lttﬂmzdfc‘otbtr
members of the coccidla. Homever unles
smamimyg methods are

pmont could be related to the enagy 1t
quements of the mcrogamete. The rmero-
gumetes st bave a high energy requorement
to power thar two large flagela and ths
chemmeal energy will have to be preent in the
mxcTogamete prior 1o it Teleass from the mi-
crogamont. The mmall glycogen-like polyssc
ctaride granules may represent a nplm of
an htermediate metabolic product which s
parterpating in the provhecn of the necesary
encrgy for the mature macrogamete.

The WFB L, called plastic granules by some
wuthors, and the cocyst wall of £ braetty
have been reported a1 being pontne for both
polyracchande and protein m & cytochemicat
Lght mucroscope study (8) In addinon, In a
6ytochenucal electron microscope study of E.
tenella the WFB1 and the outer lyyer of the
ooyt wall were reported to ghe & posthe
reachon for polysaccharides (2) In our ex
permmenty, these bodwes and the cuter layer
of the ooyt wall abso eppeared dightly poc-
e after the complete PATO-treatment, but
2 mdar {ncrease in denuty w electrons was
wen In controls which hed not been eoodied
with penodic acid. Thy indicates that cooats-
taents in the WFB 1 and onter Iayer of the
oocywt of E, bruactts ether than petiodic acd

Feanesiad VLD, Staicre Serusmioatitat, (o
Lt alnirmanca of the chckens. W
gratriolly acknowledge M. H Ram and Mn
] Berg for wrknical awistance, oud Mim 4 Ouer
foerd and e, ¥ Leursen for photographic anst
ance,

The work wae soppocted by grants from the
Werld Heelth O gesiseten Genevs, The Web-
eme Trust the Brituh Cewncll the Daxick Afed-
Lcel Reserch Cownnrl 13 the ¥ H Rets Fos-
dctien
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rozoite where 1t appeared spherical and was
approxrmately 250 nm 1n diameter (Fig 1)
It was also present in the macrogamete and in
developing oocysts where 1t appeared ovod
and measured approxumately 500 nm by 250
nm (Fig 3) This type of granule appeared
to develop from structures approximately 130
nm by 40 nm observed between strands of the
rough endoplasmic reticulum (Fig 6) i the
early macrogamont, 1n the late schizont and
in the forming meroroite Only a few of the
large polysacchande granules were present m
all the generations of the meroroites but large
numbers were observed 1n the macrogametes
and the developmg oocysts. In the micro-
gamont, however none of these large granules
were ever observed (Figs. 8-12)

The second type of polysacchenide granule
was observed only 1n late m crogamonts and
measured approximately 15-30 nm in diame
ter (Figs. 8 & 9) It 1s thus conniderably
smaller 10 size than the polysacchande granu!
e previowly mentioned Large numbens of
this smaller granule were dutributed at the
penphery of the resdual cytoplasmic mass of
the late microgamont (Fig 8) The cytoplasm
of organisms at earlier developmental stages
In microgametogenesis was negative for these
granules (Fig 12} The small granules can
also be observed in sections of late mcro-
gamonts which were treated according to nor
mal sectioning routine mcluding post staming
(Fig 10) but prior to our experiment with
the PATO method their polysacchande con
tent was unknown and unsuspected In con
trols in which only the periodic zcid treat
ment of the PATO-method had been omitted
1t was pomble to idennfy negat.ve umages of
these small polysacchande granules (Fig 11)

The wall formng bodies of Type I (WFB
1) m the macrogamete and the developing
ococyst appeared to show a famnt reaction for
polysaccharide when grds which had recen
ed the complete treatrment were compared to
untreated controls (cf Frgs. 2 & 3) However
in unoxdmred control sections which were
treated with thiocarbohydrande and ommum
tetroxide this fant reaction perssted (Fig 5)
but n unox.dized contro! sections treated only

with csmium tetroxide no reactmaty was ob-
served (Frg 4) A previows study (6) bas
shown that the WFB I give mse to the outer
layer of the oocyst wall and thi layer alo
shows the same faint reactmaty as the WFBI
(Fig 8) We conclude that the WFB T and
the outer layer of the oocyst wall are show
ing a thiocarbohydruzide/osmmum reactnity
rather than a polysacchande reactmaty

DISCUSSION

The polysacchande matenal present m the
oocysts of E. brunett: has been nolated and
characterssed as amvlopectin (10) The large
polvsacchande  granules observed, m the
study tn developing oocysts, macrogamants,
and merozottes would thus appear to be amy
lopectin The ultrastructure of these granules
1s smilar to that observed for the polys
chande granules 1n other membens of the co¢
adw (12) for which it has been proposed
that amylopectin 11 the form of polysacchande
stored by these orgamsms (9) Sunular wg
gestions have also been advanced for the gre-
gannes which are 2 related group of orgar
wms (18}

It would appear that the ultrastructur® of
the polysacchande granules i3 related to thetr
chemical composition 1¢. the pol)-ncthande
granules of members of the coccrdia were I¢
ported as being different from metazoan gl)‘
cogen (Cocud:cng}y‘kogm) by Scholtystc
(11) pror to the granules being chamacte
a3 amylopectn (100 This berng the caxe, 1t
would seem that the small pol)ncrhandf
granule which we have demonstrated belov
the hmmung membrane of the
plasimic mass of the microgamont
metaroan glycogen rather than amylopﬁ‘;;_‘-
The sme and shape of the osmium black

1ty on these granules at least <o
gsonnb}y well with B-glycogen rosettes de-
monstrated for example 1n hepatocytes (15
but 1t should be emphaswed that the mo[
method does not differentiate between any ';‘
the periodic acid reactne po])ﬂcdﬂndﬂ-

15 unknown 1f this small tvpe of pOI)'n“—h“
nde granule 15 Lmited to the microgamontt
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The Graan stawn was anginally developed ay
a ditferential stumng method for the dstec
von of preumococe in clmical specnens, this
xnme  dark bhuth cooraton of the bacteria

be modified m snuch a way that & differendal
staming effect can be achreved

10 good contrart w th the tmue mareral
Hemever thys differential staining effect b
arowh lmusd to Gam poline micro
organruns \o uain i method 1 yet mvailable
which will grve one colour {or bactera sod 4
contrattmg codour [ar background maremal,
Experanents reported here indicate that flu-
orochsome stainurg with acridine araner can

we for the detect-on of aod-fast mycobacte
na (127 Fhuorochrome samiog has been en
p;oyrdrurm;dnofhmﬂiﬂ.cmxm_g{_-;
ser and il meples (2,35 9 10) The ap-

ton he oTange stalnung for the
deecton o malacal b bl smemny
uwally prefecred in Sicrsh ologieal s

work Tty
e has been hampered, however by & green-
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Recened 4077 Aecepeed 41177 bo modified 1n such a

way that a dufferential
E-;Gr:zlmm‘uonghaﬂydnebpcdn stainkg effect can be achreved

a differental sanung method for the detec Ty for the
von of preumeococt in elneal specsmens, this mﬂinh?mmmm“m mnf:f?mmn‘
wng a dark bhmh co'orabon of the bactena e for the detection of nad-fast mycohact
1 good comtrart with the umne materal ria (12] Fluocothrome staining kas been ;
However thi dillereota) staining effect b ployed for studies of -
olvowh lumited to Cram posthe micro- ter and soll amples (2,3 5 9 10} The“
ofpansmn. \o yaining method u yet nafbible  phcation o inc orange staimung f ks
which will grve one colour for bacteria and & detection of malaral bloodnnam 'J\f"
contrmting colour for tockeround materal  has been s GTange
s reported here mdicate that Mo uunlly preferred ologwcal "

Expermen In iEkrob

mhfw:mmmg-uhmxﬂmmmm we has been hampered, however b;\.urk.lu
green-
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to-red vanation in the staning pattern (1 7
8 11) a vanaton presumed to correlate with
viability (2, 9) We bave studied some para
meters 1n order to define opumal conditions
for the staining of bactersa and tissue compo-
nents 1 dred smears on glay shdes. The
mamn objective was to find conditions where
all bactennz gave unlorm staming alio pos
wbly of another colour than the background
tisue matenal Such differennal fluorescence
was achieved when a low pH 1n the buffer
was used resulting i an orange staning of
bactena in contrast to green to-yellow stamn
ing of human cells and tasue debns in the
sample.

MATERIALS AND METHODS

Microorganums Elghty-one struns of Gram polthe
and Gram negative bacterial species were obtained
from routine cultures. The bacterial species were
a1 follons  Staphylococews aurens {13 strains)
S epidermidis (4 strains) S saprophyticws (4
straini)  group"A, B, and C & 1 (17
strans) enterococeus (7 strains) diphtheroid ba
cillus (1 straln) Aeirseria memngitidis (1 straln)
N gomorrhoear (7 stralns) Escherichia colt (11
stralns) Klebaella pnexmonsae (10 struims) Pro-
teus mirabidy P morgamit and P puigaris (14
straing) Psewdomonres asrupinose (1 straln)
Chinical specimens. Duplicate smears of urethral
secretions from male patients with gono-
coccal infechion were obtained from the Depart
ment of Dermatology Lund. Smeans of tracheal
irates from patlents with artlficial respiration
de from samples sent for roatine microblo-
loglcal examination. These swamples contained 1n
flammatory and phagocytic cells In vanous stages of
degradation. Thin wsmexrs of blood and buccal
scrapings {rom an apparently healthy male volun
teet were used to evaluate the stmmng of lews ac
bvated inflamnmatory cells. Very viscows samples
arere hordogenmed by adding 5 cent acetyl
cpstan (Mukomynt®)  followed centnfugation
and suspension 1n phosphate buffered saline (PBSA
012 M naCl 003 M phosphate pH 7.3 002 per
cent sodlum ande) No wntoward effects of thu
treatiment oo the stainmg results were seen,
Starming solutsons Acridine orange (E  BMerck
A.G Darmstadt, Na. 1333) was disolved i 015
MM buffers ranging from pH 35 to pH 90 Acetate
buffers covered pH values from 35 to 5.5 phor
phato buffers pH 60 t0 80 and Tr-HCl pH 8.5
and 90 Btmuning was performed in troughs, each
taking 8 eides 1n 50-80 ml of stalning solutron.
Tho slides were then washed with tap water and
dried
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Vicroscoplcal exammation A Lettx Orthotx I1

! Pe equipped with Ploemopak 22, fifrer
combination K, for ineadent Light Mootescence wn
used throughout the studier. Microphotograps ere
taken with Nikkormat EIL and FT2 cameras fitted
on a‘Leftr shutter attachment on the mcroscope,
wmnyg hodak Plus-X and Panatomic-h hlack apd
wihute films and Kodwchrome 64 film for colour
shides,

RESULTS

Influence of pH on Acnidine Orange
Staining Patterns

The effect of the hydrogen concentraton
during stauung was studied on isolated bac
teria and on inflammatory cells from vanow
sources. Smears of Staphylococcus exrens and
Eschenichia colt were fixed with methanol for
two minutes and stawned for five mimutes with
20 myg per lire acndine orange in buffers
ranging from pH 3.5 to 90 with 0.5 pH umt
intervals, Both strains showed intense orange
fluorescence throughout the whole range of
pH values, with very Lttle vanation in colour
and wtenuty Smears of normal blood, muce-
purulent tracheal exudate from patrents with
artificial resprration and urethral secretons
from patents with culture pontve Ge mfec
tions were fixed m methanol and stamed wtb
20 mg per litre acndine orange 10 buffers of
different pH and exammined 1n the fluor
escence microscope. The stuning pattemn of
polymorphonuclear cells (PVMNs) showed
clear correlation with the pH of the saang
buffer (Table 1) Atlow pH only the nucen
of blood PMNs was visible with fant green
fluorescence At higher pH values, the nucteus
staned more strongly with green-to-ycliow
fluorescence and a green cytoplasm (Table
1) Polymorphonuclear cells from exudates in
general gave stronger stajning appareatly f‘;‘
lated to thewr degree of acusaten (Fif
Table 1) At low pH the cells were still green,
whereas at neutral pH or higher the Oﬂ’;ﬁ:
stauung of P\{I\s made the detection of
edlls in the smears more difficult (Fig 1A and
1B) Free nucka from duintegrated P\I:[’
showed a reddsh staning also at low P
\ononuclear cells were sunilar to PV n
their staming pattern.  Lymphocyte nucky
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Kig 1 Acnidoe oringe samusg (23 mg per 1} of humen wretkral seertthons contaming ¥ gonerrhesse
When suned at pll 40, w3 thown 1= P, 1A, the coca stand ous with ax orenype colony agamt  green
background At pH 83, Fag 1B, alo the P3N the smear staa yellow 0 onnge. x 1,500

¥a  omaoye fluormscence already at low pll
alua Enythrocytey in hlood smears followed
the slame stammg pattern as the background
materal, e.g. no to faunt green fluorexcence at
lom pll to clear green at bugh pH

Bictera presnt m tracheal exudstes and
urethmal secrroms were abo examned with
regard 0 the dalnmy mitterm. [mepecthe
of tbe pii of the stainmg buffer the bactera
alway  showed ftrong orante fluorescence
1T 1) They were howerer more eudy de-
tectable m uneans stained at Jow pH whch
had the kst 32 nung etfect on the saround-
w0t celh and background matenal (Tig 3A)
Tntracelinar bactera melud.ny bactena over

Lying the nixiews were easily detected, thu
d the potenthal advantages of acnd-
ine orange stning at Jow pH. Fading of
fluorescence was not 5o marked with orange
sainung of the bacterm, wherear the green
baclground faded rapudly

Standardizel

of Stermag Cond:

The mflueoce of vanous parameters o the
staming of bactena was examined In order to
eorure reprodwe e stasming, Purtberesors the
mnmo!dyem:mlmionmthemmg
o(lnnn‘:vmm.dtd..kd:dmmngen}u-
tore angma from 2 10 100 myg per Gitre in a



to-red vanation 1n the staining pattern (1 7
8 11) a varmaton presumed to correlate with
vaabzlity (2 9) Ve have studied some para
meters in order to define optimal condions
for the staining of bactena and tissue compo-
nents 1n dned gmeans on glass shides. The
mamn objective was to find condittons where
all bactena gave uniorm staiming also pos
wibly of another colour than the background
tusue matenal. Such differential fluorescence
was achieved when a low pH m the buffer
was used resulting 1n an orange stawnng of
bactena mn contrast to green to-yellow stan
ing of human cells and tssue debrit 1 the
sample.

MATERIALS AND METHODS

\icroorganisms. Eighty-one strauns of Gram ponthe
and Gram negatiie bactenal species were obtaned
from routine cultures The bactenal species were
ns follows Stephylococcws amrems {13, strains)
3 epudermidis (4 strains) $ saprophyticas (4
stralns)  group B and C streptococens (12
straios) {7 strains)  diphtheroid ba
cilus {1 straln) Neuseria meningitidis (1 straln)
N gonorrkoeas (7 wtraing) Eschenchia coli (11
strains)  Klebnella prewmontae (10 sirains) Pro-
texs rurabiley P morgenn and P oralpgens (14
ttrains) Prendomionas serwpinosa (1 stram)

Chxr & speamens Duplicate smears of urethral
secretions from male patients with suipected gono-
coccal infection were obtained from the Depart
ment of Dermatology Lund. Smeans of trachesl
upimates from patents with artifical respiraton

Vficroscopice] exarmrnation. A Leiz Orthohex IT
micrascope equipped with Ploemopal 2.2, fher

combinavon K, for isodent light flocteacence was
uted throughout the studres. Microphotograps were
taken with Nikkormat EL and FT2 exmeras fitied
on a Leits shutter attachment om the mecroscope,
unng kodak PlurX and Panatomme % black and
white filmt and Kodachrome &4 film for coloor
hides,

RESULTS

Influence of pH on Acndine Orange
Staining Patterns

The effect of the hydrogen concentratom
during staming was studred on nolated bae
tenn and on mfammatory cells from yarous
sources. Smears of Staphylococeus awrens and
Eschenchra colt were fixed with methardl for
two yunutes and stained for five mmutes with
20 mg per htre acndine orange w buffen
ranging from pH 3.5 to 90 wath 0.5 pH unrt
ntervals Both strains showed interse orange
fluorescence throughout the whole range of
pH values, wath very Lttle vanaton in colour
and intennty Smears of normal blood, muco-
purulent tracheal exudate from patients with
arufical resprration, and urethral secrebom
from patents with culture positive Ge mfee
tions were fixed m methanol and stawed with
20 mg per bire acrdine orange m buffers of
different pH ond examuned i the fhuo?
escence micrascape. The stunimg pattern of

wercTide from tamples sent for routine X
logrea) examnatran, These samples contaiped in
flammatory and phagocytic cells in carous ctages of
degradadon. Thin smean of blood and bucca)
scrapings from an apparently healthy male volun
teer were used to evaluate the staning of less ac
trvated {nflammatory cellt. Very wiscous samples
avere homogenmed by adding 3 cent acetyl-
cystein (Mukomyt®)  followed centnfogatuon
and suspension in phosphate buffered ealine (PBSA
017 M naCl, 003 M phoaphate pH 73 00” per
cent sodium ande) No untoward effects of this
treatmoent on the staining results were seen,

Stommyg jolstions Acndine orange (E. Mercl
AG Darmstadt, No 1333) veas dusolved :n 013
M buffers ranging (rom pH 3.5 to pH 90 Acetate
buffers conered pH val & from 3.5 to 33 phow
phato buffers pH 6 0 to 8.0, and Tri~HCl pH 83
and 90 Stwning was performed n troughs, each
takang 8 sider in 3080 ml of staining saluton.
The slides were then washed with tap water and
dned,
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polymorphonucl el (PAINs) showrd
clear correlation with the pH of the stamm
buffer (Table 1) At low pH only the nuclews
of blood P\{Ns was vuible with fant green
fluorescence At higher pH vatues, the nucheus
staned more stronglh with yeliow
fluorescence and a green cytoplasm (Table
1) Polymarphonuclear cells from exudates
genernl gave stronger stainng apparently r':-
Inted to their degree of actvaton (Fig
Table 1) Atlow pH the cells were still greem,
whereas at neutral pH or fugher the orme®
staining of PMNa made the detection of ba
el 1n the gmears more dlficule (Fig 14 and
1B) Free nucde from dnntegrated l"\h\,l
showed 2 redduh ataning ako at low ot
\Mononuclear cells were smilar to P 10
thewr gtmmung pattern. Lymphocyt® et
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Fy )} Acrdne Fatrung (23 wg pev 1) of hussw wretheal
When saned az pH 40, 1 how o Ig, 1A, the
background At pH 8.3 Fig. 1B, aho the FMN |

zxve orange florewence already #t low pll
vatues, Exythrocy ey n blood mmean foliowed
the mme smming pattern a3 the haclground
matenial, ex. 0o to falnt green Nuorescence at
tow pH to clear green st high pHL

Bactera present m tracheal exudates and
urethral secretom were abo camned with
regard 1o ther s2imng pattern. Jrmpecthe
of the pH of the staimung buffer the bactena
shwayt showed stroog oravge fhuorescence
{Fig 11 They were howerer more endly de
wctable 1n @mean samed at kw pH which
had the jeast raimung effect on the sarmound-
ing cells and bsckground materal (Fig 34)
Intracellular bacteria wochuding i oner

laying the nucleus were ewily detected, thu

d the potental ad of scnd-
we orange sasung at ow pH. Fading of
fluorescence was ot a0 marked with orange
sabning of the becterm, wherem the green
background faded rapidly

Stendurdi

of Steming Conditl

The infhurnce of varous pacameters on the
stammg of bactera was exsmuned 1n erder to
enture reprodixcib.e staming. Furthermoes the
bs.(\\nwn(ﬂ)zmmmuonunhmmx
of buctera was studied, Acrid e
tons rangung from 2 to 100 mg per Lyre 10 &



neutral buffer (PBSA) were used for 5 minute
staining of § aureus and £ colt From 100
mg down to 20 mg acndine orange per hitre
gave strong orange fluorescence of the bac

tena. Ten mg per litre and less of acndine
orange gave only weak green-to-yellow stan

ing Concentrations between 25 and 50 mg
per litre seemed suitable for bacteral micro-
scopy By varying the staining time between
half a minute and 10 minutes wath this con

centration of acridine orange full uptake of
dye developed already after 1 minute with no
further changes up to the 10 munutes tested,
A stmning time of 2 minutes was selected as
optimal for routine staiming which was always
performed in troughs to ensure proper buffer

g Vanous methods for fixation of § aureus
and E coli smeary were also tested Methanol

chloroform, cthyl ether ethanol 1 1 and 10
per cent formaldehyde were wied as fixatives
for 10 munutes and compared with unfixed
air-dried smeans. No differences were seen be-
tween any of the procedures and the control.
Similarly varying the tme for methanol fix

ation between ! and 30 mmutes did not
change the staining propertres of the bactena

Methanol fixation for 2 minutes 15 used rou

Fig 2 Acndine oran,
bacteria adhenng X
pmeumococcal menogl
human cefls
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ge stalning at low pH Fig 2A «hows an
300 Fig. 2B show 2 mmear of s cerebroop
1rs, X BOO Bacteria in both 2A and 2B tain

tinely for direct smears of human materal,
and was therelore retained in further expen-
ments.

Acndine Orange Staiming of Various
Isolated \rcroorganisms

The standard staining conditions selected
were tested further on 81 bacternl strum
from routine cultures. The bacterml straits
represented 15 different specres cdvening both
Gram pontive and Gram negative coca and
baaill: The stamning method conusted of me-
thano! fixation for 2 minutes followed by bref
washing 1n tap water and then ummeryon 1n
acrdine orange, 25 mg per hire acetate buf
fer 015\ pH 40 for 2 minutes. The slides
were washed 1n tap water and dred and then
exammned i the fluorescence mucroxcope
with immersion oil applied to the smears. In
all cases, the bactena showed strong orange
fluorescence after staimng with acndioe of
ange. On a few shdes there were
areas with about 10 per cent yellow-stamed
bactena By wncreasing the concentration of
acnidine orange to 50 mg per htre tha per
centage decreased. This concentration
thus be preferred for routine we

pithelial cell from buccal «Tapm¥ -!“;
1nal flud specimen from a patient »it
orange agalnst & green background



cells, leucocytes and bactera were exymined.
The orange fluorescence of the bactena con-
trasted well with the surrounding human
cells. as shown m Fig 7 A The srainmg pat
tern at low pl described above for Jeucocytes
was alo true for thewe speament. The cpi-
thelml cefh sbowed fant green eytoplamls
(luotescence and & nuckws with & green to- —
yellow colour The bactena were ensily de
tected also when they adhered to the cells

Smean of cerebrospinal Nuld camples from
pauents with anpecird bartenal meningitis
were ttalned with acrdme orange at pH 4.0
in additon to routine Gram and methylene
blue stuning (Fig 2B, 3B, 3C) Resulos of
a gmall senes indicated that acndine orange
wa wpenot to the other tao methods for de
tecting sreall numbers of bactersa, for instance
when only a few menmgococe: were present
on cach mmear (Fix 3B) Acndine orange
therefore supplemented the Gram and me
thylene bloe staning methods.

The staining method was abio tested foc
we in fogscal practice panng it
wth methylene blue staining of urethral se
cretions from cases of nanpected fopococeal
lnfectoms (Frg 3AY In 16 ot of 17 ooy
the two rtaming metbods were in agreement,
4 beng Ge-pegatve and 12 Ge-poditnee, In
nnermdx.mdntmngemmgmpm_
itne methylens blue stanmng pegathe and
the culture thowed growth of A goxorshoees

Re—cnmmdmoltbemhyknebhxlmmd
unear revealed occanonal diplococa.

DISCUSSION
Acid fant stainmg methods mmng fluarock

oA crmed Prndemenes
A lmnmg’x’;o iiad :n;:"“"‘*rgemmum-hm
techaltues {or detecting mm cobactersa
m chmeal specmens (121 Tha b attribated
mthrﬂteumtcmtnnobhmedkmh
A ndn O enge Stamnmg of saned bacteria and (e dark

B bt mm:::d&wmmmmofwchlﬂdn
oy enry thorough. Direct fhaorochirome
nuablppbtdmm:dtﬁnnltpeu prueutdo_’;rmﬂ ’::—Q oo vl
bey we of the uptake
mens Buccal scrapmg contammg e thefial d’)ebyoﬂrrceﬂ!n\neﬂubyth:llr_:l



neutral buffer (PBSA) were used for 5 minute
stuning of § aurcus and E colt From 100
mg down to 20 mg aendine orange per litre
gave strong orange fluorescence of the bac
term Ten mg per hitre and less of acndine
orange gave only weak green to-yellow stain
mg Concentrations between 25 and 50 mg
per litre seemed suitable for bactenal micro-
scopy By varying the staming time between
half a minute and 10 minutes with ths con
centration of acridine orange, full uptake of
dye developed already after I minute, with no
further changes up to the 10 minutes tested
A stmmng time of 2 munutes was selected as
optuumal for routine starung which was always
performed 1n troughs to ensure proper buffer
ing Various methods for fixation of § aureus
and E coly smears were alio tested. \Methanel
chloroform ethy! ether ethano! 11 and 10
per cent formaldehyde were used as fixatrees
for 10 minutes and compared with unfixed
ar-dned smean. No differences were seen be
tween any of the procedures and the control.
Sunilarly varying the tune for methanol fix
ation between 1 and 30 minutes did not
change the starnung properties of the bacteria
Methano! fixation for 2 munutes is used rou

2 Acndine ornge stunug
Fig 2 A ering X 500 Fis 2

prsumococcal menlnglus. X 800 Bactena
human celle,

aKn

at low pH Fig 2A shows an epithelial cell fi
B showt a smear of & cerebrospinal fldd speeunen y
in both 2A and 7B smain orange against & green bac!

tinely for dmrect gmears of human matern),
and was therefore retained in further expen.
ments.

dcnidine Orange Staning of Vanons
Isolated Microorgamsms

The standard staning condrtons selected
were tested further on 81 bacteral strams
from routine cultures. The bacteral stram
represented 15 different specxes edvenng both
Gram poutrve and Gram negatrve cocer and
baailly The stamning method conssted of me
thano! fixatron for 2 ranutes fallowed by brief
washing in tap water and then ummention
acndine orange, 25 mg per litre acetate bul
fer 015 M pH 40 for 2 minutes. The sfides
were washed 1n tap water and dred and then
exammed n the fluorescence mucroscope
with mmmersion oil applied to the smears. In
all cases, the bactena showed strong orange
fluorescence after stamning with acndme of
ange On a few shdes there were ocranonl
arens with about 10 per cent yellow-stamed
bactena. By mcreasng the concentration of
acndine orange to 50 mg per hire this per
centage decreased. Thas concentration should
thus be preferred for routine use

rom buccal Krapng » th

Lent with
from a pa o



cells, Jeurocytes and bactema were examned

The orenge fuorescence of the bactena con

trasted well wath the mumounding hurman

cells, us shown 1n Fig 2 A. The staiung pat

tern ag fow pH described abme for leucacytes

was alwo true for these specimens. The epr
thelial cells showed fant green oytoplene

fluorscence and a2 nucleus with a geren-to- -
yellow colour The bactena were earily de

tected also when they adhered to the cell,

Stoean of cerebrosprnal fluid smples from
parents with mspected bactenal meningtl
were yained with acndime omree at pH 4.0,
in additia to routine Graum snd methylens
bloc spainmy (Figx 2B, 3B, 3C) Results of
2 small ser.es Indieated that acndine orange
wat supenor to the other two methods for de
tectig mmall numbers of bactern, for inrtance
when oofy & few meningococe] were present
on each smear (Frg 3Bj Acridine orange
thereiore supplernentrd the (ram and me
thylene blue stumng roethods,

The salung metbod was abo teged for
we m \enerologucal practice by comparng it
with methviepe blue szmng of urethral sev
cretiopt (rom cases of govococcal
wfectyors (Fig 3AY Ia 16 out of [7 cases
the two stamng methods were m agreement,
4 bewg Genematne and 12 Ge powtre. In
one case the 1CTdine Ornge staming wis pos-
une methylene blue staming negative, and
the culture thowed growth of A gomorrhocar

of the metirylene blue statned
smeay ey ealed ocravonal diplococe,

Fg 3 Acndose oraoge stusmg of clmbcal

DISCUSEION

eoinge csawd by Pasdemenss
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1 nd ne O wnpe Staming of *aimd bacterm £nd the dark
Clrcal Spe 1mens bty ol
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men Buccal sraping containmg Tl Present difficulies becawse of the uptake of



ground matenal in smears. We present here a
stuning technique for the detection of bac
tena in chinical specimens which gives a dif
ferential coloration of these structures. The
method uulzes the pH dependence of acnd
ine orange staining patterns of human cells.
Our results have indicated that both human
epithelinl and inflammatory cells show green
to-yellow fluorescence of the nucleus and no
or green fluorescence of the cytoplarm at low
PH. Since bacteria give strong orange fluor
escence at these pH values the conditions for
a dufferential starning method are obtamned A
pH dependence for acridine orange has been
described by Strugger (7) for plant cells.
Differences were poted 1n acndine orange
stuning of polymorphonuclear cells from var
10us sources. Blood PMNy were stained green
throughout the whole pH range whereas
PMNs from inflimmatory exudates gave yel
low to-orunge fluorescence already at neutral
pH In some cases of tracheal exudates the
P\INs were almost red already at acd pHin
the same way 03 free nucles The tendency to
give a more orange stuning seemed to cor
relate with the degree of activation and sub-
1equent autolyzs of PMNg
Acnidine orange staining at low pH of cin
1cal specimens, particularly cerebrospinal fhud
samples and urethml secretions, scems to offer
a valuable complement to other staning
methods, Apart from its smplicity 1ts mam
advantage u the marked differential stunmg
effect with orange colounng of bactena m
contrast to green-to-yellow staimng of human
cells and background matenal
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THE LYTIC EFFECT OF LYSOLECITHIN
ON ACHOLEPLASMAS AND MYCOPLASMAS
Lasno VAur Soutrss and Prx Avpexs Mieou

Tositote of Medseal Afscroblolory Usiversity of Lond, Lusd, Beedm

Sohem, L V& Mirdh, P-A. The lytic ellect of Trssioctinia on scholrplems avd mryeopla
ummwn&mluu&ml 1977

Lysolecuthm exhibits & 1 sethlty on sch and : The

Mhnmnﬁm-n.ﬂm-mfﬂk—wm‘mmm
ploxm, 1. Afycoplanma galimptcum and M prowmsniae The wemilth 17 10 Ins @i foand
ndﬂnmﬂmqnm[mlhmmtnndmhrdmmuui\uhﬂom
mmdhmﬁhmmmmd%@&hmhlnﬂwwm
Stk woffwence, The grestest e sctnity of heolecithm was found  t the optimal gromth
sepeators aod decrraad with kewerlog of the comperaters Thh lype actr ty war Benely

propornonal w0 the denmty of the crll muspeasiom med The powsble owchanmos of the ke

dicct of haoleathin o discosed
Koy words L, htle effer

L V Softex, Instiate of Mrdical Microbsebosy Uninersity of Lund, Lund, Suedca

Recened 3077 Aceepted 377

Achotrplarmay and mycophusmes, Bke 1-
phase varants of bactena, bk a ngid cell
wall Tty sbwence explams many of the
b of thew "

£

substance mteracts prmarily with membrane
Tipds.

Cholesteral affects the packing of fatty ards
m the membeane resulung in changes in it

hal

in o ket to R and
mycoplasmat (8) Mbrdk & Taylor Robirson
(10) showed that scholeplarmes are s nus-
ceptible to Ipolecithin than mycoplasmar. L
Pb‘:w"'lfg)_ﬂm‘hﬂﬁh‘mlmndmh
a more fusceptible to
thin than wers their mu";:k:g
s (11 Lynhﬁ\}nnunlhaﬁ‘mpcr\
of cell membranes (9) Nothung n
Loown of the cell nymbrame reesptoc for
Haolecuthin, though 1t seemy lkely that the

; hility which can iterfee with the
cel's untegrity (3 4 35} Lywlecuthin may
interact with cholesterol, rendermg 1t una
vallable for {nteraction with othet membsane
lipsds. The
malyte effect of faolecithin b milaenced by
the amount of cholesterol prewent in the cul-
ture medium (10}

The present report deseribes a of the
h‘kdrmub»\eadunmamﬂm.
{edlewu A, 4 leldlewu B, \ycoplesme pres
momias and Al pellisepticums. The variahon
i;“;:l)‘“‘-dfvclmqmntdqmlbe.c

ﬂ'ymnm-mdxm,,mpm
lndlha«zﬂdrmuymnhﬂun!onh:::
mmﬂmdhﬂnﬂnnmlﬂmu



ground matenial in smears. We present here a
stnung techmique for the detection of bac
tena mn chmceal specmens which gives a df
ferential coloration of these structures. The
method utithzes the pH dependence of acnid
ine orange stairung patterns of human cells.
Our results have indicated that both human
epithelial and 1nflaramatory cells show green
to-yellow fluorescence of the nucleus and no
or green fluorescence of the cytoplasm at low
pH. Since bactena give strong orange fluor
escence at these pH values, the conditions for
a differentia) stazning method are obtained A
pH dependence for acnidine orange has been
described by Strugger (7) for plant cells,

Dufferences were noted 1n acnidine orange
stamning of polymorphonuclear cells from var
10us sources Blood PVIN3 were staned green
throughout the whole pH range, whereas
PMN;s from inflammatory exudates gave yel
low to-orange fluorescence already at neutral
pH In some cases of tracheal exudates the
PMNs were almost red already at aad pH m
the same way o1 free nucler. The tendency to
give a more ofange stumng seemed to cor
relate with the degree of acinanon and sub~
sequent autolysis of PMNi.

Acridine orange stuming at low pH of clin
tcal specumens, particularly cerebrospinal flnd
samples and urethral secretions, seems to offer
a valuable complement to other staiming
methods. Apart from 1ts sumplaty 1ts mam
advantage 13 the marked differental stamung
effect with orange colounng of bactera in
contrast to green to-yellow starming of human
cells and background matenal.
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was the mhibitory effect of cholesterol on the 20 per cent (v/v) unheated bone wnid 10 per
Iytic process .:Ech The possble mechanmm &2 (4 of 825 per cent solutios (w/¥) of o
P Y eust extract (Dafco) O per cent (we/v) gl

of the lytic effect of lysolecithun 1s ducusied g5 per cent (w/h) thalllum scetate and 1,000
umts of penicilin G ml? The pH was adpusted

to78
MATERIALS AND METHODS Chemicals Lysclecltbln, [Ap—
Orgamsms A lodlewn A (PG 8) and A ledlewi  thin, was obtaned from Sigma Lid, Saint WAB,
B (PG 9) were obtuned from professor E. A Almsouri, USA, and cholesterol from Rebo o
Scnclholm.&wcdm.Lyrokcmunwud.upﬂ'd

Fremsdt Aarhu Denmark whils A gellisapiroxm
(PG 31) and Vf grewnomias (Mac strain) came Lbcmedlmnd;mminﬂljﬂnlmtglh.ﬂ;;h:
{con Dr D Taylor Robimson CR(, Harrow Eng lg:rmld\;u?upurdndncrl'bcdbr
Iand, Futegerald (7
wnd test medhim  Test somditioms. The nere l:‘x?;;g

Growtk medrum The o b Ty enr

consisted of Bacto-PPLO broth (Dlfco) containlng
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Fyy 3 The 5 e () A {b)
AWA(c)nﬂLua-db(a)m}yMnWmM(o—o) chelerterad
added (#—)

Inflaence of Cholesterol on Lytic Capacity rmore pronoudeed fof A ladlerdi B than for
f Lysolscthen A ledlad A
Cholesterol st & concentration of 730 g
ml  wes added to the cultures after 2, 4 6,
and 8 bouns of incubation. The broth cutture
tested contaned 10* onpaniem ml when  The oxdal effect of hyolecithin on organkms
cholesteral way added. Noocholesterolcone  of the {amily Mxcoparmatereas n maibabis
talung culturet, treated in the nme way to cell o (8) The smeeptibility of A
were uaed a3 coatrols (Fig 5) Afertbe ad  pnowmonies 3 pullieplicum A Leddlerii A
ditlon of cholaiternl, ths organnmy becaroe md A, lodieri B (o lysolecithun was found
more reaatant to hpalecithin, Tha effect was to decirase In the order gnen.

r

DISCUSZION
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Fig 3 Detrense In cell dennty after admmlytration
of 05 mg/ml! of lysoleaithin to an exponentilly
growing culture of A ladlexii A (89— 0) and 4
ledlera B (0—0) As comparison the cell den-
sity in pon lysolecthtin-contaiming cultures of A
lodleris A (9—#) and A lodlawn B (6—o0)

are shown

RESULTS

Lytic Effect of Lysoleathin on Acholeplarmas
and Mjycoplarmas

Cell dersity The Wytic effect of lysolecithin,
1n concentrations of 100 to 2000 pg ml! on
4 ladlaron A at varmous cell dennties 3 ahown
m Fig la. The corresponding effects of
lysolecithin on A ladlaen B (Fig 1b) M
galliseptrcum (Fig 1c) and Af preumontae
(Fig 1d) were also studied In these expe-
nments the concentrations of hsoleczthin was
varred between 50 and 800 g ml?

In the test with the two species of Achole
plasme  the maxmum lytie effect occurred
when unng 107 orgamusms mI” and 125 ug
per ml tysolecitiun (Figs. 1a and 1 B) When
testing A gallisepticum and M prewmoniae
the sams effect was observed when using the
1ame number of organusms, but with 100 and
750 ug per ml lysolecithin, respectively (Figs.
lc and 1d)
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Fig 4 Decrense i cell dennty after addition of
0.5 mg/ml of hysolecithin to an expoaentally grow
Ing culture of M gelSrepticam (9—9 222 N
Fucrumoniae (0—0) As comparson, the ctll
denuty in pon-lytoleathincontaming cultures of
3 gelfisepticum (0—8) and Y froemsos
(0—0) are shown,

Temperature The influence of temperature
was studred on the lytic effect of Iysoleathn
on the four speces tested. The huc effect
on all species was at 1ty maxmm at 37° C
(Frg 2 a~d) and dummnished wath fallmg tem-

peratures.

Dufference in Susceptibility to Lysoleathis
among Species Stadied

Lysolecithin was added to cultures sfter 8
houry incubanon. The opneal density of the
cultures 1o which lysolecithin bad been added
was determined at intervals of 2 hours, ard
aliquots of the suspensions were plated on
solid medium 1 order to determupe the mum-
ber of c.fu, ml? The susceptibility to Iy3o-
lecathin of the two species of Mycoplasma w3t
greater than that of Ackoleplasma. M prev
momae was the most and 4 Indlmen B the
least susceptible (Figs 3 and )
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* g 5 The ixflosace of chol i om

(a) M pellimpticam {b)
lwA()meHB(d)wMWMM(M)W
sdded (9 —9)

Iafteence of Choletterol om Lytic Capacty more progounced for 4. ledleen B than for
of Lyolsarthm A lodlemn A
Cholexerol at & concenraton of 750 i
T’Mwmd‘l ‘“hﬁz:’hz"‘ﬁ‘ DISCUSSION

tened contamed 10° argannos ml when  The cdal effect of holecithm on organtume
cholesteral was added. Noncholesierolcon-  of the family, Alycoplarmataceas I aacribable
talnmg cultures, weated In the ume way  to oell by (8) The swecptihility of Af
wmuxducommb(ﬂ; 3) Mtudn-d Ineumonsas X galluepticun A. ladlewii A
dition of cholesterol, the orgamTm became  and 4. lerdlenn B to fpolectthin was found
mere remtant o Inoleaithin. Tha effect wat 1o decrease i the ader given,
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Acholeplasmas in contrast to mycoplagmas,
do not require sterols for grosth. However
acholeplasmas are able to mcorporate chole-
sterol when present n the growth medim,
which fact renden these organums switable
for studies on the role of cholesterol in bio-
logical membranes,

The non-electrolyte permenbility of the
cytoplasmic membrane of acholeplagmas 15
reduced by the mncorporation of cholesterol
(13) Cholesterol reduces the molecular mo-
tion of the hydrocarbon chauns of unsaturated
phospholipids resulting in therr closer pack
ing It mteracts preferentially wath fatty acid
chans 1n the Lqud-crystallipe state (6)
Changes 1 the fatty aad compostion of the
memb hiprds of acholepl may com-
pensate for the lack of cholesterol (15)

Lipid depletron of mycoplamma cell mem
branes greatly reduces the cholesterol uptake,
while removal of most of the membrane pro-
teins does not mignificantly affect the chole-
sterol content (13) Thus indicates that the
major portton of cholesterol bound to myco-
plasma membranes 13 incorporated into the
Lpid domains of the membranes.

Lysolecsthun interacts with pid compo-
nents of cell membranes resulung 1n an nte
gration of lysolecithin into the membranes,
followed by 2 gradual aggregation of Jipid
tysolecithin complexes of the membrape, This
aggregation 11 dependent on the thermal mo-
tility of the fatty acd components of the
membrane and takes place more mpudly at
lugher temperatures. The extcnior parts of
these aggregates are hydrophob:c and :nteract
with the surrounding membrane Iiprds. When
the aggregntes become sufficiently large they
may fonm a nng around a hydrophil pore.
The permeability barmeer 5 then brolen thus
finally leading to cell lysst. When cholesteral
1s present the cholesterol lysolecithin binding
1 stronger than the cholesterol membrane Li-
pid binding If there 1 a surplus of choleste-
rol, 1t can react with the hiprd coriponent of
the cell membrane (6) This may explan the
dufference 1n susceptibility among the speaies
of Acholeplesma nnd Mycoplasma stadied,
nnce it 13 known that the amount of chole
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sterol 1 the cell membranes of thess spean
vanes (1)

A low temperature can reduce the ffadie
of the membrane hpids and thereby alter the
mechanical properties of the membrane. The
ability of Inolecithin to interact with the
membrane 15 also temperature-dependent. The
damage to the cell integnity of ackolephsmas
and mycoplumas by Ipolecithm was found
neghgible belows 10 C. Lysolecithun-mduced
Iyms of these organsms requures a certun state
of flwdity of the membrane Lipids.

Rearrangements in the hqud<rpaloe
state of the fatty acds may alter the permes
bility properties of a cell membrane (14) A
rearrangement of the fatty acxds in the lpid
domam of the cell membrane mght ako ex
plan the glight duference 1n susceptiblity to
lyes by Iysalecatiun, which was observed when
unng arganums of diffenng ages.

The presence of lysophospholipase 1w the
cell mebrare of 4 Iodlozrs B (16) mght, at
least partally explam why these arganums
were those most resustant to lysoleaithin amoag
the species studied The presence of smoflar
lysophospholipase acmaty 1o A Jadlext A
and the two spocres of Myvoplayma studied
hxs not been so far reported (2)

One advantage of usng Iysoleithin for the
Iyxs of acholeplasma and myvopluma cells,
compared with osmone lyny, 1 that the huc
effect of hsolecithin 15 relatnely unaffected
by the age of the orgamems. Lysaleathu moy
abo be wseful for the solation of cell mem-
branes of slow growing mycoplasmas When
using this compound, one 1 less restricted to
a fixed hanesthng ame than when unng o
motie hym. Speaer of ycoploma such =
Af gallsepticum which are more reastant (0
aamotic Jyms than are other mycoplasma spe
cies, can also be Jysed casily with Iysolecathin

Structural, metabolic and encrgenc factor
may be involved 1 the sequences of E\TJ’O‘;
leading to cell s by ysolecathin. Which
these factors plays the major role may varwy
according to the growth cougmons and the
hymological status of the cei
P '}‘o cﬁdude _ the cell integnty of achole-
plasmas and mycoplasmas 1 imparred when
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This study was mupported by great No. 16X-4309
from the Swedish Modical Reseer b Cowncd.
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CHEMICAL COMPOSITION,
SEROLOGICAL REACTIVITY AND
ENDOTOXICITY OF LIPOPOLYSACCHARIDES
EXTRACTED IN DIFFERENT WAYS FROM
BACTEROIDES FRAGILIS,
BACTEROIDES MELANINOGENICUS
AND BACTEROIDES ORALIS
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and endo-

Hofstad, T 8veen, K. & Dahlén, G Chemlcal ,
tomaty of Lipopolyssechandes extracted in different ways from Bacteroides fragilis Bacterordes
L and Becterordes orelis Acta path. microbiol. scand. Sect. B, 85 262-270,

1977

L 1 harides (LPS) d from strains of Bacteroides fragilis Bacterovdes melaxin-

genicus and B ides ovalis with phenol 1 .dd,EDTAoruqddpbﬂf“:

chioroform petroleum ether (PCP) and sofated by ul fon, varied conuid

in therr quantitative chemleal itlon. Negligible yields of LPS were obtamed by PCP

extractlon. All preparationy were more or less serologxcally acti e. All methods (except PCP)
d the same O-antig from B fragilis, Endotoxic acthity as measured

by prumary skin mflammations 1n rabbits, was Iow but was prescat fa all preparations. Proteins

(and/ox lipoproteins) co-precipitated with LPS In the ultracentniuge.

Key words Becterordss fragilis B meleninogenicns B oralu lipopolymcchander estraction.

T Hofstad, Mikrobsologlsk a deling MFH-bygget N 5016 Hankeland sykehus, Normay

ter tr

thods, for instance extraction with trichloro-
acetic acd (TCA) and aqueous cther hne
in common that phospholipid lpoprotea

Recehved 91177 Accepted 31077
Several methods have been used for ex
bactenal  lipopolysaccharides

and protein may be co-extracted often i1 the

traction  of ohmcchandes

LPS) (22) The extenmvely phenol

\('.-utu) ((P/W) method extracts the LPS form of a complex. In recent years, LIS hﬂc;
been polated from fragments of outer

nucleic acds and, if pressnt in the celly,
other polymcchandes such as capsular anti
gens and glucans. Same other extraction me

262

membranes removed by treatment of nh:’;
cells with ethylenediamune tetraacetc 2



A} (2¢ %0) Extartion with Lquid
{EDTA) { m)mkum ether  (PCP)
(G)In:b-:mn-npbredforhnhbmn{LPS
from rosgh motants.
m}?;mcyunwhbmuxd?[\\'m
ton foowed by ulmcentifupnm of the
water phme and emymane treatment for

{10) Problem bave been evcountered in
preparmg LPS from sraina of Bacteroudes
fraplis  Becterodes melanmogenicns and
Bacterondes oralys. Preparanca of LPS from

tmg

mination with glucans (7 3) This has often

been true aho for B. fraphs LPS {11) The

yield of LPS bas been relatnely poor and
the

ambed of B.fragilis B mdemmopens
cus and B orelis with P/\\ has, therefore
been compared with TCA and PCP extrac
tiord, and gentls treatment with EDTA with
respect to chemiaal componton, serological
seactinity and endotone activity of materah
holated from the extracts by ultracentrifuga
twn. The preparations were aho cxamined by
edectron macroscopy

MATERIALS AND METHODS
Orpmminas

The wsod wers Bactsrelder fra-
pls W fraghs anis NCTOSMS Bactrrwdes
rhimny,

frascas s, ixtermedin emaia B10 (1) aod
Becteroder oralis Bact MCY (3)

Cultoral Conditions

Caltarm of BLO were grom a 500 ! serww-cap
botgder, fled w0 tia top with the f

(W1} Tryptoss (Owsd) 13.0; Ne2 30

13 NaHPO 12H,0 33
com 23] yeast extract (Oxold) 30 HQ
10 haenin 0016 meradose 00008 bown
plasxa 50 ml/l, P 7.0 NCTC 9343 was grown
B chomostst (BeTer  FT 104, MoTec AR,
Siockhotx, Smeden) st D 70 and ar ¢ dibetion
s of 0.7a3 The

the wrrme
that bucrra plaewss w o ey

orltted xud 03 per cext

Seperstary (2072 C)  After uyatlon for
20 min ur 2300 X g the water phaoe was piperied
off e

wilk PO per ext Equid phemel
Alereferm-petrelenm ether (bp. 40.60°C) 2.9.8
(PCP) was performed ™

PH 74 we made EDTA
added to give o final

mlioe,
(2.0 o3I pH 7.3) wat
mdﬂl-}l(?) The
homogenmed

ol EDTA in the
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ABLE Focters 2 3 ead
3 InkBllery Acthiity in the Test Sytems for Demenstration of the Autipeale
}.(u) 1 LPS Extracted fa Diferent Ways from Bacteroldes fregllis NCTC 5343 axd Purifnd by Utire

contry gatien
Tt wystem Sfintmal n6.tiog dove (55} of LPS 9343
AR, Y e aedtw, TP
! -ang’nis s s tas s
? aﬁ?:’u LPS-B3S 082 o5 15 H
: mwjzm LPE-9M43 138 123 128 23

4) 8 wygiutimting weits of abeocbed ani

taerute
) Bemmirzing dowe of LYS (P/3; whole cells) wes 4 they the smovat pecersary © gne muimal sermm
titre,

Chemicel Analyses

bovme vy albamin
of Fids & Subberow
(9) w modfed by Yemghy g k Tousghoy
(1) was mmed for detwrmmation of phorphoves.
Farty acd esten ware mearmred 1 pabomm by
the bydroxendds acid mathod of Supder & Staphoes

cutimated o gloeo-

by the FollsCueahen
phenol mathod (21} wsing
o ramdard. The method

(M} Actwo mgan werm

mmme (23) sad aoples were bydroiped with
3N FQ fowr 6 b,

Ga Laqwd Ckremetography (GLC)
of Aextral 5 gary

»ih 01 N HG &t 10 C
for 48 b wern with IRA 410
HOD  fors and the aidosss com 1 abdinal

Tum comn (O10 x 1) )
Packad stk 3 per cent ECNES-3M (w/owe) on Gear
Cirom Q, 1007120 owh (Applied Bebencs Lak

mones, Sate Collegr, Pa, USA) The flow
ol (N) wm 30 mifata sad the colmpn and
detoctor temaperatuzes 190 and 260 C, rerpeetively
Dopyloss was smd ae hrtermal stamcend

Hectron Uieruscopy
Lyoplotzed LPS wers

=
user by eleation, mid pre oy Lo disfled

1 per cxmt wranyt
43, and

i

Serelogical Metheds

Rabble wers raleed againn  whole
:mhn (8) or LPY (Bact MCI) Senstmation
abeep

(SREC) with NxQH-trent

(11} Rag ten precipation P esembed
dexcrbed prelowdy (8] M performed as

RESULTS
LPS 9343

Extracton of whole cells with B/W or
TCAgl\elhebatyﬂdn(LPs(T.u‘!)
’ﬂ:e!mm{wuny-ddm,.ph.?m
34 ammm sgary vanied from oo prepare.
ton to another TthPSObtlImdlmeﬂ
"“ﬂm“‘hpﬂ‘lndmmnwm
seimable amounts of glicose, whereas e
mnnhlamunuo(rihma“mmbh

extracted with EDTA, Tpe
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EDTA preparations were nch in protemn
(and/or Lipoproten)

All preparations were serologically active
(Table 2} Exammation of the LPS extracted
with P/W TCA and EDTA mn the test sy
stems for demonstration of the anbgenic de
termmants 2 3 and 5 (11) gshowed that all
determunants were present in all four LPS
preparations (Table 2)

The endotoxic activity of the preparations
was low (Table 3)

LPS BI1O

The best yrelds of LPS were obtained with
extraction of whole cells with P/W or TCA
but the preparations contained high emounts
of glucose. All preparations had a fatty acid
content of about 20 per cent Otherwise the
quantitatrve compostion varied as described
for LPS 9343

The serological activaty 15 shown i Table 4

The preparations extracted with PCP and
P/W showed the lowest SLD,, (Table 4)

LPS Bact MC3

No LPS were obtained by extracton with
PCP The figures for the different comst:
tuents varied from one preparation fo an
other and the recovery of the chermcal ana
lypes was low (Table 5) All preparatons
contained mannose. As much as 400 pg/ml
of the LPS extracted with TCA and EDTA
was needed for sheep cell senmtiration and
the preparations showed no ihibitory actnvaty
1 doses up to 5 ug The SLDs, vaned from
250 pg (P/W crushed cells) to 87.5 pg
(EDTA)

Electron Microscopy

All preparations confuned particles with
a tnlamnar turface structure (15 28) The
particles were doughnut shaped or appeared
1n the form of discs or rods (Fig 1A, B C)
The diameter of the disc or doughnut shaped
particles and the length of the rods varred
from 15 to 100 nm. In sddition the prepara
tons of LPS B10 contained some filamentous

structures (Fig 1A)
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DISCUSSION

The mamn mpheation of the present work
13 that the O antigen and the endotone prn-
aple of all three Bacterosdes specres can be
extracted with PAW TCA and EDTA.

Negligible amounts of LPS were obtaned
by extraction with PCP Thus shows that kpd
1 not a major part of the LPS complex, »s
abo indicated by previoms studres (13 14)
Most LPS preparations extracted with P/W
and TCA were obviowsly contammated with
glucana. This contamination could be avouded
if EDTA was used for extraction, but, a
could be expected, substantal amounts of
proteins and/or bpoprotens were co-extract
ed ard sedmented m the ultracentnfuge
together with the LPS

The varying molar percentages of neutral
awugars indscate that varying amounts of mec
romolecular  carbohydrate-contanmg  poly
mers other than LPS may have been &
tracted Such macramolecular compounds
may be cell surface components (17)

Extraction of whole cels with P/AY of
TCA seems preferable to EDTA for extrac
tion of precipitating and erythrocyte-seantr
nng antgens. The figures for LPS934
(Table 8) and LES BIO (Table 4) sgaest
that P/W and TCA exmacted different
amounts of the same anugem(;:) deterpumnts
or separate antigens (LPS Bl

As judged by the capaaty to produce 3an
nflammatien 1n rabbip, the endotoxaty of
all preparations was Jow These findings ar
1n keeping with earlier mmvestigations (9 28
Recently Kasper (18) has molated from &
strawn of B fragelis a ipopolysaccharide which
failed to provoke the local Shwartzman reac
tion 1 rabbits and was noo-lethal for 10-day
old chicken embryos. A poor endotoxc act
ty 1s thus 2 characternte Seamre of wates
soluble LS solated from Bacterordes

Apart from the filamentous structwes
found 1n LPS extracted with TCA [rulﬂpfi
melamtnogenicus B10 there were oo pnnd
dlffcrmctimm’uctmornraofleLPS
particles extracted by the dufferent methods.

Ay mdscated by the results of the



pegithe microorpanizm, In Balows, 4.,
Ds Heas, R. H, Denell,] R ] & Gusw
L. B. (Eds)r Amaerob Bacterias Roke bn
Disease. C. Thomas

IL USA 1974 p. 293-303

oid,

of LPS extracted with P/W from
B, fragilis (12) Another approach may be
P o tuble or d

fregfin Acta path,

materals from cruthed cels treated with
Iysoryme and EDTA (16) In the present
study low yiekds of LPS were obtalned after
treatment of whole cels with EDTA. How
ever the coocentrabon of EDTA was low
aod may not han ¢ been optimal for extractron
of LPS from Becterordes speacs.
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ORIGIN OF INTESTINAL
B-GLUCURONIDASE IN GERMFREE
MONOCONTAMINATED AND
CONVENTIONAL RATS

Teajs O Reo and Toax Mprvior

Ksptads W Wilh of Frees

4tal

Institytt, RO Oxlo, Noresy

Red, T O & Mdtwndt, T Origin of intectinal $-giecoranidess in germires,
nated snd tomeatinal . Arta path, roicroblol scaad, Scct B, 85 271-276, 1977

thewo of the comventicoal rxts, whirses content from the caectm and tho largw iatestiss of
the rats monocomtoiaxted with Straptecocens ppegrnas thowed wn activity approgimately 10

per ennt of that of the comaatiom] it

Koy words Imdactioa] Sghacorockise ordgin ras grambres e,

T O Red, Kaptsin W i
Hocwey

og Froot

Recohved 210177 Accapted Shr 77
Tha stody of menbobun m the patromtes-
tinal tract bat empharaed primarily the role
of the antmal tmue. Durng the lact yesrs,
bowever mefeasing Interest has been focnmed
mdmmmbdmbmviﬁnd the inpestinal
Hydrotyrs of g} ”

uu:midauimh:mo{dnm

Xteriologhks Tast o,

celfulacly (10) nrem-nc:]]nhrly(ll) In the
Tatier case, emryme inducthon

has been formd
to octur (1 2) Moxt of the bacteral g-
g)’uunmldmprnenlmthelnmtmlm
are dered to be duced by

bactens (8 12, 23)
parsmy of ihe uestyationn of aoioval and

of the gaatromtestinal reactopt. Tha might
bo carritd out by mumal or bacteria) e
rymes e may have plymologeal nad phas
macological mpbaations (3 7 23 25) m
well s beog of eguificance In mesuna
ducams {20)

Bacterial f-glacummdin (E.C32.131)
b:vebeznnbw-nmm,mﬂmﬂym

tave been per
fm'mcdby[haphmdph!hhn
method.

rutro-phenyl
several gndac (18, 24 28)
The mam cbpeet of the present mve
o0 wat (o rtody (o what extent rat intestmal
v of antmal or bacteral
orgm, and to ses whether

o,



tion could increase sigmificantly the mtestinal
8 glucuronudase actvity of the gnotobiotic
animal,

MATERIALS AND METHODS

Animals

Germfree, monac d and © 1
raty of the CDF strain were reared as deseribed
by Midicedt & Trippestad (17) Four rats of each
group were studied.

Bacterral Strams

The strain of Ksckenchie cob used for mono-
contamnation was ldenbeal with the oae described
elicwhere (17) The strain of Streptococens gyo-
genes was kindly provided by Dr B Homyg of
this Institute. The presence of gglucuronidaw in
the two stralns way anayed by & method described
elsewhere (22)

Coxtammetion of Germfres Reats

The strains were transferred to the isalators and
he rats were inated as described

£ons were centnfuged at 10 000 X g for 10 xis-
utey, and the supernatant fraction was oxd b the
detcrmtnadonuh.becmymemry

Edrmation of p-glucuronidess Acturity

The pH optimum of A-glocuronsdase actnity wt
determuned for the intestnal content from the
cacaum of all rats, and for the caecal macom of
the germfree rats. Further analyses of the mocos
and the rest of the Intestmal wall were perfoaned
at pH 4.5 and analyses of the intestinal content 1t
pH 45 and 65

The buffers contauned 0.1 M scrtic ackd/Na-act
tate 01 3 NaH,PO,/Na,HPO, 0.2 per cent vol/
vol Tritoa X 100 (E. Merck, Darmsiadt, Germary)
and 2 mg bovine serum albumin (Sygma) per B
A solution of 20 mM p-nitrophenyl-p-ghocarosiis
(E. Merck) was used as substrate, giving a fics
auay concentration of SmAl The reaction moxbart
consisted of 2 vol. buffer | vol. homogmnate and
1 vol substrate solution. Incubations were per
formed at 37 C for 15-60 munutes. The reachmt
was terminated and the coloar developed by the
additrton of 2 vol. 1 M K,CO, Blanks were pre
pared in a similar punper but the K,CO, solubos

was added before the substrste. The smples were
read by b § 20 Bawch

1
elicwhere (17) The raus were kept ami-
nated for apprommately 60 days.

Dastenological Coxnting

Samples of the content of the wnall Intestme
the caecum, and the large intestine were taken
under sterile conditions and swpended 1 10 w/y
1 Todd Hewitt broth (Oxoid Ltd. Lendon, Eng
land) The uspenssons uwere muxed thoroughly
vnng 8 Whirhmixer (Sciennfic Industries Interna
tiopal Inc, Lud., England) and then series of
tenfold dilutions were made in Todd Hewntt broth.
The tubes were Incubated aerobically at 37 C for
18 hours and the growth recorded.

Preparation of Homegenates

The rats were Lilled by exposure to dsethylether
Intesunal content was squeered out of the ouddls
segment of the small intestne the caccum and the
large intesune. The intestines  ¢re then cut open
and the intesunoal mucosa sraped off with a
stainless steel spatuls. The matenal was immeds
ately frozen and stored at -20 C Subsequent
preparations were performed n 1ce~cold surround-
ings. The intestinal content, the mucosa and the
rest of the Intestinal woll were diuted with stenle,
redutilled water and homogrgjlxvd ("‘l‘hhk.]_nT,n R
Str R homegenmer model S63C (Tn- tru
mests {nc  New York, USA) and subjected 1o
ultrasonsc dusintegrauon (MSE Ultrmsonic Diunte
grator model 60 W MMSE Ltd., London, England)
for 3 x I munute at 1 33 Amperer. The rapen-
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P (Sp
& Lomb, Rochester New York, USA.) st 490
nm and compared with & standard cune obtained
from a solution of p-nitrophenol (Sigma)
Protein was determined sccording to
e of. (13) Working standards of bovme sera
albumin wers used throughout. Tho p-ghacuroas
dase acthaty Is d a3 gnoles of p P
liberated/60 minutes per g of protew.

RESULTS

The optumal pH of g-glucurondase acuvity
of mucosa from the caecum of germiree 38
was 4.5 (Fig 1) The same pH optumum w3
observed for caecal content from germfree
rats, whereas the caccal content from the
contamunated rats had a pH optumum of 65
(Fig 2)

The content from small tntesune of g
free and contarunated rats had o higher A
glucuromdase actiagy at pH 4.3 than at pH
6.5 The same was found 1n content from
the caecum and large intestme of germfree
rats, whereas the contamunated rats had 2
hugher actrvity tn these regloms at pH 65
(Table 1)

The activity of the content from the cs&-
cum and the large intestine was roughly the



pmol nitrophanat
160min/g protsin
200

100

35 i 455556657 75 BpH
Fig 1 Actnlty of Sginnaoukdoe o caecal mo-
o from germiree i &t varyiag PH.

ame in the same rat. The o monocoata
munated with E cob had an activity coae-
spoodmg to that of the couventnnal nti
The rats monocontammnated with S gpogenes
hsd an activity spprosmmately 10 per cent of
that of conventanal raty, whereas the actrvty
of the germires rats was only 1-2 per cent
{Tablo 1)

Theo content from the nn

reported range from 4010 30 (6,9 13 29)
Corresporndmg reports an pH optma of £
coli, S gyogemes or micstmal bacteral f-

vary fram 60 to 7.0 (2,10, 12,
21 29) The pH optmum of 65 obeerved for
eaccal content {rom momocontaminated and
conventional rats therefors suggests that the
entyme o of bactenal orgn.

When the actimibes at pH 4.5 and 6.3 are
compared, it would sppeare that most of the
#-glucuromdae in the content of the wednm
segment of the rmall intestise from all the
rats waa of anaml orgin, wheyess the exzyme
m the more dutal segments from the cooven-
tronal and monocantammated rats was mam-
Ir of bactermal orgm,

The differeoce m actvites at pH 65 of
the coatrnts from the wmall intestine and
the more distal segments was about 1:30 m

ahowed a conmderable morewse In actty
from the small intestme to the cascwn and
a dght decresso for the geomfree Tan

(Tahls 1)

The rmucom and the rext of the wall had
actives which were appromimately the mme
at all levely, but the actreny of the mscosal
sarples tended to be lower than the actnty
of the rest of the wall (Table 7) The enzyme
acthies of the contaminated sy were
sightly higher than those of the germfres
anmmbs (Table 2)

Samples fram the mmucosa and the rext of
the wall were terted at pH 4.5 snd pH 65
The actvity was bgher a2 pH 45 for all
types of

Tho cumber of § ppogeres present m the
wnmmdmhw&hﬂ’m
than that of E.cols (Table 3) The mesn
wumber of bacteria from the mmall intesiing
v at least 100 trmes Jower than that of the
more dotal segmenty,

DISCURSION

The obsesved pH optama of the {ntesmal
!“"’”m"""'"‘mmnﬂmwmzi
Takes reported by athen. The mucoml pH
optimmn of 43 lies m the middie of the
T A ek icrhind vl ot B, 13, 4

the ! anmmak The resutts may
indicate an even greater sctmty of the bac
terl f-glucuronidase {n the dittal 1
segments than expected previomly (3 4 16)

vl attroptanol
160min/gy pratetn

700
noo
1900
900
00
00
600
500
400
00
00
00

\

e T
BB 8 57 75
emitee rats LR

with &
Pyogetes
—— ot monocenicminated
—— conventional mts With Bxcherichia ol
Fle. 2 Acthutty of
tant froe
Ventiora) s st aryag pH.

P-locuronidese tn caecum con-
and com



TABLE 1 Actisity of p-Glucwromdase x Intestinal Content from Germfres Afomscontemmesd od
Conventionel Rals at gH 4.5 end 6.5 Actiety gicen &5 gmol mitrophenols60 rus/g protes

Small [ntestine Caecum Large mtestira
pH4S PHES pH4S pHES pH4S pHES

Gennfres mean 28 23 0 16 18 13

5D 4.9 51 24 24 38 36
Streptococcus mean 38 28 22 100 a 12
Frogames 5D 43 32 51 14 63 19
mean 31 21 200 950 270 nw
Escherichia coly sD 63 66 18 59 33 150
Conventional mean 36 25 240 100 210 8%
8D 33 2.6 73 200 62 w

TABLE 2 detirity of p-Glucuromdese ma Intesting Content Mucose exd the Rest of the Intestrndd
Vall from Germfree A d axd C. ! Retr &t pH Optimam. Actennty G v
amol Nitrophemol/60 mex/g Protess

Small Intestine Caecum Large mirstoe

content  mucos, wall content  mmcoss wall content mutes  wal

Germfree mean 28 140 190 20 140 180 13 1% W
SD 49 32 33 24 1 19 38 98 b4
Streptococcus mean 38 200 230 100 210 260 120 210 2;0
#yogenes SD 45 35 31 14 38 29 13 8 ;

Escherickia cols mean L1 180 300 950 230 340 1100 310 A
SD 63 19 59 59 ) 61 130 7 &

Conventional mean 6 180 350 1100 240 330 890 90 o

8D 33 37 33 200 41 46 280 4

intes-
(pH optimum is determined to be 6.5 for samples of intestinal content from ceecum and the Iarge
tine of tho contamunated rats, whereas the pH optimum of the rext of the samples 1 determuped to be
4.5)

TABLE 3 Namber of Microorgamsms Present m Content from Dyfferent Intestrnal Lecels of Mazscry

temmated Rets
Numbers of organiem per gram®
Mooocomtaminant Srmall intestine Caecum Large intestice
o
100107 100101 10%-1
Eschenchia cols Lotor 109-10% 107-10"

Streptococcus pyogpemes

L udng teafold dilution In broth. The nambers wndicats

* Fach vras investg
abwoluts range

However the differences may be dus to some  segments of the rats monoco;dmmxfm':;d with
extent to a difference m the substrate speafi  E colt indicates that the I vm ;ﬂﬂﬂw
cities of the anmnal and bactemal f-glucu  bactersal ,E-glumn—omdaz;rcm-nzmb;

27) related to o normal flara of ana e
l-mn'l‘hd‘e“zxg(h actvity 1n the fower intestinal The lower enryme actnaty 0

274



monocontaminated with 5 gyopeass may be
attrbuted to & smalier number of bacteria
oc to 2 lower emzyme production per argan-
fm. The nonnducihle mature of sirepto-
cocral frghacurondase (10) must a0 be
comudered,

Th:p-giuunonjdaxmxvitylndxnooh
of newborn balees ks been thown to be of
the non-bacteral type (26) The present re
sults indicate that intestmal exabintment of
a p-ghcurcaxdsse. umin changes
lhgum!mntfm‘hhylﬁa"mnﬂuh.

The actrrines of the mucosa and the rext of
the intestmal wall showed po peak vatee In
the caeamn, as reported by Hiammen ¢t
o, (9) Our results are in accordance with
thow of Conchis & MecDoneld (4) who
found fairly constant values throughout the
aliroentary tract.

The tendency for the contammated rats to
Lone greater actmty than the germires rats
10 the mmcosa and the rest of the wall B prob-
ably not due to bactenal A-gtucuromdase, a3
the activity was greater at pH 4.5 than ut
pH 65 It seems pomible that the Increase
may be caed partly by Iyposomal g-glucu
roodase from leucocytes accurmhatmg m
the intestmal wall of the coatamivated ani-
mak

The activity of the mucor of the mmall
lotesuoe observed by m comrespooded well
with the resilts of Koldooiky et af, (13 14)
but was somewhat higher than that obeerved
by Reychexdhars & Desas (19)

The actrity of the large miestine  was
somewbat lower than reported by Genel of ol
(6) for human rectal mucasa,

The kevel of fghacuronidase In the gnall
wtestine 1 of from a
functional polnt of view (8)

found to bo located m the Jower nir: 1

wepments and wis of bacterial ongn,
Whether the amount of

prosent in the small wtermoe in the

nf i ndlicent to splt all the g i

Present b vl an open question.

»-
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among Staphyls-

The production of staphylococcal serineprotetasc (Protease I) in 170 Stephylecscons awrvus
raiza from Puzean eod bovine cHeical kolstes waw imetipaud, Proteaso was identlfied ta
57 par oot of e vorales by dectrolmomono asay

Key words Staphsk

e T
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Bardea.

Reverved 18477 Acceperd 6kv T7

Most strams produce prote
oty corymet. Burd-Parber reported that 91
per cont of all Staphylococeus sxrews strainy
were prowolyte (6) Martley ¢t ol (12)
naggested & method of clesafying staphylo-
coccl according to thar ability to produce
dufferent proteolytic mooes on cxein agar
However they did not solate

enzyme. Sendrik & Fowswrn (14) ruggested
nchmfutmlnxdoutheun)hgiu]dl(
e ! of Phylococcal .
They could show that there are at Jeast fhe
different proteinases based on
wWentGraton. Howerer nooe of these coudd
eharacterzed.

Three duferent protrolytc emzymes from
Staphylococcus emrrws samn VB hare been

acid. The tiolprotelmse (Protease 11) bag

exed mthe disributon of thh emayme
amoay Staphylococeus awrens strans.

MATERIALS AND METHODS
Stratug
As;ul of 170 naphylococeal straies wer

13 of these wero ltarnationl Libora
rxins sedecied foe their aisTity 1 naid

Mrodoce
eollaler exrrrm end towim, 134 sraizs wem frob

e
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OCCURRENCE OF AN EXTRACELLULAR
SERINEPROTEINASE AMONG
STAPHYLOCOCCUS AUREUS STRAINS

Aswens Byfaxinm and STAFTAY ARvioeost

Departmant of Bacteriology EKeroliska ftitutet, 8104 01 Swockholm 60, Swrdcn

Bykiind A & Arvidson, 5. O of = far faxm aoug Steplylo
coccus axrsns inioa, Acta paab, microbiol. scand. fect, B 85 277-280 1977

Thw prodextion of e (Protesse [) I 170 Staphylecoccns exrens
ciryina from homan &nd bovine clinkal bolxtes was Inmbgted. Prototze wat idemiified In
47 pac cwt of tha wnats by dectrotmomo sy

Key worde. Staghyl

axryus; gy 1

t::&mnmdw Farollmks butitatet, £10401 Stockhobm 60,

Mot etaphrytococcal stram produce prote  the
ohytic enrymes. Bagrd-Parker reported that 91
per eent of all Staphylococcus extems stramn have been interested mainly m Protease I,
were protrolytic (6) Maertley o & {12)
ageested 8 method of clastfrog

However they did not nolate any proteclytic  metabolired (13) It » thus soggested thae
msﬂmaﬁ'm(u)w Protease 1 acth together with other protein-
on the serological dif

ferentation  of

hylococcal  proternases.
They could show that there regulaf
el owr htd-:;llh‘nﬁvc mProt:l’oImquholdna tory en-

eted mothe distribubon of this
Three different proteolytic erzymes froam  among hyloc tmmm
Staphylococcus owrews srun VB have been Stthrlococens axreu

. o, MATERIALS AND METHODS
at the Streins. A wal of 170 saphyloceceal gralos
clexving md"“"’“" cxemined. 13 of thes wers fntermatina) iborpey
proteinaee (Protease IT) bas  celfutar ol :zﬂn.
eurymes and togina, 134 were frah

B vnd



human clinical isolates from the Natlonal Labors-
tory of Bacterniology In Sweden, and 21 were is0-
lated {rom cattle at the Nanonal Veterinary Innt
tute Stockholm, Sweden The strains were rdents

teinases other than Protelnase T 11 and 111 exm,
then “Protexse 1 acuvlty” means a peoteas
msendtve to EDTA and ovdation. I sdditos

fied av Staphylococous amrews by
eamninaton and coagulaw testing, AUl straing were
phage typed by the standard set of S axrems bac
teriophages and wers tested for DNase production
Haemolyun product:on was tested on horse blood
agar platey,

Screeming for profeclytic actiidly was performed
on CCY medium (5} supplemented by 1 per cent
casein and solidifled with 1.3 per cent agur All
proteinase pontine straing were Investigated further
by cultivation 1n & liquid medium In baffled Erlen
meyer shake flasks, ay described previowly (5) A
lactalbumine-yeast extract medium was wsed (LAY
medium)  Lactalbumine hydrolyate hay been
shown to stimulate proteinase productron (8) e
LAY medrum had the same compoution
CCY-medium (5) except that acld caseln hydro-
Tysate was replaced by enzymue 1a hydro-
Inate (Sigma Chemcal Clompa%s:. No
UBSA) In order to atomd precipitaton, ths
medium must be sterilired af pH 55 The pH
was adjusted to 7.2 befors use. Bacterul growth
way determined by dry weight measurements. Sam
ples for proteinast asmy were withdrawn at ux
and eight hours during late loganthmse growth.

Protaimase assay At present no specific substrates
for staphylococeal proteinases are avallable How
ever the thres proteinues could be differentiated
by an Inhibitwoa technique described by Adrmdson
(1) using casein a3 substrate Thus techrwque takes
advantage of the {act that Protesse 11 ls sensitive
to EDTA and that Protease II must bo anayed
under reduted conditions, Asruming that no pro-

TABLE 1 Production of Extracellular Proteolytic

" to this ersymic teat, Protease T way detrrmined by
t itathe el amay aceordig ®
Lewrell (11) m described by Aridsen (2) Hib

Iy punfied Protease I was iocluded b each e
23 control, The areas of the rockets were measred
and the amount of Protrase I (gg/ml) waz cb
culated from a standard curve, Proteass I ant
serum was obtained from rabbits by oomuormg
them with punfied Protease [ four times at four
weekly intenialy

REBULTS

production of staphylococcal sennepro-
teinase Protease I of 134 human clinscal mo-
lates, 21 bovipe chinieal solates and 15 labo-
ratory struns of Staphylococcus auress was
exammed. Screenmg for proteolytrc actnify
wus performed on casein agar Proteolytc
strains unully gave a zone of preaprtaton
arcund the bacterml streak. Thus precptat
could erther be due to Protease I which
known to give a stable casen precipitate (1)
or to some protemase with broader spealiaty
which at low concentrations could gre prect
pitation (1) For many strams & cleanng of
the precipitate was obsered. Tha clearmg
starts near the bacteral streak and proceeds
outwards, and s probably due to protenaes
wath broader specificires (Protease II and

Enpymies by 170 Strans of Staphylococtts aqren

Number of strains Number of strazms
Number of strains producing other with o extracellalar
producing Protease [ pro(em.-mr.lhnn proteolrtic 4CEVHT
imber 97 47 26
g;t:enpodmn a4 (97 %) 45 (96 %) 24 (Eg ;;
Haemolynun positro a) 79 (81 %) 30 (83 %) 4(
Pherr ot 41 (429 18 (38 %) T@®
1 11 (11%) 3 (6%) 7 (g;%;
m 19 (20 %) 16 (34 %) 7 s
v 2 ("% 0 (0%) ! f;m
Othensb) 16 (16 %) 8 (17%) ; (“‘)
Non ypeable 8 (8%) 2 (4%%) (

2) Haemolysls on horis blood agar

b) Including strains belonglog
278 R

to more than one phage type ¥ToUp



1y (1) In the absence of preciprtate, clear
Ndd’mmumbgmhmdu
to adentify strans that only produce pro
ases with clearmng effects on casem, & 10 per
ot solution of perchione acid (HCIO ) was
poared over the plates. Undsgested casenn was
ted by the scid and cleanng due to
F“P“d:mwmmumd.&!hh
techoaque several  addrtiocal  peoteodytic
stoabm were secorded. In total, 85 per cent
of the straum were proteolytic and these were

dry werght of 7-14 mg per ml was obta
after dight bemma of cnlovation. The
htic activity of the culture mpernatans was
tested a3 described in Matenah and Methods.
Some strams produced very small amomnts of
which mere only detected after
tenfold concentraton of the culture superna
ont A smilar to Prote-
e I (e imeenutive to EDTA and axyda-
ten) was found 1n 81 per cent of the prote
inase pomtive stralm (117 out of 144) How
over Protease 1 antoerom reacting maternal
v foand oaly m 67 per cent of the protein-
e poritrve siruing {97 out of 14 see Table
1) No correlation was found between Prote
me 1 prodotbon and the producion of

protemase pegathe straun were abo haemo-
fren negative.

Mot mman  molates  produced  gmall
amounts of Protease T (051 untt per ml)
\baﬁxmmmhmdfmﬂnkmﬂy
were good producen, giving 4-3 uruts per ml.
However no strain was found which gave
maore Protease 1 than smaln VB, which way
orgmally 1sed for punfication and charac
termanon of this exryme.

DISCUBSION

Em:eﬂuhrptwo}yucmtym lound.
m 144 out of 170 (B3 per cent) S ewrems
uan,uhh:hucuskm:w{mLhafmqmq
repoxted by Bard-Parker (6) Homever Pro.

tease [ vas found fn only 37 per cent of the
siralns, thos thowlg that the proteolytic ac
tivity of S awrens should pot be regarded asa
bhomogeneons property Le. the protcolytic ac
mityo{dﬂldmlmmyb“dmmm
hm!mymm(m\haﬂ’mmt‘m
only produced by 57 per cent of the strains
also indsates thay thn enzyme 18 not clen-
tial for growth 18 civo though it may coatn-
bute to the virulence of some strains of §
anrems We have obsened that stralny from
bovine masutis generally produce very large
amounts of Protease 1 The abifity of Protease
I to clot mIl may be of some fmportance
m these Infectom by cawsmy occlusion of
the milk glands and glandular ducts. In the
e of buman holates, we have 1. far not
been able to correlate the producton of Pro-
tease [ with any partwcular eype of tnfecton.

Sopport from the Suedith Af dical R merch Cown
R (peofect maober 4313) b gratetully scknow
kedged, The anthon sho wish to thask Dr L
Spbeg ar The Stam Laborkiory
for performing phago tpisg, emd M U Bidd
ad My M Tigerholm for skilfal technical swl-
ancy
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MORPHOLOGY AND ULTRASTRUCTURE
OF UREAPLASMA UREALYTIGUM
IN AGAR GROWTH

F T Biscxand QO Vevrwes

D, af Medical Epiderck rwclliborg Horpltal, and
Lostiture of Mrducal Microblology Bectholl Badiding, Unhenity of Arbos,
DK-8000 Asrbom C, Denark
Black, P T & Visther Q. Morpbology sd lewm b sgar
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Colonter of Ureaplesas sreslyticam scrotyps V1 grown ob agar wym conined by this sec
Hoexoy trehmiqee, The srraagumery of cefls withia the coloaiey was Jen desa and lew ensllied
ham kst obwened kn mont other ayeoplegas colonies. Saudl, dense ead pleomorphic cells
wery located malnly alowy the cology barderfime towards the agar Studles of el morphalogy
eher 3 10 asd 15 dayy of growth rmenked that sach callt wern younger thaa the lem deme,
wosly woid cally secn tn the central aree of colonles. The ultrastractury of iadividoe] cells
nmﬂuwlhndummhﬂqddm&ﬂm,udmhduﬂh featwrlng
rbowane: e cont. Serial sctions demmonatrated the
dz.[B\:i.dqm\okdlnndd] motphology on the hage of ragle thin sectiom, Tha
thantuges of the frrpanion method used for elactron mTowcopy are dlscumed.
Ky words Uregplecna wraadyil At growth,

O Vimtber Institute of Medical Microblology Bartholln Balding, Ustrendty of Asrtw,
DE-3000 Awbas G, Demaomrk.

Recehed 6w 77 Accrped 6477
Prenoos stodes on the morpbology and ultra U caplesma wrvet Poil
soucture of Ureaplesma sreehticom bae ‘:cn!ﬂnxzd -:Bds-a-ﬂ-mw (,;I.Emw:-
Epafmdblorpﬁmmmﬁqﬁd MN @sr'Ch

um, unng pegatve stalalng and ul. o +5yrrcmCO for 3 10 sad 15 dem
traihin sectsonug tochosues (2, 13, 14 16 PRSely Coloeies ware flxed is ata o 03 per
17)’11:!"1 are enentully it any glouniddyde n seronal acataty

AMATERIALS AND METHQDSX

baffer com-
nining 001 3 Cal baffer,
thoe of other mycoplasmay studied (4 5 8) mnmmﬁms;vd)-l‘g
Thn paper proents the rexlts of an eler  $hearaldediyde aud drylag of the plates for 30 min
tronmmcroacople Boestygation of thin secton.  *™W &t 37 Q, calonies selected for viectron, mbero-
ed gar gromn colontes of Ureaplesme wrealy T wth 8 in Loy of mated
hewm foed tx Aty



010, solution eontalning yeast extract—sodium
acetate—peptone medlum (6) overnught. After
wards blocks were Immensed in 2 per cent uranyl
acetate for one hour (I3) and subsequently de-
hydrated in a graded series of acetone-H, 0 mx
tures Blocks were embedded 1n Vestopal W being
oriented 1n such & way that thin vertical crom sec
tions through the colonres were obtained wimng an
LKB Ultrome — III microtome, Scctlons were ex
amined after post staining with magnestum wranyl
acetats and lead citrate In a JEOL JEM 100 B

electron mucroscope.

RESULTS

As expected from the “fnied egg  appearance
of the Ureaplasma urealytrcum colomes in the
Light mcroscope croms sections (Figs 1 & 2)
reveal a narrow perrpheral and a central ap-
proxamately hemuphencal part of the colo-
mes The surface growth can be distingushed
from agar growth ag a narrow zone of less
dense cell population in the uppermost part
of the colonies. In contrast to most other my
coplasmas studied further distinct rones of
different population denuty and cell mor
phology cannot be observed within the colo-
mes. However small demse often elongated
cells are locnted mostly along the borderhne
of the agar grown part of the colontes, where
as the larger and less dense cells are found
manly 1 the central area of the hemusphen
cal

Figs. 3 5 and 6 show the penpheral part
of the surface growth of colonies incubated
for 3 10 and 15 days, respectively The cells
of the young colony (Fig 3) are pleomorph:c
and frequently elongated or filamentous, often
with club-thaped terminal parts. Fig 4 shows
2 hugh magmfication of a filamentous part of
a cell It consty of an electron deme layer
imterposed between two transparent tnple-
layered cell membranes, both of which possess
o harlke outer surface layer The spacing
between the two transparent membrane layers
15 approximately 7 nm and the thickwess of
the surface layer 1 of the same magnitude.
meFxg!..')nndetmbCanthatlm
ageing the penipheral cels become more ut1
formly ovoid and less dense and cmpty cells
are observed with mcreanng frequency
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Although not shown on the mcrographs.
corn-cob-like arrangements of ribosomes were

often observed, but only in young colonxes.
The cell in Fig 7 reveals clearly an extn-
membranous layer showmg a well-defined
spike like substructure that seems to be rooted
m the outer layer of the membrane and to

Fig 1 Cron section of 3-day-old agar grown cokoy
of U wrealyticum serotype VI In the uppermont
part of the colony can be seen a relatnely namn
2000 of less dense cell population indicating srfxe
growth, X 677 Bar represents 25 gm.
Fig 2 Higher magnification of the bottom part o
the colony In Fig 1 Dense elonguted cells e be
seen In the lower part of the segment, 1n coatrast 1o
the larger ovod and les dense cells which appext
nearer the centre of the colony X 4630, Bar r
presents 5 pm.
Fig 3 Peripheral part of 3-day-old coloay (sarfact
growth) Dense elongated cells, often with clob-
shaped terminations, can be seen together with very
long apparently fllamentons cells. X 4500 Bar re
presents 5 am,
ﬁllmghmgﬂﬁudmdlﬂm“’“m'
amentous organimm, showing a parrow electron
demse layer Interposed between two trpledayered
i both poescssing an brasoct
surface layer x 144000 Bar represents 100w
Fig 5 Peripheral part of 10-day-old coloay Most
cells are ovoid and rather uniformly dezse A
n\m\bcrofceﬂjcomdnlnslwtfrwﬁmm‘h
be seen. X 18 000 Bar represents 1 gm.
ﬁ,smwuumdlmdduﬂwv";:
frequeney of ocganmms with loose cytoplasm3
Lnaennd.sane-lmonanptycdhanbew
X 18000 Bar represents 1 pm. o
|gh magnification of & nagle U wreehi™
F"7Hl'1‘be e;n:gmcmbnmu layer b scen b0

exm cell
t of the tmphe-@e-
ndlx(eoutfmmmbnwnh?dfhlhnmﬁ The

brane being apparently root
; led with nearly wniforely

interior of the cell fs fi
dustributed nbosomes. X 168000 Bar rrproeett

100 nm.

' arrow)
shows the very anable appearance of & cell (X770
“ewed In secoons at different levelt X

Bar represents 1 xm.
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form an wntegral part of it. “The wntenor of
the cell contains mther uniformly distributed
ribosomnes,

Figs 8 a~f show senal sections through the
penpheral part of a 3-day-old colony Note
worthy 13 the appearnnce of the same cell 1n
the different sections. What seems to be o
circular cell,  errcular cell contuning o round
cell 1 13 antenior, a hughly pleomorphuc cell,
and a very fil ous cell with swellings 1n
the terminal parts, ase actually all the same
cell at different section levels.

DISCUSSION

The method of specimen preparation used 1n
ths study 1n particular (n atu fixation of agar
embedded colomes, seems to be suitable for
ultrastructural studies of Ureaplasma urealy-
tecumt wnce mdrvidual cells appear to be
structurally well preserved. The three layers

pertpheral part of the surface growth of colo-
Tues grown for different lengths of ume (Figs.
8 5 & 6) The penpheral cells m the youzs
colonies are manly small, dense and often
clongated, but become less dense and more
rounded on prolonged weubation
The fillamentous-looking part of elocgated
cells often showed a uniform width of about
25 nm over a dutance of more than 1 pm
(Figs. 3 & 4) Thu roakes 1t hughly mprob-
able that these structures are true filaments
of a more or lety cylindncal outhine, They are
more probably band-shaped or collapsed parts
of mycoplasma cellks, as 15 also suggested by
the senal sections (Frg 8) Arrangements of
double unit membranes, resembling those ob-
served 1n the present study have also been
observed 1n Af saliranum colones {7)
¥ hutescarcer & Furness (16) have ascribed
the appearance of filamentous forms of U
urealpticum to madequate fixation of the of
Since, as d ted 1n the present

of the cell membrane are easily r q
(Fig 7) and the extramembranous layer 1
uniform 1n thickness (Figy. 4 & 7) indicating
the absence of Large amounts of adsorbed me-
dium components. Cells prepared this way
are not exposed to the stress of centnfugation.
Furthermore, the method 1 less laborious and
requires Jess medrum than 1 necesary when
mycoplasa grown 1in hqund medumm are to
be processed for electron microscopy

The gross colony morphology of U urealy~
ticumn (Fig 1) does not differ essentally from
that of other mycoplasmas examined (7 9
10} The surface layer 1 the only clearly out
standing layer of cells, the cell population
density being quute untform throughout the
agar embedded part of the colomes. In colo-
mies of Af orale Af pnewmonise ond M soh
vanum several distinct zones of varying pop-
ulation denuty and cell morphology have been
described (7 9)

It 11 reasonable to assume that the relatively
small, dense and highly pleomorphic organ-
rsmns observed along the borderhne of U urea
Btweunt colomey (Fig 2) arc younger than
the less dense mostly ovold organuing scen in
the central area of colomes, Thu assumprion
18 supported by the observation of cells m the

study the filamentous-Jooking forms exut oo~
Iy n young colonues, the fixabon procedure
used througout thu investigaton probably
cannot account for these forms, Filamentoos
forms of U urealytrcum cells from beoth cub
turey have been observed prevrousty both by
thin-sectioming and negative stammg tech
mques (2 14)

The extramembranous layer surrounding
the cells scems to be composed of spie 1Be
mubunnty (Fig 7) 21 has been reported a0
for Iiqud grown orgamsms {2, 16) The
spikes uppeaxtoform;nmtcgr:\lpanof!hf
outer layer of the cell membrane (Fi§ 7)
Tha extramembranous Jayes has been shown
recently to contan glurosykbke rendues (1

Corp-cob-like ribosome arrangements 2
15 16) were observed frequently in ccls ol
3-day-old colomueg but never 1o older colomes

Powsibly  such ts  preferentially
show up 1n cells with a high rate of proen
synthesn,

Lile Black et al (2) but unlike J# At
scarcer & Furness (16) we d)d‘dnotc;ictnt
any vacuoles in esther young ot okder

The present study has not established with
certainty the mode of replicatron of U sree



Htewns. It htescarver & Furness have sug
gested that replication occurs by prodacton
of ene ar two buds which are e entmlly sepa

nated from the mother cell (16) However
the mernal sections (Fig 8) demoostrate that

-
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and In soms Todd Hewit broths The composition of the broth medmum was important.
Trypun inhibited pigment production, but had no effect on pigment already produced. Opdcal

dendty measurement revealed three mam peaks at 420 260 and 213 nm respecthely with

d R N

pigment

d strains gave only the two peaks at 760 and 215 oz
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Pigment production specific for group B strepto-
cocer has been reported by several workens (1 3
4 35) and the pigment may be uscful for the
identfication of group B straims, For this purposs,
stab culture 1 Columbia agar has been recoor
mended (1 4 3) We hne observed group B
strains which characteristically elaborats yellow
to orange pigment in different medis, and In
this study attention is drawn (o certamn factors
which may influence the pigmentation capacity

Material end Methods

The pigment producton of 56 human group B
strains collected from differcnt sources and 15
bovine strain  from mastitls in covs was studied
in Columba agar The medium was prepared a3

(A909) II (18RS21) III (D136C) and coe bo
\'incmmlcwunndltdknfunrdiﬂmlbwdﬂ-
1) Todd Hewitt broth (THH) made from bore
meat (20 g Protease Peptone, Difco, 2 8 !'ﬂ'-:"
1 g Ni 12 H,0 2 g NaHCO, a0d * §

NaClper 1 pH80)
2} Todd Hewstt broth (THB) rmade from beel
(20 g Bacto Prptone Dico 2 g glocose 1 8
17 H,0 2g NaHCO, and 2§ ad

per 1 pH 70)
3) Oxo.d Todd Hewitt broth (THO)* wib 1

per cent Neopeptone
4) Bran Heart Infusion beoth (BH) Difeo.
Broth cultures of the strains were incubated of
18 hours serobically with and without co, ad
murobmcxﬂy{.nlmmo(H,deO,(ﬁz
Pak system) Addivon of 0.6 per cent trypeia ®
undmordnmmmmezh:erfectonpwnﬂ'
4 from broth culture

roposed by Fellon (1) The step strans
ll:.d been g:ouped by consentional methods (2 6)
For comparison 44 z];onp A, I-.J’l Fu:ﬁdcf 14
G and 28 group D straims, a rom
nmwﬂﬁe clinxcal specimens, were also examined. The
were stabbed into the agar and cults
vated acrobscally for 18 hours at 37 C The pig
ment production wai read immediately after 1
cubatron
The pigmentation capacity of
of group B serotypes In (090}

reference strains
Ib (H36B) Ie

MA

" T 1al d treated

were washed 1n phyuolog.cal salme an

with 02 3 HCland 01 \ NaOH. The plgment
soluble tillﬂ

colour varied from yellow 1o ofangT and was

mc-zmdmzbebmmelclmmpimtﬂ

"R
* The compoution kindly prosided by Dr
Vfaxted Crou Infechon Reference Laboratet?

Celindale, London.



TABLE | Pigment Pred ctwn by Groap B §t emas ix Cobembla drer

Fuman sraims Poine strains
Figment 52 betabacmolytic 5 betaharmaytic
1 aochacmolytic
No pgmoent 2 betabacmolytic 2 betsbasmolytic

1 nowbacmotytie ¢ acnhaemolytic
Toud % 15

TABLE 2, Pigmet Predactien by Gresp B Stracus in F ur Different Broshs

Birams ‘THH THO

THB BH
1 (0%0) 4+ +(+) — —
I (H36B) ) (+) — -
Tc (A909) ++ ++ — —
11 (13R821) F(+) 19 - -
111 {D136C) - + - —
e, bosime wln 44 e 4 £ (+)

{+) woak reaction.

Optlg | de Mty

os

I

€00 600 400 300 200
Wy el th, nen



A similar inhibition was observed in broths pre-
incubated for 2 hours at 37 C with the same
amount of trypain and then moculated after inact]
vation of trypein. The trypam was Insctvated by
steamung the broths for 13 mm, These observations
seem to indicate that the presence of trypsin inhi
bits the pigment production by destroping sub-
stances in the medium which are necoasary for
this resction. Addition of trypun had no effect,
hewever en pigment already produced, The optical
densitles of the pigment solutions are shown in
Fig, 1 There were three main peaks, ane at 420
pm and two in the UV region, at 260 and 213
nm respectively The peak at 420 nm vaned ac

cording to colour Intensty as observed in the al
tures, Supernatants from ponplgmented coloos
gave only the two peaks at 760 and 213 m= re
spectively

References | Fallon R. J. J cln. Path 27 %
905 1974 —2. Lamcefreld R C ] exp. Med 57
571-555 1933 —3 Lencefield R C ] e Med
59 459469 1934 —4 Memitt A & Jecods \
J J clm Microhiol £ 379-380 1976—3 Me-
ritt A Treadwell T L & Jocobs A ] ] a
Microblol. 3 287290 1976 —5 Rotts ] Kreme
R. M Lencefield R. C Ecverly Vb & Lechad
H ] cxp Med. 134 1298-1315 1971
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INDUCTION OF LATENT HERPES SIMPLEX
VIRUS TYPE 2 INFECTION IN HUMAN
CERVICAL EPITHELIAL CELLS IN FITRO

Eavo Voo Pacu Lananar® and Exao Sassaia

1) Litonatory of Patbology and Crickogy Deparmmemt of Obemtrics and Grasccology
Unhenlty Central Horpltal, Helenkd, Finland
1) Virm Liboratory of The Municips! Bactenologscal Laborstory Awrora Hospetal, Helibnks

Vemerioen, E, Leixdkif, P & Saksels, E_ Indwction of hitem berpes soapler i type 2 ko
fechon m booun cenvieal eplthellsl cells  ure Acta path microblol. scand. Sect B, 83

At s 1D method we meed 10 iaducs nom-prodoctine herpes supler Ires type 2 (HSV 2)
lectons in boonax ecto- and endoceryacal cpihell cefh, Adeaine arabinodde (1ra-A) could
Pvat the rpficanon of HEV 2 In ecto- and docenvical etlle nd  frer removal of ara-A
fromm growts medrmm  rapad destructson of explants with deselopment of mfectoas lras was
obmer et W\mnﬂmmmlhd:nnmm]&dnrorhmdlﬂulduldmm

wrreac(luorescest and  mological stwdies detreted po infectiom However

23 wetks aher caocalaton thars wers In sowe cnltrres

= well as jmmeno-

morphological
w1 of HEV mfection w thoat demowstrable nfectom I, wsdicallng 1n imcl-

denial abortny patxre of the mfectn

E Vi

Rerned Taa T8 Accepmd 29 m77
Herpey

MImOlex virms type 2 (HSV 2) memn

' be & quts rare mbabitam of the tuman
*T™® ctrvm (16) although 10-20 per cent
Mbent m different populations possem

;L""‘Mn-pmnn(ﬂ Thn vinus, hke also

grutal vencles and
dkerion The Lot 1S\ 2 has recently

b"ﬂlhmnmm:deh

ngla of be local
factoe 1n cervacal car

M3 44 wrpected on the baws of it o

n
M e aad a3 1 3

procem,
Koy words Herpes simplex virm type 2 latsat imfecton cenvacal eplihelial cells fn itre

Laboratory of Pathology and Crology
%7 Usnernty Central Howputal, Haartmanlak. 2 Hehink: 29 Fualand.

Departments of Obstatrics and Gynas-

studies (10) and in

dmlco-q)d.:mmlcgn]
atgatons (7) Incn-lyﬂ:rehmhjph
meenthcvummdmv-k.lep,wu._[h
it necenary
In tn ortro experiments the hyuc character
of an HSV m!mcnnhndxmhhcdbyj_n.

of producthe Infection.
Using the arabunond
the prodictne cke of Hsy 2 |an: J

.



could be prevented in fibroblasts, as first de-
monstrated by O Aetll et al (8) Alwo an
other nucleonde analogue, aderine arabino-
s'de {ara A) 11 able to inhibit the infective
cycle of HSV 2 (9)
We have used ara A to induce latent HS\

2 infections 1n cultured human ecto-and en
docervical epithelial celh. In order to venfy
the nonproductive character of the infection
morphological, immunofluorescent and viro-
logical methods were utilzed

MATERIAI S AND METHODS

Ecto- and endocervical epithelial cell cultures were
initlated from patrents which were hysterectommed
for benign gynaecological dicawes at the 111 De-
partments of Obatetrics and Gynaecology Helsinki
Unnenity Gentral Hosmital Before hpterectomy
the cenvicovaginal Papanicolaou smear was normal
and this was confirmed after operation by histo
logic exammation of cenacal tusues. The methods
used for the preparation of cultures snd culture
of epithelial explants have been described eardier
(13 13) The cells were grown In Hams F 10
medium  (Flow Laboratories, Irvmne Scotland)
supplemented with 10 per cent foetal calf serum
(Flow) antibiotres and glutamme a3 described in
detml earller (15) Explants were cultured on
corenlips in 30 mm petr dibes in humidified
air atmosphere with 3 per cent CO, at 37 C

Virological Techmques

Infection of esplamts m otro mitk HSI 2
HSV 2 (Curus E 304) onginally supplied by Dr
It I Domdle Atlanta Ga was used. The pro-
pagation of rus for e peruments is described in
detall elsewhere (14) A cell free  rus suspennon
released by freemng  thawing and crude centn
fugation was used as an inoculum. The amoumt
of inoculum  aried between 1 X 10 and 1 % 10
TCID covenlp m 07 ml, howaer 1 x 10
TCID,, was mostly wed The adsorption tlme was
1 h after whxch each culture wa washed three
time w th phesphate buffered uline (PBS 2 mi
of growth med um was added, and the cultores
-v_remmnmntdn'w(}m-.';perfmtco

tin monkey hidney celh (BSG-1) by
ey ander carboxymethylcellulose (CAC)

lague asiay

z»n'hy 2 described earlier (8) In caws where

HSV 2 w to be asayed from growth med.ur:l;j
cel

rrabiodde the BSC-1
containing, adonns alter incubaton.

were carefully washed with PBS

Adenixe Arebinoside (ara 1)

Vidarabine S'phosphate ester dmodium, a st
of ara A was used The sgent was ngpled by
Dr | A L. Gorrmge of Parke Dnx & G0
Pontypool Wales. For blocking expenumesn s\
was dlluted 1n growth medium to gne apperprait
concentrations. Concentratrans varied betmees 3
s/l and 30 xg/ml bowever Y0 ag/ml wx
mostly wed.

Fluorescent Antibody Techmque (F1)
Coverslips with Infected evplants were wabed
with PBS and fixed after ajr-dnymg with aceteee
at —20 C for 13 min Stalnmg was performed ®
described in detail elsowbers (5) Rablat fmeere
sera were ongmnally produced by ocular focalact
with HSV 2 stran Curtls E 304 gromn fn rabbt
Xldocy celle. Serum 1o a dilatron of Y/, In P8
was inoculated on the explants for 30 m at 37"
C. After washing with PES and distilied waser %
commercally nuk
{FITC) conpuguied
antmabbit immunoglobulm (W ellcome & (2 Leo-

don) in the working dilution of t/, in PBS ad
Incubated as sbore. Amido blacl, | my/mh, »%
ummnfectrd

added as countentam, For controls
explants from each experment were treated wih
vinos antherum and conpugate as abore Fee
Muorescence control, explanty from each e
ment were treated with acute phase serum and
handled as sbove A Lez Ottholax

with dark field condenser objectne 10 X witb *
HEO 200 mercury lamp and Balrer FITC iater
ference filters was used

Cytological Technigues

The conerdipn were w iy
with propanc! fiatne (Pro-Fid
A/S Ca Daomark} and stained accord-

ing to the enginal Papamcolaocu stucmg

mihed with PBS, fird

RESULTS

In prelumnary expenmens At adequate
blocking effect without morpho no-
ticable drsturbance 1 cell proliferation could
be regularly obtained with an ara A concen
iration of 20 pg/ml n growth medum An
example 15 gven m Table 1 of the develop:
ment of cytopath ¢ effect (CPE) (Frg 1} at
different concentrations of ara A. A concen
tration of 20 pg/ml was capable of blofz"‘!
productive mfection of the virus anput :"
Fod ot exceed 1 x 10 TGIDy (Table ?!
The actnauon of productne infectron after
withdmwal of am A was greath t



TARLE | Deelepmant of HST 2 I ducedr) Cyt

Cell Cultwrerc) of Differmmt arend

pethle Effect (CPE)Y) bn Ectocerrical Epihabal
Concamt atrons

Fost-mfection
e (k)

K

10 /o
crE

10 ag/ml Coutrod
CPE

&

+
+
++ 4
4
s

+
+
++
4+
+ 4

ERER-1- 13

+
+ 4
o+
+ 4+
+4 4+

w0
++ bbb

)} Yum wocwlon 108 TCID,/conentip. Concentration of ara-A 10 growth medram L ssted kn each
colomn.

b1 CPE + ~ o more thax ¥ of the area of exphnts show CPE.
CPE + + = J4-% of te aren of expltans ihow CPE.
CPE + 4 + = over balf of the area of explasts show CPE

b A& orage arta of xplaat = 34 low power fickl

F g} Xuluswceated gunt ol wih ground glaw®
uctenr Papanxcolaoa

"ppearance saa ¥ 930)

of the uratment time In three ecio and
endocers xcal nﬂunndxencdlheuml!m
of infecoon occurred when the am-A treat
mnnbmeun??hathtr\nmmp&,
presented nT-hk!iormncrmu]tem-nﬁ
mehk1fwcndon-n)m!ccﬂ;.lncng
where the blockiog treatment was cotthroed

(23 x) par ealtwre

which ugns of herpey camplex
infection were detectable In one culture out
of the five follomed cell funlon was obsened
14 dayy after tx cotro infection (Fig. 2) and
in another 21 dns after Infection, but In
fectows v was not recorered from the
growth medum. In none of the ux endo-
cervcal cultures obsened could holog

€a} changes compatibe w.ah HSU fnfectron
be wen,

Ctologicel Featurer and FA Pattern of
HS1 2 tafected ara A4 Treated cells

Inmumpdmamdmd«mu!a-
plants the HS\ 2 induced CPE, when pre-
sent, reembled that observed 1n untreated
cultger. There was foea! fushon of cells,
frgmentation of chrcomin and =
220” nutlesr {ormanon, Tarely followed by
fatranuslear inchalons (Fig 1) F4 regularly
detected voras rpeafic PIO(einy in come celly
In exphnts infected with HS\ 2 and b ocled
with ara A but 1n which productn e miection
"2 not obeenied. Cjtoplasmic
Predommated 1n thepe
cultures m which the
{afied there way through
out the cells (Fig 4] Unmlected entiyey
mud-uhmAflﬂtdmllv.\:mﬂu
Muorescence.



TABLE 2 Effect of Different Input Doses of HSV % on ara-A ) Treated Ectocericel Espleath)

ara-A treated cells Cantrol cely
Post infection
time (h) o 103 10
PFU/m! PFU/ml PFU,
CPE) | gt medkum  CPE) | prowih medium  GPE) | prowth stn
[ — 0 . 0
- [}
gg + 0 + 002 x 107 + ~10x 18
4 + 0 ++ 010 x 108 ++ ~50x 10
+ + 0 +4+ ~50x 108 +HE o DoxI®

1) 20 pg/ml of growth medivm.
b) Average srea of explants = 34 low fields (2.5 d
tltre in each column heading, pene (2.5 X ) per culture Input dows is stated 23 TCID,

¢) See footnote b 1n Table |

TABLE 3 Blockng of HSE<2%) Infection by era-4b) in & Human Ectoceracel Eptheisel Call Culiwe

and Appearance of Inf ¥ irns after mithd) I of are-A (72 k after Infechon m ntre)
are A treated culturec) Cootrol cultured)
Pﬁregdw PFU/ml PFU/rl
(B) CPE) growth medium CPE growth medium
covering explants covering explant
[} — 0 — 0
20 — [ + > 15 x 10
30 — 0 4 Z 80 x 10
46 + i3 +++ > 50 x 18
72 + 0 D) NDx)
96 + 016 x 10¢
120 ++ 073 x 10°
14 ++ + > 13 x 18
168 +++ ~ 50 x 107

1) Iapot dose 1 x 107 TCID,,.

b) 20 ag/ml of growth mediumm. Withdrawal of ara A after 72 h
¢} Average arca of explants = 3 low power flelds (23 X)
d) A\cr-guunufu'phnu-ilovpowtrﬂdd.l(l_'l x)
©) See footnote 2 in Table 1

f) D = cxplants destroyed by HSV 2.

g) ND = not dooe

&4 indlcated by the broken Lae.

cervical epithehal cells can support the T

DISCUSSION S
The results of the present study show that plicagon of herpes smplex virus type
human ecto- and endocervical eprthelin! cells (HSV 2) and cytomegalovirus (cMv) It
aro swiable targets for investigations of HSY  has been demonstrated that sacral n:sﬂ""'y
2 latency in epithelul cell system Our pre  gangla can harbour latent HSV 2 (8) Spon
vious studtes (14 15) bave shown that human taneows reactrvation of HSV 2 does not 0ccs!



Blackia A%y i Human Eadecormonl Epheliol Coll Culters
Tui‘dnwn' ’fdylflv;:‘i-:#l’b?a:n:u?ud of arad (72 k sfter Injection ta citre)

era-A treated cuftoves) wm’
Tost-ibection PFU/mel CPES)  growth medrem
o (k) CrE ;wmm iy cxplasts
0 - 0 = °
o + 002 x 160
b M ° vr o o~y
4 M 0 vre >
% . 0o x 100 ) 010 % 1
frd M 032 x 160
144 e+ 050 x 109
n U e [

1 x 107 TCID,
b)) mdmm'mumdmnnmﬁnkmm
} A croge area of plants = 23 low power (alds (3.3 X)
1) See tootaats 2 tn Tabde 1
) D = apleats detreyed by HSV-2

TABLE 3 Exemple of Loug Term are-d ) T otment o Human Ects®) exd Exdocervicer) Eplthellel
ot Cutrure T fected wah HSV 2y N Inections P Deseurebis after Witidramdl of o4 (130 &
ftet Iuf ctien bu wkte}

A tressed o X A trested Coatrol calters
Pow.  ccbocen kal ceiters todocrrvel owligre OFTE TR
() ke cre m cre m CrE m
il Cres) gromh
by oedium medrom,
2 - [ -~ [ — 0 — 0
2 — ° + 030 X 1 — [ — Q
n + ] t4t ~30X10 0 + 008 x 10
50 + 0 +4+ DlOX1 4 o 4+ o~ 135 % 18
n + o DN L) + o +4+ 088 x 100
x — Q — [ ++4+ 043 x I
150 — 1] - -] +++ 03 x1®
7 drpy —_ [
U dayy — L] v »

oo

\mwdmm\!u&nldmAﬂmuﬂlhbﬂn&dh&mh
&) Avernge exve of exploats = 4 Jow pomer fuelds {3 x] per oulimce.

3] A\mmdrqim-ab-mmd. (23 X) per cultmre,

4} Tapot dowe | x 10V TRID,,

) Say eotacte 2 [a Tabe !

1 D w cxplosts desereyrd by HSV 7.

) KD = pet deae



Fig 2 Cell fusion in a HSV 2 infected and ars-A
treated ectocervical explant, 14 day post infection
(Pananicolsou stain x 520V

Fig 3 FA ponti e cell in an ectocenvical explant
in which HSV 2 infection has been blocked with
ara A (x 73

cells presenting HSV-pecific

Fig 4 Ectocencal
immunoflucrexcence 1o 2D
HSV 2 and treated with ara A

explant  nfected with
{x 150y

from cervical epithelial cells obtuned Irom
HSV 2 seropositne patients and mamtamed
m culture environment (14) However at
least i one case (1) activauon of a HS\ ?
stean has occurred 1n o cell culture obtamed
from cervical carcinoma.

In order to mduce non-productne HS\-2
mfections in cervical ep thehal celly, adenme
arabwonde (arm A) was wed Thu anthisl
agent (9-8 D arabuofuranosyladenme) s
prevent the replication of DNA contamung
viruses, but permits appearance of v e
afic antigens on the surface of cells (1)

e treated hurman ecto- and endocencal
epithelial celis with ara A after 1ncubaton
with HSV 2 for 1 h. In concentrations
in these expenments ara A did not preest
the growth of cervical epthehal cells. The
possibility to nduce non productie nfection>
was dependent bendes am A concentraten
also on HSV 2 mput dose. Most swtable
condittons for non producte infection were
regularly obtined when mnput dose 1 X 10
TCID,, and ara A concentration of 20 ppfed
were used. In cultures treated as 1ndie3
above, howsver some morphologieally altered
cells as well as immunofluorescent studses 10
dicated that virus specific alterations ocos
red although infectious virus did not appear
Spontaneous reactrvation of HSY 2 regularh
occurred 1f the antiviral agent was rema
from the growth medum before 72 hs treat
ment After longer treatment umes with ant
A, productive infection was not €0 to follow
the removal of the blocking agent although
swome cultures were under ohtenaton for
soveral weeks In some cells, however -
munofluorescence with formation of niey
tium foc1 without demonstrable producbod
of infectious virus seemed to indreate af
abortive viral cycle The possibilies howerer
remains that the amount of nfectious v
was too small to be detectable from
growth medium by methods wsed 1n the P
sent work

The enologic role of HS\ 210 cerviral
cancer 18 sttll unresolved. Several recent sy
tes, however suggeat that FIS\ 2 may be ont
of the caugatrve agents responuble for mabf



mancy {1 2 6,12) The posdbihry to induce
non-productive HSV 2 mfect.ong 1 cervical
epubelnl cell provide ooe way where long
term refatomhip between the vins and the
rebrant target cels system can be overug
ated

Th gmdy w  apported by granta from Fiasick
Cancer Secuety The Fraxpsk Cult o, Feundaion
aad ths Pexle Foundation
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RAPID DIAGNOSIS OF INFLUENZA A
INFECTION BY IMMUNOFLUORESCENCE
Methodological problems and climcal material
Evisamerit Oromo-Stenevist and Mowiea Graxomv
Department of Infections Discases and Department of Clinscal Cytology

Univeruty Hospital Uppeala and
Department of Virology Natlonal B 1 | Lab y

Rtockhohn

Olding.Stenknust, E & Grandeen, M Rapid diagnous of influensa A infection by fmmuno-
fluorescence. Methodological problems and clinica! mater.al Acta path. microbiol scand. Sect.
B 85 296-302 1977

Indlrect immunofluorescence (IF) on cell spreads from nasopharyngeal secretions (NPS) was
used for the rapid d Is of infl A Inf and was d with IF on monkey
kidney cells infected by NPS The clinleal diagnosis of influenra A Infection was confirmed by
scrology 1n 32 of 40 patentt. In 27 of the 32 patents (84 per cent) the ciagnons was
achieved by IF on cell spreads of NPS In 13 of 13 (87 per cent) subjects with pomtne
swerology the early appearance of influenza A virus antigen was revealed by indurect IF on
miected monolayer cell. No false positive specimens were found among serologxally negathe
subjects by esther method. Consequently the reliablity of IF on cell spreads of NPS It sery
s rallar to IF on infected cell cultures, but offery a much quicker disgnorls (34 b as compared
to 1-3 d} Monovalent antl human IgG FITC thould be used mtead of polyvalent ant-
human Ig FTTC, a3 the latter contams antl IgA which may adhero to ntracellular IgA I the
epithelial cells of NPS and thereby cloak the viral antigen.

Key words Influenza A Inf i

E. Olding-Btenkvist Department of Infectious Diseases, Univernty Hospital,
75 014 Upprala 14 Bweden.

i

b rapid d

(11 12 13) has rased doubis regardung the

relabihty of the method.
The present study was undertaken with the

Accepted 410 77
The ummunofluorescence (IF) technique

apphed to cell spectmens from the upper res-
piratory tract has been wed for the mpid
diagnous of influenza (reviewed m ref 3)
The results have varied Good agreement (80
99 per cent) between the results of IF and
virus isolation 1n tissue culture and/or sero-
logy has been reported by some authons (2, 4
5 6 8 9) However the occurrence of a high
percentage (14-39 per cent) of pontive IF
without poutive serology reported by others

a.m of evaluating the reliability of the rapd
diagnams of influenza A by IF Fustly the IF
techmique was wsed to identtfy wfluenma vins
antigen 1n cell spreads {rom nasop

secretions Secondly influenza virus antigen
was identified 1n timue culture after a short
term incubauon following 1noculation with

nasopharyngeal secretions.



MATERIAL AND METHODS
i obresk of
The rtody was peformed dwrmg «
\nfhuenry A b 1973 sad incloded 40 aduft patieats,
19 muales and 21 females, admitted W the Depast
mext of Infectsom Dwsases in Uppels b the scate
inew, whth {ever o,

of
oey cells The cxltares were har
e sfier 18 42 and 66 h aad ford m acetomo
[ =]

Coxpratond 0w pelatirn ix tiuws culters

teres were testad for HA o dey 10 of cols
Ser

Flood scxples {or srologcal tarty were colleetrd
dwrmg the scuts kad comalescent phanes from af)
40 panexts Bera meer saared dor comph
ot (T ambed o wcoordiog 1o Sever (10) A

o grwict rec of sxsbody der
»u o

Immess Reagent

Hemen exticafluenss 42 sre Acmte and

vilecent sera froos  kuraam e of (nfloeres AT
alrcton were wed o1 vepain, contral and peadtny
srracs, rapecthedy The reciproeal tiom of CF o

bodics were § and 160 Thers were ao detectable
CF antfbodes to lnflocoma B, adenovirms, or pars-
inflomrs o typa 1 2 and 3 sod enly  wwak
seaction to RS troe antigen [n the 1.3 diuticn.
Tha sera wers dllated 1 20 before e

Shoup antihumen 1gG FITC cofugats A theep
imihonen [5G mesoglobalin labelled  with
FITC (Welkene lot K 7642} was oeed. The pro-
teln content wae 7.3 my per ol uad the antibody
prowin 159 mg per mL The F/P molar ratio was
3.0 The woeking & oo wat 1.5

Shesp axtrhumar Iy FITC cosfugate The Ig
fraction of & ¢heep anti-human Iy serwm compegated
with FITC was obtemed from the Department of
Immunology Natoma! Bacterinlogical Laboratery
Srockbolm [t contamed 71 wg protel per ml,
correrponding to 2.6 mg of ant-1gQ protein per ml,
As stated by the manmfacturcr, [t s
antglcbulln which reacts with the major clewes of
Ig (IsG 1£3L, TgA) The F/F molar rato was 1.9
Tt was dllmtad 1 10 badors me.

She p axtihuman Igd FITC enfugals Tha Ig
fraction from hyperimoome sheep sera sgain bu-
man IgA, habelled with FITC (Department of I
Navomsl Bacterivbopeal Laborstory
Srockbotm) was wed. The content of the
coafopis was 3 4 o s and the F/P mato 57
It waa used In the terts diloted 1:5

Immuzsflsersscens Staming Precedurs
d Murese py

Durect and Indwet IF were performed a de-
weribed previomly (7 9) A Ledtr Ortboplan mocro-
scope, equipped with Incident Dhmination accord
my to Plots, wa need. Escrtatin wers
BG 12 and txterference fiher KP 490 and BG 38
wn ward m red absoth.og file K 510 wis wed as
barrier fihter

Contrel of Roagens Sev emd Comfugates
of IF {a Modsl Lowys

Cover sipcultares of monkey kidoey calls e
Latghion tubes were nocnlased with 01 mi of



Feg 11 fl e (IF) of infl A vino at the early stage of

ge of 1nfection virl antigen, mamnly
located In the nuclel of infected green monkey kidney (GMK) cells Human antr-influenza A2 serom +
sheep anti-human Ig FITC. x 340
Fig 2 IF of influenza A virus at 2 later stage of infection viral antigen 1 GAfh cells mainly Jocalized
in the cytoplaam and concentrated around the nucleus. Human anthinfluenra A2 serum + sheep b
human Ig FITC X 340
Fig 3 Negatne IF of GMK cells infected with influerua A virus and stained with humaa Influema A2

prexmmune serum + sheep anti human Ig FITC. x 340

A weak fluorescence seen in RS-virm-Infected
celly, equal for negatrve and pomtive serum, was
negligible after absorbing the sera with frecze-thaw-
ed cells infected with RS virus. No floorescence was
observed in cells infected with influema B adeno-
virus, parainfluenza 1 2 and 3 mumpr or measles
viruses.

Infectinty Asiey 1n vitro
Influenra A2 Hongkong virus was wsed which
had been 1olated from & human case and pasaged
7 times in primary moukey kdney cells. The utre,
108 TCID,, per 01 m! was determined after 6
days by means of CPE the occurrence of influenza
virus antigen stalned by IF and by the haemagglu
tination actnity m the culture medium. Cultures of
primary monkey kidney cells on cover slipa were
inoculated wath 0 1 ml of & loganthmcally decreas
1ng amount of influenta A, indilated to 10~ The
cultures were ncubated for 5 and 18 h and 1 3
and 3 d respectively at 37 G before fixaton and
staning by IF The wvirus titre was determuiped
sumultanously by testing tenfold dilutions of the vl
rus on coner slips in quadriplicate for each dilation.

RESULTS
Immunofluorescence of Influenza 4
in Primary Monkey Kidney Cells
The indirect IF pattern of influen A virus

antigen 1 monkey hidney cells was smlar
whether the anti human Ig conjugate or the

anti human IgG conjugate was used at the
working dilution. The ant: human Ig conje-
gate was used regulary on infected mooley
kdney cells in ths investigatren.

The intracellular dutrbution of antgen
vaned Som:ce].hnnm}ylhmtdaﬁmm
coarse granular nuclear fluorescence (Fig- 1)
Other cells lacked nuclear florescence but
showed cytoplasmie fluorescence, occanonally
concentrated around the nuclews (Fig 2, 3)
Some cells dusplayed both nuclear and eyte-
plasmic fluorescence

Time-dose Relationship in an
Infectinty Assay

After 5 b only those cover alip cultures
which had been moculated with undiuted
virus, dusplayed positrve TF for influensa A
Only nuclear fluorescence was ei After
10 h cover slp cultures moculated with 10°
TCIDs, OF More wWere positive, and both nv-
clear and cytoplmmuc fluorescence of mflu-
enm A were scen. At 18 h icubauon with
10 TCIDss of virus or more all cover ship
cultures were positive for mnfluenz A ving
antigen, appeanng 1o single cells and in small

plaques



Fu 4 IF of epivelial eclly from nasophuryngual secrenon (NPS) miected with Inflmencs A Lrus, Arrow
d::olulltrﬂ‘n.ialhq‘qilmc, sl antgen 1 the lowee roght coracr 3 crlls with lew intemely
wawed wackar xad ctoplemmc il ngen. Hroan antimflovesa A2 seran + sberp antrbumn 166
FITC x ¢%0

Fig 5 An ep thelia] cell trom NP8 comtenmg mfloears A v antgen ba the  ocheos and | the oy
lawe A dark halo i seen arownd the flaorescent part of the dackeus Homen amtelaflossm A2 senem +
theep estr-boman 146 FITC x 7500
Fr 8 Nemrmsgrobe iioos i the cymoplamm of  lage monocytic call from NPS sained with
ast-haocas 1 FITC x 630,

Fig 7 Noomnspeedse IF of  "hump  of grasnlsr matenal in the cytoplamn of epithalud crlls from
NPS from  pauent infected with miluenza A .ros. Sbecp snt-bemaa Ig FITC. x 320

Fyr 8 Epubetal cels from XPS frem  pabent domag lafretion with bfleenss A . The  ells e
oot tamned with detep ant-heman 4G FITC x 470

Ry m...-p«mnurmauud-uhmmwmrmh secood piep
Nete ihe ppramaace of  Duorecent “Lanp  bataeen the muckews and the cell surface. X 470,

Dffer t Type [ Immunofluor scomce
Colls { omt \PS Only intact epitheln} cells were encountered

in the mvesugabon. When the human anti-
There was brrhit green fluorescence of in milueora A2 serum was mied In combmation
Muenza A in celh from \PS (Fig 4 and ) with the monospecific antehuman IgG con-




Fig I Immunofluoreicence (IF) of Influenca A virm at the carly stage of infecton ‘il antgen, mmly
located In the nuclei of Infected green monkey kidney (GMK) cells, Human antl-nfluenza A2 serax +

sheep antrhuman Ig FITC. x 340

Fig 2 IF of influenza A virus at a later stage of Infection viral antigen m GMh cells mainly localied

m the cytoplasm and concentrated around the nuclens. Human an

human Ig FITC. x 340

t-influenza A2 serum + sheep a8t~

Fig 3 Negathe IF of GMK cells infected with influernza A vins and stamed with buman infleeazs A
preimmune serum + sheep antl human Ixg FITC. x H40

A weak fluorescence seen In RS-vinus-infected
cells, equal for negative and posdltive serum, was
ligible after absorbing the sera wath fi h
ed cells jnfected with RS virus No fluorescence was
observed 1n cells infected with Influenza B, adeno-
viruy, parunfluena | 2 and 3 mumps or measles

viruses

Infecticity Assay In vitro

Influenza A2 Hongkong virnu war used which
had been isolated from a human case and passaged
7 umes in pnmary monkey kudney cells. The titre,
10° TCID,, per 01 ml, was determined after 6
days by means of CPE, the occurrence of influenza
virus antigen stained by IF and by the haemagglu-
tination actlvity in the culture medium. Cultures of
pnmary monkey kidney cells on cover slips were
inoculated with 0 1 m! of a loganthmically decreas-
tng amount of influenm A, undiluted o 102 The
cultures were incubated for 5 and 18 h and 1 3
and 3 d respectively at 37 C before fixation and
stuning by IF The + rus tire was deterrmned
nmultanously by test ng tenfold dllutions of the v
rus on cover alips 1n quadnplicate for each dilution.

RESULTS

Immunofluorescence of Inflxenza A
in Primary \onkey Ridney Cells

The indirect IF pattern of nfluenza A virus
antigen mn monkey hdney cclls was smmilar
whether the anti human Ig conjugate or the

208

anti human IgG conjugate was wed at the
worhing dilutzan  The antt human Ig cony-
gate was used regularly on mfected monkey
lodney cells i ths nvestigatron.

The mtracellular ditribution of antge?
vamed Some cells mamly showed a fine o
coarse granular nuclear fluorescence (Fig 1)
Other cells lacked nuclear fluorescence but
showed cytoplasmic fluorescence,
concentrated around the nuckus (Fig 2.3)
Some cells duplayed both nuclear and cyto-
plasmic fluorescence

Time dose Relationship in an
Infectimty Assay

After 5 h only those cover slip cultures
which had been inoculated with undiluted
virus, doplaved positrve IF for influenza A
Only nuclear fluorescence was s Alter
10 h cover sp cultures inoculated with 10
TCIDs or more were positive, and both nu-
clear and cvtoplaamic fluorescence of influ
enza A were seen At 18 h incubation with
10 TCIDs. of virus or more all cover slp
cultures were poutne for influenza A vt
antigen appeanng m single cells and in small
plaques.



Fo # IF o cpriehal calls (rom mswpharyngeal ecrvison (NPS) mafected with mifocna A tras. Atrow
Grmows & cell with oaly cloplagme, wal aaugrn. Ls the kraer 1 gbt conmet 3 oxlls w th low Intensedy
stmned wckear and cyvoplemic g3l anngra Homwn satimfluesta A scrom + sheep ant-teaa 14G
FITC » 630

Fg 3 A spadclal ce trom NPS contwning mflocams A s antygen m the  ocleas asd m the opto-

Maws A dark balo m wex arvund the {lootoosat pert of the  acleny Homaa aatHnflecors A2 servm 4
shrep aan ko [5G FITC > 7%

£1 6 Koo rmopecic ochmoms m the oytoplamm of  large momocyixe oefl from NP5 alved with
theep antrbaman Iy FITL < 630

Fig 7 Konamespecdic IF of  “haap of grenular sstena) m (e cytoplasm of epribalial cells from
KPS from  pateent mfectrd with mflwsama A .rus Sheep antrbmmm Jy FITC. x 320,

Fg 8 Epieciul cells from NPS from  patwat denng infecuom w th mflemza A pee The cxlly are
wot paiped with sheep ant-hamas IgG FITC. x 470

F1 9 The e mec taen 0 ia fqure 8 saned with sheep ean-baman [A FITC b & second step.
“ow the appe rmce o uorescent “hmp  between Use  aclens and the call mirface, x 470

DJf ent Typesof Imm n [luorescenc Only miact epithelial celly were encountered
Cell from \PS m the imestivation. When the human amy;
There war brrght green fluorescence of Ine Hhmﬂmmhnmdmcomhmdm

fluenzy A m cell from XPS (Fig 4 and 31 with the monowpenific ant-buman 1gG cone




jugate, the fluorescence had the same general
pattern and distribution as that seen in the
primary monkey kiduey cells, The acute phase
serum combined with the monospecific ant.
human IgG conjugate or the conjugate alone
did not give any non specific staming 1n the
epithelal eells.

TABLE 1 Influente A Infection Detected by
Serology by Indirect Immunoflnorescence (IF) on
Cell Spreads from Vasopharyngea! Secretions
(NDPS) by IF ox Short-term Corer sip Cultures
Infected by APS and by Contentional [ yrur
Isolation from “PS

R .
3 Int ihIizod
2 I fnEiisnid

T &S afg5%5” BRE
SEf g griirciific
s3F  o9ED 93 sfiiER
32poetd 27732 13/15 6/7
8neg o8 o 01

Isolation of virus 1n primary monkey Lidney eells
followed by h Tutk and h g5l
tination ynhibition test.

4 Fourfold or greater nise of CF antibodies in acute
and convalescent phase sera.

However when conjugate of ant: human
Ig was used 1mtead of monovalent, class-spe
afic anti [gG a non speaific {luarescence ap-
peared 1n addition to the speaific mnfluenza
virus fluorescence in some epithehal cells,
both when the conjugate was nppled after
pre treatment with the negative or pomtne
wnfluenya A anti sera and when 1t was used
alone This non specific fluorescence could be
distingurshed from specific influenza fluores-
cence by differences m locahzation 1 the cell
and in the fine structure The non specific
fluorescence had a coarse granular structure
and was mamh localzed ke a  lump™ be-
tween the nucleus and the cell surface (Fig
7) Furthermore, 1t was located within the
glycoprotein nch part of the cell pdging
from stuming wth PAS A sumular fluores-
cence appeared in cell depouts of NI'S from
pattents wath other respirator) infections and

ann

m speamens from indmiduals wath po sgns of
ifection.

When specimens were amined ouly wrb 2
monaspecific, ant: human IgA conjugate, the

lump” of granular fluorescence appeared 1o
be quite amilar to that seen with the -
human Ig FITC.

Speaimens staned for wfluera A won
antigen with antnaral sera and mooospeafs
anti human IgG conjugate abo exhibated the
non-tnfluenta virus speaific fluorescence altee
addition of ant human IgA conpugate (Fe
8 9) The same was true for the control pe-
cmens,

Moreover a blocking test, uang unlabeled
ant human IgA (sheep ant: human IgA foc
immunodiffusion, Wellcome) before apphic
ton of ant1 human IgA conjugate abrogated
the non-peaific fluorescence almost com-
pletely

Large macrophages also contaned smooth.
round cytoplasmuc inchusions, which exhibt
ed fluorescence wath the ant human Ig and
antt human IgG conjugate alone (Fig. 6
and wos accordingly not specific for influeozd
A virus antigen.

Clintcal \atenal

The results of serology and IF on cell de-
posits of NPS from 40 patsents with the clin-
1cal diagnoss of nfleenza are summarzed o
Table | together with the results of IF of
NPS in tisue cultures and the resulus of coo-
ventional virus uolation.

Thirty two of 40 patients had a sgraficant
rse of CF antibodies agans¢ influcnza A. of
the remaining 8 cases one panent vath an RS
virus infection two with an adenovinus, one
with & mycoplasma pneumonuae tnfection and
one with an ECHO vins nype 14 infectod
were diagnosed serolocally Another patcat
had septicaema and two cases recentd the
dingnons respiratory nfecuon of unknow®
actiology

IF poutrve celt depouts from NPS were ob-
taned from 27 of 32 patents with serolog!
cally diagnosed influenra A infecoon {84 pet
cent) In contrast none of the sero-negatn®



caes dinpliyed axy ponme I Twentyd:

of the 32 serologically positlv i were

uung & pecils 1heep ant-hamn 1gG
i which gave speaific staining of the

% e P
ampled 1-2 3 aftre the ooset of eymptoans
lndthmm;:)ngﬂqrchnrmu!mernL
In every ooe two slides were eammed with
wftuenza-positrce serum and one with the
negative serum, The TF showed & predomm-
nance of rpecimens (17 of 23) with easity
detectable pontrve cells {> 3 per shide) 1-2
days after the omsct of symptome. The corre-
spooding figures after 3-4 days of illnem were
1 ot of 7 speciment. Two specimens were in-
suffickent (too few celh) for exarmnation.

Monley lodoey cells m cover s8ip cull

infhucriza A viros antgen withm the epitbelal
cells of NPS, judging both from the negame
coutrols and the negatne reslts of stammg
with the coojugate ajone

Thuw, aati-human IgG conjugate thould be
wed for mdect IF on e infected celh
from NPS

The poo-virusapecific IF was apparently
caused by antiIgh antbodws w the poly
valent, ant-tnonan Ig conjugate bound to
TgA in the cpithelial cells. Thh was borne out
from oar ob jon that the

lated with sp from afic IF app
pasitrve subjeces duplayed a vins-specific IF
m 13 of 15 cases (87 per cent}) The two ne

gatne cases were abo negatrve by IF on NPS,
and ooe exammed was abo negative by con-
venpom| virus solaton.

DISCUSSION

of thng method was bome ocat from vanow
chacrranons, Findy there was good agree
ment between IF postne celly 1n cell spreads
of NP3 and IF positree monkey kxdney cells
m short term cultures ipoculated with NPS.
Secoodly after proper abworption, the human
mfloenea A sera from scute and convalescent
Phawey dud not gre rie 1o any cTom reactions
with & panel of hetrrologotn vorus antigens.

While polyvalent anti-human Ig conpgate
e speafic for the IF tet on
infected cels m cosue cultures, it occaslonally
camsed a non-virmspeafle IF in cell rpreads
from \PS with a pattern different from that
of mfloerra A. It appeared even after stam-
10 with the ant-Ig conpagate alooe and was
mmqrdmemdanrhyo(rcqinwry
mfeconk, a3 well a1 1n speamens from mdi-
Vil wih o symptoms from the respira-
Ty Tact,

However thss eror could be avolded by

3pe
d when a mono-specific antt
hurman IgA way applied to the epithelial cells
in a third step after the ant-buman IgG con
fugate m the direct IF test for miloenza A It
aho appeared after saining with the ant [gA
conjugate alooe and wa blocked by the pre-
vious app of unlabelled, by
IgA serum. Thus, our mvestygaton, based on
ccllular materhsl, indicates the peesence of
TgA In the epltbehal eels of the nasopharyme.
These findimgs sgree with those of recent stu-
dies on bropey moaterial from dufferent macown
membranes (1) which showed by double-
tracimg by IF that not only the secretory com-
pooent of IgA but aleo IgA appeans In epi-
1helml eelia

In the clinkal study the diagnoh of wnfla
mA‘uuthdbyrF.pp&dm}:m
cell deporita from NPS m 84 per cent of sero-
logically poddtive influenas A patenn. These
reults agree with other imilar incesgations
(2,43 6,8,9) In our sty specmmens taken
within two days after oeset of symmptoms
mmb‘mhdhgn&dbyghnm
od. In contrast to some other tm
(12,19 “Mmmm'wr‘"m“'
results of IF applied 10 cell spreads from NPS
without poutrve {nfhrema
Furth

€, 8 parable diy, W
(87 per cent) was achleved when specimens
u(NPShmmC\.ﬂnmdmtnh\xne(mk:y
kadney cells for 18-66 b, and the viras suby.

Ve found a comparable
dmhmdm“ ?trvny




enmm A in 1969 (Olding-Stenkeist & Gran
dien unpubluhed data) when tssue cultures
ncubated with throat washings and autopsy
matenal from the respratory tract of 50 indy
viduals were tested for influenza A virus by
indirect IF and compared with conventional
virus solation. Eighteen of 20 specimens (90
per cent) pasitive for influenm A in conven
tional virus uolation tests were positive 1 the
IF test following short term incubation

The infectnaty assay performed (n witro
showed that even after the noculation of
small doses of influenra A (10 TCID,,) 1nto
cell cultures on cover shps, the virus antigen
was eauly detected by IF after only 18 hours,
Those results indicate that the method 15 sen
sitive enough for rapid dingnons, even when
the specimens contain only small quantities of
virug.

In concluon, the senntvaty and rehabihty
of the two IF methods presented for raprd
diagnonis of influenza A seemed to be com
parable When sampling of proper materal
15 poanble, IF directly npplied to cell spreads
from the upper respiratory tract may be pre
ferable, thereby reducing the time for ding
nosis from 1-3 days to 3-% hours.

The incompleteness of the chmcal dng
noas of influenza and the need for laboratory
tests 13 llustrated by this study All patents
fulfilled the chinical cntera for influenm yet
anly 80 per cent of the patients were con
firmed ns cases of mnfluenra A mnfection by
laboratory tests,
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Nunetythree wirsles of showiygrowing meobacteria were shedied blocbemieally Nivety of
these were uclxicd from enimals (pigy, catthe, dog and pouliry) and thres from dust and
wwiniibeddmy ™ pighowee. Omo sraln from & mph nods of & pg was identified =
3 gordenss Nmatytwo straim ftwed Into the Jf a2 wm-ntrocelnlere complex. Of the $2
b Tty comBirmed A srabs, 78 were tetted serologically ad medum
Schaefer OF T3 wrains {rom pugs, 0o wes serotype 1 flfty mvotype 2 and eight serotype 8,
while teo could mx be typed aad twehe o toagglutmable. Three straas from pighous
enbronment wers mrotype § asd tmo from canle sad  dog were both srorype 2. A slight

£ of § hedfer apy methad, ving aalley asounts of antigen and ant-
scrum, way den Soped,

Koy words Myrobecteris swmuls  sggiotubon.

K. Salarw, Chalalonyiom Usherlty Facalty of Veterinary Med.cme,
Murob.ology Draion, Hemn Dumsst R, Praanan, Bangkok, Thailend

Reaa.ed 21 77 Accepted 210 T

In their comprehensie study of cormcden-
tal outbrrals of tuberculoss amoeg poultry
and rwine 10 an Oregon farm, Mohler &
W azkburn {1908) presented comvinaog v
dence of tuberenlowm poultry as an important
souree of tuberculoms m ewine Based on gm-
dar clwervation of b own R Rermusen
pracuung verenoarmn m Faaborg Denmark,
reopened the topsc m 1911 and the problem
of “xvian " m macmmals saturalty
became one of the reearch priocities of the
Dannb agaumt toberrulows 10 an-
umab. The rdle of avian mycobactern In the
epidem.olory of tuberrulsds m cattle pwbne

and otber domestic animals needed clanfles
tlon, a1 did sho the mterference of seraltma
tion by avian bacilli with dugnoste tubercu-
Lin testing programmes. The works of Bang
(1913 1929) and Plam (1923} 1 the
sclestulic bas upon which practeal soliton
to thexe problems could be instltuted.

berculow largely due to structural changes in

b trosbandry the frequency of exporure
of other anumak, expecally sine, 1o fubere
ulots Infecton decreased drastically How

VT Toeal smpecbon services
peatedly the finduing of rtp‘:mdm.

-



enma A in 1969 (Olding-Stenkwist & Gran
dien unpublished data) when tissue cultures
incubated with throat washings and autopsy
materal from the respiratory tract of 50 ind:
viduals were tested for influenza A virus by
wndirect IF and compared with conventional
virus nolation Eighteen of 20 specimens (90
per cent) positrve for influenza A in conven
tiona] virus olation tests were pontive 1n the
IF test following short term incubation

The infectity asay performed 1 oitro
showed that even after the moculation of
small doses of influenza A (10 TCID,,) mto
cell cultures on cover shps the virus anugen
was eastly detected by IF after only 18 hours.
Those results indicate that the method 15 sen
utive enough for rapid diagnouns, even when
the specumens contamn onh small quantitres of
virus,

In conclusion the senutivaty and relability
of the two IF methods presented for rapid
dingnons of nfluenra A seemed to be com-
parable When 1ampling of proper matenal
ts posuble, IF directly applied to cell spreads
from the upper respiratory tract may be pre-
ferable thereby reducing the tme for diag
noss from 1-3 days to 34 hours

The mcompleteness of the chmeal duag
nos of influenza and the need for laboratory
tests 13 1lustrated by this study All patents
fulfilled the clinical cntena for influenza yet
only 80 per cent of the pauents were con
firmed as cases of influenza A mfection by
laboratory tests.
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Rty tbree stralms of dhowlrgrowing sycobecterin werw studied Hochersiaally Nisety of
(st nero deolzted from animmls (ple, catthe, dog and posltry) and thrre {roem dwst wnd
pighooe. Oue sran froo  frmph oods of & pg was ideaufied 2
M peedonas Kipetytwo sirsiny flitsd mio the M erfem-istre Oulere compler. Of the 92
aochamenlly topfirmed 3 evbontat ersllale grams, 78 weve tested serlogically o wadam
§ haefer Of 73 siraim from phg, 000 was werotype 1 Gfty serotype 2 and esght wrotype 8,
while t could mot be typed and twrhe were potosgghtingble Thres srabis from pigbowse
eovsrocument waet seroiype 8 mad two from cxtile and  dof wers both serotype 1 A gt
fucation of Schasfer agtlutioation wethod, naay wmaller emounts of  nges and st
erom, was descloped.
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In therr comprehensve rtudy of conciden-
ul outtrealn of tuberculows among poultry
aod cwioe 1 an Oregon farm, Mohlsr &
¥ ashburn (1908) presented convinemg en

dencz of tubertubous poaltry a1 an fmportant
source of tubereuloss m swine. Based 0o mm-
dar cheenatioes of hw own R Rermusen
Practuing etermaran In Faabacy, Detooark,
rropened the topac 1n 1911 and the problem
o svian tuberrulows” 1n mammalk I
became voe of the research priontles of the

" st tuberculont in an-
tmals The réle of avian mycobecterla 10 the
ePidemiclogy of tuberenlans 1a cattle, swine

aod other domestic animalbs needed clanfica
1o, a3 did abo the interference of seonta
twoa by avian bacllh with dagnastic tuberca
Vi tesung The works of Reng

(1913 1929) and Plum (1925) created the
scuentific buait wpon which practical solutions
to thean problems could be mstituted.

With the emdicabon of Alycobecteriam
becis 10d & concnrrent decrease in avin tu-
berculosm langely due to structwral changes in
pouliry hmbandry the frequency of
of other anmals, expecially swine, to tyberc
wlown infernon decreased drautcally How
e meat mwpecton .
Pﬂtdhdrﬁnmnggmb“,“p:"d



while epidemiological mvestigations failed to
locate either bovne, avian or human sources
of infecton This situation logrcally drew the
attention of research to other agents which
mught produce tuberculosu-hke lesions, eg
Corynebacterium equi (Holt & Amundsen
1936 Bendicen & Jepsen 1938) However
the mportant clue to a better understand.ng
of the epidemiology of mycobacteral infect
tons came only later Newer developments
methodology for the clasfication of myco-
bactena have resulted in a broader 1nonght
into some classical taxonomic entities and de
prived a number of new species of their for
mer anonymty

MATERIAL AND IETHODS

While ining an of Mycob,
intracellulare Infection 1n Danuh pigy (Sertans &
Holmgeard 1977) the author studied biochemical
and serofogical classificatron of ammal strains of
mycobactera, For enpin of the strauns, see Table 1

Buock ! clasaf The follosang char
acters were determuned  Growth mte at 37 C
{L5wenstein-Jensen medium) scotochromogenich
ty catalme (Awbtca ¢t ol 1966) Tween 80 hy-
drolyss (Daym o ol 1964) mpnte redocton
(Pirtaxex 1960) tellunte reduchon (Kibarx of
«l 1969) arylsulphatase (3 days and 2 weels)
(IWhitehead ot al 1953) amdase tests (Bdmcke
196°)

Serolopieal clasnfication  The serolomical tert
nstem used in this work 1 the aggiutination meth-
od introduced by Schaefer In 1965 For prepara
ton of our antigens and antisera two reference
srains for each of 23 M aviem-iniracellalare se
rotypes and corresponding antisara wers placed at
the disposal of the author by 1) B Schasfer The
Natooal Jewuh Hospltal and Research Center
Demver Colorado, US.A and The US /Japen
Cooperatire Vedical Réssasch Programme NIAID

T settlng up the serological system and m the
actual testing procedures, Schasfers oogual de
scription from 1965 was followed, supplemented by
hus personal adviee {1974) The Schaefer wethod
requires each strain to be tested agaimnst 2 x 3
anthers diluted to the reclprocal of the e
Equal volumes of bacterial ruspension and Ehred
antierum are added to 2x 25 aggfutmation robe,
plus one contro] Reading 13 made after three
bours at 37 C, and agan after menbation over
ught A test stran It comidered typespeafic #
arglutinated by both antsera of ons type and et
by both antbsera of any other type If a srum &
agglutinated by one antoerum of one 1ype oaly or
by o antisera of two serotypes, the agglutmas-
absorption test Is applied. The bactenal nepet-
uoas are hanested from Roux flasks cultwres of
Middlsbrook  THI0 medium wrpplemenied by
AMiddiebrook OADC ennchment (Difeo) Iacubs
tion is made for 2-3 weeks at 37 G or & ny
gested by Schaefer (1974) at 30 C to sprove
stabllity of The bacterial grouth 8
waihed off and suspended in 0,15 M phosphate-0 8
per cent saline buffer containing 0.5 per cent phe-
nol The nupennon o Lept at room temperature
for seven days to inactvate the [fving orgawsss,
then centrifuged and waihed with the phosphate
saline taller untll the supernatant b dear The
denuity of the final nuspennon 1 medsured mpectro-
photometrreally at 523 om i 20 mm tebes aad
adfusted to abworbance 0.3

At leat 2 X285 x 0.5 = 23 ml of astigen B
needed for each sirain to be typed. To avesd the
diffculty of having to work with such large vo
umey of antgen of slowlygrowing fmcobactens,
the autbor developed a slightly modiied Schaefer
method, uting only 0.25 ml of antigen and st
serum per tube and reducing the denuty of e
antigen from 0.5 10 0 15

RESULTS

Cultural and brockenucal teus appled to the
90 animal struny of mycobacten, and to 3
1solates from animal enyironment as listed 10

TABLE | Namber and Ongpin of Strams

Fig Pighowse ) Poultry Catle Dog Recehed from
K_ Lautrap Nicbsen
7 1 N Skos gasrd
L} 3 4 1 Own volates
8¢ 3 4 1 1 Totsl 93

} Dust and sawduxt bedding from pif pens.



Table 1 showed that 92 strains fitted nto
the M ertwm-atracellalere complex, where
mn ooc strun, wolated from tuberculows-like
Jenons fn hymph podes of a pig was Menti-
fed a1 A gordonas Table 2 ghet a mm-
mary of the results of the tesn,

Tmoe Emnts permitted 78 sram of the
M snomantracellulare complex to be sub-
mitted to serotypmg ed modwm Scheefer
Twehve giraim proved to be autoaggtutmable
lndt\ommtmﬂduo(bgtypgdby&
nitem med. Of the strab, ooe
s serotype 1 32 serotype 2 and 11 serotype
2 (Tabls 8) The serotype 8 strams ongin
= from four swime herdy mvolved in the
Bme epmootic, whereay the serotype 1 and 2
strains represent & barge number of unrelated
mdrmdual cases,

TARLE 2. Cheracterustics of M gordonac exd
M. evum-intracellulare
L Meebmelde
A

f
i

£
o+
i+

AR R RN

Pt ++l 1l wl+t

» A bl o e, 3, 83,3

TABLE 3 Serelogical Typing ad modum Schaefer
of 78 Stracns of M. xvium-mtracellulare

Serotype Pl Fgbowss Cate Dog Total

1

52

L4 3 11

Noa-typable 2 2
Amtoegghe-

tinable 12 12

Total P

DISCUSSIOKX

Since 1945-30 the elun.nation of Af boris
from its bovne bost has left avian and hum-
an reservoins ag the only souree of tuberculo-
3 of mammals 1n Denmark. Most mammals
are mupectible (o both Lf erram and Af fu-

that of M borue. The infection generally rum
the course of a self-bmitmg disease becawse of
the proliferative rather than destructrve fea

Piga of 13 per 1000, these being masly local
zed promary kemons in cervival or mesenterc
hmph nodes Smilar localred lenang sre
rarely found In cattle. In accordance with
termary legulation the finding of tuberculo-
“mﬂnk.hormlndpspmhe@: 1

many nstances diegnons must b con.

In 1968 Enghet et of. publuhed
of
sohes of M _aonum molated fromm 1o



aberrant struns. Among 22 human isolates,
one was serotype 1 mne serotype 2 and
seven serotype 8 Davis (A tntracelulare
serotype 8) The remsimmng five strams re-
Ppresent vanous other types.

The present work confirms the predomin
ant réle of A{ aoium serotype 2 n animal
mnfections. However 1n additon it has de-
monstrated that M ntracellulare serotype 8,
found previously in humans, also occurs in
pigs 1 ths country Sumular findings have
been reported from severnl other countnes
eg, Jepan USA. and Canada (Yackids &
Shimuzy 1973 Afitchell et al 1975 Thoen o
al 1975a Simon 1976) The M intracellu
lare serotype 8 epuzootic examined by Sa
tanu & ffolmgaard (977 comprming about
800 cases, onginated from o mngle breeding
centre with 200-250 sows. Apparently the
piglets had caught the infectton from environ
mental sources while lving with therr moth
érs dunng the suckhing penod. In modern
large scale pig farmung contacts between pigs
and poultry are practically non-exmtent.

For all practical purposes 2 prevalence of
15 per 1000 of tuberculosu-lke lemoas 1n
lymph nodes of pigs 15 an nsgnificant figure.
However, this figure has remained constant
tn Denmark year by year since 1969 From
a wientific pomnt of view 1t 13 sull an interest
ing queation as to the source of mfection for
these 15 000 anmals per year and what hind
of infection n mnvolved. The answens might
perhaps throw some hght also on the em
dermology of the rare cases of human infec
tton caused by the same orgunuma. In cfforts
to find 2. solution, a reliable system for typing
the epidemic strains would namually be of
great help

The Schaefer agglutmation method re
qures each strun to be tested agunst a
double set of antiera cach type represenied
by two reference struns. Taking into account
the close antigenic relatopship of the com
plex as o whole, one might well doubt the
validity of using unabsorbed sera. The sera
ase used 1 difutron to the reciprocal of the
utre. As regards our sers, thu was equal to
160640 1n most cases 320 with only four

exceptions. None of the strams tasted wn
agglutnated by two antsera of two tpee
Cross reactron showing partial agghmnabon
at the second reading with one of the tao
heterologous antuera, accurred m straims -
glutinated by both homologous sera. The tp-
ing of four straing (nos. 358 from py axd
359 360a, 360b from sawdust-beddmg and
dust) was confirmed by agghutinin-abeorpton
tests, since only one antiserum tvpe B reactd
with the strans. In our matenal, the mm
cause of fadure of identification was auw-
agglutination. Other serological techmgues
could presumedly be applied to umstable
strauns,

The preparaton of sufficient quanttres of
antigen from slowly-growing mycobactena s
& laborious task. Several workers have tred to
cut down the expenditure of antgen 2ad
antuera (Rerntkoo & Leggo 1972 Thoes ¢t
ol 1975b) The author likewise has ted
modification to save antigen and serunt. Tha
modified Schaefer technique, withoot A
change of prnciple hag been fourd 1 be
equally useful

The finding on one occagon of M g
donae from n tuberculoss-like leson m
Iymphac tsue canpot be evatuated further
It may be mentioned that Vieller e o
(1963) wolated the organsm from ubert
ulows-like leszons of bovine teats, and Shuncx
& Tsukamara (1974) found ¥ pordossc
like organmms 1 skin lesom of the b
udder

e

The author expresses hus gratimde to it & Schee-
fer Jewush Netonal Hoyputal and Research Caait
Denver Colorado and 10 the US/fapm Cnl‘"b:
tive Medical Restarck Programme foc vaim
amstance,
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aberrant stramns. Among 22 humzn uolates,
one was serotype 1, mune serotype 2 and
seven serotype 8 Davis (A intracellulare
serotype 8) The remarmung five struns re
present various other types,

The present work confinns the predomn-
ant r8le of Al auum serotype 2 1n anumal
infections. However 1n addibon 1t has de-
momstrated that Al infracellulare serotype 8
found previowsly 1n humans, ako occurs 1n
pigr w thy country Sumilar findings have
been reported from several other countrres,
eg, Japan USA and Canada (Yachida &
Shimuzu 1973 Mitchell et @l 1975 Thoen et
al 1975a Simon 1976) The M intracellu
lare werotype B, epmootic examned by So
tanu & Holmgaard 1977, compriing about
800 cases angmated from a ungle breeding
centre with 200-250 sows. Apparently the
pglets had caught the infection from environ
mental sources while living with their moth
¢rs duning the suckling penod In modern
large scale pig fanmung contacts between pigs
and poultry are practically non-existent.

For all practical purposes a prevalence of
1.5 per 1000 of tuberculosi-like lemons in
lymph nodes of pigs 13 an insigmficant figure.
However thus figure has remained constant
in Denmark year by year since 1969 From
a scientific pomnt of view 1t o xull an interest
ing question as to the source of infection for
these 15000 arumals per year and what kind
of infection 13 mvolved The answers might
perhaps throw some kght ako on the eps-
demuology of the rare cases of human mfec
tion caused by the same organimms In efforts
to find a solution, a rehable sptem for typing
the epidemic strams would naturally be of
great help

The Schaefer agglutinabon method re
qures each atrmin to be tested agunst a
double set of antuera, each type represented
by two reference strons. Taking into account
the close antigenic relatonship of the com-
plex as a whole, one mught well doubt the
vahdity of unng unabsorbed sera. The sera
are used 1n diluton to the recaprocal of the
ummwmumm‘mwlm
160-640 1n most cases 320, with only four

exceptions. None of the strum tested wu
agglutinated by two antsera of o types
Cross reaction showing partial agghimooe
at the second reading with one of the two
heterologous antmera occurred 1a strim ap-
glutinated by both homologous sera. The typ-
ing of four strum (nos. 338 from pg axd
359 3602 360b from sawdust-bedding and
dust) was canfirmed by agglutinin-absorpton
tests, nnce only one antserum type 8 reacted
with the struns. In our matemal, the mun
cause of failure of identfication was auio-
agglutination. Other serological techmques
could presumedly be appled to uastabe
straing,

The preparation of sufficent quantbes of
antigen from slowly-growing mycobactern »
a labonous tash Several workers have tned ©0
cut down the expenditurc of antgen ud
antsern (Rexmikov & Leggo 1972 Thom o
of 1975b) The author Likewse has tred 1
rmodification to save antigen and serum. Ths
modified Schaefer technique, without 277
change of prnaiple has been found to be
equally useful

The finding on one occanon of M gof
donge from a tuberculosms ke lsoe =
lymphatic tsue cannot be evaluated forther
It may be mentioned that Vieller <t o
(1963) molated the arganum from tubert
ulosus-hike lessons of bovine teats, and Skt
& Trubamara (1974) found M gordonst
likenrgammm:hn}csmo{dww
wdder

-
The author expresses his gratlnde to 1§ B Schat-
fer Jewrsk National Hosputal end Research Ceuter
Demer Colorade and to the US/Japen Coaprir
tire Murdical Ruscarck Programme fot
auttance
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dicate thst such properbrs mght have
decome miloence on the bost-paraute mter
scthon (22, 27-30) This mvestgation was
mitated to examune whether a compecton
cond be established between geners! physico-

face such ms charge and Iy drophobicity and
amochnon with the intestinal mucos Al
though enterobacteria are pormally & mmor
part of the Intestmal flora, such bactena were
chown ay modeh, moce they often appear

and cell gyatemm {17 27)

MATERIALS AND METHODS

£ @xi The mmooth (8) phagocTtoss-rewstant Se-
monslla typhimarivm 393 ME and the rough (R}
. wenth,  glaogLL )

o
um)[llod.uh-dh\::h‘h been described fo
aetall with regpect 1o cham cal (13}

and

micctson weadis 20 % 80 (sharp ends of needles
mocothesd) The needles were fheed at the ends of
» phartc baih with whe wepmezt & broween The
bath contamed KRG (pH 74 37 C) and was

phege parem (19) viralewce (8) phagocytesls
(17) and phymcochendaal wrisce charactorissc
woch as charge and babibty to nter

Esckenchse coli O sotiges test

wero

lled ¢t 38 Ofor | b and washed twice m phos-
phatwrbaffered mhne, pH 72 (PES) The comcen-
Taoors of  labls and meat-iifed

by Tumer rectrophotomeser (650
)
LabelIng Tw  different
wurs oed i order 1o bo able to

Ty ewayed wing 3
P-aitrophen L N.acatyb-bete D
ﬂm-m(ﬂ)lndthmﬂu
ewured 1 By (2, 3) Toton X-100 (0.1 per
€e0t) wie wed 10 drwch  partscle-boumd

P poretion of atestind sepments Female dpry.

Four segments coold be run t  tmse. The teros
xwocation [s wed to comer sttachoaent and pos-
+la endocytods.

lart eexple DRET cxcoedsd 5000 cpm for W1 o
1000 cpm for 1Cr The mtswinal segments wers
then removed, sach cut
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ASSOCIATION OF SOME ENTEROBACTERIA
WITH THE INTESTINAL MUCOSA
OF MOUSE IN RELATION TO THEIR
PARTITION IN AQUEOUS POLYMER
TWO-PHASE SYSTEMS
Lazs Pexers, Lans Axnlxer Lans Eorso Orex Stexpan and Crouster Tasrssox
S-581 85 Linksping Sweden

Department of Medical Microbiology Univenity of Linkspi

Peren, L., Andiker L. Edebo L., Stendahl O & Tagesson, C, Amoclabon of some entero-
bacterln with the intestmal mucor of mouse in relation to their partition in aqueons polymer
two-phase systems. Acta path. microbiol. scand. Sect. B 85 308-316 1977

The of bacterla with mouse i ) mocoss has been imestigated by
pumping hest killed, radionctively-labelled bacteria through the gut lumen i1t miro Approd-
mately 20 cm of the mall mtestine proxmal to the fleo-caccal valve was rnsed, extued and
maintained in an orfan bath. By usng two different bacteria labelled with different radio-
active lsotopes, the relative asociation of the two bectena pumped through the same poece
of gut was determined. Cron-labelling showed that choice of isotope did pot affect the asoea
ton. Salmonslls typhumarixm 395 MR10 was wsed a3 reference and the other bacterid m-
vetigated related to it. § typhimunum MRIO and Eschenchua coli O 14 K7 whuch

relatively lipophilic, showed greater iation than § typk 295 MS$ and E cob
O 111 K38 which are more hydroplulic. Prolonged incub of bactena with the length o

intestine m ruiro leading to damage of the brush border of tho mucotl epithellum enhanced
the amsociation of the bacteria, These data suggest that similar physicochemical surface pr>
perics govern the amociation of certain entersbacteria to the intexdinal mucosa #3 in phage
cytoss with profesnonal phagocyter,

Key words E b ion aqueous polymer two-phase mutem
mouse.

O Stendahl Department of Medical Microbwlogy Unnersity of Linlsmng 5-3818% Lin-

k3ping Sweden.

teria ! mucosa
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The host mcrobial relatombp in the mn-
testinal tract and the characterstis of com-
mensal and pathogene bactenz to explan
therr biologieal role are largely unknown.
Since the contents of the gut are propulsed
towards defecapon asociaton of bactena

ann

with the intestinal wall would influence the
population dynamucs of the bacterd and
probably alo their relation to the host in-
testinal mucosa (14 25) Accumulating datt
on the chermueal composition of the eell sur-
face of cntcrobactena and ther physico
chemical propernes (6 20 21 28, 29) =
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Turoogh
e of 02 o/ Oms ml fractom mere cob

collertion of the voxded Mhod showed 2 peak
of radioacthvity in the 1015 mm fracton
{Figr 1-2) The relatnve actrvity of S typhs
munwm 395 MS aod R10 cells m the dif

ferent fractons collected  throughout the
t romamed waltered Thi wa
obsenned both when MS was habelled with
nCr and R10 with *=1 (Fig 1) and mee
verse (Fig 2) These data indrcate that la
belbng with exther of the bsotopes caused no
ngmificant differences. 1t shaws further that
bactera which adhered to the mtestmal mu
coma, did 5o ratber firmly so that there was
hitle eluton of barterm under the experi-
mental conditons employed
Two typ'al test protocols corresponding
to Figs. 1-2 are shown in Table 1 In both
cxperiments the amocatoa of R10 (3.6 and
6.7 per cent) was greater than that of MS
(0.64 and 0.2 per cent) A luger senes of
expermments whowed greater varation be-
tween wdhodual expeniments (Table 2)
Howerer the ddference between R10 and
MS n hughly slgmfiant (p < 0.0003)

Slow Flow of Lasper } ofume
Through & Segment of the Intestine

When 4 ml of madioactrvely-labelled bac
teria was pumped throagh a sooilar segment
of mtestme at 01 ml/mm, the peak of ac
treity was recovered in the mctions collected
after about 50 mm, and m some exper.ments
d Y was ptll & d after 80—
90 min but not after 100 mm (Fig, 3) The

amocated
segments was for R10
21.8 per cent and for MS 3.9 per cent (Table

3) the difference o dynificant (p < 0.0003)

Assoctation of Viable Bacteria

Viable counts of vosded bactera hgh-
e relatve values for § typlrnmrnx:‘;}sms
(90 per cent) than for § typhmenam 395
ARIO (40 per cent) These data, whuch were
cbmed after sow pumpmg of a relatrvely



All tests were performed with a par of two
different bactetla, one labelled with 31Cr and the
other with 32#1 In all experiments, S typhimurinm
R10 was onc of the palr and used as reference.
R10 was generally labelled with 13 and the other
strun with $1Cr In control experiments, R10 was
labelled with %1Cr and the other with 131 to
check the 1nfl of labelling on the t
with the intestinal wall The binding of free radlo-
zctive compound to the Intestinal wall was checked
and found to be negligible.

Samples (10 ml) were taken from the bath be-
fore and after the nun for radicactivity measure-
ment to determine leakage The activity of the
wamples was low and did not duffer slgruficantly
from background coents, Recovery was calculated
for all tests as the madivactivity of the sum of
pour pieces of the Intestinal segment + saspension
voided + remalnder 1n the test tube + tubing
leading to and from the segment divided by that
of the original bactenal smpennon The average
reconery in 16 nts was for 173 102 per
cent £ 1.35 (% S.E M) and for $1Cr 95 per cent
=110 (£ 8EM)

b) Larger volume pumped dowly In a few ex
periments the methods described above were used,
except that 4 ml bacterlal suspendon way pumped
at 01 mi/min and the samples voided were col-
lected every 10 min. In these expenments, which
were continued for two bours, no extra oxygen
was mupplied to the KRG pumped through the
gut for maintenance

Partilion wm troo-phase syrtems The two-phase
mitem war made up to contamn in total 44 per
cent (wt/wt) polyethylene glycol and 6.2 per cent
{wt/wt) dextran in 003 M Tris buffer It way
prepared from stock solutiom of 20 per cent poly
ethylene glycol 6000 (Carbowax 6000 Union Car
bide New York NY ) 20 per cent dextran T300

(Pharmacia Fine Chemicali, Uppeals, Sweden)
01 M tra (hydroxymethyl) ammomethane (Tris)
buffer pH 7 0 and dotilled water and was allowed
to equilibrate at 4 C overnight. To analyse sur
face charge and hydrophobsuty substituted (tr-
methylamino  sulphonate  palmitoyl) PEG was
added to the system For detmled descripuon, see
Table 4

Two mullitres of the bottom phase (dextran-
rich) and 2 ml of the top phase (polyethylenc
glycol nich) were pipetted Into test tubes, To each
tube was added 01 ml of #!Cr labelled bacteria
suspended n 003 M Trs (» x 10 /ml}) The
tubes were 1 erted 20 times for mixing, and the
phaset mere allowed to settle for 20 mm =t 20 C.
Then 0.5 ml mmples were withdrawn f"’“‘"d“‘::

and the radioactivity was meam
imme the percentage of cella In each phas
The standard deviation in fhe dmilar expermentd

was 5 per cent.

RESULTS
Eraluation of the Intestinal Aodel

Aforphology  Snce mutial  experments
showed that mucosal damage resulted m
altered asocintion of bactera, speaal are
was taken to evatuate the model with respect
to mucosal integrity Sectrony for mcroscopy
were taken from segments which had bee
perfused for 30 45 60 and 75 mn. The 0
mun sectron did not differ from that talen at
0 mun. At 45 mun there was slight to moder
ate submucous oedema, but the mucesd
structure was mtact with an uninterrupted
surface lmung At 60 min the oedema bxd
increased and 1n places, siogle vill shoned
shight damage of the surface and internupted
PAS-pontive surface Inmg At 75 mm there
was partul dmintegration of villous strocrurt
with severe oedema and modemate to %vOT
cytological changes. After 2 h even moT
severe mucosal damage was seen, with almoet
total mucosa] disntegration and exposton
of the submucasa.

Penstalsis With a gentle and fast prepar
ton 1n an anaesthenred ammal the
of imtesume showed no or onhy 1en slight
penstaltic cocentratons I the anmal Wi
first hilled and the segment removed before
nnnng, there was usually moderate to f“;
penstalus and the mucos

within 35-60 mun. y
Release of mucosal ennyme The releae
N acetyl beta-glucosamupidase mr.:cclhl%é]

Iy was low and constant throughout 2
m.n run when the segment showed b0 OF
only very slght penstalas. In expenmem®
where the mucosa ruptured, thi was :g::y
panred a sharp rse 1n cnnmie
which mb)unl}y \m:P\mdcd 1-2 fractions be-
fore cellular debris was observed macTos™

pically

Fast Flow of Small | olume
Through a Segment of the Intesteme u
The pumping of 0+4-1 ml of a mxture
heat killed radroactively labelled S typhimt
sum 393 \MS and R10 through the f
of mtesune at a flow of 02 mi/mn an
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1 Tow simbow profie of Crlabelld § fy-
phimurnem 393 MS (#) and 18Llaballed MRIO
) pemped throogh the Wolatrd Intertine at
rds of 02 m/min. One wl irctiom were ek

i

Fiy 2 The slabon profde of 1 balled 5 -
lwurom 333 MS (@) end  1Crlsbelled MRS
(8} pwrped throwgh the nolsted intestins at a

s of 02 mi/min. Ome ml fractions
iy were col-

collectson of the voaded fhud thowed &

of i the 10-15 min iracton
(Fip. 1-2) The relatne actrvity of § typhi-
muerum 395 MS and R0 cells In the dif

ferent fractions collected  throughout the
experiment remained unaltered. Thn was
ohwerved both when S was labefled with
iCr apd R10 with 1 (Fig. 1) and cice
wersa (Fix. 2) Thes data indicate that la
belliog with clther of the botopes caused no
sgubcant differences. It shows further that
bacterss which adhered to the intestinal mu-
coxa, did a0 rather firmly so that there was
Litte ehution of bacterm under the expen-
mental conditons employed

Two typical test protocols

to Figs. 1-2 are sbown m Table 1 In both
cxperimeuts the anocatien of R10 (36 and
6.7 per cent) was greater than that of MS
{0.64 and 0.2 per cent) A huger st of
expenments thowed greater vapation be-
tween mdhidual expermoents (Table 2)
However the difference between R10 and
MS n hxghly dgnifcant {(p < D.0003)

Slow Flow of Larger V olume
Through & Segment of the Intestine

When 4 ml of radioactreely-labelled bac
ter, was pumped through a amilar segment
of mtestme at 01 ml/mun, the peak of ac
ity was recovered In the frachons collected
alter sboat 50 mm, and {n some experments
radioctivity was still demonstrated after 80—
90 s but not after 100 pun (Fig. 3) The
propor of the radwacttn 1
with the intestmal segments was for R10
21.8 per cent and for M3 3.9 per cent (Table
3) the difference b sigmficant (p < 0.0005)

Asroaation of 1 1able Bacteria
V'ubkmmnnlvunitdbm:mmh:gh—
er relative values for § yphimarrem 395 MS
{90 per cent) than for S fyphimanum 395
MRI0 (40 per cent) These data, which were
obamed after dow pumpmy of o relatnely



TABLE 1 Protocols Showsng the Asnociation axd Recovary m Two Asusocranon Experrments sl 8. tph
munum MS exd ARIO Labelled woth 1Cr and 03] Respecticely (Exp 1) and §ice I etva (Esp )

Experiment I Experiment IT
Ms-uCr R10 18] AYERIT RIONC:
(cpm) (cpm)

Bactenal suspensioa before pumping ) 75160¢) 484 500 1,620,000 it}
Swpenspon voided 66,850 421,800 1,637,000 23,09
1st segment of Intestine (oral end) 190 9630 360 11
2nd segment of intestine 100 1520 1030 el
3th segment of intestine 90 1,550 690 306
4th segment of intestlne 50 950 660 10
Tubing leading to the intestine 1150 46 230 57,928 161
Tub ng leading from the intestine 590 3630 8706 3
Surrounding bath before exp b} 30 130 — -
Surrounding bath after exp b 20 %0 — -
Recovery 92 per cent 101 per cent 105 perceat 101 pereest
Auociatlon to the whole length of intesine 064 pereent 3 6percent O l8percent  67peran
Anoclation to tubing 2.3 percent 10 4 per cent 39percent  113pereet

) A mixture contalning 5 X 107 (Exp I) or 15 x 107 (Exp. II) cells of cach § typhrwrvm 335 232
MR10
b) 10 m! of oxygenated KRG

) epm.
TABLE 2 dssoctetion of S typhimurium 395 VS and VRIO to Mouse Intestnal Mucwss !
Number of Anocistion R
Strain expenment  (percent) B (pet eent)
3.90 + 0.3 102 £ 133
S typhimurrum 395 MRIO xg 390 =033 ey

S typhsmuniwm 393 M8

ma.
) One ml bactenal suspension pumped at a rate of 0.2 ml/min. Most bacteria vouded within 30

b) Mean value (M) % Standard erroc of the mean (S.EAL)

)
TABLE 3 dssocistion of 8 typhimunum 395 MS and MRIO to Wouse Intestrnal Mucose

Recovery
Number of Amociation b
Stran expermtent (per cent) b (per cent}
100
) Four ml bactenal npennon pumped at a rate of Ul ml/min )1110_:;0;_15“{. vouded ;qlth;_ga
$ typhimuriem 395 MRIO 3 18513 i

S typhimunwm 393 M8

100 o
} Four ml bacterial suspennon pumped at a rate of 0.1 ml/min. \ost bacteria vorded within 90—
ou
b) Mean value (3f) * S.EM

219
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Asocation to Monse Intestraal AMucora

of E coli O 14 end E. coli O 111

end Partition s Treo-phase Syrteras
lnmdn(urrdmed:ehﬂncnmo{t_hnc:

ﬂmncmbautendiﬂrrmtexpcrmmmg

TABLE 4 Partdsen tx Toes.,
Mewse I tenenal Mucors of Tuws B cofl

Phar Sytems with Char,

asociation of § typhmanam 393 MS and
of E. colt Su 4414741 (O 14.K7) and E. coht
Stoke W (O 111.K58) was calculated a3 per
centage of that of the concurrently un S
typhimuricm 393 MRIO (Table 4) The m-
sochaton of § typhmurrom 393 S was 27
per cent of that of MRI0 The amochition
of £ coli O 14 was 63 per cent of that of
R10 whereas the amocaton of E. coli O 111
was 18 per cent (Table 4)

Partltion of £ ¢ol O 14 in the two-phase
spuerns resembled that of MRIO and the
bactena showed to miteract with
positively charged PEG and with the palm-
ltoyl ode chain of covalently substltsted
PEG In contrast, E. coly O 111 accumnlated

DISCUSSION

In the hostenterobactenal relatiomblp in
the mtestinal tract, comtact ¥ esablibed
bctvecnhemxmlnnhcentdlbehurrhl
lipopolymccharde (LPS) or other murface
I‘u'\xtmu.FntEn—kmlua:ob(l 47 26)
Sadmoneila (11 12, 31) and Shigella (18)
dmcmuczhnbcmdwwnmurp

mr:hphcenlhzlmuhbmd.ernnm}yu
the upper party of the mtestinal vill Then
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some bacteria are found within the mucesal
epithehum (18 26 32 33) However the
factors governing the asmsociation with and
endocytoss 1n the intestinal epithehum have
been only sparsely investigated.

Preparations of small mtestme for in rafro
analyns have been wsed extensively for the
study of intestinal absorption (23) Umng a
modification of the techmque described by
Fisher & Parsons (10) we observed an al
most wntact mucosal hning after 60 mn but
with the presence of moderate submucous
oedema sumilar to therr results, We found
penstalas to be & poor criterion of v.abihity
as reported earler (10 16) Strong regular
perstalic contractions often occurred after
a poor preparation and preceded disruption
of the mucosa in 3560 muin. In prolonged
expeniments with slow flow of large volume
through the intestine, strong perstalus was
the rule, and hutology of these segments after
two hours showed n damaged mucosa with
expostion of the submucom In the latter
type of expenments the assocation of e.g
R10 was much higher (218 per cent) (Ta
ble 3) than when care was taken to avold
damage of the mucosal hning (3.90 per cent)
(Table 2) thus indicabing that the mtact
brush border prevents attachment of bacte
ra Thu might also be a mechanum for the
preferental attachment of entcrobactera at
the tips of the willi where the epithelum
being degencrated and shed Heat killed bac
teria have been used 1n these expenments,
since they permut study of the asociation
with the anmal cells without the influence
of kiling or multiplication of the bactera.
Heat killed bactena have been used previ
ously n the analyss of thase surface pro-
perties of bactena which tnfluence phago-
cytoss and wirulence (27) Such heat hilled
and radioactively labelled Saelmonella bacte
13 behave 1dentical to viable bacteria mn &
two-polvmer phase system aimed at analyzning
the cell surface (28) Thn docs not exclude
that mechanismy essential for the invasion
L1po are ussing n heat Inlled bactera e. g
actwities for derangement of the brush bor
der That this may be the case 3 indicated

e

by the mcrease 1n assoctation of Ine Selmox
ella bacteria to HeLa cells (17) and to 2
spontaneously degenerated mucosa.

The assocuation of the beat killed entero-
bactena to mouse intestinal mucosa differed
conspicuously between the different strams
employed. The association was greatest for
S typhimxnum 395 MRIO and E. coh S
441141 (O 14 K7) (Table 4) Both MRI0
and O 14 have the R type LPS MRI0na
Rd mutant w-th the termmal sugar L-gheero-
D-manno-heptose (heptose) and O 14 hxa
complete core type of LPS (20) Both thex
bactena showed negative charge and a ter-
dency to hydrophobuc interaction m the two-
phate systems. In contrast, S yphmmxran
395 \IS and E cols Stoke W (O 111.138)
which associated less to the mucoss costan

ic sugars 1 ther LPS (20) and
thowed nerther hydrophob ¢ interactron bof
charge This indicates that general physce-
chemical properties of the bactenal surface
such as charge and hydrophobrcity plar 2
role i determimng the asociaton with the
rucesa

In several other systems mvohng 250G+
tion of bactena with cell membranes,
surface characterntics govern the ouicome
of the interaction, Rough lipophilic Salmo-
nella mutants and thew LPS are readily
phagocytosed by granulocytes m contrast 0
the smooth oaes (27) In short term expert
ments focuung on the amsociaton of § and
R strawns of Salmonella to Hela cells (17)
the rough bactena attached and were mie?
nalised to a greater extent than the smooth
strain. In contrast to nteraction with pro-
feasional phagocyes, thi process required h":
ing bactena. Furthermore, adsorptzon of
Senftenberg to alces of rabbit ieum was 1t
the same range as that of § cholerae (11)
However the adsorption of § senftenbert
was strikingly reduced by 002 per cent so-
diurn laury! sulphate. Thi indrcates that the
adsorption of S senftenberg to the muto:[
mght be more dependent on 2 number
weak bonds such as i hy c anter
action whereas the adsorption of T choleret
s medmted by other bonds.



Io other studes (5 8, 12, 13 30, M)
st of § fyplomtenum varnng with re-
lptttmﬁruknrtlndrwbt:ncelaphgb-
cytoms were Im estgated in different m ivo
modeh, Smee the relatne effects of penctra
thon, multipheation and KImg were not eval-
mated, differences n anociation and imvaston
for the d:fferent straxs were hard to soen.

The mechanmm by which the bacterha in-

ang bydrophobscity may govern the asocu
oo or eff of the microorg:

{rom the mtestmal prucoss. The great amo-
chdon tendency of certun bacteria might,
@ fact, be an mportant factor i breakmg

the mtestrmal barrier feading to & potentally
hanafo! memone Tespoce {24)

We Gurk Dv Kl Nerrby Depe. of Patbology
for ememning the mirstiss) preparstos
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QUANTITATIVE IMMUNOELECTRO-
PHORETIC STUDIES OF THE L AND §
ANTIGENS OF VACCINIA VIRUS

T Gorvix Greows. Haurxexes and Pen HL PraxTa

The Gade Instrtute, Departrmat of Microblology Ushersity of Berpen, Rergen, Norsay

Gorvm, T Fankese, G. & Praowe, P H. Quaxtitath

iremwmodleetrophoretic stwdise of the
L and B axtigens of vaccisia m Acta path. mierobiol scand Beer. B, 85 317-321 1977
The L (108) a3d 8 (78) antgens of yaceinua vis b bren charstterized by their smithnty

enxymen sod 10 periodate. The L axtigrn was heat LibJe and tnactivated

by proteolyte earymes and perfodate. Troatment with trypes for | min indkeated that the §
sntugea was bullt up of at lesst t» protein sbandss of aboat 35 and 33 One of the smb-
st wes kighly maaithe w beat aud to proteciytlc emaymer, On funher teatmant with
trypan the other sobunlt wes mpEt I two components showlng partial identity serclogically
Koy words Vacoinhy sutigecs quastiath  [meoanoclectrophercds

G Hexksoes, Mikrobiolopsk svdeloog, MFH-byygget, N-3016 Hackeland yketus Norexy

Recthed 777 Accepted Wty 77

Tho so-called L-§ antrgen complex of vac
cima virm hay loog been known 33 the major
precsputnogems found m vaccinm vires-in-
fected celh (2, 3)

In x previouns wock (7) we have ahown
that L wnd § are disunct antgens whuch do
not form w complex Thee antigens can be
scparated and molated by wocrose gradient
centnfoganon bavog § values of approm-
mately 10 and 7 respectively The two ast-
gens could aho be d ek et

rymes, heat and penodate og the L and S
antgens,

MATERIALS AND METHODS
Vim

The amallpox vhceime stratn froo Ststens Sevmn
iotitt, Copentagen, wie mied In o8l expertmenn

Vires Antigen Antinr end Separation Methads
Prepertion of saccieds sirar eangem (VVA)
pmi-nmdxunsm.,mu.m,

bae immi

ally the L (105) anigen was more negs
treely changed. Typweal and easly distmg

uahable patterss were obtamed by quants
auve croned, line and crosed lme nommo-

In the peewent stody anog the quantitatne
metbod (1 3) we
bane examined the effect of ene

resls ham bean descaibed previoosly (4 7)1
a_-ah.d-iwd,w.\m( )
dnch between moeple asd the

lofay agar

Exayme Treatment

VVA contaluing
_ummtlﬁ:xprmwnl.ml.

tromisd with 01 pee cent of trypem (cryalling,



4300 NFg/mg from Novo Industd A/S Co

hagen) chymotrypstn (crystalline l—chymocry;:n
1160 NFa/mg Novo) bromelaln (Grade II from
pmeapple 1800 a/mg, Stgma Chemical Co., St
Louls, Mo., USA)} and pronase (ex Streptomyces
grisens Roch Light Labs, Buckinghamshire Eng-
Iand) The action of trypnn was stopped by the
addition of an inhibitor ({yophilized from soybean,
chromatographically prepared 1 mg inhibits 1.5
mg trypiin) Incubation was performed at 37 C
at the time indicated under “Results” Controls
were included with buffer added instead of enzyme.

Perrodate Treatmtent

Thu was performed with 0017 M potamum
penodate for 30 mmun at room temperature. The
reaction was stopped by the additien of glycerol
A control with buffer added instead of periodate

was included

RESULTS

Treatment trith Trypsin

Trypun appeared to have an almost imme
diate effect on the S antigen, As will be
seen from Fig 1 A and B the 5 antigen
has become split mto 2 bands (S—coth and
S-an) One band (S-cath) had 1ts peak post
tion very pear to the ongnal S peak, and
this band had become consderably broad
ened indieating increased heterogenerty in
charge. The other band nugrated electropho-
retically like the L hae, and was accordingly
more negatively charged than the onginal S
band. While the bands of the spht products
both ongnated from the S hne (Fig 1B)
they showed mutual reaction of non identity

The L peak was erther unaffected by 1
mins treatment or 3t became somewhat
higher and broadened.

Two or more new bands were regularh
found after 1 mins treatment It eppears
from Fig 1B that they did not show reaction
of identiy with the other bands or with
the reference lines, and their nature remarms
obscure

After treatment for 30 rmm, the L antigen
was completely destroyed  The § antigen
showed 2 spht products (S-an 1 and 2) the
bands of which fused with spur formation
This was sho evident when the electropho-
resis o the first direction was run for a

AT
b__}kﬂ__&:

a * 3
Fig 1 Crouacd {A) and cossed [ine (B) b
electropboreais of VVA (C) and VYA treated wrik
trypsin for 1 and 30 min. A application pemt

shorter perrod (1 b anstead of 2 h) (cf Fir.
2A) Now the more cathodic componet
(marked S-an | and 2, ef below) constted
a shoulder on the other comporent with
spur formaton. When lne electrophoress
was set up with the 30 mnt npte digent
(Fig 4) one hnc only could be seen.
VWhen the results of trypun treatment were
recorded at shorter tme mtervals, xtnppﬂrfd
that the cathodic component (Scath) wen
after 1 ming treatment gradually disppeat
ed while the anodic one was spht m &
the new one beng even more anodic TH
latter rocket bands were mer
1n crossed hine than m crossed electrophortss
Obvowsly some of the materral was tabes
up by the reference band, the Jevel of whith
became shghtly heightened.
Heating of VVA st 56 C for 30 mun d
to total dmappearance of the L antizen whilt
the S antigen band became more anffise xod
broadened (Fig 2 B) When VVA way treat

- l:—cl L ':"
A |
- ,:_——é"—:’:——,’:’:
A [ <
Fg2 A Crossed immusoelectrophorews of ViA

trested with trypan for 30 mo Elec

tbe first direction was run for 1 B (as compared
o0 2 h in other cxpenments) B lipe ==
mupoelectrophorens of VVA beated at 36 G for
30 mun. C Crosed line fmmupor! of
VVA prated with trypun for 1 mua foltomed By
beatng at 56 C for 30 sun For control patter®
of. Fig 1B (C) A appheaton poni



ol first whh trypea for 1 mm
heatrd, only the anodic one (S-an) of
tv.onpﬁzpmd\xuo(&-eSmugm (of
1 and 2C) perusted, which accordingly
heat stable

id

T cetment mitk Chymolrypan

The major pattern obtained from 1 muns
treatment with chymotrypun (Fig 3) was
\trynmﬂlrmlha!obulntd wth trypun,
but po pew preaputabon bands appeared.
1In contmast ta trypun treatment, chymotryp-

et bad two peaks of serologal identity
(S4n 1 and 2) A thurd anodic peak {S-an
3) showed spur formaton on crommg the
S-an 2, mdxcating partal Mentity

Serclogcal Compartron of the Trygux
exd Chymotrypan SHut Products

Trypsin and chymotrypsin have different
sibstrates for ther peptide splitting action.
It vas therefore of mterest to se f cormpar
able pht products wers serologcally wen-
toaal

To avoid other interfering fines, the S antt
gen was it nohated by ultracentnfogaton
a3 described carfier (7) Line electropboress
was performed by placing antigens treated
with the enryme for srular penods adjacent
by (Fg 4) It n scen that the two cathodic
(lower) tplit products obtamed after 1 muny
treatment with the two emaymes thowed re
sctson of identty The two unode (twpper)
split products differed in demty and thowed
» slight epurring When the products of 1
mins teatnent were comrpared with those
of 30 mn 3, it appeared that two Tines show
ed coallecnce o the chymotrypsin setp,
winch wis 10 be expected smee both liney
obtained by 1 soln s treatment persinied, After
trypun treatment for 30 min, only coe Ene
w found, cbviemly reproenting the two

n'“n’ refated lit products of the
cbuamed after treatmem

- T
it o
e T L
:
A
.d&ﬂ\ﬁzﬂh
- ¢ e

Fwamde\A.Cmmd
(A) and crowed line (B) lemanociectropboreds
before (C) acd after 1 and 30 min  treatment.
A application pernt.

€ rT CYRAC TIOWT C VW
o cacnT T

Fig 5 Treatment of VVA with broolaia,
i

Crosed.
elactrophortsh befors (C) and after treatroent
for 1 and 30 min. 4 = 3

for 1 mm. The eathodic (lower) split pro-
ducts after 1 «nd 30 muns t
showed reaction of adentity

wiile the anodic (upper) split
products show ed poo-wdentity

T cetmexs mxth Bromelon
Tt:mlnl.reﬂ:lounm}'ig 5. The effect

dmummmhmmhml

meat even for 30 mm was

that of trypma for 1 min. The two

Mdmmmm&td((mmﬂxﬂn‘hs
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Fig 6 Cropsed line tmmunoelectrophoresis before

(C) and after treatment with peniodate. A apph
catlon point.
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Fig 7 Line immunoclectrophoresis of {ractions ob-
tuned by ultracentrifugation of VVA (A) and
VVA treated with trypan for 1 mun (B and C)
and 30 min (C) In A, B and D a reference VVA
was placed in a ditch between the applied frac-
tons and the antuernm. Approximate 5 values are
given from a parallel centrifugation of vanous re-
ference protewns {cf (7))

fused with the ongnal S Lne. The L ant
gen was relatrvely stable to treatment with

this enzyme

Treatment with Pronase

The picture obtuined by treatment with
pronase was very srmilar to that obtamed
with bromelain, and no details will be given

Treatment with Pertodate

As seen from Fig 6 the L antigen was
completely inactivated while the S antigen
was unaffected upon treatment with perio-

date,

Ultracentnfugation of Trypsn Digests
Each of 15 fractions from ultracentrifuga

tion of tryphc digests was examined by line
\mmunoelectrophores:s with and without the
reference VVA 1 a ditch placed between

the antibody-contasmng gel and the fretoes

After treatment with trypun for 1 mm
(Fig 7B and C) the L antgen was stll
readily distingu shed by ats S value of abost
10 Two additional groups of fractons wert
polated with sedimentation coefficents of
approximately 83S and 55 When the two
peak fractions were examned by crosed

lectroph they appeared 1o
represent the two spht products of the §
antgen (cf Fig 1) the anodic ooe bemg
the Jower molecular one. It was therelort
urprsing to observe partul reacoon o
identity between the polated fractions o
hine electrophoress 1n the presence of refe
rence antigen (Fig 7B) Without the r
ference lnes (Fig 7 C) the preture ws 2
accordance with that obtmned by crooed
immunoelectrophoress.

After 30 muns treatment (Fig 7D) oo
band only was found as expected from b
findings above (cf Fig. 1 and 4) Whea
exammed by cromed clectrophoress, the ™o
bands showing reaction of partml xedfs
were seen.

DISCUSSION

The L antigen which 1 the 105 and more
anodic one of the two was charactered by
its heat lablity and senutmty to trypso
and perodate, which led to complete O+
activation The angen was abo sentive 10
ather proteolytic enzymes, but to a kT
degree. We have acrordingly oot been able
to thow any heterogenenty of the L anege?
The L antigen was senuitne to perrodatt,
which may indicate & sugar a4 the anngene
determunant group

The S or 7S antigen, however secms to be
butlt up by loosely connected proiein wub-
umumd.cmutohavenregronwhxh“
highly senntrve to treatmént with proteolytic
enrymes. The meost strking finding was the
almost immediate cleaving of the mbgr:
nto an colly dafferent proten R
of stdnmeugnt;]uon coelficient of $ and 3§ and
dotnct electrophoretc properties (cf Fig
1) Very smular results were obtaned by



treatent with 4 proteolyte Onc
of the subuntts was resdily destroyed by
farther treatment with trypan and by heat
irg, while the other one gradually split off
2 more negatnely charged group, which was
beat stable. The S antzgen may this be re-
garded to be buih up of at least two coval-
ently Imked protem subvnrts. There was no
ndicaton of carbohydrate anbgemc deter
momant,

The LS antigen complex bas been reported
(6) to contam three different preciprmation
Liner One component was beat stable and
wplt by mypem into two dutinct Lnes, The
pattern confocms well with our findungs, but
durect comparnon of the remalts o uncertam
wnce different methods were employed.

T Arwpeth mecriemt wcaad Sect. B g3 3
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Fig 6 Croussed line immunoelectrophores before

(C) and after treatment with periodate. A appli
catron pownt

Pt
kad e
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c ——
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Fig 7 Line L lectrophorests of fractions ob-
tained by ultracentnfugation of VVA (A) and
VVA treated with trypsln for ! min (B and C)
and 30 min (C) In A B and D a reference VVA
was placed in a ditch between the appled frac-
tioos and the antiserom. Apprommate 8 values are
given from a parallel centnfugation of varous re-
ference proteins (cf. (7))

—

b

futed with the ongmal S lne. The L ant
gen was relatively stable to treatment with

this enzyme.

Treatment with Pronase

The prcture obtaned by treatment with
pronase way very umilar to that obtuned
with bromelain, and no detaib will be grven.

Treatment with Periodate

As seen from Fig 6 the L antigen was
completely nactivated while the § antigen
was unaffected upon treatment with perio-
dote.

Ultracentnfugation of Trypnn Digests

Each of 15 fractrons from ultracentnfuga
tion of tryptic digests was examuned by line
immunoelectrophorens with and without the
reference VVA in a ditch placed betwren

ana

the antibody-containng gel and the fractom.

After treatment with trypsm for | min
(Fig 7B and C) the L antigen wa sl
readily disingushed by 1ts S vahe of about
10 Two additional groups of fractons were
nolated with gedimentation coefficenty of
approxumately 3S ond 55. When the tno
peak fractions were examned by crosed
immunoelectrophoress, they appeared ®
represent the two split products of the §
antigen (cf Fig 1) the anodic one bemg
the Jower molecular one. It was therefore
surpruing to observe partal reacton of
rdentity between the uolated fractons on
line electrophoresis m the presence of refe
rence antgen (Fig 7B) Without the re-
ference lines (Fig 7 C) the picture was 2
accordance with that obtuned by crosed
immunocketrophoresa.

After 30 muns treatment (Fig 7D) o0e
bandocﬂywnfwnduapcczcdfmlht
findings above (cf Fig 1 and 4) Wbm
examned by croned el the two
bands showing reaction of partmal ideatity
were seen.

DISCUSSION

Tthnnngcn.,wluchutbeIUSandmaﬁ
anodic one of the two, was characterzed by
1ty heat labiity and senutvity to trypst
and pertodate, which ked to coaplete 1
activation The antigen was alo senutee 10
other proteoiytic enzymes, but to 3 lext
degree. We have accordingly not been able
10 show any heterogeneity of the L antgen.
The L antigen was sensitive to
which may indicate 2 sugar as the anhgenx
determinant group
The S or 7S antigen, however seems to be
buwlt up by loosely connected proten sub-
umzs.ndsccnumhanrrgron\«lnchl’
hughly sensitive to treatment wth proteolytic
enrymes. The most strking finding was the
almost immediate cleaving of the mhgt;\
into antigemenlly different protein swbun
of ’edme!:uuon coefficient of 3 and 35 and
dutinct electropboretic  properties (cf Fig
1) Very sular results were obtamed by



treatment with 4 proteolytic cnzymes. One
of the subuuts was readily destwoyed by
further treatment with trypem and by heat
ing, while the other ooe gradually sphit off
a more negatnely charged group, which was
heat stable. The S anngen may thu be re-
garded to be bullt up of at least two coval
was bo

The LS anggen complex has been reported
(6} to contain three dufferent precipuation
Epex One component was beat stable and
bt by trypsio mto two datinct Lines. Tha
pattern conforms well with our findings, but
&rect comparion of the rerults B uncertun
uner different moethods were employed.
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ENDOCYTOSIS OF
SALMONELLA TYPHIMURIUM 395 MS
AND MR10 BY HELA CELLS

Enrx hnosteds and Lovant Nicsson

Department of Medical Microbiology Univenlty of Linlsping 8-381 85 Linkipiag, Swede
and Department of Chinlcal Bactenology Unrversity of LinkBpmg, Sweden

Kihlstrém, E. & Niluon, L. Endocytons of Selmosella typhimurinm 395 M8 and MRIG by
Hela celts. Acta path. microblol. scand 8ect. B 85 322-328, 1977

Monolayers of HeLa cells were exambred for their ability o endocytose Sebmonelle hyphr
muriam 395 M5 (wild) and MR10 (chemotype Rd) Monolayers treated w th the ghreohte
whitators lodoacetic seid (IAA) or N-cthylmalemmde (NEM{) or the respiratory mhibstor
sodiunt ande (NaN,) or cytochalann B (CB) were mcubated with § typhimarram The nwm-
bers of cell d (i Tuler) and mir-

lular plus cell-memb attached )
cellular bacteria were determuned by \iable counts, together with the Hela cell ATP kevel
IAA and NEM at concentrations 10~\f and 109} decrensed ugnificantly the nmmber of
wtracellular MR10 and the cellular ATP levels, but did pot influcnce ngnificantly the total
number of cell associnted bacteria except for 10~ IAA which shightly increased the swocr-
tion. On the other hand, NaN, at concentratons 103 and 10-9M did not affect the romber
of anoclated or inpraceflular bactera or the cellular ATP Jeels CB at concentrations of 3, 10
and 20 gg/m! increased the number of awsocclated bacteria, deereased the number of mtraceltlir

bacteria and causad a tmall decrease In cellular ATP Ievels Thus, HeLa cels may hnternalze
Iysis-dependent process. CB had a dore-depesdert

S typh enery;
e by an encrpy- giycoly S R ATP

whilitory effect on the i} without
levels This indicates thae CB might affect the mternalimtion procem by some meams other

thap decreasing the ATP content
Key words Endocytons Hela cells Salmonella typh munsm
E Kublstdm, Department of Medical Microbiology University of Lmk¥ping, 5-38183 Lo

kbping Sweden

Recehed 74 77 Accepted 24v 77 closely linked to the properties of the phaf;r
Microorganumy may enter mammahan  cytic cell Depending on the mode of atex
cellr by at lenst two different mechangms  rment, there may be acbvaton of the phago-
phagocytosns and penetration  For phagocy~  cyte reflected as ncreased oxygen Cmﬂ:
tons to oecur several condiomy must be ful-  tion lactic acxd production and hexost "
filled such as approprate attachment and  phosphate shunt actrty Thn =cﬂ'\=:"hcd
ngestior. Whereas the attachment 1 priman reqused for intemnalzatoa of the lllhm Y
Iy dependent on the properticd of the peey  parucle (17 22) Thu proces ma)tcn S

the ngetvon, an energy-dependent process, it inhibited by treating the pbagocytic

422



Minhﬂimmthuwdmaﬂfl (7)
and other agents soch as cytochaluin B {25
28)

On the otber hand dunng penctratios,
the mmcroongnam plays an active role both
dnmg-mzhmm:mdlmmrmx:uu.'fhe
metabolic state of the mfected cell iy of Lrtle
mporiance. Penetraton bas been proposed a3
the mechanmn by which Toroparme gondii
entery Hela celh (13)

The snoclaton of dufferent Salmonells ty-
phamarem strams to HeLa cell o dependent
an the yurface propertes of the bactern. The
phagocytoss-senutive Tough (R) atrain MR
10 smocater to & greater extent than the
phagocytoa-resrsant mmooth (8) stram MS
(8, 20) However the awocmtion » upeded
when the bacterm are expased to best o
ultraviclet rradwtion Tha mdscates that

Prosent commummscation thows that the inter
mlnton of § typhmuerum bacterm can be
wifuenced by metabolxe inhilutars ™ 1 man-
per ymilar to endocyttms of particles by pha-
gocyoe celh,

MATERIALS AND METHODBS

Bactersal sf s Tht wnooth (8) stran Sebmonella
fyphimeram 395 MS which b hughly brubens fox
o nd the roogh (R) mouat 393 MRI0
(chemmotype R4) domed from b beem de

Cuttiretn of bocterke ATl rirame were kept st
4 C oo sgar sdeats before e, The bacteris wers
worolated w0 13w of giacom broth and -

i
eter a2 630 i) m Facle balamced mit sotuion
Lz‘?‘s» PH 73 (Flow Laboratmne, Trvioe, beor

Mammabes &l ootz The Hala cel
(ATCC wrn G il

— ., " bacteria
added w»1s prescnt doving the S-bour
incabation with the baewrial ruspeasion,



layers were fneubated for 3 b in EBSS or in 5 10
or 20 xg/ml of CB, or preincubated for 1 h In
10-4M or 10-3)M IAA, NEM or NaN,, nnsed three
times in 37 C PBS pH 7.3 and then tncubated
{«Sh,mutomlmxthemudxdomdnrmg
incubation with bacterla, The monclayers were
washed three thmes 10 PBS pH 73 and detached
from the petnt dishes. The ATP was extracted by
bolling for 5 min in Trs-EDTA buffer pH 775
and assayed for ATP In the ATP asay system,
lc::r'rl.-v:t:m-m were made for the influence of ather
1 and bolic inhib
Cell protein was measured according to Locwry ot
al. (11} with human serum albumn (Kabi, Stock
holm Sweden) as standard

RESULTS

Effects of IAA NEM NaN, and CB on the
HeLa cell membrane permeability To deter
rune the effects of the metabolic mhibrtors
on HeLa cells, two approches were used

A Vital stamng Hela cell monolayers
were treated with 10-"Af IAA NEM NaN,
or with 20 gg/ml CB for 3 h and then stamned
with Trypan blue (005 per cent w/v m nor
mal saline) The metabolic mhibitors did not
affect the number of Hela cells that exclud
ed Trypan blue.

B Effect on intracellular bactenal suroiwal.
Hela cell monolayers were incubated for 3
h with $ ml 4 x 10" MR10/ml, the bactenal
suspension was poured off and the mono-
layers were washed in PBS The monolayers
were then treated with different concentra
tions of IAA, NEM or NaN, for 1 h, or with
20 ug/ml of CB for 30 min, washed in PBS
treated with 40 pg/ml of gentamuan for 20

|
LAV VR TR LR )
AL HEM Ny @
Fig 1 Effects of JAA, NEM, NaN, and CB e
the number of sunviving S yphimariam 335 MR
10 after initial wnteraction betneen bacteria ed
HeLa cells for 3 h The results are expresed &1
percentage of the nomber of intracellular bacterdt
in HeLa celly incubated 1n EBSS withoat inhibeon

permental conditions with metabolic hib-
itors were determuned by adding the number
of viable bacteria 1n the medmum, inchazg
the three nnsingy, to that of the dinntegrated
Hela celb. TAA, NEM NaN, and CB &4
not change either the MS or the \MR10 popu-
lation by more than 20 per cent of the valwe
when the bactena were ncubated wath Hela
cells 1n EBSS without nhibitors (Table 1 2)

TABLE 1 dmount ) of § typ}nm\n{'ummuz
10 i the Hela Cell Syrtem afier Incubstion ®
Different Metabols Inhibstors b}

mmn washed 1in PBS and d d, and
viable counts were performed on the homo-
genates. The result of this treatment with
metabolic inhibitors affer mutial mteraction
between bacterta and HeLa cells i shown m
Fig | TAA and NaN at a concentraton of
10- M 10-\f NEM and 20 gg/ml of CB did
not influence ngmificantly the intracellular
bacterial survival, whereas 10~°M NEM de
creased the number of mntracellular bactena
to 5 per cent of the value with EBSS alone.
Effects of IAA NEM Neh and CB on
bactenal growth The changes 1 the viable
population of § typhimurium during the ex

ans

10-M 1o
-
t

1AA 119 per cent 93 per cen!
NEM 99 per cent Mp«ff':
NaN 115 per cent 99 per cen

a) Sum of the bacteria 1n the extracellular fhudd

the three nmings and the i

b) The HeLa cells were preincabatcd for 1 b &
IAA, NEM or NaN, washed in PBS
l}nnh'wubncdfor-nmhn!h-uhnbtﬂﬂ:i
suspension 1o EBSS before vuble counts w
performed. The renults mzxpmud"’;
tvnupothenmhcrofblﬂmlmleH
ccll system Inc bated in EBSS without

tors,



195 AMS

TAELE 2. Ameunt ) of B

md ARIO 12 the H La Cell Spctem aftar Incuba
tisn with Cytochalastn BV

Syl 10ag/ml 20g/ml
90 percent M percent
MRIO §2perceat 106 pereent 81 pereent

) $um of the bactrsia s the extracellubar u d,
the thoee

Eff cts of 144 NEM NaM end CB on
the atocietion of S typhmunum bectena
with Hela cells. JAA at a coocentration of
101 sbghtly decreased, while 10-M IAA
Increased the swociaton of MRIO approx-
mately 1.5-fold (P < 005 Students ttest)
NEM at a concentration of 107N reduced
the amaciation by spprowammtely 50 per cent,
but 10 had mmimal effect. NaN st coo-
ceptmtions 1031 and 10-"M dud not influ-
ence the amocaton at all CB caused an in
crease 1n the xmochabon of both MS and
MRIQ. The grentest effect was acheeved with
the highest copcentration wed 10 xg/ml for
MS caused a 2 fold increase and 70 ug/ml
for AMRI10 caused & 4.3-fold incremse (P <
002, Students ttet Fig 2) Dimetyl sul
phonds (DMSO) (0.3 per cent) increased
the awoclation of MR10 approcmately 13-
fold.

Effects of 144 NEM “aX and CB ox
the number of mternalived S, typhomunum
bectena 1n Hela celly. TAA 2t a coocentna
bon of 107\ cawsed gn a 2-fold
(P < 003, Sendents t test) and 1043 a 21
fold (P < 001 Students t test) decrease In
the mumber of Intracellular MR10 NEM at a
concentration of 10\ camsed & 60fold in-
hibaton of the internalizaton of MR10 (P<
0001 Stodents ttext) and 10-*M o 170-fold
mhilnton (P < 0001 Student’s t4est) On
the other hand, NaX  at concentrations 1021
aod 103 dud not influence the Mternaliza
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Fig 3 Effect of JAA NEM NaN, and CB on
the HeLa cell ATP ievels. The results are expres-
sed as percentage of ATP leveh in Hela cells
treated with EBSS alone and rela=d to the pro-
tein content of the Hela cells, Loganithoue seale
on abscisa,

tion of MRIO Contnuous mcubation with
5 pg CB/ml caused an appromumately 6-fold
inhibition of the mternalzation of MR1G By
increasing the concentration to 10 pg/ml and
20 pg/ml the inhthition increased 8.5-fold
(P<005 Student s t test) and approxmately
10-fold (P<0 10 Students t test) respectne
ly The effect of CB on the 1nternalization of
MS was also dose-dependent 5 pg/m! caused
a 2fold (P < 005 Students ttest) and 10
ag/mla 3 fold (P<001 Student s t test) de-
crease 1n the internalumon (Fig 2} DMSO
(05 per cent) dsd not influence ugnuficantly
the number of internajized bacteria.

Efjects of 1AA NEM NeN and CD on
the ATP content of Hela cells The ATP
level 1n HeLa cells incubated wath EBSS was
approamately 65 X 107 mol/cell. The gly
colytic inhibitors TAA and NEM decreased

the cellular ATP content to 0 per eent to
per cent of the value 1n pon-treated cefh (Fig.
3) NaN, had only small effect on the ATP
content, while 5 to 20 ag/ml of CB decrrased
the ATP levels to 60 per cent to 85 per cent
of the contro] value (Fig 3)

DISCUSSION

The internaluaton of Salmoxella typhme
num into HeLa celly was mhibired by the
glycolytic wnhibitors rodoacetic acid azd M
ethylmaleimude and by the maold metabalite
cytochalasn B but not by the rspaion
mhibitor sodium ande. In parallel expere
ments, there was a decrease 1n the cellalar
ATP levels. These results indicate that the
uptake of Selmonella typhimunym bacterd
proceeds by 2n energy-dependent procest £
ilar to phagacytosis.

HeLa cells may generate ATP both v&8 the
glycolytic and respiratory pathways (16) The
sulphydny] (-SH) group wnhibiters IAA sd
NEM (24) had a pronounced inhibitory ¢
fect on the nternalzaton of MR10 bacter=
1nto HeLa cells, The effect on the total ou™
ber of cell asociated bactenn was and
showed that the imhibttory effects of IAA 854
NEM were agamnst the \nternalration procest
NaN, had no effect erther on the number of
internalred MRIO or on celllar ATT o
tent. Whereas it 13 known that respirkiony
inhibitors do not influence ugnificantly the
phagocytic process 1n polyruarphonuclea ke
kocytes (17, the pinocytosis of HRP by fibro-
blasts was decreased by 1073 NaNs (19
but not the ATP levels. Viedacsky et a! (an
found a decreme 1n the ATP contentn -
fommed fibroblasts treated wath 5 % 10
NaN However thi mhibiuon did not occuf
when the cells were grown in 1 mM glucox
and 5 x 104\ NaN,. The Hela celt
i ths study were grown 18 56 mM ghueost
which may explan the inability of Nahs 12
b the cellular ATP coptent. The ATT
generated from glycolyws of endogenous

carbohydrates may be sufficrent f@
imteonalize MRIO bactera mto Hela e
QB affected both the total number of cel-



amocated bactzra and the oumber of mter
paloed MS and MRI0 bacteria, These effects
wete t

my arie by contraction of undles of m.cro-
fibment located just under the plasma mem-
brane (4) The inhilation of endocytoes and
cell movement by CB might be ascribed to is
effect on microfilament. Schroeder (18) has
demomtrated bon of the mucro-
(flaments in CB-treated Hela celh. CB abo

actin In extracts from Hela
cels (26) However CB did not changs the
actm ecotent of Hela eefl membranes ngnif
scantly (5) Thus, CB may alter f .

m*ghredmetbeelecmtnMrepuhnvl’orm
between host cells and microorgamuns. Tha
should be more pronounced for MRI10 bac
tera, which have a net pegame surlace
charge, than for MS bacteria, which are
vrhually uncharged (14 21)

Our results thow that Hela cells have the
ablity to Ize vable § t)pk

' e
t:;dencyfm-bat ioactivated and U\ -inac
trrated § typhimuriem to agocmte with He
La celly (8) It hos been reported that beat
killed Preudomonas are lew Dable to phago-
cytons and bexose hate stimutation
than vlable bacterla (1) Homever this ray
vary for different bacteral specier. In non-

the structure of the microfilament 1f CB
affected the mtermalimton of bactera into
Hela celle by wterfertng with the fanction
of mucrofilaments, ooe would expect this to
otcur abo in cells with normal ATP levels
However CB decreswed the ATP coutent,
although not a8 efficzently as TAA and NEM
€. In most cases these gheolytic sbibton
aho decreased the mumber of tracellular
bacteria to & greater extent than CB. TAA
at & concentration of 10-M deprewed the
cellular ATP content 10 30 per cemt and In-
hilatrd the mternalization of the bacterm to
approzmmately 40 per cent. The 3
mg vahues for 20 pg/ml of CB were 80 per
eent and 10 per cent, respectively Five, 10
and 20 g /m! of CB decrrased the mumber of
ml:l'lc!l]ula.\'Inclu"hl:ncl'ed:m'|ll?"MI.A_AT
derplte togher ATP kv ele. This incicates thay
C'Binhﬂiuddwmmﬁndmby
nmnmhuthanIAA,,_E_bymm
with the function of the mierofil
(mmmdhlﬂ“lum}gg““d“mu_
tnocaied Iclers, epecialy JIRID CB-
H‘{hu‘h"d‘ﬂmﬂnhme.b."
i) gl mobility than
ooo-treated ool (13) Maphew o o, 1s)
W:ﬂ‘lmcﬁ-lmm
i at the ¢
varface, The seducce rapath e lectrokinetze

Pphagocytosns Heataensitrve factors (soluble or
membrane-bound) are required to activate
the HeLa cell in & way that Jeads to phago-
cytonn. These questioms are beng ivestigated
at present.

The ikilied tchnical smatance of herstn Hager
stex i gratefally acknowledged. This work was
mpported by grast B-T6-16X 218310 from the
Sasdud 1 dical Remerch Comacll and by the
Smeduk Baard of T hwical Deselopment

REFERENCES

DeChaielst IR Lalisx, D, Shiriey
Pungocytons of T

rs
& AMcCall, C. K.
heat.

vervas

Crundeis E, Rk 4 & Vel
LA



0 Aa NEM
-
|
o
<
O\
o
———r—e M
ot vl ot w3
NaN cp
b
00
t\ °
- q/
139
o
3
<
L Ppghed
-+ o 5 v 2

Fig 3 Effect of TAA, NEM NaN,; and CB on
the HeLa cell ATP levels. The results are expres-
sed a3 pereentage of ATP leveh in Hela cells
treated with EBSS alone and rela~=d to the pro-
tein content of the Hela cell. Loganthmuc scale
on abxciisa

tion of MR10 Continuows incubation with
5 g CB/m! caused an approxmately 6-fold
1nhibition of the wnternalmation of MR10 By
ncreasing the concentration to 10 pg/ml and
20 pg/ml the nhibion increased 8.5-fold
{P<005 Students t test) and approximately
10-fold (P<0 10 Students t test} respective
ly The effect of CB on the internalization of
MS was also dose-dependent 5 pg/ml caused
a 2 fold (P < 005 Students t test) and 10
pg/ml a 3-fold (P< 001 Student’s t test) de-
crease mn the mternalization (Fig 2) DMSO
(05 per cent) did not influence ugmficantly
the number of internalired bactena,

Effects of 144 NEM NaN, and CB on
the ATP content of Hela cells The ATP
Jevel 1n Hela cells mcubated with EBSS was
03¢ mol/cell. The gly

roximately 6.5 X 1
e y nd NEM decreased

colytic mhibitors IAA a

326

the cellular ATP content to 0 per cent to %0
per cent of the value in noe-treated celh (F
3) NaN, had only small effect on the ATP
content, while 5 to 20 zg/ml of CB decreasd
the ATP levels to 60 per cent to 85 per cent
of the control value (Fig 3)

DISCUSSION

The nternalmation of Salmonells fyphme
rium into Hela cells was mhubuted by te
ghyeolytic nhubttors odoacetic acd and M
ethylmalermide and by the mold metabelir
cytochalasin B but pot by the repratm
inhibitor sodium ande. In parallel expen
ments, there was a decrease mn the celsr
ATP levels. These results indicate that the
uptake of Salmonella typhsmurim bactern
proceeds by an energy-dependent process S
ilar to phagocytoss.

HeLa cells may generate ATP both vid the
glycolytic and respiratory pathways (16) The
sulphydry] (-SH) group inhibrtors JAA
NEM (24) had a provounced inhibitory o
fect on the internalzation of MR19 backerd
into HeLa cclls, The effect on the rotal noc-
ber of cellasociated bactena was mmall a2d
showed that the mbibutory effects of AA a2
NEM were aganat the internalmation procest
NaN, had no effect erther on the num
internalmed MRI0 or on cellular ATP co-
tent. Whereas 1t n known that respuatory
mhibitors do not influence agmificantly the
phagocytic process tn polymorphonucteat tev-
hocytes (17) the pinocytoss of HRP by fibro-
blasts was decreased by 10\ NaNs (19)
but not the ATP levels, Viodavsky ¢t o (27
found a decrease in the ATP content 1 (AT~
farmed fibroblasts trested with 5 % 107\
NaN, However ths inhibstron drd not occu?
when the cells were grown m | mM gl
and 5 x 10\ NaN, The Hela cells used
1n tha study were grown m 56 mM glucos
which may explan the mability of NaN to
wwhibit the celiular ATP content. T ATP
generated from glycolysis of endogeoo® and
exogenous carbohydrates may be sufficient 10
mternalize MR10 bactena into HelLa cells

CB affected bath the total number of el
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INFECTION OF
CLETHRIONOMYS G GLAREOLUS SCHREB
(RED MICE) WITH MYCOBACTERIUM
TUBERCULOSIS AND MYCOBACTERIUM BOVIS
INJECTED SUBCUTANEOUSLY
Axre_ JarERsIn

The Tubereoloss [ v, 7 C h Denmark

Jespern, A. Tnfecton of Clethriesemys g glaresins § hreb (red mice) whh Afpcebacterinm
Fuberexindls and Mycobaciorrame bocus fnjrciad sobcatancoudy Acta path, mucroblol. seand.
Soct B, 85 $29333 1977

Groupe of red wce meww injectsd whh doses from 10 g to 104 Tog semidried culters of
ram of Al fabereudess and with dows from 10~ 15 104 mg of & rirain of A besus, Some

Ot of 10 wuca fajectcd with  ghant dowe of 3 % 107 table waits, only te  died of tabercwlosta,
M botls provoked fata) twberelons tn all entmah kajected with doses from 6.9 millen to 7
uble wnsti, Bencrs caveons lenoas developed At the wie of infeeiion, fu the bhmph gands, fa
the hoaga, o ofeen abo 10 et aad spleen. The aamber of bacterla i the organs was eoor
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ot on docage, aried From 51w 159 deye, b
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Andr Jesprrien, The Tuberculods Dk Amaxyer Bowlevard

DK 7300 Copechagen 5 Denesarh B -
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the Rme way a1 mabbin, are snceptible to coune of the Infectron in red mice mpected
A1 botis inpected intrap ly bt are  mibey ly In ”

Tewstan 10 M tuberenlent A short sy of
these

P Y o intra
experiments was grien in 2 publication ‘ND y with varymg doses of strains of the
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MATERIAL AND METHODS

Expennmental

Expennment I Groups of muce, with aix animals
in cach, were injected subcutaneowsly with doses
varying from 10-! to 10-* mg semudried cultore of
a strain of A tubercwlosis (V 11381 H) or a
strain of VM boris (T 3474 B) The bacterlal
suspentions wero the wame as thoxe wed for ex
amination of the intraperitoneal infection and
both ents were carried out on the yame
day (Jespersen 1977)

Two mice from esch group were killed 1% and
3 months after the mjection and the remamnder
lived until death occurred spontsneowsly Smears
were made from the abscems at site of |

other virulent strain of M fxberculesds (E 1083
H) and the antmals were allowed to [ne el
they died spontancomly On sutopry colrure sa
made from hmph glands, Iner spiten and berps.
Esperimental ewimals The animeh were bred
at the farm belonging to Statems Sercamixs,
and were 2-5 months old at the sart of te
expermments. They were distributed at maadom jee
carthenwars jars with one mouwse i each Exd
tal group consdsted of equal numben o
males and females
Bacterial streins The stram of Al fabemodem
V 11381 H 2nd the straln of Af bocus T 54743
were chosen fortuitously and were freshly
The straln of Af txbsrenionr E 10583 Hyvn o
iy 3 I1d laboratory strun, t

from the lymph glands, Inver spleen end hings,
and were atained by the Zieh! Neclsen method In
cases where no lestons were observed macrescopr-
cally or where the lenons were small or uncharsc
terlstie, quantitative culture was made from lymph
glands, spleen and lungs. Before inoculation on to
four LEwenstein-Jensen tubes, the organ suapen-
wons were treated with 4 per cent natron
Expennment 2 Since 101 mg M tuberewlogns
had only a weak effect, examinations were made
to acertain whether & dose of 10 mg was ablo to
provoke progrenve Infectlon A group of 10 mice
wrs Injected wath 10 myg semrdried colture of an-

P 7
virolencs of which had been mamtamed by o
oculation on to Lwenster-Jensen redium abet
mdngvilhmmnlpamgu.Vlm\mceddﬂw
ton showed that all three stramys were Mg
virdlent for gulnes pgs. The stran of M bei
was highly virulent and the strams of M frber
culosis weakly viralent for rabbits, There wu ®
difference in the virulence of the Af tabrrde
strains,

Bactenal swspension for infection The st
were cultured 1 Besredka fhnd medmm sod
culture was nsed whea about 10 dep old Tt
sediment was collected by plpetts, dried oo B

rervrdy D¢
TABLE 1 Swroscel Times (Days) Tubercnlons Index end Bacterl Index for Killed axd Spoaiests

Bact
Sun Tub. Bact. Sarv Tub Bact. Sun gdn;
tme index index time index index time
if tubsrealons s b st
10
101 17 x 108 10 17 %10 e 1 ",7
[ 1 08 k 34 2 13 N : 0
koM 2 L5 ko ! 03 L 0 0
k9 1 03 + 85 e o P 0 0
k % 2 08 x 97 [ 0 o 0 8
+178 1 03 +166 1 03 7S 1 03
4349 0 0 +398 4 0 +
A bovrrs n:rlllT"W
x 10
10 69 x 10% 100 69 x100 o 29
52 1
40 "] 4 30 + 99
k30 : ‘1 + 53 4 19 k 33 : 50
k 30 3 40 s 5 42 + 14 H 50
+ 51 H 50 + 67 5 50 + 82 M 41
+ 34 23 + B2 5 50 +104 p 4
+ :g : s 1116 3 43 +147
¥
k = kiled + = spontancoutly dead



Tadex
P eghed, thes phydiclopeal il was  Bactemal
lddtdl:dd;xmmmshmmhtd\mul» ® Mo bectena
tare tn 02 wl From this supendon diludows i llﬁ:rucn‘yyntndu.cul!-ﬂ“pdﬂ‘;cdn
o 139 wer with nEse to 10 mg 2 l«mm?mlw

2 . Inoculenon of D) m) of wariable dibs- siabmed wmeary
Emﬁu&dlon&dlmklr 3 > 20 bacterts to 1-2 bacteris per sght
medzom showed that | my ediure contamed 17 X Fald,
1% able ot of V 11381 H, €9 X 100 uble 4 121w 10-20 bacterla pec diyght Seld.
v of T 3474 B (Expt. 1) and 5 X 10% viable 3 Tnmumerabla bactrrla per wght fHatd
waity of £ 10683 H (Expx. 2)

REBULTS

Experrment 1
doad The survival tuoes, tuberculosis index and
¥ meam of an index based on acroscophesl xod

bacteral mdex for the killed and spontane
xcromcopxal Badgs and rolis of clture. cunly dead sz moeeted with varylog
Tabercalens Tadex dowes of the two speces are shown in Table 1
© Orpans wormal, eultyrs negateve, Af tuberculons In nooe of the groups
[ W definite rpecific beaios, cultzye poritive.  were there any deaths cawed by Af taber
2 fmall tubercalows lemom, mainly of culons »3 can be scen from the remults of
sl culture. Nelther were the survival tomes of
imm the pontaneously dead animalg i the mdi-

5 Bevase progrsmivs tohercalods

vidual groups affected by the mumber of

Ud Mica I pected Subcatamsensly with Varyiag D o (wg, Viable Ults) of Strodn of M. tobercnlods exd
M by
Buy Tub. Bact Sure Tah Bact, By Tub, Bact
e mde tadax e odet ndex. e indes index
dom @d pambee of vable Tt
ot 2 10 02
— LA
oy ] 0 ko3 [ ]
P ° ° | 0 [
k97 o [ L% 0 0
oo o o k9% o 0
+104 1 L +356 o 0
+307 [ [ +378 [ 0
bt e T
& 0 7 10+ o7
— -
¥ %0 4 1 + 1 o T
32
: 30 2 1] ko5 4 13  om g g
' M 4 40 + 4 H 50 ko84 Q o
Lot 4 13 X N 2 L oa o H
~103 s 15 118 s 13 %0 H
158 L) 41 +188 3 ey Ta0 3 ;14



bactena mjected. The autopsy findings con
suted excharvely of Jocal lesions. Dunng the
fist period (up to day 54) some of the
anunals 1n several of the groups had devel
oped a small abscers #¢ the site of mjection.
In others there were remamns of an abscess
contnining a few tubercle bacill, Of the re-
gonal lymph glands, the lumbar glands were
somew hat enlarged Dunng the second perod
(day 54 to day 97) and the third persod
(after day 97) there were no longer signs
of abscess and the lumbar glinds were en
larged only m two mice mn the 10~ group
killed on day 96 Durng the whole expen
mental period quantitatrve culture gave
growth of o few vinble umits 1n Iymph glands,
spleen or lungs in the 10 10~* and 10-
groups. The number of bacterta decreased
with time  particularly i spleen and hungs
In the lymph glands the bacterra persusted
for a long time

M boris Doses from 69 X 10° to 7 viable
units provoked progresuve tuberculous in all
animals, The survival tunes became prolonged
the smaller the dose, except for the wmall
doses, where no differences could be sesn
In the 10-* group (0 7 viable umts) two mice
died of generalzred tuberculoss after 120 and
240 days the other mice 1n the group showed
no wgns of infection

Perod up to day 53 All ammaly showed
a pea-sized to nut Lernel sored abscess at the
ute of injecnon In the 10* group ths had
often become evacuated by perforation of the
shin. The regional lymph glands (subcutane
ous gland 1n the nguen and the Jumbar
gland) were caseous and very enlarged par
ticularly the last named which were up to the
sre of datekernels. The lungy of anmmals in
the 10! and 10~ groups contained numerous
wholly or partmlly caseous tuberches, while
there were a few gray sem: transparent tu
bercles m arumals i the 10-* to 10-" groups.
The spleen was enlarged—10-20 tzmes nor
mal volume—in the 10~ and 10~ groups, and
was 2-3 times normal volume i the other
groups Both spleen and Irver occasronally
contained tubercles. The number of bactena
was large in the 10 group i the 10~ to

aan

10~ groups there were numerous bactern
the abscens and the lumbar glands, but il
few 0 bver spleen and hungy,

Pertod from day 54 to dey 94 All the mxe
—afo those injected with small doses—had
severe or medium progreane tuberruloss,
and the differences 1n the development of the
mnfecton 1n the vanous groups were pow
almost equalized The Jevons 1n the ogpm
were generally larger than dunng the firt
period. The lymph glands in the abdomen
and thorax were almost or completely caseons.
The spleen was very enlarged (10 to 30
times normal volume) and ahways contamed
tubercles. Half of the mice had tubercles m
the Irver There were large caseous tubercls
mn the lungs, and in tome cases one or more
lobes were completely cassour. The number
of bacterta i the kymph glands, spleen and
lungs was generally enonmous.

Peniod after day 94 Autopsv and bactenal
findings resembled generally the findings 12
the spontaneouslty dead anumals in the pre
vious expenmental penod. The abscess at the
ute of mjectron had a tendency to perforate
also m mce njected wath a small dose. The
mouse that survved the Jongest {died on d2y
240) had large, fhud filied abscemes m the

spleen.

Expennment 2

The rurvrval tmes, tuberculors 1ndex and
bactena! index for the spontancously desd
amnmmbs injected with 10 my culture (3 X
10" wviable umts) of M twbercwlons srun
E 10883 H are shown n Table 2

Two mice died oa days 191 and 197 of
tuberculons. The autopsy findings mn both
ammals were atmost identical The lungs were
dark red and solid and the surfsce w@
covered with uregularly outlined, conflucat
gray tubercles. There were no tubercles m
liver and spleen but the spleen was mod;f
ately enlarged The lymph glands were slight
1y enlarged but not raseous. There were $ome
tubercle bacilh n the glands, liver and spleen.
and v many m the Jungy.

In E two :mce that died on day 177 aod
day 224 the cause of death was not tuber



ed Mice I Jected Sub-
il Tomes (Diy ) Tuberenlons Jades oxd Bacteria! [udex for R
TABLELIm-u"l':’-‘(lgx’wv-ﬂ'v‘ﬁ),/.s,n.-ol)s&m}mwkm(ElmHI

Sanral thoe 130
Tabertnloss jadex N
Bactoral index 03

14177
1 1

or 20

181
1

10 03

197 2724 03 M
H 1 1 1
L N

187 191
1 3

Cutture wot performed

culom. Macroscopically there were 5o signs
of tubercrlosn. However the bacteral mdex
was relatively hugh, and therefors ot cannot
be exchided that the mfecton was in & pro-
growce plase. The reoammy mece were
il Tubercle becll were
found eonstantly i the lympb glands, but
there werr very few o noe at all m Ever
ieen and fungy

DISCURII0OR

Red mice are hughly renstant to Al txberon-
lot mpexted sobcutaneomly The srallest
dose that could provoke a progremrve miec
ton was about 30 millon visble wmti—a
gant dae for an annmal weghung 15-20 g
Furthermore, the infecthon only beexme pro-
fremne m foar out of 10 animabs and ool
two of thern died (atter 6 to 7 mantln) How
ver 1t orust be emphaured that the wnimaly
m thew experiments, and partenlasly in e
perument 2, were not &1 eapable of

= those m other expamments. The remlt of
culture mdicate that the tubercle badlll per
et throughout the Lfetrme somewhere or

Yooges b therfore probable that more cases
of death dus to tuberculoms would have
ocemred. It has been shown (Jerpersen 1974)
that m another member of the vole

1 Arewcols terrestry (vobe mt) a few viahle
urets of & uram of A taberculons mjected

mmwnun}yunmmvnhlefuruptns
‘ean

The red mouse 11 exceedingly susceptible to
AL bows. A few vable unlts, or probably even
a smgle bacterrum, were safficient to provoke
a fatal infection. It is chamcterstc for the
M bory miecton that the bacteria muluply
excomyely and that caseous Jewoms develop
everywhere m the organam. Dunog transpost
of tubercle bacilli from the subcutls via the
ymph vesels to the blood, some of the bac
terma, are retained m the lymph glands, and
therefors lenoes at the ste of njection and
in the reponal lymph glands dommate

In comequence of the high resbtanee of
red mice to A Ixberculons fmpected subcut
woeoaly 1t would be demnable to use that
roate for differentispon between M tubercs
lons and Af boric Homever unce the abecem
at the mte of injecton often perforates the
on aod cvacate large amounts of con-
taghous matenal, 1t i preferable to vse the
imtraperrtoneal roate, which i the eavest, oc
Einm\cmxnmut:.w‘hkhudtmmrdp-
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(PEG) was pmilar to the partition of the cor ding surface lipx bande (LPS)
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hande surface charge squeous two-phart

Key words  Sal: lla typh lip
sntemm {ree rons clectrophoreats.
K.E Magruwon, Department of Medical Microuology Unieruty of Linkbping

§-581 85 LinkSpizg Swrden.

Reomved 27+ 77 Accepted 27v77
Phys:co-chermical surface properties of
smooth (5) Salmonella typhimurtum 395 MS
and a senes of R mutants derrved from 1t
have been related to the chemcal compos.
o of the cell wall Lipopol de (LPS)
(7) wirulence (4) and phagocytoss (16 1m

o4

It has been thown recently by aqueows two-

phase partiomng with hydrophob:e PEG-
tate that MRI10-bactena (IITl)d mutant)
\RIC-LPS are [able to

:-:’-‘mn whercas MS (wikd type) bactena

and MS-LPS are pot. The tendency to sonit

mtmmonwunkoreducedm[btsnmm



(13) Sune both bydrophobicity and charge
are tmpartant for the outcome of the contact
between the pucroonganmm and the bost cel
(17 19) experments wers undevtaken finstly
o determme the roface-charge charactes
xoa of different Sadmonslle typhimwnam
bactera and secondly 1o assem to what extent
these propernes could be nttributed to the
wrface LPS.

Parihon m 2 dextran-PEG
e pomtrvely (tr
o begatrvely (wiphonate) charged PEG
wod free 2one electrophoress dhcerped & sub-
santhlly greater negatve surface charge on
3R10 than oo MS bactern and LPS.

tvo-phase sy

sdorla N

MATERIALS AND METHODS
Bactrria The wocoth, wooose virskent Selmenslls
typhownrim 393 M8 and LT2, and the mutaats
demed from them bave been downbed earber
(11) Al rains wers kape at 4 C ou agur sty
befory e, Backta wos haneeed gud
beat kiled a5 described previowmly (35) The wri-
“malatnec{ g2l ) -4-aplaner

atrd sceordiog
w Liadberg ¢t & (10) m giwcose medium in the
sbwencs of palactoss yeldmg LT2 M1 (gla) oe I

bacterm (M8, LT2 M1 grown with galacwsr) by
the phesol/water mathod described by Westphal
o (21) nd from X becteria (MR10 LT2 M1
Fown wihooy galacios) by the phenolichlars
form/petrofenm eiher raethed to Gale-
A el ()

Laboling of bectrna ead LPS The bactena
wery bellad with %G e descrided

(13) The LPB ww Labefled with "Cr in the
folrwg way (2) LPE was rowpended In disalled

wus omed with 0% ml Na, #'CrO (03
08C3) and mcubated &t 377 C Aftar 3¢ h the mie
tory wat dulpsed agaimt
spuficent actnity eould be detworad fa the dialy
atr Froally the labafled LPS wes comcentrated wo
paronmately 10 mgAml

Phass rtems A taopham ez (1) wes pre
pured from ook sohetions of 70 per crmt PEO 6000
{Carboway 6000 Unsm

axis (§) The waternl of
fraction was determined by scxnning fn altoe fobet
Light by carbolydrats by the an-

RESULTS

Influence of surface LPS gructure on perti-
tomrg 1t has been shown earfier thay the
partition of § typhomanem 595 MS difiers
widely from that of § typhemsrms 395
AMRID {16) The paration of ther LPS wag
eoflar to the partioon of the correlated
nnjnxTh-m,zheShnammddrSLPS
were recovered from tubes with hagher num-
htlllcmq\.moflfﬁmtyfu'them
rr.hp*n:.\-hcrmthnllh:tmmdﬂn
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(PEG) was umilar to the partition of the corresponding surface T (LFS)
Furtber partstion analyss with charged PEG showed that § bactens and theur LS exposed
\!nlhdechnmwhmkhummdzbanPswlmﬂmm"f‘m
at neutral pH Free rone clectrophocess also indicated that the B bacteris have s much lower
md-uchxmdmﬂq&.n&ekhamninmdmdhﬁyndlﬁmm{nw;ﬂ;
nm,thapbnfco—chﬂmtdpmperﬂudlheb‘dm‘lnﬁmmlehﬂdﬂtmlﬂtd
great extent by the characteruties of the cell surface LPS

% haride surface charge squeoas rao-phax

Key words Sal; Tia Syp pop
sntems  free roue electropboretis
K. E. Magnugon, Department of Medical Microbsology Unvenity of LinkBpng,

8381 85 LinkOping, Sweden.

o
Received 27v 77 Accepted 27v 77 It has been shown mf?;,’;,;ﬂ;:”p?o
TOperties rabon '

PhV'XCD-Ch:ﬂ:‘L@] nru.rfﬂc'c ; 395 MOS( fh'nc e that ﬁRIO—burma (Rd—mut::;:
e R t;'n'u derived from 1t and MRIGLPS are Lable to hydroph
— ‘b:::u l‘:icd r?udm chemical compos:  interaction, whereas MS (wild type) h$
h.wof the :U wall bipo e (LPS) and BS-LPS are not. The tmo‘cnhtz éam-;m
?;,;J virulence (4) and phagocytoss (16 17} interaction was also reduced 1o ¢




(13) Smee both hydrophoblaty and charge
munpomm{md:unmmﬂuldncmun
between the meroonganam and the host cell
17 19) expermments were undertaken firstly
o determine the surfacecharge character

tmcteria and secondly to ames to what extent
these properties could be sttributed to the

grea
AR1D than on MS bectera and LPS.

MATERIALS AND METHODS

e Taoant, LTI M1 oo cnlovated
o Ladberg ot o (10) In ghacow medim b the
smnce of galacoms yickding LT2 31 (gho) o
the prence of galaciose ghmg LT2 M1 (ga))
23 LPS wa exmracted brom B
becierm (M8 LT2 M1 growa with malaciow) by
& phenolfaater method described by Waertphal
e o (21) and from W bectena (MR10, LT? A1
by the phesol/chlaro-
to Gels

13} The LPS way hbeled with MCr m the
follow.og wey (2) LPS was sompendad in digled
whier 0 coneratmpom of $ mg/ml T md of thi

maapewded fn 130 ml of the complets phaes sysera
veers added wo cavity 1 and 11 In gidy way two
miples wer soabyed y and the &
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Fig | Counter<current distributson (°9 transfers)

of § typhimunam 395 MS (#) and 395 MRID
(O) bacteria (A) and their respectrve hpopoly-
sacchandes (B) The celb and LPS were labelled
with #1Cr

R LPS were recovered from the earlier tubes
as a consequence of affimty for the dextran-
nich phase (Fig 1) The partion of LP§
from a UDP-galactose4-epuneraseles mu
tant, LT2 M1 was determuned by the com
poution of the growth medium (Fig 2)
Thus, cultivation of bacteria in the absence
of galactose which did not allow synthess of
S-specific LPS made the partition of both
the bactera and their LPS umilar to that of
RI10 By adding galactoss to the growth me
dum, which made possible synthesis of the
S-specific repeating unit, the partiton of bac
tera and LPS became more umular to MS.
Partition of bactena and corresponding
LPS 1n the presence of charged PEG The
presence of TMA PEG or S-PEG n different
concentrations  (6.25 and 125 per cent
{w/w)) did not influence the partiton of
\{S bactena (Fig 3) or LPS (Frg 4) In
contrast, R10 bactena (Fig 3) and LPS

aQqn

(Fig 4) were gradually moved towards te
top phase by increasmg concentratons of
TMA PEG whereas the partinon was Btk
mfhlienced at esther concentratien of STEC
Effect of pH on partition \ araton of pH
between 2.5 and 8.5 produced no mexaunble
change in the partition of MS bactena and
LPS (Table 1) At pH rangmg between 83
and 3.5 the partiton of RI0 bactern and
LPS was lttle affected. Further reducton o
the pH to 2.5 enhanced the effect, However
onh 27 per cent of the bactern and 53 per
cent of the LPS were 1n the bottom phae 4
compared to 79 and 93 per cent respectrvely

at pH = 85
Electrophorens of bactena and LPS Free
rone electrophorens (6) was performed @
tro-HAc buffers of the same tomc strength
but with different pH Typxal scanning -
grams from LT2 M1 (gal) bactena and LTS
are reproduced in Fig 5a and 5b, respectne-
ly Most electrophoretic duagrams with ba
tena showed more than one peak. However
1t was easy to decade which peak(s) comee
A

™
ew}
»
E
E 5 -
0
) 10 20 »
B
-
=Y
2 4
»
E
a
- ﬂ .A-
0 0 20 »
Tube number
Fig 2 Countercurrent dustribution (29 mm"‘l‘l‘
of 4 DUP-pl4-puoerawles mutast (LT w

grown 4 b in mediom without galactow
with galactowe () (A) and their eepecthe ‘g
(B) The cells and LTS were labelled with
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O = top pham, O w bot
om phae, The LPS was labeiled with 2Cr

ponded o bacteris ouin to dheir

Tbe other peak(s} i the bacterial sample
vpresented non-celbocnd material, The mo-
talives were calculated »s hed

(6) They wre amembled i Table 2. The
mh’d'mrﬂmmdﬂhy

the anode than the Shm:-n_ud‘
thoe presenting an argument for & grewer
T A gk mcrvbend v Bt B, L3

TABLE 1| Partithen of 8. typtostium 393 1S
exd RIO Bacteria exd LPS in
Aqusens Two-phese Sytems ) & Different pH

Perccnxb-:uﬂnndmummph.n
e ——

Pacteria
vH Ms  MRIO MS  MRIO
23 ) 77 4 19
X 7 o 4+ %
P} 7 8 4 %
53 7 7 + %8
5 7 76 4 o
73 7 7 4 9
a8 7 ka2 H 9

) Phas composirow 628 per cent (w/w) dex
tras, & & per crat w/w) PEG 01 M NI,
and 0.03 3 cltratephoephate balfer (1.3-7.3)
or 0.03 M trl bulfer {75-85)

Wﬁﬁm’fxmdnrge-'l'bcmlilntymln-
creased by augmenting the pH from 35 to
70 and 8.6, With the LPS uv
m“lcmpmmdhymd;‘m
apatyrs of witbdrawn fracyoms for the jocal-
W"‘d‘:l’c‘h-rl!--"hlbmﬂuxzhg
LPS was heterogenous and contained materl
of both carbolydrate and protemaceous na

DISCUSSION

and o the
(Fig 1) the partibon mdo (1) of R ¢
was 038 (peak in tube 8) whuch g
mh‘hnotkmmp_&“fs‘:m“
way recovered in tbe 28 and that of S LPS
I tube 27 Further expermpents
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Table 2 Mobilittes } of Salmonella typlumurrum Bactenad) and Lipopolysacchandes ) o rCm
005 \f T'ris HAC Bsffers (ad) = 005)

H Bacterla . B——
® MS MRI0  LTZMI (slu) LT2MI (gal) LT2M1 (gwy LT2MI(gl)
0 D}
35 03 16 77 13 { N
70 14 14 98 40 ND ND
14 { 4
86 18 17 12 20 { 2 18

In —107% cmtsecivalt? d) a = lonic strength,
b; P:Ahdﬂerm!ntdb'ruv'bﬂ?m ) ND = Not determined
) Peats derermined by carbohydrate snahnis

Q4R



tymal R and § bacters of the me UDP
galA-cpamerascless  mutant, LT2 M1 gave
amalogom resatty (Fig 2) These results con-
firm that the sarface LPS mflusnces decmve
Iy the physicochemical guriace propert=.

By mcluding charged PEG m the dextran-
PEG ywiern, charge effects at partitioning
are amplified. Purtxcies of oppowite charge to
the substituted PEG are attracted to the top
phax, whereas thase of the mme charge are
repelled (1 8) R bactera (Fig. 3) and R

:b(uuphmumhnaugemryn(LPthm.cd
may however be only apparcat. The differ
entpnhm;gh:merpundmthPS,m
micelles of LPS or to a precipitste of LPS.
1t should be poted that for some bacteria
nndl]]mpo}yncdnndﬂlhtm:bﬂltydldw
mcrm:nmulnneom}ym:hmmnxh:
pH (Table 2) This observaton indicates
that aozops are desorbed from the corll sur
bctlnd/nfumn.dm&xd“bﬂ\pﬂb
aea:-urdnubenn{ucm-unmh-lmd
n wuch 2 way that amons are hidden and/ar
canons exposed. As regards the hydrophob:
clty of the bacterm, it was proposed that the
complete LPS of for fustance, MS bacteris
was and blocked more hydro-
phobic regiom, primarily the lpsd A (13)
The present results suggest a pmilar funchon
abo with respect to charge interacton. How
ever they do pot exclude the influcnce of
other envelope cocatituents, Basal-core phage-
receptons bave achully been found alo 1n §
strams although in ol quantbes (12} The
greater clectrophorete mobility of LT2 Ml
(gal) than of MS may aho reflect an meam-
pleteoem of the surface laper of LT2Mi
Phages that me outer membrane protemms a
therr recepton bave alyo been thows to Inter
*ct to & grester extent with strains of Salmo-
aelle typhimunem that lack the complete
O-antygen (14) In the LPS the potentully
pegatively charged groups are the core
2-deoxyoctyooate  (KDO) and  phosphate
wroups linking different PS chains. However
smce the preparasons of the different LBS

spplies
e Pt 385 RO 1o U2 30
{

In Fig 3b w0 Ut -peaks and tmo
bydrate peaks can be seen. Similar hetero
geoeity wan found tn most of the Epopok
dnrﬂucnmincd,udmmnycq)a‘hnam
the U\ and carbobydrate peaks dod niot oo,
mdeﬁnnnknndﬁﬂcuhmrmd.chx
relanoathip between the mobilites of the
Ipopolyseceharkday

=

e Fpdmplotety (13 19) aod
PTesent mvertigat:on)
to characterze the surface of R )_‘cﬁ
Mm&&mmmmmm‘
bost celly, whereas by drophilicity pad abse
d““’!‘mshunnmimlmmm

However ti;erehz:mhetm:cnnq.mt
o xy be rather

brydrophotacity
whtle. 1f the pegame charge b
superficalt mtroduced
to the LPS for mstance a3 the

Rtatgen of certan Eschenckis coly, 1t
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Fig 5 Typical electropboretde diagram of LT? M1 (gal) bacterin ¢
and of LPS d Ined by UV- ing and carbohyd avalyns (b) B indicates bactens ead
carbohydrate, § startng point and ) direction towards xnode

! Bactenad) and Lipopolysaschandes ) a1 12 €

Table 2 Mobiltser } of Salmonells 1y
0.05 M TrHAC Buffers (xd) = 0.05)
Bacterla o L”,_’—’)'
P Ms | MRI0 LTZMI (gh) LTZ A1 (gal) LTZMI (gla) LT231 (s
0 ND )
55 03 16 77 15 { 2
70 14 I 98 40 ND N.:)
14
86 18 17 12 20 22 { 18

1 d) x = sonk strength,
5; IPnhn ‘]dcttrmlnu—' m‘t::{rv abeorption. J ND = Not determuned.
) Peaks determined by carbobydrate anatysis.
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ty-ph]luvdsbn:w’noitbtm\mf'

mutant, LT2 M1 gme
amalogoat rexults (Fig 2) These results coo-
firm that the surface LPS influences deasve-

the physico-chemical surface propestics.

}yByhﬂndmgchrgni?minl}wdmn
PEG wptem, charge effects at paruboamyg
we amplified. Particles of oppomte charge to
the sobstrtuted PEG are attracted to the top
phaw, wherens those of the same charge are
repelied {1 8) R bactera (Fig. 3) and R
LPS (Fig 4) were moved towards the top

2 of e § bactens 395 S and LT2 A1
4 STer with the dicrepancy in the
thay aho the of their mobilities, mdicats
mmﬁn“ush‘“’hm‘!hﬁwdﬂu
uth:_:j‘”"-*mmlppﬁum
th 3% MRIO and LTZ M1

be seen. Similar hetero.

Chamt e e most of the Lipopelyrac

the UV ang 20d m many expertments
peaks did

exde This make £ difficnlt 1 find 3 chocy

Iy betneen the mobiliter of the

the bacterm. The
E~

tkctxvphmhnuugtnutynfLPSobtncd
may however be only apparent. The differ
ent peaks mught correspond to free LPS to
micelles of LPS or to & preaputate of LPS

It sbould be poted that for some bactena

INCTCASE

pH (Table 2)
that anons are desorbed from the cell sur
face and/or catons adsorbed when pH m-
croases or that the surface urocture is altered
in such a way that anfons are hidden and/oc
catfors exposed. As regards the hydrophoby
ity of the bacteria, 1t was proposed that the
complete LPS of for instance, MS hactera
way hydrophilic and blocked more hydro-
pbobic regions, pnmarily the Ipd A (13)
The present results suggest a similar foncton
abo with respect to charge interacoon. How
cver they do not exclude the mfhence of
other envelope contituents. Basl-core phage
receptors have actually been found also in §
uraing although 10 mmll quantues (12) The
greater electropborete mobility of LT2 A1
(gal) than of M3 may abo reflect an ncom-
pletenem of the surface layer of LT2 MJ
Phages that use outer-membrane proteim a3
their receptons have abo been shown 10 mter
act to a greater extent with strains of Salme-
nelle typhrmanum that lack the complete
O-antigen (14) In the LPS the potentially
pegainely charged groups are the core
2deoxyoctyomate (KDO) and  phosphate
groups linkung different PS chaim. However
since the preparatom of the different LPS
werd not free from UV-absorbmg materal
ao influence of protein canoot be excluded
To conchude, hydrophoteaity (13 19) and
negative charge (present imestigation) seem
to characterze the surface of R bactena
which arc Lable to contact with different
st cels, whereas yclrophilicety and abmence
of charge on 8 bactena work againt an mter

However the relation between negatne
charge and hydrophobiaity may be rather
subtle. 1f the negatre charge 5 mioduced
wepertically 10 the LPS for lnstance as the
Reantgen of certam Ercherchia coli, 1t



seems to increase resutance to phagocytocs
(unpubluhed observation) The preese me
chanusms of thi behaviour remain to be

after addiuon of D-galactore to the ordme
dinh 1 1 f

postast
Salmoxella typhrmurizm LT2 M1 ] Baen-
ol 102 340-547 1970

clanfied.
11 Lindberg, A A & Hellergnd € G Baoe
hag ¥ ntes, merological specilz
- ity and chemical compositon of the lipopoly-
The 1 of Kerstn H. and handes of h and rough mutes
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INTERACTION OF HYDROAYAPATITE
AND PROTEIN-COATED
HYDROXYAPATITE WITH STREPTOCOCGGUS
MUTANS AND STREPTOGOGGUS SANGUIS

Guear Rotua, Staxiey A, Rowusn and Vnuaw L Bowmx

Etriogy Bection of the Nanomd Canes Program,
N tomal Insthtwte of Dental Research, NIH, Bethesds, MD 20014 uUsa

RAlla, G, Robeub, 5. A. & Bowen, W H. T teraction of kydrowyapatite and proteim-coated
bydrocyapente with 51 prececons mutens and St ptocecens sanguis. Acta path. microblol
wand Bact B, 33 W1-345, 1977

Tha prescat stady showed that § mrtans and 8 seagmy behaed Like megathely-charged par
ey m theur mterscton with hydroayspadts in tro. Phosphate in the system ialhubited
bacterual wptake by patie, wheress calciom Lacresaed the uptake. A hiyer of acxdic prowin
sedblied the ptake of bacteria by hydroxyapatise The oppasito wis troe when  basic protein
was first adsoried 10 the apatits. A ain  [im om the spatite decreased the aptake of bacweria,
mepperiing the e Ahat 2 prote.sa arw sebects ety adsorbed by hydroxyspatita froe mibva
The resats mdicats cearly that ehectrostatic forcss may be Lol ed fn bacterial inweraction

with sooth sarleces,
Key words 2

dental plaqos dental disesse.

G Rila, Det odontoboghle fakultet, Gefmyrry 71 Ouo 4 Norwsy

Rece ed 19077 Aceepied 18 77

exhaunely by Gibbons & e Houte (1975)
While mpecfic adherence factors bave been
d and may be there

theory for tha bon exchange model hay been
developed by Bernard: ot o (1972) who
wed hydroxyapatte columm for the separa
ton of proteins This paper presents data to
eanune the nature of the binding of § mux

are aho bl Tl’f -
of bacternl atachment to a tooth murface
aated with pellicke protem. R iy exch
& poo-specilc mechanim has been outlined
based on the smphotetsc natare of hydroxy-
apatte the wonuc nature of pelficle

and the negause charge on the nurface of
tactens (RBlle 1976, 1977) The genensl




hydroxyapatite had fallen oat of ruspention. Whes

phuse In 2 N,-CO, (95 %) bere at 37 G
in Jordan s streptococeal growth medlum and Bran
Heart Infusion (Dlfco)

Carben 14 was incorporated Into the cells by
growth 1n a medium containing labelled amino
scids obtained from an algal protein hydrotysate
Fifty microhtres (2.5 microcumes) of »# arerfle

y
adsorption was determined m the preence of o
arganic 1ons alope the organnms and dikwent werr
sdded to the 100 mg hydrosyapatite tample aod
the moxture agitated, and the bydrovyapatie wa
then allowed to {all oot of smpenton at rom
temperature {or 30 minuter. One ml alquots of e

left in were remoed and

uniformly C-14 labelled algal protein hydroly
amino acid muxture (Amenham/Searle) ways added
ascptically to 100 ml of liqud medium in a 250
m! Erlenmeyer fluk The broth was jnoculated
with the organum and Incubated 2t 37 € in 1
New Brumwick Aquatherm shaking water bath in
an N;-CO, (83 3 per cent) atmosphere until the
cells were In stationary phase The cells were sedl
mented by ceatnfugation in an International clin
iwcal eentrifoge and the old medium discarded The
bacteral sediment wac then made up in 100 ml
of fresh medim and allowed to grow to stationary
phase The cells were harvested by centrifugation
and the cell mant washed with dustilled water Thas
was repeated three umes, yleld.ng a supernatant l.q
wid which wat no more than twice the background
count when amayed with the acid of a Packard
Tr-Carb liquad scintillation counter Dry weight of
bacteria was ealeulated from the turbldity of the
suspensfon deternuned a2t 550 nm In ! mm cells in
4 Gilford 2400 spectrophotometer These data were
compared with dry weight/tarbidity relation pre-
viously calkculated for § mutenr and 5§ sanguis
Becamwse the organhms were grown in similar con
duittons, the cell yields were simllar and correspond
ed to about 7 3 mlcrograms dry weaght of organlen
per mwcralitre of bacterial suspendon

Reagents
Protamine phosphate was from Sigma bovine
albumin fraction V from Armour and hydroxyla
patite Blo Gel HTP from Blo-Rad. Salnva war cok
lected 1n a test tube from ooe of w3 (G R.) and

used in these experiments without further treat
ment

Assay
100 my samples of bydrocyapatite w re weighed
fnto 16 x 130 mm test tubes and the appropnate
proteins or samples of saliva were added s 3 md
of distilled water The mixture was agiated w th
a Vortex murer and allowed to stand at room
temperatuse {23 C) for 10 min. The hydroxyapa
tite was sedimented by centrifugation in ao intema
t oaal clinical centafuge The supernatant flud was
decanted from the pached sed-ment and discarded

Th bﬂ:‘dmlmnﬂwlhtﬂlddfdlnlz
or ; ml total volume of dlluent as mdlented, and

the hydroxyapatite and bacterial muxture were re
nupcnr:cd by agitation with the ald of a Vortex
mixer This mixture was allowed to stand at room
temperature for 30 mmutes, ar which tme the

translerred to sclntillation vials contaruag 10 =
of Packard “Inta-Gel” for nssay of C-14 wg 1
Lquid sintTlston counter When aliquots of cels
were allowed to stand at room temperature for 90
nmunutes, there was no detectable low in rade-
actvity 1n the bulk wlunen dur to seufieg of
some portion of the bactenal suspension,

RESULTS

Preluminary expenments confirmed that 3
pasitive correlation exmted between the s
face area {or weight) of the apatite and the
number of bactera adsorbed. One hundred
mg of apatite was found to be prtable for
the volume and concentratians of bacterd
chosen and the time of interaction allowed
All the experiments were performed with ths
amount of hydroxyapatite and three different
concentrations of bactena. All data compsrd
i any one of our figurey were cbtaled 0
one senes of experiments performed at the
same time with dentica] batches of bactrna.
The speafic actvity of the bactema wi
usually 8 to 5 x 107 cpm per ml, when
diluted 1n 10 ml of santillation hqud

Fig 1 shows the effect of inorganrc toms on
the adsorption of glucose-grown § mutans 10
hydroxyapatite. Calcrum \mcreased the uptake
of § mutans markedly whereas the amon
fhuonde and phasphate decreased the uptbe
to about 50 per cent of the potentially od-
sorbable cells. When 30 mM of phesphate
was present dunng the adsorption procesy,
almost no uptake of bactena was observed:
Caleum, phosphate and fluonde showed 2
wmilar influence on the adsorption of
rengus m identical expenments About 30-
70 per cent of the avalable bactena wert
usually taken up by the apante n owr 1
system under normal conditiom, a3 exempli-
fied by the water control i Fig 1 In
contrast when sucrose-grown S mulans Wt
used with untreated hydroxyapaite an up-



of § sempwrs by protein-treated apatitc
showed the same pattern a3 described for
S mutans

DISCUSSION

A model connstant with all the data pre

sented 10 thy paper has been proposed by

R5lla (1976 1977) to describe the

of events in the adherence of bacterm to the

tooth surface The emence of the model

that acdic protems are adsorbed to the
5 hd

100 0 200
VOLUME OF BACTERIAL SUSPENSION (Macrokans)

Py I Effect of flooride, calchum and phowphate
o0 the achorpt on of alagoots of labelled 5 mutens
t 100 oy amomxts of kydrowyapatite, Orgastinns
sduoebed 10 3 m! toal vohuma of water

=oa (0) m the prewoos of 10 mAM Cedd, (0)
10 @M FaF (¢) aad 10 mM phohais butfer
(A) Activity of habelled bacterie 2393 couat
Per 300 necrolitre olume of bectene Comats ade

wocbed are cpremed o fraction of the 300 micro-
Litre wotal.

ke of more than 90 per cent of the bacterm
vas obeerved (Fy 2 and 4) and
more cells were acsorbed 1n the presence of
phombate (Fig 2) thus mdicatmg a
l!ﬁn:ty{ahl:d:wm"y strooger
S mutens grown
The effect of different films sdwrbed to
the apatiie mxface on rubsequent uptake of

dMMMIme
that of mlna mp“mc‘ﬂ!})[o(

'hnmdeﬂﬂfdthc
puTom-grown bacters by mlva
treated bydraxyapatite (Fg 4) The upake

P wrfaces of the
emamel. Thy protein nufece or pellick then
bunds the negatively-charged bacteral mrface
by meam of calcum bndges Certam pre
dictors can be made from the mode! about
the effect of various an.ons oa the adsorption
of protrins to hydroxyapaute partcles and
the subsequent b.oding of bactern to these

mamnkmmdghghmpmg

)

xw 200 o

VOLUME OF BACTERLAL SUSPENSION | Mrobmny
Fu 2 Effoct of phorphutc on
mx—,(b\n) mhﬂﬂm;

mcTm, a3 dacrbed in the
mhw"m‘”‘h-ﬂnum

aar (0) and In prmencs of 10
P{:‘thl:;ﬂ“(“)/\dvhydm mi
W“‘:‘( PeT exxt) of callt was 5600 conrary



PERCENT ADSORBED
8

1 ! —
100 00 X0
VOLUME OF BACTERIAL SUSPENSION (Microfisers)
Fig 3 Effect of jons and protemns on the adsorp-
tlon of § mutens (L\7) to hydroxyapatite. Cell
concentration and anay as described 1n the me-
thods Proteins  Protamine phosphate and bovine
serum afbumin ! mg/ml Saliva was from one of
us (G R.) The 100 mg hydroxyapatite was pre-
treated with 3 ml of the protem solution or water
for the concentrations described In the method
and spoy performed after hydrovpapatite particles
had setded Ths actreity of cells was 2057 counts
per 2 10 300 microlitres = 100 per cent. (Untreat
ed apatite (O) protawmune-treated (&) albunun
treated (0) salna-treated (W)

surface (or mther of the hydration shell
covening the surface) and the aniomc nature
of the bactenal surface. Free anions will tend
to compete wth the negatively-charged bac
tera Acidic protein bound to the hydroxy
apatite surface will reduce the catiomic nature
of the surface and suppress binding of bac
terta  while basic protemns should enhance
the cation ¢ nature of the surface and m
crease the amount of binding The data
presented 1n thus paper conform to the model
mm all respects.

In the case of glucose-grown celly, the
presence of phosphate or fluonde as common
anions effectively suppressed the binding of
S mutans and § sanguts to the hydroqapa
ute. The amomc character of the surface of
S mutans could be enhanced by grow ng the

44

organums i the presence of sucroe. Thn
has been demonstruted by studies on the
binding of glucose-grown and sucrosegrone
cells of § mutans to 1on exchange matenah
and by direct observation of the elrctropho-
retic properties of the polysacchande from
wicrosegrown cells (Kelgrup & Frrder
Nielsen 1972) Our studies confirmed these
observations. When § mutans was grown
the presence of sucrose, forming pohysmecha
ridecoats on the cells, its amonx character
was strong as seen by the contmued adsorp-
tion of the cells to a hydroxyapante sarlxce
in the presence of the phosphate anron. Thy
concentration of phosphate was sufficent
to suppress mgmificantly the adsorpton of
glucose-grown cells to the hydroxvapaute
surface. Phosphate has been shown to supp-
ress the adsorption of Lpotexchorc scd e
tracted from S mufans to the surface of

100

100 200 xn

VOLUME OF BACTERIAL SUSPENSION (Marokten)
Fr 4 Effect of NaCJ oa the adsorptioa of sicTos”
gronn § m taws (6715) to salna-treated apatite
For the samples indicated, 100 mg of bai;r-g
spatite was treated w ik 3 ml sl After e
mentation as described and decantanon of
ull & the samples were made to 3 ml \nluz:
coutaln.ng cell plus dutilled water (2) 2ad “
mM NsCl (0) A contrel cwuln_lj.:: un(rrt;
hydrovyapatite nas incleded (4) acthd
the cells was 7971 counts per s in 300 sucroli
= 100 per cent.



droxyapante (Crards ot ol 1977) Lipo-
:r_h:l:ldduprennnlh]'ythemlym factor
ln\h:mmgd:of\hcmmlcchnctﬂof
the gurfaces of § mutaws and § sengurr and
the coat of the sucrose-grown S mufens o
Lnown to contam tugh amounts of this sub-
stance, thm rendenng increased chamge w0
the cell (Melowr ot &l 1974 Keldrup &
Fawder Niclsex 1972) The marked influence
of the anwom and catiom oo the adsorption
of bacterta by hyd P d

the peetreatment of hydroxyapatite with &
bmcpmtm,pmumme,cnhmadthenﬂo-

are slecthvely adsorbed to hydromyapatite
from mlva (SSafx & Rlle 1973 Rille &
Embery 1977) The expermment Thutrated m
F}g.{lbmedt.hatlh:hndmgof}nnnu

that the buffer wed may be cruchl m ad-
sarphon experments 1 ritye and i cwo
Some of the present confunon in thi field
m the Lteratmre n undoubtedly crmed by
neglect of tho factor

The results presented 1o this report are m
agreement with thase reported by Ercson ot
& (1975) who alwo thowed, tang turbedity
mezrurements, that the adwoeptron of & mm-
pecnon of § mutens was whibeted when by
drornipatite pastcles were pretreated with
i The more senntrve amay of adsrpton
of redwactvity labelled bacterm way wsed by
Lilpmark & Schawer (1975) who observed
that some straime of oral streptococe were
adwrbed moce completely to salva-coated
bydroyspatite than to uncoated hydroxy-
spatite The dispartty betwern the result we
are reportmg and those reported by Lilpe
mark & Schewer can peesmmably be explam-
d by the hugh phosphate content {0067 M)
10 ther system

The characterntis of the adsorption of
‘:‘"mdmbvdmp-mmmh
ects of vanow 004 have been imvestgated
by Bernardy et ol (1972)

clutmg benc protems froen hydroxyapatite
colmmm, while these jont were ineffective in
the elubon of acde proteim. Tn contase,
Phosphats in low concentrations was effectn e
hdun:qltdxptmfrumhrdw
tte In our current studes, sdsorption of
S mﬂmttﬂwnmpprt-:dﬂmhhr
drexyapatite partcles were pretreated with
an acide protein, alwmn, of with wBva
whxch abo coats the bydsonyapatits parncies
ith acebe protem. As would be experted

to the md. "*"nhvlp-m(nn(pcﬂxdc)w‘u
nduadbymbeprmmeo{ijgl\-Clthm

the rome character of this mrer
action (R3lls 1971)
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TREATMENT OF MYCOPLASMA HYORRHINIS
CONTAMINATED TISSUE CULTURES WITH
A MIXTURE OF ANTIBIOTICS

K. Uizxcst and P Bram

The Fiwger Laboratory oosarsd by the Dankh Cancer Sockety Copeabagun, Denmark

Ulnch, K. 2 Beland, € Tretoscat of Afye plerme Aperrkisls cootimizated tisee culreres
with  rxixtary of satleotes Acts path mcroblol, scand Sect, B, 85 M7-U9 1977

Remits cbtaraed nmny ton of aaubotics % comtrol oercopl i v caltre
sre docrbed, Call sk and etabiubed cefl Bacs from seversd waellen spectes g
& tewn coltory ware found 10 be Woghly contamiazted with M perrhinls. Colteres were
rvaed with 8 murere of thres axtblotis combung of tetracycting and chior

5o tppareat warwameed effects wete ctacred. The wmixtwre of thres antibeotc

ppesred 10 be wpenor © trextment whh

dagly oc

Key words Myeepl tawos exltore;

ol two :

X Ulnch, Tie Fibegar Laboratory Rdr Frib:

de 70 DK 2100 C ha
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Mycophama contammation of twgue cul
Tures often presents a serioun problem becanae
the may prechude many In-
esugatiom by Interfermg with & number of
cell functions (3 9) The probdem becomes
paruculardy senown If the coltures are ire
placeable, in whach case retmble methods for
the mippresron of mycoplesmas in the cu-
mmmdrdAurztyq{mm
of whxh depend on the addinon of snti-
‘("l““;"“'h‘f“hmhnebemmw
)

S.ce a2 widespread contumination with
mycoplema wis found In most cell flnes
carried m our laboratory it &
tory to msnitute an effiaent treatment to con-
trol the fnfection. The present paper descrse

@ Denmerk.

bes the resulns obtaiped with a mixture of
three antibiotran,

MATERIALS AND METHODS



to the method described by Hayflick (4) An 02 ml
mmple of supernatant medium from the suspected
tisrue culture was seeded onto agar (standard 5 cm
Petri duhes with B8 ml of agar medium) and n
4 ml of broth medwm (3) After three days of
Incubation broth cultores were streaked on agar
and also reseeded 1n broth. Thu procedure was
repeated once more. All agar cultures were ncub-
ated for mine days in humdified, atmosphene mr
at 37 C Agar plates were examined for colomes
every three days In one instance, a Targe spea
men broth culture procedure (1) was wed, -
cubating the tota] volome (4 ml) of supernatant
medium with 80 ml of broth as the initlal step 1n
the mycoplasma test.

1d. fi of the mycop! species involved
was Lindly carried out by Dr Kk Lind the Myco-
plasma Laboratory Statens Senumunstitut, Copen
hagen, wmg the metabolic mhilinon test as de-
scribed by Taylor Robtnson o2 ol (10)

Treatment with Axtrbiotics

The following antibiotrcs were usod for the treat
ment of contaminated tissre cultures  Oxytetra-
cychne (O) 25 gg/ml, ncomycin B (N) 500 #g/ml
kanamyen (K) 200 ag/m] gentamicin (G) 100
xg/m! tetracycline (T) 10 ag/ml and chloram-
phenicol (C) 5 pg/ml The antibictics were used
either singly or in different comblnatrons added to
the medium 1n the final concentrations gven
above (7) For two weeks the medium was re-
newed three tmes weekly and each tume f{reshly
prepared antlbiotics were added. After a further
cultivatron perdod of one to four weels m anh
brotse free medium, the cells were tested for myco-
plasmas,

RESUITS

Samples selected at random from the con
tarnmated cell lines showed the presence of
Af hyorrhinis Treatment w th the combina
ton of antibiohics, gentamicin  tetracyclne
and chloramphemcol (GTC) resulted 1n the
apparent ehmination of mycoplasmas from
all cell hines included in the study (Table 1)
In one case the GTC-treatment had to be
repeated before the mycoplasma test became
negative, whereas in another case mycoplas-
mas could not be demonstrated after treat
ment with GC only Neither treatment with
HKR ON rnor O alone was capable of ehm-
natng m lasma infection in the cultures.
An mgfccty:dopund untreated cell me STL-4
which served as pontive control 1n our myTo-

plarma test invanably gave e to growth of
mycoplasma colonies.

TABLE | Culnceion of Mycoplarmas frem Cel
Limes after Treatment wik Different Antibubi

Antibiotics b No. of cell ines
+ mycoplasmas — mycoplema
NK 1 0
ON 1 0
o 4 0
GC 0 1
GTC 1 14

a. Different establuhed cell lines of mous, b
ster and cat origin as well as human embryoeal
cell atrains.

b. Chlorampbemcol (C) 5 ag/ml, Gentamucis (0)
100 xg/ml, Kapamycln (K) 200 sg/ml, heo-
myem B (N) 300 pg/ml, Ovretracychme (0)
25 ag/m! and Tetracycllne (T) 10 pg/ml sl
concentration 1 the cell calture medrm.
Antibiotlc treatment was given for a perod of
14 dayn.

TABLE 2 Cultivetion of Mycoplarmas from &
Conteminated Cell Line (STL-4) after Trestmert
with Different Axtibrofres ather Swagly

or Combnsd
Antiblotics Cultivation of mycoplasss
Day 1-14 Day21  Day4y Dm?
None + + +
G +
TC + .
GTC — — -

+ Chloramphenxol (C) 3 sg/ml, Gentamicia (6)
100 ag/ml and Tetracychoe (T) 10 /ol
final concentranon in the cell culture

b. Large specumen broth culture procedare

Allcelllmuwtremftdmlxqwdmﬂ'ﬂﬁf“
after a negative mycoplasma test w4 obtan-
ed Four of these cell Iines were thawed and
retested after growth m antibiotic free medt
um for various length of tune mangme from
21 to 116 transfers. Myvoplasmas could pot
be demonstrated by cultiwation 11 an¥ of the
four cell lines.

The efficrency of the treatment with GTC
was further establshed by treating the =
fected STL-4 cell Line with G alone of with



T and G together to compare freatments.
Only the GTC treated culture became myjco-

me and remamed 10 when test
o after 35 and 56 dap of cultvabon
(Table 2)

DISCUSSION

A mumber of cell Lines in our laboratory were
contammated with ny Ths was
exdenced by eytopathic effects (CPE) such
o rnuss) acdifxation of the culture med:
um and rounding up and detachment of the
cefh Myvoplasmas were demomstrated 1
these cell Lmes by cultraton of typacal myco-
plsma colonses on agar The anly myeoplas-
=3 tpecs found I the cell Boes was A
kyorrhrus Despite reports that A yorrhimn
may be diificult to cultrate (8) demonstra
ton of the rmycoplammas by growth in broth
and agar worled ery reliably

Our resuls elearly Indicate that gentam
an, tetracy chioe and chiorampbenseol In com-
binaton are supenoc to & single anthobe of
&en a combamaton of two antibeoticn After
G’T(—u—umrnldlum)m-phmcm»
zatrd eell bner, CPE doappeared and myeo-
Ploseas could not be demonstrated by culid-
Taton at repeated ocoanom even after peo-
forged cultnation of the cell Lines in ant-
b ot free medrum

During the described treamment with GTC,
Uwe caaber of cells {n the cultures wnally
became statomary as indicated by lack of
need for mbcultunng However no apparent
el lom was ever obmerved and cultures wl
wav reumed normal frowth immediately
fier termmation of the treatment. In addi-
ton, 0o advene effects were obwened on cell
morphalogy  growth patterm, platny efGa-

encies or virs multiplicatiops in cell Fnes
that had undergone treagment.

The o thon wih 1o ackpomledye the eccellent
techocal amuance of Merress Hemn Ulls
Bockh & and Burthe Autonsen

-

P

-

»

s
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BRIEF REPORTS

SINGLE-CELL PROTEIN AS A BACTERIAL SUBSTRATE
Kdre Fossum and Torbjern Alm5d

Department of Microblology and Imnounology Veterinary College of Notway Oulo, Norwsy

h bacteria tested were able to grow

It was found that the path and

y
and produce extracellular entymes and toxins in substrates based oo extract fram variow

products of Bingle-cel! protein {SCP)

a1 well a3 10 suspenslons of SCP In addition to the

hyenic aspects of these findings the possibility of utllzng SCP as substrate for culthation

of bacteria Is pownted out.

Key words Singlecell protein bacterial suburate taxm production,
Kire Fossum, Department of Microblolegy and Immunolosy Vetetinary College of Norway

PO Bor 8146 Dep, Oslo | Norway
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The question of whether pathogenic, and poten-
Lul}ypu.hogmc,banm.-m-b!emuwmd
produce toxims I substrates consbsting of Single-
cell protein® (SCP) has aren with the introdoc
tion of BCP a3 an amimal feedstuff The possibility

water followed by cenmfugation and filtration

%0 as to contain 1.5-2 per cent protewn. The bac
teria tested (Clodnidinm perfrmgens E:M:th-
d Sal xet

coli P, Ls
and Staphyl aurens) all grew in Bod

exists that the water acthity and the
of such products can, umntentionally be favour
able for a pufficsent kength of time to allow soch
growth

In the present work peptone and meat extract
m\'lrlomcuhmnrdhnmnphc:dnnhcx
tracts of scveral relevant commercial 8CP products
of bacterial and fungal origin The extrscts were
cbtuned by bolling the various $CP products 1n

* The term =Singlecell protein™ was introduced
m 1966 by { C Wusox AL h
Instutute of Technology to demgnate food- and
feedstuffs made out of cells of microorganisms
such as bactera, fungy, yeasts and algae. For
introductory nformaton sce Meteles R 1 &
Tennenbaxm § R (Eds) Siglecell proteln.

media and on agar medis with the SCP-cxtracts
15 the only nutnent, and alo in suspemsoss of
the SCP-products. The growth rates differed sese-
what, but werr, 1n some SCP product, simllar to
the controls, Bactena producing extracellular e~
1ymes wch as amylates DNases, haemolpuns, Lip-
aset and proteinases alio gave roc to thee e
Tymes when grown in SCP-substrates. The prodec
ton of tomn by Clastndiem betsbaxm wiy
somre cases, hugher when the organbm was grOn3

yield was obtaned 1n SCP extract. In suspenslons
of SCP however toxin production was geoerally

low

These results inducate that pathogesic, and po-
teatially pathogenic bicteria and todln prodecy
bactena can grow aad prodoce toxins in SC
betrates, and that SCP may be utilized a3 sub-

p. 3-7 and BA jeu
a1 potenual sources of food. Advanc. appl M}

crobuol 13 139-161 1970

rrate for culthaton of bacterla
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SMALL SPHERICAL VIRUBER IN FAECES FROM GASTROENTERITIS PATIENTS
Ensabeth Kjpdddberg

N.wllnﬂimdhﬂxﬂnlﬂ:,&hw

Kieldabery, E. Seonll sphaical vires [ facces from gustroeaterfth paticats. Acta path. miero-
ol acand Bect. B, 85 331-334 1977

Faeca] secpies from 238 patiemns with Ersrroetariils wer examined by direet eectron acr>-

perlormed cn  werom palr 534 {secm
mmmwmmm&mmquldm
wfection

Koy words Gutroenterith eheciron macToecopy el

Lxmnmxmmdhﬂ:mm\»%x Nocwuy

Recaned 10w 77 Accepied DT

Evwr mocs K ek ot b (1672) and Bushap o
o, {1973) damertbrd

aget (3) wes the firt mnal] ephancal viros so be
wmocusted with acwe  bafection

Receatly  partcles aith Indwtine
noebhable from feme calichine (1 & 1) wers
obweried 10 farcal sampie {rom
hariory of eatent or o ool
A wotal of 238 {secal samples froes grstrecwtes

oo

T

froca all over Norsay durmy the period
Awguat 1876 s0 Froemary 1977 The perposs was
v oaupe tbe kind of viress meoclated with
Futrorttart m b country Tt wes thowght that

Direet Elactren Micrescepy






Abwr betzg muxed with &n eioal yohume of 2 per
oot phosphotungstic ackd (PTA) pH 7 drop
wae placed on & carbon costed gnd. Aher 30
orrm flakd was remoned wlth [ty paper aod the
K wie allowed 1o dry fn the alr The grid s
ecommaed b & JEM 100B electron. microecopo at
gxification of 30000

PTA & described for {ascal extracts,

Immeee Eloctren AMicroxcopy

Fareal extract wa fihered throogh 2 om
UMipore flter pore sim 1.2 g aad 043 am
A 0B ml alpot of rock fitme wis

t rocen teaperature for 60 min with 02 ol aotr

meall tresLke
coid bu clamiined on the hesls of their morpho-
Togical

wrectare.

Yorrms from 4 pateats contased particles re
swerabliog the Noowalk sguct (Frg 1) These were
abovt 3 pm o dlameter and were meT 1o hn
‘CApeocoeTy

togy

The e
b 1n 10 of the sempies bad  morpho-
4 descnbed for esronlrms (7) (Fig. 2) The

Pz 1 Noraalk spentlibs partcles = fascal ex
Tt

T4 7 Asrovirms partcles m faecn] evtract

Pr 3 Docxose ehectron
mucrecopy of astroniros

ocubyted woth ) PES L) scune

thexT wrom =R, ) con-

F1 4 Cabonum in feecal exract.

1 3 Panesrosble paccien w faecal

et presied 1 25000 x mage

of a 56 pointsd sar Imeomme chectren
mp-ympcdomtd-n‘mmdmnbu:m
seraen from ocs of petieass, & 12 yest old
boy The cootrol with phowphste
(PBS) 1howed partcles, bet £o kgn of
aatbody (Fig 31) Agprtgate, probably coo-
between the were peen
with scwte serm (Frg. 3b) WIth comvalesomt
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A SIMPLE BLOOD AGAR PLATE MEDIUM
FOR DEMONSTRATION OF THE STREFTOCOCCAL SERUM OPACTTY REACTION
Inger Belfrage-Sanrin axd Poxl Chngonsen

The Inmirate of Madieal Marohiology Usbvernty of Lund, Sweden

Betfrage-Sacafs, L & Chrisrasen, P Ahﬂeﬂadm:pmlmﬂmlwlhdmﬁm
dhwmmdwmmpmmmmn.u 393-356,
1977

Flood tgar plates for demoasration of the strwptococcal sermn spacity reaction were pre-
pared by pourtag fato Pem dhas four layem, one above the otber Ln the Iollowing sequencs
1 agae; 1. barvesbacep Bood mived with aqae 3 porcine srom b agerose and 4 agarose.

Accepted 2177 ocbtaiaed roatine wnt 1o oor labar
-T\‘tn(wupmyhcwrprudsdmh‘hl atory prouplug win performaed as de
nace scnbed
fird of e Mtypes of growp A o, Drmessiration of the serem epack
y facter Opa-
meacly form the opackT factor whercas a1l cavm- factar was # dracrbed by Les
‘“d?wmm»apm ted ot &l {(bw dide matbod) (2) Overaight cal

decribed two mcthods, the T mpermatint from Todd Hewire broth was

cultare mepermaixnt o @ crllextrect of The blood apar plases for
 be vesed et oot dm'::""ﬂ"“’“”'
The presewt paper dewcribes a mosple blood aper  POOTIOR four one abov \hudmhmhz
medum on which it was posble to disiqust G2 (9 cm disseter, A/S NUNG, Denmark) i
ey S producng factoy D% Fellowing wequenes” 110 ml pee plata of 40
+) amd opacry roaction megane ($OR-)  Dood AT base (Oacid, QU1 53) i | ZuriZlen
o rm;t)lb-ﬂhn-a&'puma.‘,,-7ww

vol/vol.) horm blood

Materats end Methods “M'“me‘:zwdm}dmwmw
Strmas Fidirsnen growp A strepocoeaal erpt that Blood aqar baee Ko, 2 (Gend CM 371)
wtr sehecid &t 2adamn frocm Aoy che T —d 3 ""‘"““ﬂdwul”n
wraim ol porcies serem 1 1 per perx



ability to demonstrate small spherfcal viruses earler
may bo due to the difficulty of recognurng these
amonyg the matenal usually present in faecal ex
tracts, Suspensions of facces may contan bacteria,
broken flagellae cellolar frapments and bacterio-
phages. By using specimen grids with a 6-7 nm
thick carbon suppoct instend of the about ten tmes
thicker formvar carbon coated film the contrast
m the virus lurfwc nmcmn ' mtcmﬂ'cd -
fewer jnelasth

the electron image (4) Therefore it should be
easler to distinguith the Norwalk egent, the calid
virus and the astrovirus from other groups or from
pon-viral material
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Streptococcal grouping?
Its aseasy asA,BCandG.
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Fig I A S80R+ straln (nght) and a SOR~ strain
(left) on the blood agar plate medium containing
porcine serum.

(Miles Lab,, Lid, England) in PBS 4 5 ml 1
per cent agarose. The third layer was thus iden
tical with the preparation wsed in “the shide meth-
od The temperature of the agaros with or with-
out serurn was kept during pouring at 30 C after
melting

Control plates were prepared by replacing the
porcine serum with 09 per cent NaCl

The strains to be tested were taken from blood
agar plates and streaked directly onto the plates,
care being taken not to cut through the upper
agarose layer The plates were mcubated overught
at 37 C.

Retuits

On the blood agar plates contalning porcine
serum  the opacity factor pontne group A atrepto-
cocel cauged a change in the clear beta haemo-
Iytic rone around the colonses seen on the control
plates, to either (1) no hacmolyis at all, or (b) a
green opalescent  haemolysn™ Mot of the SOR +
strains showed the latter appearance The SOR-
struns cootinued to show the bright beta haeroo-
Iysis on the blood agar plates contsining porane

serum

Prosided that the conool plates were included,
there was po difficulty in differentisting between
the SOR + and SOR- organizmy an the blood agar
plaes. Fig 1 shows SOR+ and & SOR- stnain
on blood sgar containing porcine wram. The 57

straing were tested by both the blood smr plare

when acld extracts wers msed, but presated mo
difficulty In Joterpretation on the blood gt
In all 30 strains were SOR+ and 27 SOR

Discugsion

The method described In the preeent bresgr
tion offered two maim advantages. Fistly the sech-
nique allowed differentianon of SOR + and SOR
colonzes by dufferential stresking This might proae
useful not oaly In otder to facilirate detection of
double {nfection in a patlent, but alio when study
ing the genebes of the opacity factor Secondy
the method was more simple than the othens &
serbed in that it allowed direet streaking asd
interpretation without cultnation on brothr I
dowson et al (4) have also described & Plate ag?
method in which opacity factor was demonstrated
a1 a halo aroand deep colonies growizng in 50 pr
cent horse serum agar However we bare

repoct
facill inter derably (Belfrepe
Sansén k Chrigonsen nnpublched obecrvavos)
No attempts were made in the present Investigr
tlon to elucidate the reason for the umpaired hae-
motyss of SOR + strams on the plates ay dewcridr
ed Poor hocmolpit of SOR+ streptococas M
also noted by Pmmey (3) who cultured soeps”
cocea on hone blood agar plater. Puzey (3) w8
wested that the opacity factor mught meerfere whb
the streptolyun § binding to alpha-ipoprotein, &
that SOR+ mrams might prodoee len sCRT
Ipin $ than SOR- straive, Howeer we fousd 79
wapurment of bacomolyls on the plates not e
talning poecine serum.

Referencer | Chrutmsex P Kakimeter G ],.‘,-
son 5 & hroweall G Infect Immun 7 b id
885 1973 —2 Maexted ¥ R Widdowsen | ©
Framr C A M Bl L & Baset D C ] 1o
Hacerkorn Af | (Ed) Streptococca) deoax
and the commumty Excerpta Medica, Amserduny
1974 p 43-55—3 Puney A M Io Harerkors

1970
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TYPE CLASSIFICATION
OF GROUP B STREPTOCOCCI BY THE
FLUORESCENT ANTIBODY TEST

Lans Brvaxaex and Jouaw A, Moao
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Bruangr L. & Malind, | A Trpe

of groap B

mtibody test. Acta path mmicrobiol scand. Sect. B, 83 337-362, 1977

by the

conjegutes were pevpared frooe rsbixt sntitypa Tn, Tb, IT and 11T

1o, Th Ic, I snd 11 were 7 14 6 37 and 20 repecthely The amtitype 1b coafugate
sbom ed cTom-remctn ity with 21 of the type 11 straine and cwe of (be type I11 sirains. Absarp-
Lon of the matitype I confegats with bactens of » type Ie rrals and tesung of coxyme-
Sgexad rreprocores fadieated cromsmctnity due to watbody o the The prateln satigea of
growp B wrepencoee! The poteutia] asefaloes of this antigen m the clamdfication of type 11

and type ITT strune o docomeed.
Key words Groop B

e

antbody teswt

L Beunger Dvpartment of Mucrotwokosy Regporal Hoeplial, 7000 Troodbeim, Norwzy

Rect «d 16 77 Accepted 4 077

Group B streptococed were orginally clas-
sfed serologically by Lancefeid (13) an the
koo of meaific carbohydmte (CHO) anti-
s, alled by her the type L, II and III
wogtre. Sutmequently type 1 smaim wers
wparated wto typer In and Ib (14) and
{mally Ic was recognured as a thurd serotype
of the type 1 complex (23 26) Type le
oz powess a CHO antigen closely related
10 of whentical with that of type Ia strains,
ad a protein antgenc (raction pamed the
lc prowers (15 73 24, The Toc protemn s
Pt abo 10 type Ib mraims (29 24) and
bay been detected 1n some type 1T atrainy (13
24 23) Tabla 1 bes some of the

dangerous for the patent (3 4
7 10) Focr the chmification of group B
strans, meesogators bave uwsed
mmm (9 13 14 16 17
m:eto:hthnum“mu;ody
(FA) test (12, 18)
A total of 90 srum of

)

Prewcat knowledge of sntmgens characterinng

O Acwm puth Sacvedd waed L B A &
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h, Gammeter 3 wn, wery made with 7 s be- TABLE 3 4 tetal of 90 Struns of Gronp B
tecen the edjecent margint. Tho walls wers fked 51 nuudﬂx&cd.{n«{‘uucslnfuwm
h waifuted FITC comfogstes oc HCl exmact of (—1 4+) mith FITC Cenjugstas

eomixiniog the CHO emugens (13)
ﬁcnnm-mpwdbymmmd&c Noof
becteris with 02 N HQI at 30° G for 2 b, after

FITC Conjugate sgainst type
L] n

g

o berw e ceatrfeguicd sad the wper Tt

satnt evtnaltaed with NeOH (17) The alides

wory incebated i wet cunber 1t 207 C for 20 b 7

then wt 4 C, and resdings wers made dafly for ::
It
]
21
1
[

4+ —
¥ © foux dayt — 4+
23+ -
24+ A4
4+ —_—

+

RESULTS

FITC-tonjugated globulme wers prepared
from several rabbit antmers 1o esch of the
type sirams of group B streptocoecd and test
ed for FA actinty agamst homologous and
beterologous bacterla. One confugate agumae 10 osults of FA testing of 90 group
ewch of the type strams Ia, Ib 11 and 111 nolates wre shown in Table 3. A total of
w1 slected for serotypmg. When exammed trams showed FA stalning by one or two
umabsorbed, thess conyugates showed strong (¢ Conjugates and were considered typeable

i

tu e
b

|

2w

e of the crom-absorbed conjugates thowed 28 Bolatey showed FA stainmg by two of the
Precgutation with the HC1 extract of the Conjugaies, all of them by the ant-ype Tb
bomologos type stran, but not with extract  <oajugate and, m addinon, the anti type Ia,
froem any of the heterologom straima The 110 1T conjupate.

¥nams wed for crom-aheorpbon and some Bactena of each of the 28 straim wers &
tacterdia of the FITC conpugates are  £%icd with oypam and examined by the FA
thown in Table 2 Dilutions corresponding to 1% 13 befare. mtemalty waa dl
the utrey thown were used for type clasafica.  DTished with some of the weated straum, but
B of the group B sereptococes 1) of them 31l thowed stainiog by the asti-
type Ib conpugate. However after dygestion

TAMLE 1 Larsiype of Bactm m Used f the
Croer-db, [ Pactin = ’7;. o bactern with pepsm, FA stalning by

frre C:"'J"xdn;xnn Trpe S1 ma the mu‘? Ib conjugate was no longer de
GCresp B St piococel monstrable. The pepun-digested bactera still

exhiteted FA stainmg by the
ey by antltype Ia, 11

oc 111 conjugate as before (Table 3
Comprgate Absorp- ) A por
m_m.u?{uxrnnmrm> tion of the antitype Ib conpugate «b-
wal/mal sorbed with the prototype I stram A909
then diluted 1 to 16, and tested against bac

! . se  ss 15 tena that showed cros-reactrvity
BI85 ;s compogate, The. shanpen et
1 3 100 w0 e thowed no FA acthity agaimst bacter of
Y any of these sirame. However the abwrbed
frioks ;‘hmamx_am;.,.u sample wamed type Ib strans m the
— + Teaction squnnt homologom Wyhbdmdwlhm-pmn_ e

L3 The m"""f'-hetyPech..H'nmupa



TABLE 1 Carbohydrate (CHO) and Protun
Axt Ch £ Group B Streptococc
the Type I Complex (15)

puncture six days after the Jast mfecton, and the
sera were stored at —80 C.

Cross-

T;
Sero- YR
type apecific reacthe Frotein
CHO antigen CHO sntigen 20852
In In Iabe Nooe
Ib 1b Iabe The
Ic In Iabe Ibc

MATERIAL AND AETHODS

Strams

Typo stralns of group B streptococe! were re-
cerved throogh the courtesy of Rengds Holth Heug,
Oile The following type strains were used Type
Ia, ATCQ 12400 Lancefield 090 type 1b, ATCC
12401 Laxcefield H36B type Ic, A909 type II
ATCO 12973 Lancefueld VB type 111 ATCC
12403 Laxcefueld D136C type R, NCTC 9828
type X, NCTC 9829

The cbnical isolates examined were idennfied as
group B occt by a ring p test
(3) All strains were kept at —80 C in Stuart
tramport medium and thawed immediately before

cultunng

Cxlture

Streptococe] used for immunmation of rabblts or
for FA testing were cultured on the fermentaton
medium described by 18 mithing & Flynx (20) wup-
plemented with one per cent glucose No wndlcator
was added. Bacterla were cultured at 37 C for
20 h and harvested 1 phwph.lu—buﬂmd saline,
pH 72 (PBS) Streptococel cultured in Todd
Hewtt broth at 37 C for 20 h wers used for ab-
sorption of the fluorescein-conjugated globulins or
preparation of HC! extracts The microorganiams
were collected by centrifugaton st 6000 x g for
IDanmdmhcdoncew{thBS

Immuniraiion

Brreptococtt
10 PBS contuning 03
Justed to a denuty ginng an

of 60 t at
per G 2 o with pepsln (Calbrochem) for

serotypes were
[ntravenouly o five succes-
of three weeks,

m_dn;lromo."lolmloflheb’c
with doses in om0 e Tied by heast

tena of the other
Rabbuts wers infected

358

Prep of C

Precipitation of rabbit antsera with ammosiza
sulphate and conjugation of the mmunoglobalin
fraction with fluorescein-Bsothiocyanate  (FITC
BBL, Cockeynville) mere performed ementially s
described by Thomasson of o (19) Ammonoes
sulphate was climnated befors conjupatos and
free FITG after conjugation by gel flmanon of
the protemn solutfon on a Sephadex G 23 (Phar
macia) column. For the conjugation, 003 mg of
FITC was used per one mg of protem, arstyed by
the biuret method (8) FITG, proteln concentrs-
ton and molar FITC to protein nato (F/P) o
the conjugates were determined spectrophotome
trically (21) Twofold dilutions of the conjugatet
were examined agaimst bomologous and Teterolog
ous type strains of the streptococel (e below)
Cross absorption of the conjogates wis then pet
formed to eliminate FA staining of the heterolos-
ous strains. Ope volume of undiluted cocjopa®
was muxed with oae-half volume of wamhed sd
packed bacterls, Incubated at 20 C for 30 mo
then at 4 C for 20 b, and centrroged at 800Xg
for 10 mun Tbe:uparnnumwuammrdbylk
FA and agar precipitabon tests. FITC-con|ogated
globulins from the serum of poo-mmmunaed rabbs
were prepared in the same way ConJugates ready
for use wers stored tn small poctioay at —%0 C
and thawed once.

Fluorescent Aatibody (FA} Test

con; te incubated m a wet
[orj;g‘mxn, end washed for 15 min kn there &f
ferent baths of PBS The mncar wai mounted o3
dera cover slip with phosphate-buflered

pH 7.2 and read under 2 Leag-Ortholux {loors
cence microscope (400 X)) equipped with incident

ht, Owam HBO 200 mercury KF%,
tann K313 bamer fil

smeary of bactens not
jugates and ameans incubated wi

fnoa-rmmunized rabbis The 1l intensy
was recorded a3 to 44 (19)
Ager Del Diffuson
-l dides wsing ooc
Doubls unon were o Clreslar

per cent agar (Noble, Dufeo) 18 P



promabon with the HCl extract of the

of the FITC conjugates are
shown in Table 2. Dilutiom corresponding to
the titrey shown were used for type claifica
tem of the groap B streprococeL

TABLE 3 Sirvtypr of Bacterram Used for
Crotrdbsorptwn «nd Det Chasacterin g the
FITC Conprpeter dgemst Type St dus
o Crewp B 51 pocesci

—_ T ..
uh Frowm F/Pnte o
oee | (81) melimal )

38 0
32 32

TABLE 3 A tele] of 90 Strawas of Gronp B
Sireptacocd Listed Accerding to Siduing intendty
(— to 4+) with FITC Coapupetaa

1
6

4+

I
>

No.of FITC Conjepate sgalost type

wnie L 13 n u
7 44 — - —
14 - 4+ — -
15 — — 44 —
19 —~ — — 4+
6 34+ 28+ — —
21 —_ T4+ 4+ —

|

The results of FA testing of 90 group B
wolates are shown 1n Table 3. A total of 8+
straum showed FA staming by one or two of
the conpugatey and were conndered typeable
wheress six strains showed no waming even
when higher concentrations of the conjugates
were wed. Thexe strabm were comidered noo-
typeable FA staming by ope conjugate only
wis cbeerved with 56 rirams The remainmg
28 polates showed FA stainmg by two of the
conjugates, all of them by the anti-type Ib
conjugate and, in sdditlon, the ant-type Ia,
11 or 111 eonfugate,

Bacterm of each of the 28 s were die
goited with trypain and examined by the FA
test as before. Fluarescence intenuty was die
minshed with some of the treated strams, but
all of them still showed staming by the ann-
type Ib conjugate. Homever after dygestion
of the bacterla with pepun, FA staming by
the antl-fype Ib conjugate was no looger de
moostrable. The pepun-digested becteria still
extubnted FA stainung by the anthsype In, T
or 111 conjugate as before (Table 3) A por
dmu!;h:-nu-crpemcmmzmlb_
sorbed with the prototype Ic stram A909
then dihrted 1 10 16, and tesied against bac
tera that showed crom-reactrvity with the
mbmbed:w]upp_ﬂzlwmph
shomed no FA acthvity agame bacterha of
any of these strum. However the abuotbed
sample stamed type Ib straues m the mame
way &1 before the sbsorption,

The

erults of the type chnfication per



formed ore summarnzed m Table 4 Type
able strains, whuch comprised 84 of 90 1s0-
lates could be asmgned to one or other of the
serotypes Ia Ib II or IIT the majonty to
types IT and III Strons belongiog to any of
the CHO antigen types Ia, IT and IIT could
be further subdnided on the bass of croas-
reactvaty with the Ib conjugate.

TABLE 4 A4 Total of 8¢ Strans of Groxp B
Streptosocer Luted Accordemg to Cardokydrete
Antigen Types

No. of strains of
antigen type
Ia Ib II III

FA stainung wath

Oune FITC conjugate only 7 14 16 19
Two FITC conjugates ) &) 0 21 1

a) The anti-type 1b conjugate in addition 10 the
anti-type Iz II or III conjugate
b) Regarded as strains of serotype I¢

DISCUSSION

When prepared from the serum of rabbits
immunired with type strains of group B strep-
tococes FITC-conpugated antibody globulins
could be used to clawmfy chmeal group B uso-
lates. However type speaificaty of the con
Jugates, as mdicated by the results of FA and
agar precipitation testing required  absorp-
tion with bactena of a heterologous serotype
FA teating uung a conjugate agunst bac
teriz of each of the serotypes Ia Ib II and
III permutted type clasmfication of 84 out of
90 group B strains exammed The non type
able uolates may belong to serotypes > ot R,
but this remains to be determined FA stan
ing by one of the conjugates only was ob-
served wath 56 strans  Accordingly these
strains belonged to one or other of the CHO
antigen types. Similarly all the remanung 28
struns were asigned to one or other of the
CHO antigen types Ta, 11 or III However
without exeeption, these latter strawns also
showed FA stauung by the anti type Ib con
Jugate Thus cross-reactivity was eliunated
when the bactena were digested with pepun
before testing but not with trypun and by
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absorption of the Ib conjugate with bactern
of a type Ic stramn. The results accord with
cross-reactivity due to antibodes to antgen
of prote.n nature. FA stainmng by the ant
type Ib conjugate of the prototype X or R
strain was not observed, thereby munmuzng
the posubility that the \ or R protem ant-
gen was responsible. However the crou-reac
taty observed can be explamed on the bass
of antibody to antigens of the Ibe proten
fraction, supported by the following obena
tions The results reported ndicate produc
tion of the Ibc protem antigen by all type Ib
stramns (23) concordant with antbody to ths
antigen i the Ib conjugate wsed m ths
study the Ibc antigen 15 susceptible to peps:2
but only partally ssceptible to typm &-
gestion (28) the protemn antigen 8 also pro-
duced by thctypclcsmABOg(Zﬁ)nrd
1 this study to absorb the crox-reacting aot-
bodies from the antr type 1b conjugate.

On the assumption that the cross-reactnity
of the Ib conjugate was medited by ant-
bodies to the Ibc proten antgen it o) be
concluded that out of 13 strains whieh at
ned the CHO antigen Ia, mx belonged ©

Ic Th:s ss sumlar to the proported
ate number of Ta and Ic strains among group
B 1solates demonstrated by others (1 2. 24)
The Jbc protein was detected 1 21 out
37 type 11 strains, a frequency excoeding that
recorded by othery on the bags of precip 2
t.on tests (1 24) That type TIT strauns may
produce the Jbe protein antgen hay been

and was further substantiated

ruggested (23)
m thy study The results obtained sUEEEH
form a bast

that the Ibc proten anigen may
for subdnason of strains of the CHO anpgen
type 11 or III not enly these of type Ia.

Ta the Ibc protem {racton {rom thetype Ic
strun A909 two prECIpIunOEENs WerT de-
monstrated (23) The potential usefulness of

this antigen fraction i the chmfrcﬂnl,dm of
up B streptococe: ments further stucy
© The p ed in thy study

were uolated from the gemtal tract of puer
peral women The drstribution of the varou
antigen types i thus collection of strans w33
eusentially sumilar to that of gental group B



strams wolated by othens (1 2, 6, 24) The
m}cmyo(\immunud.tdbymdm
belooged to type 11 or type 11T 20 out of 84
sty m type TIL Neomatal mfectons by

are canwed by
ty'p:lﬂmm(l 9, 24) The FA test bm
the achantage of rapsd idennfscation of the
wrotype of the bacteria when preventrve
measures are (0 be talen with genutal carners
of group B rreptococel.

The teckn eal wotk mude by M Axguze Nau
in grestly apprecisted.
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The meropare was fit observed 1 the

Daanh

ed by Scholtyreck & Mahlhorn (27) and
Seneud ¢t of (29) Within 1he geowm Eimee
4, the presence of A micropore was first re-
ported m the meroroctes of Eimene miests
nalis by Chasan & Smprecskaya (5) and
they soggested that bt

an “ultracytostome” Withm the
dians there o & great deal of evadence for the
mkmpure-cdngulcymudp-md.
;um:g{.nth:m;umno{buxmamhl(l
2} hhubccnmcduﬁc\mm[bdmppm



for the ultracytostome hypothens among the
non haemosporidiin members of the Sporo-
0, but the avmlable evidence has recently
been reviewed by Senaud et al (29)

In all the speaies of the genuws Ermena
which have been studied micropores have
been observed 1n the sporozoites and 1 all
the endogenous forms, with the exception of
the mucrogametes Until recently the ultra
structural details of the stages within the
oocyst were unknown but m 2 previous brief
communication (11) we have noted the pres-
ence of a micropore in the late sporoblast of
Emmena brunettt In the present study for
the fint trme all the stages mn the complete
Lfe cycle of £ brunetts are examuned for the
presence of micropores The relative distribu
ton and the apparent functional status in the
vanous developmental forms will be discus-
sed.

MATERIALS AND METHODS

Ergrnation of the endogemons forms Smll
textines of young domestic fowls mfected with
E. brunett; were emmined, The methods wese
umllar to those previously described (7) but ean

be summarized a1 follows Pieces of the small i
testine were fixed In glutaraldebyds and emnon
tetrovide and embedded In Vestopal W Thin sec
tlons were examined i the electron m croacope
after stalning with magnerium ureayl acette aad
lead citrate,

Eramination of cocysts The cocymts were cb-
talned from chicken faeces and were alloned 0
spoculate for vanous tome Intervals before bebng
treated by the doable sectioning techmaque de
scribed previomly (4) This miohed pre-embed-
ding of oocysts ju crossed-linked bovioe serum ab
bumin and deep freezing in liquid nitrogen pner
to eryo-sectionung which was followed by prmary
fixation, Further treatments for ualiramicrotomy
and  electron  microscopy  were as ymmmermed
abore and the observatlons were based on the
examination of appromimately 4000 electron mi
erographs,

Flgures 1-15 are all micrographs which illustrate
the presenice of micropores in the various tiages of
the endogenous development of E bruaetts within
the epithelial cells of the small intestines of In
fected chickens,

Figures 16-23 are all micrographs which iltus-
trate the presence of micropores in the vanous
stages of the sporulanon of cocysts of E. brunsth
in the externa! environment.

A double bar (=) on a micrograph represents
1 am and a sngie bar (—) represents 100 nm.

The following abbreviations are used through
out AL = amorphous layer B = baml body C =
collar of dense matenal DB = dente body (an-
lage of refractile body) ER = rough endoplumic
reticulum EV = electron translucent vacuole FL
= flegollum G =~ Golgi body LA = limiting

b M = mi ML =
MI = mitochondnon  MP = mxtopore MV =
multimembraneous vacuclke N = nucleus 0“-
ter Iayer of the oocyst wall OW = oocyst wa
(:G--pr:lryucr_hmde granule PL = pellicle PV
-p._n;hopbmmn\'lcuok R = nbosome RH =
thoptry RM = realdusl cytoplasmue manm SH =
schiront 8P = sporaapitc WFB I = wall forming
bodes of type I WFBII = wall forming bodses of

type 11
Fig { A section through part of a multmuckeats
stage showlng two nuclel and sn active mucropore.

30000 X
Fg 2 An
Fig 1 showin,

364

ml‘"mmdlbzmemmm
g that it consists of aa invagmation

of the Hmiting membrane with a collar of dease
material round the neck (arrows) 90,000 X
Fig 2 Part of & fully formed meroxolte sbowing
the typical anterior organefles (rhoptriey aad mr
cronemes) Note the inacthe mucropore tuted
Just antenor to the nucleus, 30000 X

Fig 4 A secton through an mactne micropore
stuated on the pellicle of a meroeoute The micro-
purehformtdbylnim—ngmldouolthtuﬂiﬂ
membrane of the pellicle and the collar (arroes)
bymlnttgimz}oao{zhamwbynnfﬂ!?d'
Ticke. 90 000 x
Fig § A section through part of a schuront show-
m‘nmcmniwnhulcrmedbyuprwﬂ""-
from the surface of the schiront. Note the Ipactne
mlcmparennlhcllmlunxmembﬂm“lb":m'
roat. 43 000 x
Fig 6 A section through the periphery of & m.cro-
n.:nmLAgmpo{thrmammooedmkm
pores {s preyent (arrows) 90000 X
Fig 7 Pmolmuﬂymmimomd»whslhf
bﬂﬂlbodymdﬂn.rﬂmd:dnmm—d:
mamete An inactive micfopore b preseat ou\he
hmmn(mcmbumd:hzquhfmkmndl
4

Fig 8 A section through a matore t
the nucles and Mlagella of wme of tbe
microgametes, Note the Inacthe micropore oa the
houting membrane of the residual cytoplame
man of the microgamont, 45 000 x






for the uktracytostome hypothess among the
non haemosporidian members of the Sporo-
zoa but the available evidence has recently
been reviewed by Senaud et al (29)

In all the species of the genuws Etmena
which have been atud.ed, micropores have
been observed in the sporozoites and 1n all
the endogenous forms, with the exception of
the mucrogametes Until recently the ultra
structural detals of the stages within the
©ocyst were unknown but in a previous brief
communication (11) we have noted the pres-
ence of a mucropore 1n the late sporoblast of
Emmena brunetts. In the present study for
the first tme all the stages in the complete
hfe cycle of £ brunett: are examuned for the
presence of micropores The relative distribu
uon and the apparent functional status o the
various developmental forms will be duscus-
sed.

MATERIALS AND METHODS

Examixation of the exdogenons forms Saall e
testlnes of young domestic fowh tnfeced with
E. branstti were examined. The methods e
smilar to those previowly described (7) bt s
be surnmanzed as follows Pieces of the sl I
testlne were fixed in glutaraldehyde and o
tetroxide and embedded in Vestopal W Tho sec
tions were examined In the electron m crowope
after staining with magnesium urany] acetate and
lead cltrate.

Eremmatron of cocyste The cocyss were ob
talned from chicken faeces and were alloned to
sporalate for vanous time fntervals before beng
treated by the double sectionmg techaqme de-
scribed previonly (4) Thas {ovolved preembed
ding of oocysts In cromed-linked bovme wrum ok
bumin and deep freemog in liqaid altrogen poot
to eryo-sectromung which was followed by pramary
fixaion, Further trestments for altramicroway
and clectron mucroscopy wers a8 smmzriad
above and the obsenvations werr bued on (bt
mminado-no{-ppmmhmm!ymdcdmnﬁ-
crographs,

Figures 1-15 are all micrographs wheh {llustrate
the presence of mucropores in the varios stages of
the endogenous development of B. druxeits mithin
the epithelial cells of the small intestines of In
fected chickens

Figures 16-23 are ot micrographs which Dlius
trate the presence of mucropores fo the vanow
stages of the sporulabon of cocysts of E. brunetts
1n the external enviroament.

A double bar (=) on a micrograph represents
1 xm and a single bar (—) represents 100 nm.
The following abbrevlatons are wsed through-
out AL = amorphous Iayer B m basl body C =
collar of dense material DB « dense body (an
lage of refractile body) ER = rough endopiamnic
reticulum  EV = elrctron translucent vacuole FL
= flagellum G = Golgt body LM = limiting

1; Ma ME =
MI = mitochond MP = AfV -
multimembraneous vacuoke N = nuckes O =
outer layer of the oocyst wall OW = oocyst wall
PG =-polysaccharide granule PL = pellicle PV
~ parasitophotous vacuole R = ribosome RH =
rhoptry  RA[ = ressdual cytoplasmsx mas SH =
whiront §P = sporozo.re WFB 1 = wall forming
bodies of type I WFB II = wall formung bodies of
typa 11

Fig | A section through part of a multinucieate
stage thomng two nuckel and an actve micropore.

30,000 x
Fig 2 An enlargement of the actlse micropore 10
Fi: ld-amn;y_huhcwu.md-nmnﬂm‘hﬂ

WA

of the Imiting membrane with a collar of deae
matenial round the neck (arroms) 90000 X

Fig 3 Part of a fully formed merozoite sbowf
tho typical anterior organclles (rhoptrics snd &=

just anterior to the nucleus. 30,000 X

Fig 4 A section an inattne moropor
wituated on the pellicle of a meraroite The micro-
pore I3 formed by an invagmstoa of the oule?
racmbrane of the pefleo and the collar (arross)
by an invapnanon of the Inner layer of the pek
ticke 90008 X

Fig 5 A wctloa through part of 3 schoat thew-
m:-maunitennufm-mtdbylwm
from the surface of the schmoat, Note the fnsctne
m;cropommtbchmidnsmmdm&
ront 45000 x

Fig 6 A secoon through the peripbery of & ELT>-
g‘:mut A group of threo crom-sectioned mLCT>
pores 11 present {arrows) 90 000 X

Fig 7 Part of an early microgamont showlog the
bn:.llbodylnd n.,gnumdndndmmxmu:
gamcte An mecuve micropors b prowat o0 [
limiting membrane of the crioplamic man
organnm. 45 000 x

Fig 8 Ambn(hmjhnm(ummm'm::
nhowmgtbenudamdﬂlsﬂhdmd
microgametes. Note the inacthe micropore on the
lmiting  membrane of the resdust crtoplasnc
man of the microgamont. 43,000 X



RESULTS

Ubrastrectare "The meropore wim found 1o
rorgat of & crcalar fmagmation (70-80 nm
fn dametrr) of the Fmitmg membrane of
e agazian (i 6, 13 and 18) In fors
wheh d a pellcle the lmner layer of
the pelfcle maz abo seen to maginate for 2
Bort dwtamce (60-70 nm) (Figs 3 and 4)
10d th & decwe collar (120-130 nm m dat
meter) was present round the neck of the
Exropore (Figa 6, 13 and 18) Ths collar
wx abo present m organmm which were
[oated by a sungle umnt roembrane (Frp
210 12, 14 snd 17) Based on the depth
of the imagmaton of the Imiting mem-
brase, the mucropores could be drvided mto
™o fpe, protably of different functoml
riuficance. The first consted of seemingly

agmton of the hralting membrane with  col
ool deww round the neck repom (ar
) 90,000 x

o m which the invagma
tion was oaly 90-140 nm deep (Fipp 4 5 7
8 12, 14 17 20 21 apd 22) The second
comssted of the seemmgly actne microp
1n which the pragnabon was much deeper
(370420 nm) and which in sdditron, pre
sented & bulboin sppearance (Fus 1 2 9
and 10) The pructusal charactensas of the

and inkctive mxcropores are dugram-
mateally presented m Text Fig 1

Dutribution

The endogenous forms Actne micropo

were obeerved ooty in the tropharoites, i the
carly multinucleate stages (Fig 1) whach de
velop mto schoronts of mucrogamonts, and in
the easly macrogamant (Figs 9 and 10) The
number of actve micropores observed 1n
these stages was low 1 present, normally on-
Iy ooe was obscrved per section, but ocem
worally two could be found in a sngle eec

phed to organums which had developed to
the stage where whironts could be differen
tusted from mucrogamonts because of the 1nf
taton of merormte or mkrogamete forma
noa and abo to ocgamsms throughout the
Iater stages of and mucTogameto-
genews (Fip 5 6 and 7) In the schzont,
the mumber of micropores was low although
A somewhat higher number was observed 1n
the large 15t generntion schironty. Tn the m

appeared re
latnely hugher In thh stage the m.cropores
\amo(trnohzn:dhgwpumv.humny
a3 three present i an area of 015 am
(Fig &
In:hemwu{m[mdbylchmgonym—
lyaunghuuanpmtmudxrmdprrmm
Bam, mmupo:nmo{dnem-\et)-pe
and was stuated on the pellicle Just anterror
l.olbemxlnn(ﬁg:!lndh

No were oheen
iy ed 10 the micro.






RESULTS

Ubrastractere The mecropore was found to
cooset of & clrcular Invagmation {70-80 om
In diameter) of the Lmtmyg membrane of
{be aganksm (Fap 6, 13 and 18) 1n form
shich porecd a pellicle, the moer layer of
the pelhcle was also seen to mvagmate for &
thort distance (60-70 nm) (Figs 3 and 4)
a0 ths & demye collar {120-150 om in da
meter) was prewent round the neck of the
wacropore (Figs 6, 13 and 18) This collar
w21 aho preoent In organnms which were
Tmnted by u single unit membrane {Fips
2,10 12, 14 and 17) Based on the depth
o tbe magmaton of the Gmtng soem-
beane, the mucropores conld be draded Into
o type, protably of different functocal
sguefcance. The first contisted of scemmgly

Fie. ¢ Tact of am enly macrogamont thowleg the
aome wxhimembraseows  acooler, some

sctive m cropore s prvsent. 30,000

P 10 Ax eolargemext of the acth  mleropors
= Fy 8 Nots that tho mucropors conslets of an
Aoy xatkon of the Uity membrioe with ook
Bt of deses material round the peck region (ar
o) 90,000 x
Fa 11 Part of an obBawe wetlon throwgh  late
Ta addibon 0 the thres crom wec
Soomd mcropores (rrom ) some WEBT and sowme
WTR 1 wry shomn togrther with & mamber of poir-
wcrhwride grasnies 30,000 X

T2 12 Part of  section of & macrogamer on
ek the acnorphoms

dﬂ_ Peraral m an

%<0 through the perrphery of an oras-

2 vk ooy wall formasion = cecmrvy
x

inactive mucropores in which the fovagma
tion was oaly 90-140 nm deep (Fip 4 5 7
8, 12, 14 17 20 21 and 22) The second
conmied of the seemungly active micropores

matcally presented fn Text Fig. 1

Dutnbunion

The endopenous forms Actne micropores
were obmerved only in the m the
early maltinucleate uages (Fig 1) which de
velop into scheronts or microgamonts, and 1n
the early macrogamont (Figs 9 and 10) The
number of actne mucvpares observed in
these stager was low If present, normally on-
1y one was observed per section, but occa
somally two could be found m a single sec
thon.

In the later deselopmental stages ouly -
active micropores were obsenved. This ap-
plied to organimm which had developed to
the stage where schronts could be differen-
tated {rom mcrogamonts becawse of the mi
taton of meroroite or microgamete forma-
hoo and abo to organusms throughout the
fater stages of and mucrogameto-
geoem (Fagn 5 6 and 7) In the schooau,
the number of micropores was Jow altbough
2 omewhat hygher number was observed m
the hurge Ist generation schironns. In the m:

which p 4 ¥
tons of the Fimitng membrane of the organ
fm, the number of micTopores appeared e
latnely hogher In thy stage the micropon
were "“m"“'“‘dmmp-whummy
uthmpmmtmmmdolﬁ’m
(Fg. 6)

Inhmﬂnﬂmfmb’vwm‘
ly a nogle mmcropore wat obserted per organ
mmw‘uo“beme\eq-pt
lm‘l‘llulmudm'_hpu:] [
to the muclews (Figs 3 and 4) e

homvpmunmdnrnedmdz
gameter T~

*UT






RESULTS

Ultratructare The mecropore was found to
comat of a curedlar Invagmaton (7090 nm
m dumeter) of the lmmiting membrane of
the ergamam (Figs 6 13 and 18) In forms
ek porsersed a pelficle, the Inner Layer of
the pelEcle was abo secn to mvagmate for a
shory datance (60-70 nm) (Flgs 3 and 4)
o thes 2 depse collar (1204130 nm m do
metrr) wn present round the peck of the
mrropore {Figs 6, 13 and 18) This collar
2 aho preseot 10 organmm which were
Liexted caly by a single umt roembeane (Figy
2,10, 12, 14 and 17) Based on the depth

o fypes, probably of dufferent funchonal
wpuficance. The fint conssted of scomngly

togriber with  omber of
crbar'de grasedes, 30,000 petr-

P12 Perol section
of  aeropocn o
M&mh"m‘m*w
®owek Matrated Aw Bactn  micro
PrownL $0,000 %

mactne mucropores 1 which the vagina
pon was only 90-140 nm deep (Fip 4 3 7
8 12 14 17 20 21 and 22) The second
corunted of the scermngly acthe m.cropores
in which the mvagmation was much deeper
(370420 nm) and which, m addiven, pre
sented a bulbous appearance (Figs 1 2,9
and 10) The structural charactenstics of the
active and inactne micropores are dugrmm-
matically presented m Text Fix. 1

Dustribution

The endogenons forms Actne mxcropores
were olwerved only in the trophorortes, i the
early multnucleate sisges (Fig 1) which de
relop into schexonty of rxrogamonts, and 1n
the early macrogamont (Figr 9 and 10) The
number of actrve micropores obmened
thete stages was low 1f present, normally on-
ly ooe wai obsened per secuon, bat ocra
sonally two could be found in 2 ungle sec

uon.

In the later developmental stages only m
actne micropores were obsenved. Ths ap-
plied 10 orgamum which had developed to
the stage where schronts could be differen-
thted from microgamonty because of the m
thton of merazoite or microgemete forma-
voo and ako to organmms throughout the
later stages of schrogony and mcrogameto-
genais (Figy 5 6 and 7) In the schoont,
the rumber of micropores was low although
* somewhat higher mumber was observed
the large Ist generabon schoonts, In the m:

which po d decp mvag
ton3 of the rmung membrane of the organ-
ua, the number of pucropores appeared re
hauvely hegher In thn stage the m cropores
were often observed m groaps with as many
a3y three presnt 1n an area of 015 am’
(Fig 6

In the meroeote formed by schrogony on-
v a srogle micropore was observed per organ-
nm, Thu m.cropore wan of the macrve type
and was ntoated oa the pellcle just antenor
to the nuclews (Figy 3 and 4)

No mxropores were obsenied m the rmucro-
mametes,
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Fig 16 Ammnlhmu;hpano!nxygmcuhh]nmoocym'l‘bemoph@mnum«lnu:km.l‘“
polysacchande granules, some electron tranducent vacuoles, some mutochondna, and some roogh endo-
1;1;;1:1: rewculum. Note the three macine mucropores (arrow) on the hm.ting membrane of the ot

000 x
Fig 17 A field of view whch shows part of the Im:nng membrane of a ngote Nore the proenct
of an inacthe micropore. 90 000 X
Fig 18 A section through the periphery of a rygote. Note the presence of a crow sectoned m.cTOpPOTt
90 000 X
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In the later developmental stages of the —membrane of the cytoplasmic mass be'ow the
macrogamont and in the fully formed macro-  developing oocvat wall
gamete the number of micropores was rela Oocysts In the imtial cytoplumre mass,
tvely higher (Fig 11) Here as mam as sx the nygote 1t was pouble to find mactné
m cropores have been obterved 10 two adja  mucropores (Figs 17 and 181 In thxs case at
cent sections of one organsm. After the i many as three have been obsered 1n 2 smek
tal developmental stages of the macro- thin sect on (Fig 16
gamont these micropores were all of the in Inactave rmeropores were abo obwerved
actne type (Fig 12) 1n the early sporoblasts which are formed b
In organums m which the oocyst wall had  the division of the rvgote The late sporoblact
started to form 1t was powib'e to find Jarge  was found to be hmted by two umt mem
numbens of inactive mucropores (Figs 13 14  branes and inactve mueropores were oben
and 15) In a single thin section a3 mans as ed amocated with the inner of thes mem
sx were observed utuated on the hmiting branes (Fig 200 re with the one whih
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constitutes the plasmalemma and not the
outer membrane which 1 related to the for
mation of the sporocyst wall Two micro-
pores have been observed m a ungle thin
section through a sporoblast (Fig 19)

In the sporocyat, nactrve micropores were
also observed on the hminng membrane of
the cytoplasmic mans as sporozo te formation
wus occurming (Fig 21) In addition, micro-
pores could be observed on the residual man,
which was Jeft after completion of sporaroite
formation (Fig 22)

The sporozoites formed within the sporo-
cyst each possessed an actrve micropore
situated just anterior to their nucle: (Fig 23)

DISCUSSION

In our previous studies on the endogenous
development of E brunett: we have referred
to the presence of micropores without relat
g this to therr funcuonal status (7 8 9
10) 1In thus study we have made the assump-
tion based on the evidence reviewed by
Senaud ¢t ol (29) that the micropore 13
functioming a3 a cytostome gwing rse to
food vacuoles and that thms acuvity can be
related to its structurnl appearance. We have
wed the terms active and inactve fo de
scribe functional and non functional micro-
pores respectrvely This s wnlar to the ter
minology used by Aechael (18) and a dia
grammatical representation of the two types
of micropores 1 given in our Text F'g 1

The bamc ultrastructure of the micropore
of E brunett; 15 s.xmlar to that reported for
the Eimerna spp and other members of the
Sporozoa (for references see 27 29 and 85)

The exact number of micropores 1 the
vanous developmental stages cannot be as
certmuned unless complete  seral rections
through individual organins can be exam-
med this was not carned out We have ex
amned the relative number of micropores,
te the frequency with which ene or more
micropores were observed within the tections
that were available through the different
stages n the life cycle of the organum It was
found that the micropores were less frequent

Text Frg ! A dugrammateal represcrtston of
loogitadinally sectioned Insctne (A) and scthe
(C) mucroporrs. The crom sectloes] appesrsnce
throagh the neck region is thown o {B) The
average dimensons are givea in nm.

ly observed 1n the small stages (e merozoe,
sporozoite and trophozoste) and that the
lative number appeared to increase with in-
creased s:ze of the developmental stage ex
ammed. The increase 1n number of mucro-
pores per organism was apparently related o
the surface area of the organmm 1o that the
Iargest numbers were observed in organsos
with the largest surface arca (re lst geoent-
tion sch.ronts, micrognmonts apd mao-
gamoats) Similar observations have ako
been reported for the endogenous forms of
other Exmena spp (13 16 27 31 33) It
would appear that formaton of the micro-
pore 15 samehow related to the synthess of
the hmiting membrane of the organsm
Hypothetically the genome for the sypibess
of the plagmalemma could be related to the
genome for micropore format.oa i wch 2
manner that when the surface area of e
organism increases the number of micropas
would also mcrease, This would explam the
presence of mucropores under the formmg
cocyst wall which has been reported 1n the
present study and also for other Etmers 5p-
(6 15 35) In this muation it o difficult to
attnbute a functional vgmficance to the M-
cropore. In addivon, the absence of miro
pores m the mrcrogamete could be due to the
very small 128 of thrs form. Berause micro-
gametes have a very small surface ares, for
mation of their plasmakmma u Lumuted and
probably insufficent to tngger off any mxTo-
pore formavon Thu o w aceordance with
reported observauons i which mucTopoes



e abwnt m membens of the Sporo.os
which produce mall (see re-
vew by Schobtyseck of ol (28)) but bme
been reposted to be present In the large mi-
crogametes produced by other members nxch
w Coclotropha durchon: (70) and Aggregste
ety (24)

In E brenetti active nmcropores are bimit
o 10 the early developmental atages of the
eodogenous forms. These early sages are the
scinely growing stages and apparently actrre
meropares have ooly been observed durmng
¢ growth phase In the hater sages when
tbe organmims are undergowng differentanon
{foonation of mercostes, mxcTogametes or
acTogumetes) although the mrcropores are
rixtnely more abundant, they are all of the
oactye type. It would thus appear that in
E. brwnety: the endogenous forms do not feed
tontimally but minfy therr macromolecutar
equarment dunng the growth phase The
proence of actne mucropores m the eatly
#ages onhy corresponds well to their presence
drmg m E i

® euler reported (32} o n mumber of
#adies provading ev.dence for the cytostome
mdﬂ!mﬁpmem&m«narpp
hm‘?‘“\mwpunrdmbnpm‘
0 the early dev clopmental stages (14 26, 29
) For E. acerrulme (18) and E magne
(M) bowner the presence of both acte
=d macme mcroporey hes been reported
nhhmmsudmcrugumh
& porilie that the differences poted are re
htﬂm\mamubctumumnnrp«n
2 E brpmy a3 obrerved 1n ths snady an
TXTtme m the ommber of micropores does
% Xppear 10 be related to mcreased nutn-
ol requirements but more to An - ncrease
= the urface area of the organmm.
‘:h::m‘mlhofumdmdwmm
e cocyst. Ths was not completely
uBce oot example of micropores
2 devclop.ng eporob.astord of Plasmod: m
£ bas been described (301 although -
*Ports have never been obsersed in the
s of the haercspondz (3 and Gern-
e T comtmun catlen) In sdcivon
Parsttes belongmg to famibes and

genera related to the Eymera have been re-
ported to pomess rucropores durmg thew
sporulaton (17 19 21 22 23 25 36) In
these previous studwes, the micropores were
all of the inactne tpe Tha was also the
case for those found within the oocysts of
E brunetts 1n our study Within the oocysts
of E bramett; the largest number of mucro-
pores were observed 1o the stage wath the

Largest surface area (the £gote)

Thuwt the mictopore m E. bruacttc 13 pres-
ent m all rtages of the fife cycle except the
mxcrogamete  In the majonty of cases,
though, the mxcTopore » present as a vestige
rather than ai an actrve micropare winch 1

found only on actively growing organusm of
the ¢ phase.
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constitutes the plasmalernma and not the
outer membrane which 1 related to the for
mation of the sporocyst wall Two micro-
pores have been ohterved in a single thin
section through a sporoblast (Fig 19)

In the sporocyst inactive micropores were
also observed on the limiting membrane of
the cytoplasmic mass as sporozo te formation
was occurning (Fig 21) In additton micro-
pores could be obsenved on the resnidual mass,
which was left after completion of sporozorte
formation {Fig 22)

The sporozoites formed within the sporo-
cyst ecach posewsed an inactne mucropore
situated just antenior to their nuclet (Fig 23)

D1SCUSSION

In our previous studies on the endogenous
development of E brunetts we have referred
to the presence of micropores without relat
ing this to therr functional status (7 8, 9
10) In thus study we have made the asump-
tion based on the ewvidence reviewed by
Senaud et al (29) that the micropore 11
functiomng as a cytostome grving rue to
food vacuoles and that thi acuvity can be
related to 1ts structural appearance We have
wsed the terms actne and inactive to de-
scribe functional and nen functional micro-
pores, respectively This 13 s.milar to the ter
munology used by Vichae! (18) and a dia
grammatical representation of the two types
of mucropores 15 given 1n our Text Fg 1

The bame ultrastructure of the micropore
of E brunetti 1 s mlar to that reported for
the Etmena spp and other members of the
Sporozoa (for references see 27 29 and 35)

The exact number of micropores i the
vanous developmental stages cannot be as-
certmned unless complete semal sections
through :ndividual orgensms can be exam-
med this was not carried out. e have ex
anuned the relauve number of micropores,
1¢ the frequency with which one or more
micropores were observed wathin the sections
that were avaulable through the dufferent
stages n the Life cycle of the orgamsm. It was
found that the mucropores wert lest frequent

A n ¢
120
(CE AR o e
E
1
[~ b
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Text Fig 1 A dugrammateal represenuation of
longtudinally sectioned Inactne (A} and actve

(C) micropores. The crom eectionsl appeurance
through the neck regron is shown wm (B) The
average dimensuons are ghvea in nm.

ly observed n the small stages (Le merozoite
sporozorte and trophozaite) ard that the re-
latve number appeared to merease with o
creased sze of the developmental stage &
amined. The incrense 1 number of mre-
pores per oIganism was apparenth related to
the surface area of the organsm so that the
largest numbers were observed 1n orgapsms
wath the largest surface area (re 1st genera
ton schzonts, mucrogamonts and macTo-
gamonts} Sumular observations have 3o
been seported for the endogenous forms of
other Eimena spp (13 16 27 31 33) It
would appear that formation of the mxTo-
pore 1 samehow related to the synthess of
the lmting membrane of the organnm
Hypothetically the genome for the synibeut
of the plasmalemma could be related to the
genome for micropore format.on 1o such 2
manner that when the surface ared of the
orgnnusm Increases the number of MICropors
would also increase This would explun the
presence of micropores under the formutg
oocyst wall which has been reported o the
present study and niso for other Exmens PP
(6 15 35) In this stuaten 1634 dufficult to
attribute a functional ngmficance f© the mi
cropore In additon the absence of pucre
crogamete could be due to the
very small mze of this form. Because mxTo
gametes have a veny small surface area for
maton of their plasmalemma u“hmltti::
nsufficrent to trgger off any
gomrragymnon This 13 1n accordance with
reported observatrons i which mcropoer®

pores n the mu



are abent 10 members of the Sporo oa
wih produce small mcrogametes (e 1e
vow by Scholtyseck of of (28)) but hme
been trported to be present in the large mu-
crogametes produced by otber memben such
u Corlotropha d rch wm (20) and Iggregats
cherths (74)

In E brunctts actne micropores arr im t
d 1o the early deaelopmental stages of the
todogenous forma. These carly stares are the
atnely growmyg stages and apparently actne
@ copores have only been obsened dunog
i growth phase. In tbe later stages when
the organums are undergoing dufferentiation
{foomaton of meroroutes, m.crocametes or
macogametes)  although the micropores are
relainely moce abundant, they are all of the
kactse type It would thws appear that 1n
Elnudnd-emdogvno.ulnrmadonot(md

‘?Pﬂ'ﬂytmuwds\\cumdmrm
dunng macrogametogeoes in E. inlestinalis
B arler reported (32) In a2 number of
M"P’“‘dmgn.dmnfwlhtnlmomr
f“‘mﬂd'-htmmporvm&mmn:pp
hmmpmuum reported to be present
12 the early des elopmental stages (14 26, %0
3 For £ acervaly & (18) and E magne
D) boveer he presence of both actne

branetti ag obeerved in tha study an

ml-htmnnhcrolmcmpm'udon
mmtobemhn:dmm"uln

were aho found m the sages
2094t This was not completely
unce one example of

withm the

renera related 1o the Exmens have been e
ported to poses  muaropores dunng ther
poruation (17 19 71 22,23 25 36) In
thew previows studiey, the micropores were
all of the Inactne ype The was aw the
e for thowe found withon the oncwsts of
F. brwnetti in our study With.n the oocyts
of E. brunetti the lareest number of micro-
pores were obtened an the stage with the
larrest rurface area (the ngote

Thus the mucropore 1n £, branetts 1s pres-
ent i all wages of the life cvcle except the
mxcrogamete  In the majority of caves,
thouxh the m cropore 18 present as a vestige
rather than a3 an act:ve micropore whh 1
found onh on actineh growing orzan.um of
the endogenous phase
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peoea prgs. 1630, 1t was of fusther mterest to
eomme B any diference in this actity
could be found betmeen the var‘ous LPS pre-
pnatons, and to what extent this actnity
w21 comparabee 1o that of a Safmosels LIS,

MATERIALS AND METIODS
Orpamom:

The bacterial wrame weed for wolation of LTS
(wdotewn) were Bactereide [ aphs ssbepecrer
frapiis strn NCTC 9343 and E 38 Bacteredd 3

Vollenstle dealoncrns wrmn Ve 8 and 1 elex Qe
perrale wrua V9 I previows paper detads
tou thewt molation and cultnancn ha been

Rabbxt Pelymerphomucteas Lo Eocyte
bakocyizs (PALN } wers ob-

{B3A) (Armummll&mmhd_
Es thourne England) gring a final mmber of
Pprosmately 10 leakocyier per mi Numety-two
mnlmrlmrmcrudlhck-ermm.ud
et w th trypan blee All weds had a pit
7. 74 and were temloed before uw by parsye
throweh a Olter w th & pore re of 043 4 (OLIG-
pore Filter Corp Bedford, Mam  USAY

Afeas rement [ Ch motactic | tuny

At some of the 115 preparavons were diTicult
(o supend n Gry  medium, the stock salutions
contunt ¢ 2 ;g ml were ultrawnxated (MSE/
Maflerd, 60 ¥ 0 Lo/ ) 10 Cfor 2 misa I
pecewary the pH mas adpnted w0 72 =02 with
trretbylam ne The two compartments of & wod
ifad Boyden chamber scd {10) (Neuroprobe Be-
theda, Md  USA) were spanated by Millipors
ftee (MlLpore Filter Corp.) of pore sae 3 o The
lower comparument, haning a olwse of 0. ml,
wis (Jled = th the chematacts oed.om, (12 M-
dium contalaing 1S and scn ted complement
Belore placag the et i e bamber 04 il of
tw crll wipemion wai rpwn dewn (38 X g for
I3 oun) oo the fther 1n & cytocentmivge (Shaa-
don Els, Criopn SCA0030) gnmg appecs

clrared accordiag 10 Beydem (1962) before mouns-
g (hem botom nde up with distex (Datex AB,
Wik Becker Siockhelm) om glan ddden P3N
whih had compleiely crowed the watercompart
meatal fifer dunmy the incubation penod were
coumted, wng & 40 X objectne and xm 8 x oc
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Purified Tipopolysacchandes (LPS) from struns of Becteroudes Fusobactenzm a
incubated with guinea pig serum, were tested for chemotactle setivity agalnst

wtro in response to Tpopoly
Acta path. mxrobsol. scand.

nd | edlonrlla
rabbt paly-
h b were

morphonuclear leukocytes (PMNs) in

dified Boyden

Comnp
amounts of LPS wduced podmn®

to a Sal ella LTS (S ditts 5-793)

chemotaxs, and a typical doss-response relati

The difference in chemotactic actnity between
b LPS showed either a non-

ower chemotacte capacity than LPS-S-795 The Becterodes LPS were also

Ietieall i

)4

ugnificantly §
b

The F

onship up to ceriain dose levels was

the | Allonsls LPS and LP5-S-795 wm not
guficant or a hrghly

d to the Sal {la LPS When scrum wi!

but derable lew when

pot added the LPS preparations showed no chemotactic actrity
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o hpopohmh;ndu kukocyte chemo-

Koy words
taxis Boyden chambers
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Acuvation of the complement system by
bactenal Lipopolysacchartdes {LPS) when 1n
cubated with serum from different specres
leads to the generation of n factor chemo-
tnene  for polymorphonuciear leukocytes
(PMNs) (9) Dunng th activation process
there 18 & consumption of the termmal com
ponents of C (C3 through C9) and & relatne
of the earlier acting components by
LPS (3 4 B)

374

In exarmpaton of the actnaty of cytotaxans
and cvtotaxgens on PMNs, the Boyden
chamber device has been extenstvely wed
The aim of this study was, by use of a mod
\fied Bovden chamber device to examinc of
LPS punified from the anaerobic Gram-<g
atree organums of Bacteroades fraghs Bac
teroides melanmogenicus Fusobactornm w
Jeatum and 1 allonella were able to clabo-
rate a factor chemotactie for PMYNs when -
cubated i serum from nonmmun
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pemm(312pg/t)lml)lneq-unlwlumeo{un—
dituted serum 1n both compartments of the cham-
bcrAllqmuofl.SmloltheLPSmhtm'u,onu
taining equal volumes of LPS swpension and un-
diluted serum were preincubated In water bath
at 37 C for 30 min and thereafter at 56 C for
SDmI.u.Theu.mc‘udonem!hlhecmtmh,
with the exception of casein, Controls were also
mcluded where the LPS-tsrum muxture was not

pr or was Incobated at 36 C for

Statistical Mathods

Standard deviation was caleulated as previoudly
reported (11) The statistical evaluation of daffer
ences of chemotactic acirvities was performed ac
cording to the Wilcoxon rank test for two samples
{two-tailed) (2) The dose \ on the dose-response
cune was transformed to XT according to the
formula XT = Jog (1 + X) and the Pearson cor
relation coeifl (7) was calculated 4
to the relationthip between the transformed dose
XT and the response Y

EXPERIMENTS AND RESULTS

Incubation of LPS with gwnea pig serum
rendered the LPS-serum muxture chemotac
tically active on rabbit PMNs. When tested
1 ten fold and two-fold dilutions, submucro-
gram amounts of all LPS preparations in
duced a positive chemotactic activity for rab-
bit PMNi As allustrated 1in Table 1 there
was a conuderable vanation in the number
of cells per high power field from one expen
ment to another In these expeniments, serum
from the same pool was used while the
PMNs were from different batches. When
the dose response relatronshup was exanuned
unng two-fold dilutions of the different LPS
preparations and plotted on a sem: loganth
mic paper each LPS exhibited its own spe-
cific cune Up to a certamn dose level the
most active endotoxany showed a rather steep
ascending dose-response relationship (Fig 1)
A maxmum was usually found beyond which
po further increase occurred but rather a d
mnution of the chemotactic response ap-
The less active endotoxins, ot. LPS-
F 328 and LPS-Fex | gave increamng res-
pome 1n leukocyte migration also at hgh
concentrations. The positive correlation coef
ficzents were 0.99 for LPS-5-795 in the dose
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range 0.39 to 125 ug 0.98 for LPS-\e3 1
the dose range 039 to 12.5 gg and 0.94 and
098 for LPS-E 323 and LPS-Fev 1 respec
tively 1n the dose range 0.39 to 200 pg How
ever the les actve LPS preparanom were
also highly chemotactic to the PNINs in doses
lying within the ascending part of the dose
response curve from the most actrve ooes. To
avoid comparnng the leulochemotactic actre
1ty of amounts of LPS lying on the decreaung
part of the most actne endotoxns and 1n
order to spend mimmal amounts of the LPS
preparations, doses of 3 12 and 625 pg were
chosen for a companson with the chemotac
tic effect of LPS-5-795

TABLE | Lewkocyte Chemotexts 1n vitro of LPS
Isolated from V alcalescens Strers 1 ¢35

ol Cells per hugh-pouer fiekd
LPS Ve 5 (x5)* Exp1 Erp2 Exp3
nm=2 n=2 o=2
100 373 685 697-768 612-680
10 399523 644-712 526-672
1 206-406 319613 279-307
01 60— 88 421-439 134190
001 65- 75 332-338 91-121
0001 35- 63 104140 98- 38
Serum alone 1339 11— 919
Geysol
+ 10 xx LPS - 2 5 -4
s sol.
G’fm 15-27 14-20 313

* Reaction muxture Equal volumes of LPS soe
wated in Gey s medium and guinea pig serum.
** Equal volume of each.

Using 3 12 ag of LPS the | eillonelle LPS
and LPS-F 1 duplaved no statntically sgmf
icant difference i chemotactic actvity from
LPS-5-795 (Fig 2) The difference between
the LPS-5-795 and the other endotouns of
the controls was, however highly ngmficant
(p <0005 LPS in Gey s solutron gnve 5.8
mficantly lower cell counts per high power
field than serum alone No difference was
observed 1n the response when the amount
of LPS was mcremsed nor when no LPS was
added to Gey s solution. Ghycogen incubated
with gunea pig serum induced only slght



wed waay account foe this findme, Thewe re
sy mdcate that comparnam of chemotac
te setnny from different doses of tewt sube
wances should be made with cells from the
e batch,

The decreawe 1o pumber of cell on the
chemotartc s.de of the filter when high doses
of LPS were emploved, mar be due 1o the

mpproxmately ten per cent of the cels fell
ol the lower sarface of the filter durmy the
meuhaton penod

The rexalts from the preincutaton of LIS
= Gey ¢ m.uton demomstrate that bactenal
Ipopolyucchandts have no direct leuko-
chemmotache actnity The short tune dunng
*ech bratsuble Jeulochemotactic meda
T3 are ehborated at the optmal terapera
tre before the beat-labile serum components
are mctnated, mxy sccount for the low cell
ot found when the LPS-serum masture
= prancubated at 36 C for 30 min before
og on actnity The rigruls
ﬂm}yb\«nnutoum{wnd‘bmmpn-
Bwaton of the endotomin-serum mmture
“u performed 1n contrast to when preincub-
Sed 237 C for 0 mun indscates that there
fisrh b s tome kag before & gradient of
dmnmxndnmwmmup Further
more, meubaton w37 C only renders an
™pecile acd ancontrolable actnaton of
Meahble mhilutors o actnaton of the we

the 1 PS-F1 was comparable to that of the
Selmonclla LPS. The dsspenlon of the LTS
complex of Feo 1 howener may have been
poor and this have accounted for the low
chemotactic actraty found. Becteroedes LPS
sem to be quate different from the Salmo-
2cDa 173 as hey do not sem 1o have a
typical fipd A (T Hofsad persanal com-
mumcaten)  Such a difference 1n macro-
molecular compositon may thus explain both
the low chemotacte capacity and the low
endatoxe actnaty found in other binlogxal
teus (1)
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1des {rom the same bacterial strains as shown in Fig. 2,

Y
mcubt!cdlugubeapiglaumml}mdmen[&ZJn;.Formmpanm statisheal anatyrs and
sce legend to Fig 2 Each column represents the mean number of cells per high-power field * suand
ard deviation (vertrcal bar) from six filter disca. Ser m serum. *p > 0.05 +p < 0005

chemotactic activity One m.crogram of gly
cogen i the reactuon moxture, corresponding
appraximately to the content of neutral sug
arg 10 312 pg of LPS from B10 and NCTC
9343 gave PMN counts averaging 60 per
high power field. Glycogen alone had no
chemotactic effect on PMNs

When the LPS-serum muxture was neither
preincubated at 37 C nor subsequently at
56 C, approx. 70 per cent of the chemo-
tactic activity was found. When the same test
suspension was preincubated at 56 C before
placng 1t in the test chambers, only about 25
per cent leukochemotactic effect was elabo-
rated. No demonstrable or anly weal chemo-
tactic activity was exerted on PVMNs when
both compartments of the modified Boyden
chamber contamed equal volumes of the re

action muxture.
When 6.25 pg of each LPS preparation

were tested (Fig 3) the chemotacuc effect
was inugn.ficantly lugher than when 312 xg
of the same LPS was examined However
the actrvity of the varous LPS was mnked
i the same order 1n both types of expent

ment.
378

DISCUSSION

The modified Boyden chamber technrque
provided a sensttive recording of chemotaxs
s.nce only submicrogram amounts of LPS
were necessary for the attraction of PMM
Ths » 0 agreement wath findings reported
by Snyderman et al (1968) testing F eill-
nella endotoxin and using the same method.

The mast vanable component of this ex
penmental stem 13 by far the PN, to
which the varmble results referred to 1
Table I may be awnbed The cells of 2
batch conmst of indrvidual cells wth dufferent
age and functional capacity and therr chemo-
tactic respome may vary accordingly Anin
nigmificant difference in chemotactic aetrity
was found when two successve two-fold d
lutions from the ascending part of the dose-
response curve of the LPS preparations were
studied separately (cf Fig 2 and 3) Ths
disagrees conmderably with the results ob-
tained when two-fold dilutions were tested mm
the same experment (cf Fig 1) Since se-
rum from the same pool and LPS from the
same two-fold dilution were employed mn all
experiments  the different batches of cells
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Subcutancouly moplagied cherobers m rabbis w re wed for 1oty the mxration of poly
maphonscierr knlocyser in repoom to inpected LPS uolsted from mruns of Bactersed
Frmbecterem wnd | ollemele, A Seimen D4 LPS wae used a1 reference endotoxin, No dif
freacy o chemotactic actnrty betmeen the | lloselle LPS and LPS fro Selmencle was
forsd Fusmbactrnom LPS showed uaogmiflcantly Somer bemotactic capac ty than the Sal-

wous'le LPS The Bactrresder LPS were all oguixcantly lew  hemotactice than the reference

oelomn An

correlanon between tha amowat of rxodaie ayrated from the

chambery § b adter injectoon of the different LPS preparatons and the oumber of lewkocytes

Per o of exndare was found.

I aflencile bpopolyssccharides lewkocyts chemo
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hﬂ?lhmdmrhmm.uanthmhm
mxlaton of Teukocytes
(hi‘\'lulhmmul:uldunnn
=x feature following admmutravon nto an-
:“‘h'pﬂpo}rnrth:ﬂdu(LPS) solated
Gram negatrve boctena, Ths  has,

oo and the local and generaloed
*tTan reacton of LPS isolated from

I rllonells alcalescens 1 allonelle
Fusoh L B

parrule
frap-
Us and Bacterotdes melammogenmicns has been
repocted (9) It has abo been demonstrated
that LPS {rom these microorganisms, when
mecubated in gunea pig or rabbat serum, elab-
orate factors chemotactle for rabbit PAfNg 1n
ratro (8)
Tbeprmu;npcrduhuhhdznﬂgnmn
of PMNs tx 1100 uslng wound chambens
(10) LPS[rumthennxlnmrnlupn-
fans as mentoned above was wied. It was of

4.
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The volmme of ensdate sspursted from the

different chamben at time rew, Lo x days
hhmumnngtd(mmﬂﬂ +
0 10 4342 3 1521 4L The tolume of
e mprated at time sero from the
atben 16 be moculated wrth LPS-S-795
9784 1271 ) waz campared to the vol
*® of oudatr m ench of the other teat
Soubery (3566 1 1204 10 4943 4 1521
Pl mmfm“umqu
mfeany

The volume of fluld xrpuated from the
5 b after mpection of the test sus-
Pewlons, which ranged from 260 7 = 68.1 to
a?i’DG3erumderamtfrumm.t
te hiammbers imjected with the refer

S endotexin whnch messured 205 7 =+ 19 1

Methods Dowss of 12 5 g of tuch LPS preparation aod of gheogen ma tested Esth cluma

ol (p > 0.03) Thin conm.dernble Jess wound
thamber Muid wes aspirated after 5 b, than
at ume ero. No ugnuficant correlation be
tween the amount of exudate mmduced by the
vanous L.PS preparations and the number of
leuhocytes per al of the exudate was found

(rm= 062, p>01)

At pme mro there was no difference re-
garding the mmber of leukocytes per al of
exudate 1n the chambers 1o be moculated
with different test subsrances {rom
4085 =922 to 457 1% 761 celh) when

with thost to be injected with

LPS-5.795 (392.8 = 109 6 cefh) (p > 0.05)
At the #nd of the experiment (Fig. 1) no
difference 1 the number of leukocytes per al
of exudate was found when the | allonsdls
LPS and LPS-F 1 induced wound chamber
flusd wat compared to that induced by the
reference endotoxin (p > 0.03) The other
endotoxint induced les mifux of PAINg (han



particular interest to examune if the Bactero-
tdes LPS which 1n in oitro mvestigations
showed o very low activity induced PVN
rugraton tn two and if 50 to what extent
when compared with LPS from other an
aerobic microorganumms and from Safmonells

MATERIALS AND METHODS

Mucroorgantsms

The strains used for Isalation of LPS were Bee
Leroides fragilis snbspecies [rapils stratns NCTC
9343 and E 323 Bacteroides melanminogenicus wb-
species intermedins strain B10 Fasobactenum mu
cleaturn strams Fl and Fev 1 Veillonella alcaes
cens stratn Ve3 and | eillonella pervnle strain Ved
Detalls concerning their nolation and culthvapon
have been reported (9) LPS was solated from
whole or dlisntegrated eells (9) by extraction with
phenol-water (12) and purified by ultracentnfug
atfon and treatment with ribonuclease and decxy
nbonuclease (9) LPS from Salmosella extentidis
8-795 (reference endotomn) was kindly provided
by k G AMilzer (Rocky Mountan Laboratory
Hamilton, Montsna, USA) The chemical compo-
nuon of the LPS preparatlons and thelr electron
microscopical appearance have been reported (9)

AMeasurement of Lemkocyte Afegration

Five sterile wound chambers were Implanted
subcutaneously on each Ixtera! ude of nx-months
old New Zcaland White rabbits as described earlier
(10) Bix days after implantation, the cxudate
formed was aspirated and Immediately chifled to
0 C. LPS and control solutions were then injected
into the chambers a1 d bed 1a E: and
Resulte. The amounts of exudate collected from
each chamber before and 3 h after inpection of
LPS and control solutions were measured sod 25
al of 1t immeduately transferred to 475 al of me-
thylene blue to deternune the number of lenko-
cnzsbycounungLnnBurkerchnmber For dif
ferental counts, smears of the exudate prepared
on glus shides were stasned with Msy-Crinwald
Giemsa (Pappenheim staining)

Stock solutions of LPS contamung one mg per
ml, were 1n sterile ivotonic tatine (085
per cent) All sock solutions were treated ultra-
sonscally (MSE/Mullard, 60 W 20 ke/s) at 0 C
for 2 mm. If necesaary the pH was adjmsted to
72 % 02 uslng triethylamine

Statustical Methods
Standard devistron was cakulated at previously
reported (10) The Wilcaxoa rank test fufﬂt\-u
two-tailed) (3) wat used for the evalua
gt i chemotactie actiid
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exerted by LPS-8-795 and the other endotem,
The same test was also wed for cakeulanag the
stathiieal ngnificance of differences 11 the e
ponses of mbbuts 1o the tent solutjons. For the ek
ustion of the correlation between amomnt of ex
udate and number of cells per ol of erudate, the
fsp;umm coefficrent of rank correlation was med

EXPERIMENTS AND RESULTS

In preluninary expenments two-fold dilitons
of the LPS preparations were tested. When
LPS was applied up to a gren amount to
the grapulation tssue within the chambers, a
typical dose response relatopship was seen.
This was characterstic for each of the LPS
preparntions and vaned from 25-200 g The
dost levels 1n the nscending part of the
dose response curves vaned accordmg to the
high or low chemotact.c activity exerted by
the varous LPS as also has been reported
previowsly  (10)  When the dose-response
curves of the different preparatrons were
compared, 125 pg of the LPS was fourd to
lie within the ascending part of all dose res-
ponse curves and was, as prey ously drscussed
(8) chosen for the comparison of the chemo-
tactic actmaty of the LPS preparations from
anaerobic orgamsms with that exerted by
LPS-8-795

LPS in doses of 125 gg n 0.4 mi of mo-
tonic salire from cach of the erght dilferent
LPS preparations were myeeted into eght
chambers on each rubbit In the remanng
two chambers 12,5 pg of glycogen (E. ek
AG Darmstadt W-Germany) m 04 ml of
saline and 04 ml of sabne dg})’e were l;

ted as controls, respectrvely Glycogen »
;:Ccluded since LPS-NCTC 9343 and LPS-
B10 contain large amounts of neutral sugan
(9) The stes of the implanted chambers
were numbered, and the endotoxn prepard
tons or controls were not mnjected mto the
same chamber more than once The compar
atrve exam.nations consisted of measuremens
of the volume of exudate 1 the chambers be
fore and 5 h after injectron of LPS the nurm-
ber of leulocytes per gl of exudate and the
total number of Jeukocytes within the cham-
ber To examine if any brological vanance
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knlated m all the wound chamben m the
?“Mmhb-ununrmandnth:end
d;ww H.gher numben

»ete foand m the weand flurd 1 the
“hnﬁm_i of abbits E and F both before and
7 the mpection of the different LPS and
oo, The bigher mumber of cells m the

chamber fluld of thess two anmal
n&uﬂdlhaaq:erhna\ulpzrk;dm

found to be mduced by all 1 TS prepanationt
a3 well a1 br control substances

The rehtve dintnbution of PMNs and
mononuclear kukacytes (MN1) n the ex
udate at tume rero and 3 h after application
of tevt preparations way n acrordance with
preout resws (100 In the LPS induced
wound chamber flusd an averaee of %4 per
cent of the el were PANs a1 compared to
abowt 75 pet cent in that induced by waline
The higher number of M\ in the naline in-
duced wound chamber fluxd than that found
i the LPS induced fuid was heghly sognif
want {p < 000R

DISCLIBION

When LPS bo.ated from strains of factero-
wler Fusobactenum and 1 allonclla n ap-
pled on 2 newly formed granulation turwe
w thn chamben subcutancowsly implanted
1n rabbity, thy reslo in an accmmulabon of
polymorphonuciear leubocytes

The m cuo chamber method measures a
more complex phepomenon than the i 1riro
Boyden chamber method doss Thua factans
bke capillary flow capillary permeability
mobilmmbon of PAMN\s from blood depots as
well as the rate of PMN\ producton cught to
be conmdered. Hownver plot studin con-
ceruing, {fractonations of the wound chamber
fhud oo Sephadex columns suggest that LPS
1n tico as well a3 sx cfro promote chemno-
tams through actvation of the complement
wiem

Prel expeniments showed that the
elaboravon of chemotache mediators also
swem to depend on the phytcal state of the
LPS snce sonwcal tratment enhsnced the
attraction of PMN1 Thh n m accordance
with the tncreased capaeity of LPS, when
sonzcated, to produce tkin inflammatory re
actom m rabiuts (10) and to attreet PMNg
x ot o (8)
mee::uLu(mndmm:dylgznhrﬂmLh

& o7tro studies tung the modified

chamber device (8) Thus the nhmB?ﬁ
gratory actnaty induced by the vanoos 1.PS
ihn-vd'.\unmcpnlemknthemnrmu
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6 days after implantation (A) and 5 b after inee-
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Fig 2 Totl nnmbcr of Jeukocytes 1n th

of coded tewt

tion of b polpacchandes (B} For

statistical analysis and probability see legend to Fig I +p> 003 ++p <005 +++p <0003

did LPS-8-795 The difference in number of
leukocytes in the LPS-Fer 1 and NCTC 9343
induced chamber fluid was at the two per
cent level Wound flud from chambers in-
Jected with LPS-BI0 and LPS-E 323 as well
a5 with glveogen showed migmificant Jeuko-
cyte counts that were only about one third
one fourth and one eleventh of that induced
by LPS-8-795 (p < 0005) The actmty of
LPS-NCTC 9343 was mgnifieantly higher
than glveogen (p < 0005) LPS-BIO was al

so more active than glycogen, but less pro-
nounced than LPS-NCTC 9343 was (p <
oot

A.\) shown 1 Fig 2 there was no staust-
cally ugnificant difference in the toml pum

ber of leukocytes accumulated 1n the duffer

ent test chambers at tme zero the mean

384

ranged from 0 140 = 0087 to 0 225 + 0.063
X 10% cells per chamber Five hours after the
application however the difference between
the total content of leuhocytes i the LPS-S-
795 induced wound chamber flnds and that
nduced by Bacterotdes LPS as well as LPS-
Fex 1 was statistically ugmificant (p < 005)
as was the difference between the LPS-S-795
and saline or glycogen (p < 0005) The
number of cells accumulated 1 the exudate
induced v ¥ ellonella LPS and LPS-FI was
sumilar to that of the reference endotoxm
(p > 005
The total number of PMAs induced bv
LPS-BI0 and LPS-NCTC 9H3 was three
and four times higher respectrvely than that

mduced by glycogen (p < 0003)
Fig. 3 shows the total number of leukocytes
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well as 1n the 1n z1ro expenmente. This find
ing indicates that PMN rmugration tn oo
also 15 due to chemotaxi. Thus the chemo-
tactic effect of the Vedlonella LPS ether
expressed as leukocytes per al of exudate (cf
Fig 1) or as number of cells per wound
chamber (cf Fig 2) was comparable to that
of the Salmonella LPS whereas the Fusobac
tenum LPS either was sumilar or lower in ac
tnaty The present study alo shows that the
Bacteroides LPS pouens low chemotactic ef
fect on leuhocytes when compared to the
other LPS and to the Salmonella LPS As
duscussed 1n a previous paper (8) difference
1n macromolecular compontron rmay account
for the low chemotactic actmity of Bactero-
ides LPS The Veillonella LPS and the Fuso-
bactennum LPS have a molecular compostion

exudate may be subjected to chemial and
biological examinatons.

Chemotaxs physologically occurs as part
of an inflammatory response A pomible con-
nection between chemotaxs and
has been postulated by Tempel ct ol. (1970)
PVINs are thus constantly preseat both m the
gingrval crevices and within the juncbonal
epithelum of healthy as well as chromeally
inflamed gingna (1 2 6)

A gradual ncrease i the number of P\
within the gingnal crevices durmg the pro-
gress of gingvitis has been observed (2) It
has also been shown that bactena per s¢ are
chemotactic (4) and that oral bactena pro-
duce factors directly chemotactic for P\
in ratro (11) Furthermore, human dental
plaque material has been found to passcs
ch ¢ actnaty for neutrophil Jeukor

comparable to that of the Sah {la and
thrs may thus explam their lugh chemotactic
actwity

The direct or wndirect effect of LPS when
applied on newly formed granulation tsue
1 an efflux of cells as well as an exudation
of flmd probably due to an mncreased perme
ability of the vessels of this tussue The cor
relation between the amount of wound cham
ber flud induced by the different LPS pre-
parations and the number of leukocytes per
al of the flud, however was nsigmificant
(p>01) Ths indicates that an LPS with
o high chemotactic actnaty on PMNs not
necensanly » tantamount to a large amount
of exudate formed.

A ugnificant vanance between the rabbits
in the response to the different LPS and con
trols was found (cf Fig 3) In the model
wsed however this does not mfluence the
comparsson of chemotactic actnty exerted
by the different LPS since they all were
tested sumultaneowly n the same rabbits

The tn oo vhamber method has several
advantages over the modified Boyden cham
ber method the migration of P\INs as well
as MNs may be stud.ed and compared, 1n
formation about the vascular permeability
and the formaton of exudate 1n connection
with the inflammatory response may be gaun
d during a defined peried of tme, and the

aff

cytes tm owo (5) Since endotoxm may be
hberated from duntegratng Gram-negatne
bactena of the human gingiwal plaque and
the quantity of endotexin 1n the gungnal
exudate can be determined (7) 1t seem liLe-
Iy that LPS by interaction with factors prev-
ent in the plama may contribute t© the de-
struction of tusue in patents wffermg from
pendontio.
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e were chrmotacte for rabbt pohmer
phacaciear Jeulocytes sx otr (20) aed
1w (1) In these teat syuems the endotoxic
sty of the Bacteroudes LIPS was very bow
campared to that of the oiber LIS and LPS
o Sedmenclla entertidis which was mchaded
for comparmon. The comparstive studres of
#e edotooety of LPS prepared froem the
shert Gram-negatrve anaerobes have there-
fre bern extended to include lethality m
nce smd 1l-daprold chil embnyos, pvro-
fraacrty b rabbxts and the abilry 1o gel In-
oy of Limulus polpphemus amocbocytes
Anmmal peces vany i their uncepubibity
© the Jethal effects of endotomm, Mace are
mhtvely rewsnt. Cleck embryos, on the
atber band, are extremely assceptibue to edo-
e between 8 and 12 days of wacubaton
{3) The mowt srudied and abo the mon
5P ol and detingushing hou reactive prop-
v of an endotomn is the biphanc fever
ScuTDg after miaenow injection. With
"Frﬂmmmnyv.bebm-h:un) of
Lrirs & Beag (1968)  superior 1o all ather
¥ bor endotosserty In fact, thrs asmay has
hﬂﬂdwdemadmthh:pamnu
it froe B frapt sepus {18)

UATERIALS AKD METHODS

toweally (L.} s groups of 1% mc  ach mowe
recer g 09 ml of the d.lwt.on. Twotold dilat.oms
of the LFS prrparatons comtunng 123 ot of
scumomem-DX (AM D) (Merck, Sharp and Dah-
me Dn of Merck 4 Co lsc, Wet Poat, Pa
19485 USA, kot 449 ¥) mere Lirs e mpected
iato groups of ux mce A ¢ mpected mub stenbe
ulme and nlise contamng 123 p of AMD
sened 8 conirols, De th were recorded dady (o
& perrod of three days aftet inoculanen
Lethality for hsck embryes, The capacity of the
LPS 1o kil cb ch cmbryoy ma cxam ned accordmg
w A e & F Afsen (1966) Edn dap aluer
mcuhation of Whu Leghorn exgs 0 self t -
ing, tumudified meubator a1 37 C, the chack em-
bryos were moculated mirsenounly (b w B Al
fereat dower of LPS aga wrd well m pyroseairee
saline (3) and retwrned te the ox bator Each
disuon of the LPS prepamavon = tested in
rowps of tem erobiyos Salme slone serued a1 2oy
stne controt Lethality w  recorded 24 and 43
bours afeer ncebaton.

Pyregemicty  abbits. The tet win performed
a3 dexcnibed by A o7 & Fraleluem (1566) New
Zr tand What rabb.t of both scxey, » ghng 23
kg, were ;wd They were cated wparat Iy and
mastused  quict Toom et & O WSt fempeTa
tre of 21 C. Three dufferrnt doscs of each LPS
were teed employrvg eght mabbetr t rach dowe
beiel Biock soluvos  of the difrrent LPS mere
made  pyrogem-{ree saloe and  ortened before
cach distion wa made The al ne dilment sned
m contrd Sampes of 70 ml were admus tered
i the marginal oo ein Copper<comriaatan ther
mocewples maplanted rectally reg sered (he Lo
peraturt which wis rrcorded  mromaucally wath
a NoarreeDd Mutupmnt Recorder every 12 mua
for & per.od of ux b alter mocelation (23)
the fner unes dd oot retam to the baw Dine
a1 the end of ux b, they were cxtrapolated 1 that

pouat

Liwsls grieten 1 5t Lol Iy
& (1AL} was peepared froms adutt female hore
thoe crabs (Lumslur pelyphems ) described by
Heckita o ol {(193) tung duslled water for
frds of the amocbocyies Pyrowen-free glswaare
wa prepared by soabmg 1t 0 srony chrom-
sulturc s bath for 24 b, naung it o re-disolicd

by mcubailng Q.
nlnllfn-nlmm-uho.lmldl.ALl.Pyr‘-:

flam b, 10 w10 dameter X 73 o bowg
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Acta path, microtnol. scand. Sect. B 85 388-396 1977

LETHALITY FOR MICE AND CHICK
EMBRYOS, PYROGENICITY IN RABBITS AND
ABILITY TO GELATE LYSATE FROM
AMOEBOCYTES OF LIMULUS POLYPHEMUS
BY LIPOPOLYSACCHARIDES
FROM BACTEROIDES, FUSOBACTERIUM
AND VEILLONELLA

Rjcu Sveey Tor Horstap and Recsey C. e

The Gade Insutute, Department of Microblology
Laboratory of Oral Microbiology Univertity of Bergen, Bergen, Norway and
Unuted States Department of Health, Education and Welfare Publc Health Service
Natlonal Institutes of Health National Instituts of Allergy and Infectious Diseases,
Rocky Mountain Lab y Hamil Mont 39840 USA

Sveen, K., Hofstad T and Miner K. C. Lethality for mice and chicl embryos, pyrogeaiaty
in rabbits and ability 1o gelate lysate from amoebocytes of Limuler polyphemas by lipopoly-
saccharides from B des Fusob and 7 eiliomelle Acta path biol scand. Sect.
B 85 388-396 1977

Phenol water extracted Lipopolysscchandes (LP8) from | «ill
Bocterordas fragilis and Bacteroldes melemmogensens were lethal for mice and !l-dayrold

chick embryos, pyrogenic In rabbity, and gelated Limulus amoebocyte Ipate. Mouse lcdnhz
was d h d by D In all test systems the endotodn scthvity

ble to that of LPS from Salmonells ententidit

e Furoh Lest

Veloxella and Fasob LPS was
which was imcluded a1 & ref 4 The endotoalaty of the Bacterowdes LPS was
very low While of the | eullonella and Furob LPS killed the chick embryos

and gelated the Limulas lystes, microgram amounts of the Bacteroides LPS were needed
log{wpmummclbnmthnnmelutmlemmmnr_bu74pgolt.hemonn£dﬂ

B fragiy LPS were requured to grve & typieal biphasic fever responso 1o rabbits. A ngnlficant
correlation was found between all test results (r = 090-098 p < 0001)
Key woeds [ elonella F mucletum B [regiis B melanmogemicns Iipopoly sacchandes

lethality pyrogemcity Limulus test
K. Sveen, Mikrobiologisk aivdeling \[FH-bygget, N 5016 Haukeland sykehus, Norway

Recelved 231 77 Accepted 27477 Veillonella alcalescens and {tlll'an(l’l:' plr;
Phenoljwater extmcted hpopoly;a;changu vu'ia prog:ce:ld}:lum:?wm?a:n:;(:?m n

Bacterordes fragilts terordes  actions raloed

’("LCZS’:‘"Z"::“M ‘;:Jaba({tmvm nwcleatum  Shwartzman reactrons 1n rmbbuts (19) Albso,
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AD would L 13-20 per cent of the mace
vikn a penad of three

Mice moculated ip with kethal doses of
LPS slore, o7 In combmavon with AM D
berame ] within one h. They did pot eat or
dak water and duplayed uncoordinated
moreaente, and mowt had diabea o un
controbed 1tool. The hind part became para-
e, end chartly before death the mouse was
o with hibored breathmg

Letkaity for Chick Embryos

Ismvenows inpeetions of LPS into eleven-
Emld chck embryos prmed these to be
Mgty smceptibie (Table 2) The fifty per
2 lethal end-pomts (CELDsa) of LIS from
te Frobatenem wrams and from the 1
dedlexcens uram Ve 5 were clowe (o that of
LPS prepared from § eatertidis $-785 LPS
ko e | porrale stram Ve 9 and from
ﬂ"’»/"ﬂ“mElZSdmcdhnn
B2y LPS from the B. melemimopentcus

hmBIDlndBIrthumun\‘Cl‘Cg}u
*eze the least actne

Irsgencity o Rabiuts

Ty mmstmired rabun reacted to all
POCRIRnOm with a febrile
G o e e Tesponse.

TABLE 3 Pyregeniity [ Rabbuts of LPS
Tiolal d from
A eillonells, Fushiacter wm axd Bacteroides

Source ol LPS  Fl_ (m) Rask  Ratob

3-795 0064 1 1.0
Vel 0770 2 120
Ved 9.200 3 417
n 7800 4 1219
Fec l & 800 3 106.2
Bl 130 000 7 DN
E 323 74000 13 11363
NCTC 9343 700 000 8 109173

Fever 1ndex of 40 cm?
* Companeon made to LI3-5-793

LPS from F1 Feul and \e9 were 9 12
tmes ks actne than LPS-\e S spain LPS
from alt Dacterotdes strams displayed an ex
tremely low pyrexial actvaty as they showed
an elfect varymg from approx.marely 1 1000
to 1 10,000 of that froe the LPS-$-795 Ac

.

3 ¥ 8 2

Fl md A Wl
Sfirences = actniry

among the different
::n (Table 3) LPSVe 5 way 12

Mine that the reference endotoxn

T
ARLE 2 Lethatty for 11deysoid Cis k Embryes
LS Imlne d frem Viesonels,

1
3 19
Q1077 3 »
oy 0008 2 24
in oolss 4 51
s 09100 N Mis
%ore o1 . 310
i 0 #9500 H 2403

e ke o Lry g ey

3 3 LT

(I ™

g 8 3

Graphx umeton of prepared

(A) B frapilu EIB (B) F wiclee.
Fland (C) } alr
gkt rabbas wern used per dose bl Ver

eal bar mdicates ramge of 1 yandard

each wean Frror of
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capped with pyrogen free aluminium feil at 37
Pyrogen-free water and LAL, as well as LAL alone,
served as negatne controls. The former sened as
an cvidence that water used for dilutions was en-
dotomun free, the latter that the equlpment used
was pyrogen free Poutive tests were those that re
malned ndherent to the bottom of the test tube as
a firm opaque gel after one h when the test tube
was lpverted carefully at 180 C, Recorded were
alio the end points showing scmbsolid or soft ge!
formatlon, the clot being broken up by inverting
the test tube Increased viscocity only was recorded
a1 A& pegative reaction

Statittical Methods

Mouse mean Jethal dose (MLD,,) and chick

mean lethal dose (CELD,)) were estun-

ated by the method of Kdrber (1931) The fever
index (FI) was calculated as reported by Redbech
st al (1976) The gelatlon capacity of the differ
ent LPS preparations on Limades lyuste war cal-
culated from samples In duplo The actnaty of the
endotoxins In each test war ranked with the most
actve ranked as 1 Analpls was performed by
unng the rank ) ek
(3)

EXPERIMENTS AND RESULTS

The chemical compontion of the LPS pre-
parations have been reported (19)

Mice Lethality

All LPS preparations were lethal for mxe
(Table 1) No marked differences were found
between the lethality of LPS prepared from
the Verllonella and the Fusobacterium struns
and that of the reference endotoxm prepared
from S ententidis S-795 In contrast, the
lethal effect on muce of LPS from the Bec
terordes strains were very low The enhanemy
effect of 125 pg of AM D on the lethal ac
trvity of the different LPS prepartions vaned
from 697 to 1189 times. The difference m
Jethal activity between the reference endo-
toxin aod the different LPS preparahons v
more pronounced when AM D was added
than without the additon. Thu, the ken en-
hancing effect of AM D on the different
LPS preparations when compared wth LPS-
$-795 ranged from 26 to 41.5 per cent. The
addition of AM D to the LPS dd not rank
the LPS preparations in the sume order of
actiity unce LPS-E 323 wos found mare &
tne than LPS-B 10 when AM D was not
added Actinomycin D 1n the dose wed pro-
duced no mortality whereas, according t©
prchmmnryupcnmmu,adotcofﬁns"{

[ Ads

of LPS Isolsted frO:

TABLE | Lathality 1n Mice Following I

ides, wethont or with 125 ag Actraompan D Add

Veill rd
Enbance-
Mouse LD,, {(ag of LP3) o)
Source of LPS thout AMD E factor Ratlo  ment( Razk
e D added of AM D4
1
0 -
S entenidis 5-795 2700 0.227 1189 10 1
1 d:';'ljmm Ve s 1,359 4 1303 974 500 6.1 ml ;
b paroule Ve 9 2,2500 3228 697 83 141 ;:9 ;
F aucleatum F1 11933 1339 893 44 89 ue b
F sxclestum Fev 1 14300 1716 831 53 76
7
i :'.mn::::‘,u;; 10 219373 18.949 1158 813 833 2.6
B:T?;-Iusazs 174470 24.219 720 646 1067 394 Ll
8 frapss 28 666 0 34,375 834 1062 1514 299 8

us. fraplu NCTC 9343

Enhancement factor of actinomyein-D
b Ratio to LP3 8-795 based on

1.D,, without antibiotic added
LD,, when antiblotic added.

Ratlo to LPS-S783 bse o - o0 0 of AMD on LPS 5795

d The percentage higher en
The lethal effect of the L

P4 preparstioas without antibiotic added ranked.



AMD woukd K1 13-20 per cent of the mice
withan 2 period of three days

Mice mocnhated 1p. with lethal doses of
LPS aloee, or 1n combunation with AM D
became il within one h. They dud not eat or
&isk water and displayed uncoordinated
soementy, and most had durrhea o un-
coptroBed stool. The hind part became pama
brox, #nd thortly before denth the mouse was
st with lsbored breathing

Letkahty for Check Embryos

Izt emous inpechons of LPS into eleven-
dnold chick embryos proved these to be
Ingily suceptble (Table 2) The fifty per
ceot kethal end-posnts (CELD,) of LTS from
the Frobarterrem straing and from the |
salescens wram Ve 5 were close to that of
LPS peepared from § emtentidis 8795 LPS
foe the | paraule straln Ve 9 and (rora
e B fragslis straln E 323 showed lower ac
By LPS from the B, melemnogenicns
¥t B 10 and B, fregilus stran NCTC 9343
ey the leart active.

Myregrmoty 1n Rabbets

Bormal, uolmonmed rabbin reacted to all

s
Preparatons with a felwile respomse.
Mo{mr‘lwm‘ e bl

TABLE 3 Pyregenisity frr R bbits of LPS
Doetate

elated from
Veillooella, F sobacterium end Racieroides

Bowrceof LPS  FI, (sg) Rask  Ratlob

£79% 0064 1 10
v s 0710 ? 120
Veo 9200 H 1417
F1 1.800 4 1218
Fer l 6 800 3 1062
B10 130 000 7 218
L3 74 000 1) 11583
NCTC 343 700 000 13 109373

Frier index of 40 coa?
b Comparieon made 10 LPS-5-793

LPS from F1 Fevl and Ve9 were 912
times Jess actve than LPS-Ve5 agun. 1PS
from all Bacterotdes straim duplayed sn ex
tremely low pyrexml activity as they showed
an effect varying from approx.mately 1 1000
to 1 10,000 of that from the LPS.S-793 Ac

nonm

¥ % & 8

m acthvity among the different
hamcos (Table 3) LPS-ve § way 12
¥ actve thay the reference endotoazn,

TAMLE 2 Lethatty for 11-ders-otd Chuck Embryos
LIS Liotatod frem Vetorala,
od

nene

3 3 5 8

=)
2 2 & T

[ ™

i
L

Fig 1 Graphoe evtunanon of F1,, of LPS perpared
Trom (A) B fregits wrain £ 393 (B) I aroa
fem ot Floasd (C) b ssaliscens sl Ve 3
8ix 1o cight rabixt were wed per dow by L Ver

tieal bar adicater rasge of 1
joir -~ rasdard erroe of
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capped with pyrogen-{reo alumunem foil at 37
Pyrogen free water and LAL, a3 well as LAL slone,
served w3 negative controls The former served as
an evidenco that water wed for dilutions was en-
dotoxin fres the latter that the equipment used
was pyrogen-free Pouthe tests were those that re-
mained adherent to the bottom of the tew tube as
a firm opague gel wftrr one h when the test tube
way inverted carefully at 180 C. were
also the end-polnts showing semisolld or soft gel
formavon the clot being broken up by invertng
the test tube Increased viscoclty only was recorded
w » neyutive reaction.

Statisticel Aythods

Mouse mean lethal dose (MLD,,) and chick
embryo mean lethal dose (CELD,,) were estim-
ated by the method of Kdrber (1931) The fever
index (FI) was calculated as reported by Rudbech
et «f (1976) The gelation capacity of the dufer
ent LPS preparaons on Limulus hysate was ca)
culated from samples in duplo The activity of the
endotomns fn each test was ranked with the most
scthe ranked as 1 Analyns was performed by
unng the S rank )t T
3

EXPERIMENTS AND RESULTS

The chemucal composition of the LPS pre
parations have been reported (19)

TABLE 1 Lsthality tx Vxcs Folloting
| ad B

Mice Lethalty

All LPS preparations were lethal for mxe
(Table 1) No marked differences were found
between the lethality of LIS prepared from
the Vedlonells and the Fusobacterum strams
and that of the reference endotaxm prepared
from § sntentidis S-795 In contrast, the
lethal effect on mrce of LPS from the Bac
terotdes strans were very low Tbe enhancmg
effect of 125 pg of AM D on the Jethal ac
tivity of the dufferent LPS preparations vaned
from 697 to 1189 tumes. The difference 1
lethal actrvity between the reference endo-
toxin and the different L.PS preparations wat
more pronounced when AM D was added
than without the additon. Thus, the Jess en-
hancing effect of AMD on the different
LPS preparations when compared wath LPS-
S-795 ranged from 26 to 41.5 per ceat. The
addition of AM D to the LPS did not rank
the LPS preparations 1 the same order of
actvity since LPS-E 323 was found more af
tive than LPS-B 10 when AMD was not
added Actinomyan D m the dose used, pro-
duced no mortality whercas, acterding 0
prelm-unaryexpe_nmenu,adouofﬁﬁgd

Intrapentoncal Admimstrahion of LPS Iselated [ru;
Ides, without or with 12.5 g Actimomyers D Adds

Veillonella, F §
Enhance-
Mouse LD,, {xg of LPS) Vi) Rask
Source of LPS without AM D E factor Rauo e A
AMD added — __—_— ofAMD
1
10 10 -
5 entertidis 8795 2700 0227 118% 3
4 ':ltlllltm Vel 1,359 4 1393 974 504 i } :T: s
} parowla Ve 9 2,250.0 3.228 697 2: 159 e :
F nucleatsm F1 11935 1339 893 o a4 '
F nuclsatam Fev 1 14300 1716 833 .
* :‘1’:::::1:7;‘: 10 19375 18.949 1138 813 833 26
6
i -l:.-[’r’?:dutalﬂ 17 4470 24.219 720 646 1067 394
L]
7 fl';f'f‘.’au NCTC 9343 28 666 0 34,373 834 1062 1514 29.9
E factor of 0-D

b Ratfo to LPS 5-795 based

1.D,, without antfbiotle added.
O LD wheu satiblotie added

Ratio to LPS-8.793 bawed on 10 WBem S50 FRN ) b o v0s

d The percentage higher enhapang €
The lethal effect of the LES prepac®

dons without antiblotic added ranked



TAYLE 3 Comparisen of th Sensicl wy of
Diferent Teds for Endotansc Actuity of LPS
Twleted from
\cDoaells, Froohacterhan and Bacterolder,
The Rowlts of the LAL Test ave Used for
Colcr ating the atio

test syvterms measuring endotoxee activity the
taxaty of the Becteroedes LPS has been
characterstically Jow The reason may be
that comventionally extracted and purified
Bacterodes LPS contam only small amounts

ey Mth Ratlo (LAL = 1)
oL LALwnt —— — —
(ol LFS)CELD, bAID,,  FI,.d
m 7616 —21 334 84
Yo SI18 11 1487 M2
Ves M 44 923 T4
n 2138 _09 1308 833
ol %542 a5 391 jas9
1 M7 15 374 1360
tm ME484 13 1191 s082
XICHH 73125 1 167 890

The LAL st wae ben
‘Qﬂ ;.; wRmtne

Yome LD, withoet AM D seded 10 LPS m-
¥ badex of 40 ct

e botoms of the test rube was used, LPS.S-
 LPLFev | and LPS.F{ were rmore active
e CELD, teat than fn the LAL test, The
Rrorraty test appears e scntne  bat
h“«.t‘lnu:nnh.r!eum:m;mc-l‘prrugcrL
A*ﬂlfnmrmkm was found
%mmmmm
(=05 p <OOMW1) chuck erabeyo lechal,
M =09 p<00002) and

of the endotoxin proper or more likely that
the ch ! of the end.

ciple s qu:te distinet from that of ipid A,
ve the toxe principle of Selmonells LPS
The high sctivity of the \ eillonella endo-
touns in all test systems is in agreement with
earlier reports by Vergemhagen ot al. (1961)
The endotomee actvaty of the F mudeatum
LPS was cormparable to or somewhat Jomer
than that of the highly actve LPS from §
emteratidis 5795 Thn accords with recent
chemical studies which have shown that
Fusobacterrm LPS has a Epid A structure
umilar to that of LPS prepared from Sal
monella (7)

The endotoxc capacity of LPS-Ve 5 and
LPS-VeS differed conuderably m most as-
nylpn-formed,tbaxghdryumprrpurd
frem straims belonging to the same genus.
This was true alo for LPS-F1 and LPS
Fevl It o ressonable 10 aume that the en-
dotomic prmcple i the rame in the LPS of
Ve’ and Ve9 ar well a1 1n the LPS of Fi
lndFevluxidnxlh:da[[rrmmtcﬁnry
moce Ikely may be due to variaton m their

(ra08 P <00008) (Fig. 3) The o
- ) high-

a1 found between mouse

$alay and chuck embryo lethality (r=0.98,

P<OD0L) and e priei
o and Jowest """""_‘

<0001 cmnmh"n”{,; 0.0

e 204 prrogenscny abo rendered 2

e elficent than between wny of the

DIICUIIION
of the peesens study together
prove Tuer bnvertrgations (9 19 20 21)
® that water-soinble endotomms can be

bty 0 of Becterondes Faso.
*od T eflonele Howerer in an

solubility
The ch P of end
pouonng were observed aho when the mice
were given very mall doses of LPS m mox
nmwh.hthe-nﬂmenbohmncmmynn-D
The markedly potentlatmg effect of the ant
mthtnﬁt:mlhthhﬁtydLPSlumke
wu-hn-cmbyGumﬂd.(lWS) who
cxamined LPS nolated from F secrophorum,
A il higher potentianng effect of sctino.
myem-D bas been repocted by Prerons ot o,
(1970) and Dorling & Feldman {1970)
m‘murohama]mdmﬂ.ngucmjm_
dotocans, respectively The ducrepancy in re
wals may depend o the wnge of different
mhno{mceorlnlvlmﬂondd;.gmﬂ_
mnhoﬂ;e‘})nﬁe?‘cybcmcmbumhuof.c
o 1
fect on LPS from actobic and lnltm-lz:“bi
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4 Tempersture {°C)
5

T me heurs)

Fig 2 Biphask pyrogenic response 1n rabhit to
LPS prepared fram (A) B fragils strain E 323
(B} F swcleatsm struin F] and (C) V alcalescens
strain Ve 3 Each respoase cune represents the
average of ux 10 eight rabbits. Injection of LPS at
tume zero.

Doses

—~~ (A) BOO ag LFS-E 323 (B) 200 ax LF3-
Fland (C) 20 ag LPS-Ve §

—— (A) 160 ug LP3-E 323 (B) 40 ay LPI-FL
and (C) 0.4 ag LPS-Ve 3
(A) 3.2 45 LPS-E 325 (B) 08 ag LPS-F1
and (C) 008 g LPS-Ve 5

cording to the demgnation of the pyrogen
test (22) however alio the preparanon of
LPS from NCTC 9343 which was the least
potent, meets the requirements for containing

pyrogens.

The rabbits responded to all LPS prepara
tions with a biphasc fever (Fig 1) Thus
could be clearly demonstrated with as Little
as 008 g of LPS-Ve 5 (Fig 2) The fimt
and second peaks of the fever respome werc
recorded at one h apd 24 min and three b
after inoculation, respectively Where small
doses of LPS were moculated, the tempera
ture usually approached normal sx b after

admunstration.

Gelation of Limulus Lysate

The capaaty of the LPS to gel the Limulus
Iysate varred among the preparations (Table
4) When compared to LPS-S-795 the LES
preparations from the Veillonells and the
Fusobactenium strains were especially active.
If only the soft transformation of the lyate
was used for the determ.nation of the positrve
end poumty, still two to four more hugher two-
fold dilutons of the LPS preparatrons were
detectable by the LAL. The gelanon actrity
on the Limulus lysate of LPS-Ve 5 and LPS-
F1 was found equal both when the sobd 2t
well as the soft gel were vsed as critena of
therr actvity LPS-Fev 1 showed especally
pronounced  differences between the two
stages of lysate tramsformation as only oot
tenth of the dose necessary to form a solid gel
of the lysate sufficed to male a woft gelatoo.

Comparsons in seputraty of the different
assays on endotoxins on & weight for woght
basi, showed the LAL test to be the most
sentitive {Table 5) The amount of endotaxn
necessary to produce a poutrve chick embryo
LDso, however was close to that recorded
unng the Limulus ysate test (cf. Table 3)
When the criterion of a firm gel adherent to

TABLE, 4 Capecity of LPS Inolated from
Veilloorlls, Fmobactetium end
to Gel the Lymulus Amoebocyts Lyssis (LAL)

Sute of the LAL gel
Source of (ng LPS0 1 2}
Sobd  EL Rask

5.795 7616 1323 1 10
Ve5 9138 2284 23 12
Ve 9 24371 6835 4 32
Fi g1 278t 23 12
Fev 1 36462 3426 3 48
B 10 sg5937 T2 7 769
E33 146 48¢ 30317 6 192
NCTC 8343 781230 1466%0 8 1026

See Materials and Methods.
& Sco Materials and Metbods.
The solid formatian of the ge] used for compar
ison with LPS-8.783 and ranked in order of

thity
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sazxe traces of bacternl

% prononced. dufference between the re
ferace eodotoxm and LPS from the | ciflo-
wle 10d Fesobecteriam strabm was observed
m e LAL to. Duffleulty m mterpreting
shether [rmulus bypate LPS mouxture was
meed oo 2 sold or scmbolid gel at

P2 b further reading at the two b interval
M tom be required (cf Table 4)
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Fig 3 Raok cocrelation of LPS for LAL actiity mouse lethality (MLD,,) chik embryo lethal'ty
(CELD,,) and pyrogemsaty (FI,,) In rabbits The rank of the varous LPS & on each axis. The Ine
drawn at 43 degrees represents a perfect correlation (r w 10) The Spearman rank correlation coefli
cient 13 represented by r and the sgnificance of thu by » Abbreviations of LPS wed iy defmed in

Table 1

tena may ako be conndered. After all, the
synergutic effect of endotoxn and actino-
myan D on mouse lethality 1 of great value,
allowing small quantities of bacteral LPS to
be tested for endotaxc actvity

Weight by weight the lethal effect of the
LPS preparations on eleven-dags-old chick
embryos (CFLD,,) was connderably higher
than in mice | MLD,,) Concerming the rank
ing of the endotoxic actmity of the different
LPS the two tests were in close agreement
(r=098 p < 00001) As compared to the
reference endotaxan the lethal effect of the
LPS preparations from the Bacterordes strains
B 10 and NCTC 9343 was comparatively
higher ;n m.ce than chick embryos (cf
Tables 1 and 2}

As 10 sonical treatment of the LPS sohu-
tions wns performed before moculanon of the
LPS nto chick embryot there may have been
an aggregation of the LPS from these two
bacternl strins. As reported by Viner et o
(1963) chick embryos are not very suscept
ible to aggregated endotoxim Nevertheles
the chick embryo abo proved to be useful
and vematle for testing of endotexn from
anaerobic bactena

The pyrexial responsc of the rabbis to the
LPS preparations was btphasie with tempend
ture maxima at one h and 24 min and three
h after administration of LPS Agamn the ac
tivity of the Bacterotdes LPS vas character
sucally low It may be questioned if the fever
response to the NCTC 9343 LPS preparatonl
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RESULTS
X teberraleny
Tabie 1 shows the sirvival times, tubereu-
i dex and bacternl mdex for kufled and
gootacenosly desd antmaly njected with
:r:!dm:a(d!twotmkmo‘" tuber

Erta though the number of viable nnits in
be smpemcns of E 10883 H was samewhat
s thea fa the marpermons of \ 11381 H,
e effct of the fint named strain way the
gt All the anmals tn the group -
Fod wth 10" mg of E 10883 H became
M‘mmmﬂrmpm)ccﬂ:‘l
& the corresponding dose of V 11381 H
foed 10y gm of tuberculodds, The teo-
h']"h'-b:mlnth:o(hcrgmpx

a the groups injected with 10 mg (1-2
hos abie wnits) two rmuce died alter 76
=8 dap, both o tuberculodds m the hungs,
' o fre ober ammaly the deeme was
:':’yp'mmmmnlngﬂn-m-
hmmmdmm!hdm
te 104 group, two antmals had alight

and one medrum 't tuberculous. The
anmal which dwed en day 161 had no tu
bercles in the loogr

Except for one mouse, the andmals in the
group npected with 10~ mg or lower doses
showed no sgm of progresmve infecbon.
The macroscopscal lenons were mmall in all
the groups In the 10~ group these were
lrmited to smmall tubercles in the omentum
and luogy and slight enlargement of the
spleen and lymph glands. There were no tu-
bercles in Lver spleen or kidneyy, and the
hymph glands were not cascous. Tho was abo
the case 1n the animh that dred of the in-
fecton. The number of bacteria m the organs
was moderate n seven of the 12 animals
the index was 5 1

In the groups 10-* to 10~ there were some
anmmals with a few mmall tubercles m the
lungs and abght enlargement of the lymph
glands. The procemes showed no definite ten-
dency to diminuh dunmyg the experimental
period. The organs contained only few bac
tenia, the mdex being 2 1 m all animak. The
tactera could often be demoustmated by

e
W Tniraprossally wih Varping Deses (mg, Viable U i) of Twe Strains of M tobesentork

~
I Bea e Tab Bact. furv Teh  Pact

wodey e ndex ndex tema Indax mdex
"t o by ey

th
n\'& 100 17 10+ o2
s 0 k83 0 0 L a3 o o
n 1 03 9 o ° P ° M
b o k93 ° 0 k9% 0 o
oy H 03 +312 ° ° e o °
a 1 g‘ +In o 0 4241 ) 0
~242 o 0

" o vabie o,
h\lw LS 1o 13
2 : L] ' st T 03
» h 1o o f s
n ! 03 Ly H by
it o o3 Py 1 03
™ 1 o 4134 1 o

03 +207 1 s




MATERIAL AND METHODS

Experimaxtal Groups of mice, each consbsting of
six anmals, were injected Intrapenitoneally with
deoses warying from 10-1 to 10~ mg semldded cul-
ture of Af twberemlons strains V 11381 H and
E 10883 H and Al bovis strains T 3474 B and
T 3605 B. The bacterlal suspenvons of stralm
V 11381 H and T 3474 B were the ame a3 those
wed in tnation of the sob infect
(Jespersen 1877) Two mice from esch group
were killed 1-1% and 3 months after injection
the remalning animals lned until death occurred
pontancously At autopry smears were made from
liver splren lungs and Iymph glands and were
stalned by the Zichl Netlien method In amumals
where Do macroscopical tuberculoms lesions were
{ound, or where lesions were rmall or uncharacter
Istle, culture was made from lymph glands, spleen
and lungy. Before inoculation on to four L3wen-
stein-Jensen tubes, the organ snpemsion was trat
ed with 4 per cent patron.

Expennmenta! ammals Red mce aged 2-5
months, bred at the farm belongng to Statenms
Seruminstitut, were distributed at randem into
earthenware fars with one animal in each. Each
expenmental group consisted of equal numbeny of
females and males.

B 1 drans M strun 'V 11381
H and 3f dors strmn T 3474 B were freshly
isolated, Af (xberexlons straln B 10883 H and A

'y 1

bowns straln T 3605 B were apprommately $year
old laboratory sirans, the viralence of whuch bad
been maintained by inoculation on to Liwenstcin
Jensen mediom alternating wath animal pasages.
Vitulence determination showed that all stralm
were strongly virulent for gulnea pigs. The Af b
stralns were urongly virulent and the A fxbe-
exlons strams weakly virulent for rabbuts, There
wis no difference in the virulence of the freshly
isolated and the laboratory straint

Bactenal suspendon for mfechon The stumy
were grown in fimd medhrn and the
calture was about 10 days old when oaed. The
preparation of bacterlal yuspensions for {afecoon
of the animals has been described 1n detad ehier
where (Jespersen 1977) Suitable dlutions of exch
muspension moculated oa to ten tubes of LBwes
stemn Jensen medium showed that 1 mg of caltare
of V1138l H, E 10883 H, T 3474 B and T 3605
B contalned 17 x 104 13 x 104 69 x 10¢ sad
8 x 1™ viable units, respecinely

Injection of aximals The muce were wfected
mtraperitoneally with 0.2 ml of the vanous dite
toma.
Reglstration The degree of tuberculods In the
mdhidual animals snd (be number of bacterm
1n the orgam were indlcated by means of an ndex
from 0-5 based on macroscopical and mucroecop-
1cal findings and reslts of culture (Jepersn
1977) This applies both to the killkd and the
pontaneouly dead smmals

TABLE | Surrival Trmes (Days) Tuberculoshs Indes end Bactenal Index for Killed axd Spontanconsiy D’t

Tob. Bact.
8 Tub. Bact. Bun. Tub. Bact. Surv b
ﬂ‘;;v hn‘ilcl index time index index tone index -
St WRLE ¢
104
10t 17 x 10* 10 17 xﬁ).;
1
N : 23 : :: 1 a3
: 334 ; gfa kK 9 1‘ gj
5
%10 2 ¥ :137 1 3,’
+170 2 o8 !
+342 1 03 +200
Seram E 10883 &%
o
101 13 x 10 10 13 x 104 1o ”,",' >
Y B N 03
N 1
k3 1 0.5 k a1 “
5 :; ; ‘1)"01 x 32 s 10 k32 ; bt
p 5 38 k 9 3 0.5 k 95 : b
‘ ;g 5 18 k97 + 10 k 127 : :
‘ +
2 05 +161 ; 03 rm 0 %

+116
164 3 13 k363 03

L = lled + = spontancously desd.
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3 Tab.

Bact Sure Toh. Bact. Surr Tub. Bact.
i odes te e Index tiae index  index
wcher o raie i
foailiid 1 7 10+ a7
B 50 + 47 ] 13 + %0 EH 48
L 19 ko83 3 17 o1 0 0
s 50 + 3% s 30 + 3 s 3
bl [ + 8 s 50 + % 5 33
L 30 +101 3 1 . 91 5 50
L] 3 +129 s 18 +230 H 44
o o vidkke
- os 104 01
[ 1 02 L n ]
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+ 8 4 20 k9% s 42
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137 H a4 k 363 ° °

ood, thinwalled absceses wp to the e of
ST, with 2 content of thin, furbod fhod.
Th:r:ml[twq:u-hae!hznpbmmn.
el emurely of o cooglomerate of theye
Pl iled stncemey 120 whers thers. v

lesions in the pentoneum (particalarly m the
capeule of the kdneys) in the kudney, supra-
renal glands, heart, colwmma and jomts, as
well a3 in all the lymph glands mn the abdo-

The nunber of bacteria in the organs was
very large in the cascous lymph glands and
m the caseon tubercles m limgy and spleen
7t was enormom. Scocans from these orgam
resembled pare cnltnres of tubercle bacfll,

Recovery was seen in rare cases o the Liver
w)tr:nmﬂdhatmnpkm,[ndmhm
where 1t was only partial.

DISCUSSION

doses of 10 my
boris can be de

minutes Jespersen

1975) With doses of 10+ and 104 my ol
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TABLE 2 Survire] Timer (Days) Tuberculons [ndes and Bacterial Index for Killed end Spontanceniy D

Sury Tub. Bact, Su
Tub. Bact.

time ndex I o e b B
I dex time index Index time jadex index
Smaln T M4 B do

10t 69 x 100 10 1 69 x 100 104 69 % 10

+ 6 1 0 + 29 H
50 + 19 5
+ 'g 1 [ + 34 5 50 + 8 [l E
+ 4 48 + 38 5 50 + 64 M 24
+ 18 ] 30 + 47 5 50 + 68 3 50
+ 21 [ 50 + 48 5 50 + 68 3 50
+ 21 5 50 + 59 3 50 + 77 3 30
Strain T 5605 B

10 8 x 108 104 8x 109 10 8x10
+ 19 5 Iy PBET} 4 23 K] s 19
+ 20 5 so x 32 4 19 b2 3 a7
+ 20 5 30 + 54 s 38 + 59 S 43
+ 24 5 35 + 39 5 48 X 9% 5 18
+ 29 5 47 + 65 5 39 + %8 S 48
+ 41 5 48 +106 5 32 +127 ] 23

k = killed + = spontaneously dead.

culture but only exceptionally by microscopy
and then only in the lymph glands Culture
from lymph glands and lungs showed a
marked difference m the number of viable
units duning the expermmental period. They
could finally dnappear completely from the
lungy but 10 the lymph glands they were still
viable for a very long time (up to one year)

M boous
Table 2 shows the survival times, the tuber
culons index and the bacternal index for the
killed and spontaneously dead ammab m-
Jected with varying doses of the two strans
of M boois Taking into conuderaton that
the number of viable units in the bacteral
suspensions of T 3474 B was conmderably
er than m the corresponding mnpensons
of T 5605 B the two strains seemed o have
had the same effect.
The red muce were extremely senntive to
Af bows Dases of down to 7 wvable umns
rovoked progreanve and mpudly fatal tuber
gulow m p.n the anmmals, Only one of the
muce injected with 0 7 viable units of T 3474
B and two m the group njected with 08

400

viable units of T 5605 B showed no ngms of
infection, The survival times for the arumals
mjected with the three largest doses were
prolonged the lower the dose while they were
independent of dosage 1n the ammals grven
the three smallest doses.

The macroscopical lenons in the organs in
the 10~ group were considerable, despite the
short survival trmes of the anmak. There
were gray or yellow tubercles in the spleen
and lungs, and the lymph glands in the ab-
doraen and thorax were very enlarged and
partmlly or completely cascous. The bactenal
index was not below 8.5 and was maximal for
half the ammak.

In the mce 1n the 10~ and [0~ groups
which were kiffed & month after injectron
the autopsy findings were less extensrve, but
microscopy revealed that the infection was o
foll progress. The tubercles developed later in
the lungs than 1n the spleen. The tuberculown
Jesions were much more developed 1 the
second month than 1n the fint, and 1n the
thurd month they had reached their max-
mum. The amentum was retracted and en
Iarged and conauted of a umform yellow



£ due fncted | trepersensally mih b erping Doses (me, ¥ ieble Units) of Tw Strezas of 31 bovh

b Pact.
T Mat Burv Tub. Ract. Sarr T
A v s bdax  mda vime Wi lde
| st of viable ¥y
104 4 104 7 10+ 1 Q7
+a s 50 + 47 4 EX) + 30 3 (3
L8 4 10 x5 s % x5 o [
(1 s 50 + 5% b 50 - 3 33
v s 58 + 4 5 50 + 88 s 33
&2 3 50 +101 5 48 + 91 5 30
53 3 4 +1%9 5 38 +230 E) %4
4 pongher 2 fabie Wity
10- o8 102 01
[P 1 02 (] [ [
P ° o P o °
+ 8B 4 10 k 9% 3 42
x 08 3 10 x 97 0 0
X » ° [ +100 ° o
157 3 04 k %3 0 0

= or contauned gray o yelkow tubercles up
© & e of hempsceds, The lympb ghnds
—asteulirly the porta, mesenterial and tm
cheal glandi-mere the wze of nut kerneh
s complrtely yellow The rplecn was tres
bexdomly enlarged and contamed round,
Felow bbereley, or caseouy tuberche of more
Iregular form located particutarly at the edge
& 21 the poks, of cascous mawes formmg &
beltEke sectzon acrow the spleen. In extreme
ey, the spleen was tranaformed into a uni-
$orm, salid, whitnhoyellow mam Whers the

round, thin-walled absceses up to the 1t of
cherties, with & tontent of e fesbld fubt
Thers were a, few cases where the siven con-
nird entrely of a conglomenste of these
Do fled abeceties and where there was
PRty no notmal twoe remaming. The
fer contamed gray o yellow tubercles, There
e hemprerd-4zed or peaatred yellow i
bercies in the hings, of & lumg lobe o the
“hoke lung was transiormed m@to a uniform,
whrinh-yellow caseooccrotic roam.

In addition to the findings In the ocgam
ramed, thers wete sometmner nxacroacopical

lesioms in the pentoreum (particalarly m the
caprle of the kidneys) 1n the kudoeys, vupra
reml ghands, beart, colnma and Jouwts, 1
well a1 in all the lymph glands m the abdo~
men and thorax, and in the peripheral lymph
glands in the axlh, inguen and neck.

‘The number of bacteria in the afgans way
very large in the caseous Iymph ghands and
1 the caseous tobereles in lungy and Pleen
It was epormom. Seears from these ogans
rerembled [arre cultures of twhercle bacilh.

Recovery waa sten in rare chacs m the Frer

where 1t could be complete, and 1o the splcen,
where 1t wag oaly

DISCUSSION
After intraperrtoneal injection, some tubercle
becith will be retained by the cmentim, whi
others will spread rapidly through the ym-
piate vewel and vio the ductin th
tnuhanmmxyﬂem_\\'hqqu(mm'

mln:mm(nm“w
monxtrated 1n the bgod on be de

altey
U tbercnlons after B one mmute and

ool
1975} With doses of 1 mt?oy;:“c::



ture both species can be found in the lungs
after 5 and 60 munutes, respectively but A
bovts 13 present 1n the largest number (Jes
persen unpubluhed)

Characterstic for infection with Af tuber
culons Is that multplication of the bactena
1 limited and ceases early in the organy, ex
cept 1o the lymph glands where 1t continues
for a long tme that macroscopical lenons
develop 1n a few organs only that the lenions
are small and generally do not end 1n caseous
necroass but often heal especially where smal
ler doses are njected. In contrast, Af boois
multiplies strongly 1n the red mice and mult
plication continues until the ammals die. In
additon to the universal extent of the Af
bopus infection, the macroscopical lesions are
very large they achieve maximum develop-
ment 1 anmals mjected with a few bacilll
especially 1n cases with protracted survival

(1961) In agreement with the wnter thos
nuthors conclude that red mice are nutable
for species determmation. Jerperser recom-
mends a test dose in the range of 10 to 10~
mg and Bize a dose of 10~ mg
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In recently publshed works (Jespersen
1977 a,b), comprinng small groups of an
mmals an approximate prcture was obtaned
of the course of infection m red ruce njected
subcutaneowly or intrapentoneally with vary
ing doses of Al tuberculonis or M bovis Red
mice proved to be resmtant to M tubercylony
and most resstant after subcutaneous njec
tion where the smallest dose that could pro-
voke progresuve infection was 107 to 108 vi-
able units. On the other hand thess ammals
were extremely susceptible to Af boots very
few vaable units, or probably only a single bac
ternum, provoked a fatal infecton whether in
jected mtrapentoneally or subcutaneowsly

The present study reports the course of the
infection 1n red mice injected intravenousty
with different doses of a wvirulent st of
M tuberculons Based partly on the survival
times and partly on quanntatve culture from
the organs at vanous times after the mjection
a detailed preture of the course has been ob-
tained. A subtequent paper reports sunilarly
the course of infection with a strun of

A boru

MATERIAL AND METHODS

Experimental
Expsniment a. Quentitative culture from orgens
at d fferent cimier after imfection with carping doses
Groups of red mice were injected mtravenously
with dilotions 100 10% 1074 and 107 of a strun
of M tebercelons grown {n Dubos flaid Tween
medlum and dupened by means of ultrasontes.
Twenty four hours after the inpection and then
every fourth to fifth day dunng a penod of up to
day 126 (for the 10% group day 101) one annnal
from each group was killed and orgam for quanii
tative culture were removed at sterle aumpry
The examination was supplemented by quantita
tive culture from mice killed 10 the penod day 196
to day 337 For ths purpose, six anmals were
selected at random from the groups injected with
diutions 107 to 107 expenment b
b Sarical times of entmals 1 pcted

Ot doses Groups of 20 red mice were
wuh oo gl tons 104 10 10 7

intravenowsly with dllul
E]S:du;eh:mﬂdrmpen.ﬂomuuwdhnpcﬂ
mz;hcmunldzheapnbﬂiryohhe anmmaly
10 surne l‘mpdmmo-lnfm:dmbnnhm
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wcluded. Exceptfurlbefauxmm-hxl,
& mentoned above were wed for quantitamve
culiure, the anbmals wers allowed to Ine uatll
dexth occurred spontancoumly The exprnment was
concluded 2 years after the ioculation. $mean for
Uﬂtrwopyummdeﬁwulymphglmd:,ﬁm
spleen and lungr In animals wbere po defintte

1 slgms of tuberculoas were found, ol
ture was also carned out from the same organt
Before moculation on to four Lawenstem Jensen
tubes, the organ nuspention was treated whh 4 per
cent natron In the case of mne mice that were
Lilled at the end of the expermment, the suspemnon
wai inocnlated both untreated and after treatment
with natron

Expennmental Ammels

The red mxe, which were bred at the farm be-
longng to Statems Serumimtitut, were 2-3 moaths
old at the start of the experuments, The mxe were
distributed at random into earthenware jan wuh
ome arumal in each. Each experimental group coa-
nsted of equal numbers of females and males

Infection

A srain of M ftwberculons E 36499 H freshly
Isadated from sputum, was grown ia Duboes flud
Tween medinm and subcultured three tumes. Aboot
20 ml culture wat shaken untl bomogeneom ma-
croscopically and then exposed to ultrasones for
10 minutes. From that saupention ten-fold dilutoss
down to 10°7 were made with diluted Sauton {eae
part Sauton medium and three parts distilled wa-
ter) Inoculation of 01 ml of three swtable dilx-
om on to 1en Liwenstem Jensen tubes from each
dilution thowed that 0.2 ml 1077 s¢ the lowest
dose per mouse contauned 11 wble anute

The mice were mpected wath 02 mldbmmA
supennon into a il vein The lowest dow »as
Injected fimt, then the ten tumes h gher dose and
0 o0 The amumals were wyected m random order
within the mdnidual groops

Quantitative Culinre
Culture was performed from the left Iver lobe the
whole spleen, the whole left lung and the pooled
mesentenal and lumbar hymph glands The organs
were commnated i wortar and 2 m! dituted Saw
ton mediom was added dmprufm_ ll;n:mﬂx:u‘;n:
100
ade wth atuied Seuton sednan, and 01 ) o
thrre sultable dilutlons were toculated an o each
of four Liwenstein Jensen tubes. The moculated
rubes were placed 1o harzontal posbon for 24
bours and then mcubated at 37 C. The coloncs
were counted when they had reached 2 sntable

e



4+ 530 bactera per sight Seld
3= >% bacterra per dight Beld

Frdieate Determnetion of Bt am E 36439 H
Tirts procpy of (no guines pun were fajecisd
with 1 wd of dlutwns 10¢ 107
e 18 of the mrng 21 (eota wied for
‘hz)o-ddhl::g The resalts (Table 1} thow
B the racn mas hoghly vireat v raiaes g

TAMLE | Vuslene Determinetion of  Siremn of
M toberryloshs ex Guzes Py

Vabeoots  gynoval thoe Dagrea of
{p) (dap) twberculonls
€x 100
(st
6 x 100
LRl
€ x 107
LT

)

5
G

)3 = severe pencrahized tubsrculots

Matuticat Methods

Quantwiatn emtipre A meeal weibod wia wed
for extomacn, of the member of bW it 10 the

count wes
"Med out w scrordance with Uer model werd by
Exglat o o (1967) NI whers A e

B A ot mervhd scemd Yoct. B, B €

two momDle texty
(1843) P alwes < 3 per cent are commdered o
mficant gnd are thown in beackets in che text.

RESULTS
Qusntitarive Culturs from Organs

Inpectron dage 10° 11 3¢ 10° rrable umuts
(Fg 1) loths anxd the following three Gg-
ures the loganthm of the member of viable
umts i lymph glandy, Liver spleen and hing
n plotted on the ordinate and days after in-
Jecton on the abscrsa.

Tubercle baalli could be found in all or
g after 24 houns The number was greatest
m the fiver and decrensed via spleen and
hurgs to the ymph glands. Except m the Frer
the bactera multipbed until day 8 10 day 13,
most syongly m the Iymph glande In Dver
lpkm-ndhmthenmnhaufmuem
then remamed st about the same level, bug
"ll”:imwdmhb’rﬂnlnhn:]wu\mlﬂ
ter the second month. In contrus maltpl
Dm:mmndblbelymphlhnd,dmh
mhh!ﬂpumn!pum_mulm
Sower raiz The cunse for the gians, whuch
wuhﬁmﬁtnmckx&nkmplmﬂdv
Ss.ﬁcnuuthhahna-ndlhau(mm
mtined comtantly
Injection does 10 1,

0 exd 10+ 11y
11X10 exd 1110 xio

lable vuny (Fip 7 3



100 VIABLE UNITS

s~ LYMPH GLANDS
o~-=a LIVYER

&——a SPLEEN

1 o——a LUNO

AL SO A St S B e RS e SN e S S A e A L A B I S
0 10 0 X & 5 & TV & W N0 M 0 00DArs

Fig 1 Dose 10° 11 x 107 viable unlts,

LOG VIABLE UNITS
4=~ LYMPH GLANDS
o——o LIVER

——s SPLEEN

0 v
0 K0 20 % 4w s e ®
Fig 2 Dose 10+ 11 x 105 isble ualts

imber doses from 10% 10 107
ble units in organs of red mice Injected intra enomly with

f}p ,;4 :Iod: n:;‘dk;ﬂcd at vardous times after mjection. Ordinets log viable unlts bscise dap
tuber

after inpection.
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P23 Dom 10 11 x 103 nbia vt

100 TAReE UmITS

4 the whole experimental pen-
4, tbe number of viable wnits m all the or
B of the animals in the 107 group (Fig 2)
Yo bogher than the corresponding

Fig. 3 which m tum were hogher tb

»

valve m

e L2y L3 | ooy
1 mopr

in Fig 4 However apart from these differ
ences 1 Jevel, the curves had generally the
mm]nd’m-hﬂ!

hﬂﬂﬁm]dhaﬂcmomunmddtuﬂhmn
thedinrﬂmﬁoulnthewm'“
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as i the 10° group 1.c the number was great
est n the liver and decreased via the spleen
and lungs to the lymph glands. The bactena
mulupled strongly i all organs for 2 to 3
weeks, after which multiplication ceased in In
er spleen and lungs, and was strongly inhib-
ited 1n the lymph glands. The curves for Lver
and spleen which were highest and ran paral
lel, had a shghtly falling tendency during the
remaining expenmental pertod. The curve for
the lymph glands was below the curves for
liver and spleen to begin with, but crossed
them duning the second to third month and
then lay above them, as was also evident in
the late period (day 196 to day 337) The
curve for the lungs was the lowest, a3 was evi-
dent 1n the 10 ¢ group and particulardy in the
10™ group It had a falling tendency after day
40 not only was the number of viable units
small in many of the ammals, but culture was
negative 1n a few caser, iz two ammals n
the 107* group and five amumals 1n the 10
group
After the imtial multiplication had ceased
and up to the end of the second month, the
number of viable umts 1 the ndnadual or
gans vaned remarkably httle from anunal to
ammal while 1t vaned conuderably 1n the in
dividual animals after the second month,
Statistical analyns The statistical evalua
ton of the curves for the three doses 1 based
on two-way analyss of vapance carned out
for each organ m the periods dayx 17-62 and
days 66-126 (penods 2 and 3) The vanation
between the ammals 13 greater i penod 3
than 1n pertod 2 The muo between the van-
ance estmates 13 47 54 28 and 28 for
lymph glands, Liver spleen and lungs, respec
tively The ratios are all ngnificantly larger
than 1 (P values < 005 <005 2.5and 23
per cent)
It‘pphgmnuoxg:mnndtobomm
that the number of bactena decreases the Jow
er the dose the differences beng mgmficant
for lymph glands, liver and lungy. There 1
ugmficant dependence on ume for Inver and
xpleenmperlc-d2 but not mn the other ana
The values for lver and spleen are

mly':ktd}y lower mn peniod 3 than 1n period 2

ANR

(P <005 per cent) The same tendency ean
be seen for the hngs, while the tendency 15
wnereanng for the fymph glands (not sl
tcant P > 10 per cent}

Survical Trmes

Table 2 shows the survival tunes in dap for
red mmce injected with doses from 11 vable
umts to 11 107 viable umity. The tuberculons
windex and the hactenal index for the mdnnd
ual animals are akso shown. Fig 3 shows the
survival times m graphical form, with the per
centage number of ammals still alive at the
vanous times plotted on the ordinate and days
after injection on the abscaa.

M tubercxlosts provoked a slowhy develop-
1ng infection in the red mice which sometimes
could be progressrve, The number of mice
with tuberculonys index 3-5 re cases where
the tuberculons was connidered to be progres-
sive vaned 1n the groups mnjected with the
four smallest doses from 36 to 79 per cent,
and 1n the groups inpected with the four larg.
est doses from 85 to 100 per cent. In seven
rmuce injected with the smaller doses, 1t wn
not possible to demonstrate tubercle bacilli by
culture However 1n all of eght muce killed
on day 736 to day 745 where, m contrast to
what was the case with the seven muce cul
ture was carmed out without natron treat
ment, tubercle hacill were found m one or
more organy.

The counc of the disease was markedly
chronic and independent of dosage i the an-
imals injected with the four smallest doses,
The mean suntval umes, which vaned from
456 to 540 days, are not mgmficantly duffer
ent, nor are they significantly dufferent from
the mean survival tme of the non infected
anmimals (608 days) It 13 noteworthy that the
curve for the latter group and the cunve for
the anmals injected with 10 ran parallel up
to day 520 after which a number of deaths
occurred 1 the 10 group and none m the
control group In the ammals injected with
the four largest doses, the survival umes de-
creased migmificantly the higher the dose from
310 to 81 days (10 ~ 107 P=3.5 per cent
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Fig 3 Sarvhal curves of

W~ 10" Pm0Bpercemt 100 ~10° Pm
03 per cent)

The mean sarvnval trme of the animaly m-
Fowd with 10 was dgnificantly Jower than
tat of the non-mfected anmaly, Up to day
318, the survival curvs for the 107 group mn
toogude the corves for the three smallest

s bt was below thern for the rest of the
cogre,

TABLE 3 Frequency (Per ont pe) of Entarged
Lywsh Glonds Eqtarged Splorn oud T borclas s

(; Flabls Unsts)
o 3t emoof M.

Daee ‘m Loer Bpieen  Lung
1 uxie 100 [ s 1]
1 aixie 100 0 €5 10
Woxie 5 ° 43 S
10 1x1oe 79 [} 37 7
19 1ctor 100 o 0 n
5 c100 &+ o 21
0 1 xlo ] 0

0

»
50 2
noq 7 kL

The autopry findings were generally mmall
It was particularty the hungs and lymph glands
that wers attacked. The lover was nox
mal and the spleen often sightly enlurged, bt

dead red aice in
(11 X 167 o 11 viable vodts) M fubervulons s2d
vt} Orémate percestage mavhon sbxcina dams efier infection.

)ocu-d)nv-ﬂkuh‘hhdan{mm'wlt
group of mon-infected control antmale (stippled

only m a few excephonal caes were tubcrcles
cheerved. Table 3 shows the percentage fre-
quency of tubercles m the hungs, entarged
Hymph ghnds and enlarged ipheen 1n the in-
drvidusl inpectron groups.

Tt was only in tho 10° group that fung le
wors were found Irequently A few just vaible
§Tay tubercles were seen in ten animals, 1
two that died on days 124 and 183 there were
» few pmbend-sized gray roberels, and m one
snirom) that died oo day 186 there were some
¢oaflaent gray and yellow tubercles. In the
other groups, macroscopical hung lesdons were
found in 3 to 21 per cent of the animals. Gen
erally the Jesons were mugnificant, but
three animalbs that Ived 134 yean or mare,
the hupgs contained tubercles in which necro-

tween 64 and 100 per cent m the glands and
\xt\ernidenp:rc\-_mml}n:p}em,]n_
eretaed the larges the dowe The lymph glands
hmmmo{bcnmﬂlet-d:tdhnnncrhxxg
than the s of hempaceds. Necrosks was secn
™ A5 animah, exght of which were killed at
the end of the expermnent. The mplecn was
slighnly enlarged, being up to three times the
Dormal vohane Tubtrch:‘ndxq;]eenm
R 10 ¥X anfmaly, foar of which [ived konger

411
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Fig £ Seremad
X107 1o 11 mble wnity) A fuberculeds sod

(2]
mvudwmuﬂvdﬂdndnhhkcud tntray encusly with doses from 10* t0 1071

mdm-h!mrdnmuvlmh(ﬂppkd

cn) Oréade perocanage marrhon ebwine daps after injection.

{0~ 107 Pm08pereent 10% ~10* Pu
03 per cent)

The mean survival tme of the nimale m-
Jroed with 107 was significantly lower than
ihat of the poo-mfected anmmah. Up to day
310, the rarvrval curve for the 10 group ran
thogade the curves for the thres smallest

dows bt was below them for the rest of the
oo,

TANLE 3 Frapweasy (Pereontage) | Ealarged
Lyuph Clands, Enlevped Sploen sad Tubercles in
Lungs of Grevp of Rod Muco
1 peted Intrerenondy arth Varymg Deses

o 13 e
0 flxie 100 ° © 10
10 e 95 0 45 s
LIRSt ™ o 57 7
B a0 e % a1
o gixip e o
o 1age ™ ° 0 1
W e % 1o

tat wers attacked. The lner wan alwan nor
=l and the spleen often tligatly enlarged, but

only in & few exceptional cases were tubercles
nb-uvtd_T-bk!dmmdrepercmugefrt
quency of tubercles 10 the lungs, enlarged
tyraph glands and enlarged spleen in the In-
dvdual njection groups.

Tt was only m the 10° group that hung -
sions were found frequently A few just vaible
gray tubercky were seen in ten anomaly, in
two that died on days 124 and 183 there were
« few pinbead-bred gray tubercies,and in ono
anima] that died on day 185 there were some
confluent gray and yellow tubescler In the
ocher groups, mucroscopscal bung lestons were
foend m 3 to 21 per cent of the ammals, Gen-
enally the lewons were wmgmificant, but o
three antmuly that Lved 1% years or mare,
the hiygs contained tubercles in whach necro-
st was present to varymg degrecs.

Enlarged spleen and enlarged fymph glands
were a more frequent finding than tubercles
in the Jungs, The frequency which vaned be
tween 64 and 100 per cent m the glands and
between 29 and 75 per cent In the spleen, in
creased the larger the dos The lymph glands

1‘1:“!!. eight of which were killed at
of the experment. The spleen wa
sbightly enlarged, belng up to three tomes the
normal votume. Tubercles in the rpleen were
'ﬂb‘hlmh,(mro(wbjd;w]

4



than 1% years after the injecton. For the
three mallest doses, there was ignificant pos-
itve correlation between the findings 1n
lymph glands, spleen and lungs (lymph glands
~ spleen P=34 per cent spleen ~ lungs
P=001 per cent)

The number of bactena in the organs of
the indvidual mice was evatuated by mucro-
scopy of amears and recorded a3 a bactenal
index. The means of the indices for lymph
glands, liver spleen and lungs i the indrvid
ual wnjection groups are thown in Table 4
The number of bactcna was greatest in the
lymph glands, and smallest 1n lungs and Lver
where the number was almost equal The
number m the spleen lay 1n between In all
organs the number of bactena increased the
larger the dose. This can alio be seen from
Table 2 where a mean index for the organs
s given for the individual mice and below the
table 2 mean index for the mice i the various

inject:on groupi.

TABLE 4 Mean Bactenial Index for Lymph Glands
Lsoer Spleam axd Lungs of Groups of Red Mics
Inpected Intravenonsly wth Varying Doses
(Dilation Viebls Units)
of a Stram of M. tuberculoss

are crushed and the tubercle bacilli are liber
ated, but the clumps are not sepanated into
ungle bactena. After moculation on to the
L3wenstein Jensen medium, both a sngle
bacterrum and a clump will grow mto one
colony and thus the number of colomes will
be smaller than the number of bacteria, How
ever a3 the result of the stronger multiplica
tion, the suspensions of organs from mice m
fected wath A boors wall contun more and
larger bactenal clumps than thowe from am-
mals mfected with 3 tuberculosts and the
difference between the number of bacterm
and the number of colonies will be largest for
the former mmpenmons (Jespersen unpub-
hished)

Results of Culture

The course of the mfection can be dmided
mto three phases. Dunng the first phase
which lasts fram 2 to 3 wecks, the bactena
multiply almost withowut any remstance from
the organum, resulang in an immumty which
has a strong mhibitory effect on the multph-
capon. In lLiver spleen and hungy, mulupla
tion ceases completely but continues 1o the
lymph glands, though at a very slow rate. The
conclusion of the mitial phase 1 followed by

Dose I;ﬂ‘;”d‘: Lrver Spleen  Lungs
100 1ix10r 50 41 42 40
100 11x10¢ 48 43 435 40
1 11x10* 50 36 40 34
10 11x10+ 39 35 33 32
Lo 11x10° 42 31 37 34
10+ 11x100 7 1§ 18 19
10 l1xi0t 34 29 32 °7
0 11 35 19 22 20

-

DISCUSSION

Quantitatze Culture Method

The ultrasonic-exposed bacterial suspension
ijected conusted exclusively of nngle bacte-
ra and very mmall clhumps. After the bacte-
mmukenupbythcmlho[dlcorgnnx.
they multiply almost wmnhibited, resulung
m a new dutribution of single bactera and
small and lirger chmmps. During commmnu
tion in mortar the maonty of the cells

a second phase lasting up to day 45 to day 60
dunng which the number of bactera the
organs 1 almost corstant 10 the mdndual
animak, However dunng the third phase
lastmg up to the conclunon of the expermment
(day 387) the number of bactena vanes con

the indrvidual muce, thus resulting tn progres-
sive infection 1o some and regresuve nfectron
m others.

Taking the second and th.rd phases togeth-
er 1t has been shown that the number of bac
mnantthebegmnlugnf!hen:condphueu
largest 1 lver and spleen, and that 1t de-
creases n both organs (monnnrkcdlymthe
liver) dunng the whale expenmental penod.
Primanly the lymph glands contain fewer but
later more bactena than the Lver and spleen,
which are by passed during the end of the
second phase and the commencement of the



8, Thoa, In the lymph glands muttplicath
azents destrochon. The cunve for the viable
w1 the bngs, which in the 10° group &
renly akogide the curves for Fver and
when, bes foxt below thesc In the 107 and
- wparate fram them m the 10 and par
tofrly m the 10 groups The destruction
obacterla & greater m the lungs than in the
i‘“"“d‘i*—m,lndhtmncmp’.cmm.
b sl mjected with smaller doser.

hﬂl’ﬂ'muvi!.hnbhu,whmmp(
ERy 0 M taberculons and M bors resemn-
Y that of red tmee Lane (1928) foumd by
qaaiiative culture alter intravenous Injee
mof 2 smam of Af fuberendons that the
hﬂﬂnmdﬂpltdh.ﬂmu.pmh
©xth week. Growth then eeased In Lver and
e, bat contmued

enlargement of
hoph glands and
b:ﬂ'mm}tcmdwnhdm[mrbm

dlbtlhtmunmﬂtd)ydnmm Nooe

mean murvival umes was gnificantly
k% than that of the poinfected conmol
e However 45 per cent of the animak

mediam or severe
@1 where the cause
*uned (o e been

progrenne doease, 1y
of death mot be pre-
tuberculots [n the ma-

mumbers throughout the Lifetime without ap-
parently caming harm and without having
any apprecable mfluence oo the sunvival
tnes of the mrce.

There were seven cases where culture from
all orgams was negatve However thu b not
tantamoumt 1o complete bactenal destruction,
since before fnoculation the organ suspenuon
way treated with natron which can kill up to
90 per cent of the bacter. Agmnt the sup-
position of complcte destruction s the fact
that in exght anmals kilied at the end of the
experiment, where the orgam were not treat
ed with natron, all cultures were posithe ex
ctptformo[rumlrwrmdonefmm:pk—en.
It must be concluded, therefore, that once
they are introduced mto the organum of the
mouse even in mmimal mumbers, tubercle ba-
¢ill; cannot become completely destroyed. A
(cwb:\ct.emwﬂ]m]n‘hbkmenhreor
other in the organium, mainly 1n the lymph
ghinds. Should the resatance of such anlmb
be reduced for some reason or other the bac
<718 can begin to muklply wrongly and evoke
a fatal infection.

It bm been shown that abo m another
member of the vole fanlly the vole rat, min-
wmal doses of Af taberewdons Injected intra-
venoutly can provoke a tuberculom disease
\-hr_hend:mdc-thn-hun.ge(],,wm
1974) Twm'-‘mlﬂﬂcdwhhezghtmhk
\nnud.bdmdtysmmd:ylo-tslmmpuj.
o e Tome el o

o e by m
the one case and by culture in the other
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A patk icroh ol scand. Bect, B, 85 413426, 1977

INFECTION OF
CLETHRIONOMYS G GLAREOLUS SCHREB
(RED MICE)

WITH MYCOBACTERIUM BOVIS
INJECTED INTRAVENOUSLY

Ama. Jeemmd M. Win Bewrzow and Susae Moua

T tosks and Isties] D .
Statern Sencmiastitet, Copeahagen, Denmark

A, Batwm, 3L W & Meler 8 Infection of Clathrimmomys ¢ lercelns Schs &
(wd mace) with Mycabacteriam botit injected ntrmenomly Acta path. microbeol scand
Sect B 85 413426 1977
Growp of red mice were inpecaed Intravesoaly with doss of from 3 lable wnits w0 3% 107
uble o of & xrelenr sraln of 1f Borit grown fm Dubos Tween medium and exposd
% siirescs The coure of the infection wey maluated by the srival tomes of aztmab
thet kad doed cpostancowsty 42d by quastitathe caltern (rom the orfams of antmale lafected
o the four sxallemt doses s0d lalled a5 &rows times after the miection. Al bevus provoked
Progmane, fatal miechon ra Al txzmals, £ven bu thoa tajectrd with 3 lable gusts. The medlan
sl oo of the cazmale [ajacied with the three hurpent douns wers 13 17 and 18 dem,

taberralons Jewomn were found b pken, o and hmph gands, bt never b the ther
Thess mmore, whoch rapldly becatme ctmows, wore largert bn the anmels infected with o
weall dese, partwnterly la those which satvived the Joogert. Smean from the orgaas contalned
o numbers of tuberche bacfllh Quamtaath  caltats from the organe thowsd that the
tiberele bacilh multplied aroogly dormg tee finrt 34 weels after the impechors Matrplication
Ghen eoeved or beceme strongly miubeed, Dunng the following 3 wesks, the pwmber of viabie

™ enTely gret

Ker words Aty [ fafection ki
(rd wutw)

o the azxmnaly that Ined looger thes 3 months, the pumber of nble ooits bn all te orgeas

7t £ gloseln § heeh

Aodr Jerperum, The Tubertwloms Departacat, Statens Seruwmaiin
Amager Boalersrd 80, DK 2300 Copenhugen 8 Deamark

Krcened 17vm 7?7 Acorpied 17 vELY7 svan 1o
M tuberealons
A recently publubed work {Jerpersen ot &, ously With a oferird fnmen
1977} showed that red mice were very re hmdh"""‘&"’ﬁ%l&nxdq(o
beacll; indceq pro-

rem



gremuve infechon. However the course was
extremely slow and in animals injected with
doses of 10* viable umits and Jess, the mfection
had no sigruficant influence on the survival
of the animals In the present expenment, the
infection of red mice with Af bowis has been
evaluated after injection of varying doses,
both by the survrval tmes and by quanttatve
culture from the organs at vanous times after
the injection

MATERIAL AND METHODS

The t was carried out according to the
model described previcusly for the infection of red
mice with Af tubsrculonr (Jespersen ot ol 1977)

Expenmantal

8) Survical (mmes after injection of rvarying
doses Groups of 20 red mice were injected Intra-
venowly with dilutlons of 10° to 1077 of a virulent
strain of A borus grown n Dabos flud Tween
medium and d d by means of ul jcx. The
experiment also Included a group of 20 anmals
which were not injected. Al the anlmals were
allowed to Lve until they died spootaneowly the
experiment belng concluded eleven months after
mjection. On autopry smears were made from
hymph glands, Iiver spleen and Lungy.

b) Quaniitatice culture from organs at different
times after infection of rarious doses Groups of
red mice were injected intrmvenowly with dilu-
tions 1074 108 107* and 107 of the same bac
terial suspenions a1 those wied in expenment a
24 hours after the injectron and then every fourth
to fufth dey during & period of up to 57 dayx (M4
days for the 1074 group) ons anmmal from esch
group was killed On autopsy the lumbar and
mesenterial glands, the left liver lobe the whole
spleen and the left lung were mken out under
sterile conditlons, and the number of viable units
was determined by quantitative culture, The lymph
glands were pooled.

Experimentel animals The red mice, whnch
were bred at the farm belongpag to Statens Serum-
Jnstitut, were 2-3 monthy old when wed o the

| They were dmtributed at random wito
earthenware jar, with ooe mouse in esch. Each
expenimental group conusted of equal numbers of

and maler

{cn;:}:lwn A strun of M bores V5157 B, which
bad recently been pamed through a rabbt, was
cultored on LBwensteln-Jensen medium and then
twace 1 Duboy flud Tween medium. Exposure of
{he culture to ultrasonics and preparation of dilu
thons for injecvon of the

416

seribed previoudy (Jespersen et o 1977) Inoco-
lation from three suitable dilutsons on o ten L.
wenstein-Jensen tubes showed that 0.2 ml of 10
te the smallest dose per mowse coatained 3
visble unit. The mice were inpected into 2 ol
vein with 02 ml bactenal suspemion, starting with
the cmallest dose then the ten times larger dose
and s0 on. The mice to be guen the indmdwml
doses were injected in random order The {rocohy
bon process was carnied out in st under 3 houn,
Quantitative caliare The orams were con
mmuted by grinding 1n mortar with the dropwns
addition of 2 mi difuted Sauten From that m
pension (10°) dilutions of 10! 107 etc. wen
prepared with diluted Sauton medium, snd 01 m
from three sultable diutions was 1noculsted ca &
each of four Liwenstein Jensen tubes.

Repistration. The degree of tuberculoss anc
the pumber of bacteria in the organs of the an
mmaly in cxpermnent a were recorded by meam o
an index based on macroscopxcal and microscoplc
al findings and the results of colture.

Tuberculosis Index
0 = organs norma) culiure pegatne
1 = no definite specific lesiom, culture pone
2 = small tuberculous lenons, mainfy regresme
3 = alight progresuve tuberculons
4 = medium progresive taberculosls
5 = severe progremune tuberculosls

Bactennal Index
0 = no bactena. pontn
1 = microscopy negathe culture e
2 = 1-20 bacteria by mucroscopy (fluorescence
)

microscopy
3 = 21-59 bacterla
- 330 hmcrhpnmx&rg
5 = > 30 bacteria per nght
Verulence determimation of graa § 51578 Tuo
groups of two gunes plp were wperted Lrn.ﬂptrid
tooeally wath 1 ml of dilutions 10 and 107 sn

TABLE 1 Ferulence Delermination of & Stran of
M bovis on Guinea Pigs and Rabbits

Viable  Survialume Degreeol

anits (dep)  tubereulods
Gumnes  14x10 1p 107 )
g 14x10 - 129 3
14x 100 37 3
14x10 - 75 s
Rabbit 14 x 104, 33 3
14x100 18 3

P ot —

*) 5 = severe generalired tuberculosis
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f;z ! Bannal canes for

I

oAl netoly dead
3% 107 s 3 table warts) 3f s.mnd"d"‘"dhkmd

of a poc-injected coatrol group. The tuber
culosls index and boctemal index for the
Individual anlmak In the inpected groups are
abo gren. Fig 1 shows the survival times In
graphical form, with the percentage number
of anymah will afive at the vanow tunes
plotted on the ordinate and days after inyec
tion oo the abscrsaa.

Two of the aumah 1n the non-mjected
control group died on day 106 and day 307
and the remainder were Lilled oo day 327
None of the control showed sigm of tuber
culoms, despite the fact that they had been
placed at random amoeyg the Infecred arumats
In all the ammals injected wath M borus
even those grven oaly 3 viable wuts, a pro-
gremne  fatal mfection developed. The
medixn arvival times of the anmmals injected
with the three highest doces were 13 17 and
18 day, increauny the lower the dose The
ammahh in the 107 group had a medon
survival tme whach was dgmiGicantly looger
than that m the 10° group (p <01 per
cent) and the same was the case for the
ananeh m the 10 group in relation to the
10° group (p = 02 per cent) For the

Ll 0

moc-loferted control

o V’lgﬁru
wih doses froca 1
o



TABLE 2 Swrmicel Times Tuberculoris end Bacterlel Indices for Spontaneonsdy Dead Red ics Inje —

Times for a Non Infected Control Group Figures Given at the Botten _

107 3 10 $x10 10¢ 3x100 104 3x100
Non- Surv  Degree Bact  Surv Degree Degree .
wnfected  time of eral time of ]::'al Slhu:e of m st\‘:;l;\e De:lm Bm."
coatrols (days)  tub lndex (days) tub. Index (day) twb. index (days) b  imd,
106 33 3 2.3 0 3 2.8 4+ 4 40 1 (]
309 55 4 2.5 30 3 20 49 5 45 31 + 18
k 327 57 3 25 26 4 38 54 3 48 3 5 A0
k 327 63 5 48 42 (] 48 87 5 48 41 + %0
k 327 70 5 50 47 5 43 59 4 43 49 5 48
k 327 71 ] 50 68 5 50 62 4 45 (L] 4 3
x 327 73 3 38 71 [} +3 72 4 30 55 £+ 30
k 327 77 4 13 77 s 48 82 s 30 38 518
x 327 81 5 40 92 5 40 [ 3 43 39 5 50
¥ 327 83 4 LE:} 95 3 10 89 s 50 64 s 43
k 327 9 5 4.8 %6 5 38 93 + 25 64 5 44
k 327 99 5 33 103 s 43 93 3 2.8 75 5 40
k 327 101 5 45 1 5 18 99 5 48 8 H] 15
k 327 111 5 40 118 4 23 102 [] 18 89 s 23
k 327 120 5 2.8 118 5 45 110 3 30 % ] 43
k 327 121 4 78 122 5 50 11 5 45 99 3 38
x 327 154 5 40 140 3 30 116 5 30 101 5 38
k 327 163 5 45 141 4 30 149 [ +3 106 3 28!
k 327 163 5 33 161 (] 33 154 s 38 13 s 13
k 327 229 5 43 199 5 +0 163 s 40 127 5 43
>327 89 38 9% 37 91 39 64 17
bercles 1n

The mfection had an intermediate course
1n the 10~ and 10~ groups, the median sur
vival times being 41 and 64 days. These are
mutually ngruficantly different (p=01per
cent) and also different from the groups -
Jectcdmththedueelarg\:ﬂduu.The.m
imals 1n the 10 group had a shorter median
survival tume than those i the 107 group
but the difference was not sigmificant (p =
g per cent)

Autopsy findings The tuberculous lesrons
were dependent on dosage and were most
promunent i the animals that survived the
Jongest after being njected with the smallest
doses. The frequency of enlarged lymph
glands and of tubereles 1n spleen and lungs in
the various groups 1 shown 1o Table 8 In the
groups wjected with the three largest doses,
the lymph glands were slightly enlarged 1o
almmtallthcmmah,lmtonlymaccp-

418

tonal cases were they caseous. Tu
the generally enlarged spleen were found
only four out of 60 ammals, The Lver was
normal. The lungs contmned tubercles 1n
about half of the animals, the fmquencybemg
somewhat lower 1n the 10° group where the
survival tumes were the shortest. In the groups
injected with the three smallest doses, prac
ucally all the lymph glands were enlarged up
tothemofpem,andnqunﬂerlohalfo(
thml\mamlnthemongbm
spleen there were tubercks m 75 to 90 per
cent of the apimals and 3t was an exception
ﬂmtdlcywerenotcmcmmmusuwba!dt
mwpmmcttd,hrgtrofmﬂdu
regularly formed scctions of the spleen could
be completely caseown, o harel nut srzed, dis
tended, thin ‘walled absecces could be seen.
In the Iver tubercles were found 1n the
second month, but not later n the anmals



ramondly 24k Farymg Dosss (Dilntion Viabs Units) of a St ain [ M bonh, Togrther with (he Sz red
Tdis ary ths Modsen Sunival Tiwsss end the Acerage Bocterial Indic

LR Py 167 Ix1oe 10 3x10¢ 100 3x107
Ln Degre Back Sury Degres Bact  Bury  Degree Bsct  Surr  Degme Bact
b o el tee  of  eral  Ume of erlal  time of erial
fem) wh  fader (diys) b, index (days)  tab.  Index (dam)  toh adex
703 23 13 4 45 12 4 38 . 4 43
® 4 3 18 s 50 12 + 38 1t 4 43
4 40 16 4 40 13 ) 43 1 3 43
B4 43 17 4 18 13 4 43 11 3 43
n 5 48 17 4 s 14 ) 48 12 ) 50
n 3 50 13 4 43 14 4 43 12 3 40
5 4 30 18 4 43 14 4 43 ¢ L) 5.0
LR T Y I 5 48 15 s +3 12 5 30
noos 42 18 3 48 15 5 50 12 5 50
# 3 42 13 3 43 17 5 45 13 + 43
# + 48 1 3 48 17 5 50 13 4 43
2 3 30 19 4 48 17 3 48 13 3 48
e 3 4 20 3 48 17 s 50 13 4 45
a2 s 48 b 3 48 17 + 44 13 5 5.0
s 4 4 2 3 43 17 3 48 1" 3 48
= s i3 n 3 48 17 ) 43 14 3 48
4 n 5 50 20 3 50 4 s 4.8
F I BTt 28 H .8 0 s 50 1 3 50
fod s 1 = 3 LX) o 3 40 13 5 5.0
@ s s B 3 50 2 s 50 15 H 50
it 44 18 46 17 46 13 47

®ed for qranthative culture bt ¢his was pot
te e in thow used for determmnon of
e wurvival toney In almest all the anmmab
there were tubercles in the lungy, and more
%25 balf of them were cascom. Sometmes
* g Lobe or & whole lung could be trans-
formed 1nto & whitish-y ellow craeous mas.

Kroups

10 and 10~ resembled grnevally tie grous
fen the three smallest doses

Awmber [ pacteria in orgams The mumber
o bacteria In the agams of the indindaal
moml was evahuated i of

hmg and ymph glands contamed somewhat
fewer bactera,

In the groops injected with the three

for the groups wjected with tho three largest
and the three Tespectrvely
Q

"nean and recorded s & bacterial index. The
weary of the tndices foe lymph glands, Tver
Wheen and lungs 10 the varous mpecton
Broups are thown i Table 4

In the groups mpected with the three
Largen doses, the indxces are mmaimal for the
*icen and almos maxmal for the liver The

Cultrre from the Orpans
Infection dase 10~ 2 X 10¢ trable wmty
(Fig. 2) !n\hn-ndm:mhnqm&\ne,
ththgnm.hmdtbnmherufmﬂemlnln
hmph glands, bver spleen and gy

mlh:urdinmlnddlysdt:rmjcc
: onthnlh-:l‘Tuixrdghdmmldhc
uundlnli\trl.ndnpkcnnn:r%hum\h
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TAKLE 4 Mooe Bactersal Tndkc s for Lympk Glends,

Liter Spleen #nd Lu g3 ia Grenp of Red Mice

I ected Tatrerenonsly wik §arrag Dosas (Dilathe  Vishie Units) [ Strecm of M bola
Mean of the
Do ';Iﬂ Lher Spleen Lemg T
47
» 3o ““ 45 50 X
% axio %l 49 50 42 :g
W axie 44 42 50 41
I 48 43 ] 39 44
B axie 39 23 40 41 16
B IxIm 41 23 43 43 39
I axis i3 26 41 44 7
ues 43 19 0 0 38
& bops 0o day 5 and m the lymph glands pcrmd,lh:mmubcrnrtdcomsdmb}yfm

@ dry 13, The bactenn mrultphied strovgly
= ol oqans durmg the fint 3 weeks The
meber which reached & higher level than In
¢ b mpected with the e dow of
3 taberealons was larger In Iner and spleen
3 1n byroph glands and hungs. From day 26
1o thzing the rext of the experimental
~abch was cnly 54 days for ths dose—the
aber of bactena remamed atmost un-
dangrd o Iner splecn and hmph glands,
e i had a trodency to meremxe m the

The canes for hmph glands and
o lay constantly bekow the curves for Ler
wxd leen

Iefection dases 10~ 10 and 10 3% 10°
VX 10 and 3 bl wwits (Fig. 3) The
permental perniod was 97 days The resalt
"‘Dﬂnue\mq\nuundm-mmdm-nmnh
T it these e doses and thut ean

b the 10 group, tubercle becilh were
foond for the first tomp in the Erer an day 1
1 the gpleen on day 3 in the hungs o day 9
22 m the tymph giands on day 13 The cor
fSpondimg tumes 1n the 10 group were days
513 43 pd 21 The bacteria multiphed
*rongly in the ongaos of all ammaks bl day
% From day 26 to day 54 the number of
‘\abee uynts for the ipdividusl organs was at
sbout the rame Jevel, the curve for the spleen
beme hrgbet, followed by the cunves for Iner
and lymph glands, and lowert the cune for
e hungy Dunng the rest of 1be txpenmental

D hcw sk oo aad et 3,5 ¢

ankmal to animal, and in the mdridus! an-
mals there were often more bacterm in the
lungs than in the other organy Generally the
number of viable units in the lymph glands,
Iver and spleen was almost wochanged from
day 26 to the end of the cxpenimental period,
while it was mcreasing In the lungs. In ank
mals where the survival tunes were protracted,
e orgam contamed very harge numben of
bacterta,

Stetisnicel Analyns

The counse of the curver for the three
owert doses waz undorm  and therefore a
mean curve was calculated for each organ
for these doser. Two-way analnh of vanan
for cach organ in the perods days 26-54
(period 2) and days 57-97 (perod 3) gae
the following Tbe varawon betwesn the
snimals was greager i penod 3 than m
period 2. The rato between the varance
evthmates was 20 44 58 and 23 for
glands, lver wmlmm’"ﬂy"h
Foe Tiver and splees, the valoes are egnit
wantly greater than 1 (p < 01 per cent 1n
both caser)

On the wholt, no dufference could be found
h-mam\hed.y. within the penods
for period $ was there &
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Fig 2 Dose 107* 3 x 103 viable units,

Liver and spleen while for the lungs there was
a ngnificantly higher level in penod 3

Dunng the latter part of penied 3 the eul
ture results were affected by the fact that
some of the ammal, which according to
schedule should have been talen out for
autopsy were already dead. Thus a selection
occurred which must be conudered to have
affected the retults towards too xmall mm
bers of bactena,

The calculations show that for hmph
glands and liver there was a tendency towards
smaller numbers 1n the penod after 82 dap,
while for the lungs there was a tendency
towards higher figures. However the duf
ferences were not sgruficant w any of the
ces,

In the figures, the pounts for dayy 75 and
82 are joined together with a thmner stippled
Line than the others.

DISCUSSION
Syruipal times M boous injected intravenous-
Iy wmta red nuce provokes a progreunt m
fection which rapidly reslts in death. hven
the smallest dose 3 viable units, caused an -

Figr 2-3 Number of vuable umsts  L00 Y/IABLE UNITS

in orgens from red muce infected
with doses from 1074 to 1077 Af
boois and killed 2t varous tlmes
after injection. Ordinate Jog vi
able units. Absersa  days after
injectlon,

Ky 2 Average curve for dores
!0!' G and 1077 W boou

e LYMPH QLANDS
o o LIVER

- SPLEEN

o——s LUNG

e
0 6 70 80 %0 Koopars

1 x 100 3x10 and 3 viable
unlo.

0



fernon m all the aommb m the group. A
perom expermment ( Vackeprang & Jesper
*1 1839) with red mice wjected with ultra
somx-exposed and pon-exposed Duboc culture
of Af boetr, has shown that a single vable
it w mufficent to provobe fatal tuberculoes

Dunny the mfecton, severe, often caseous,
lewiors develop in the argam, particolarly in
the lymph glands, hmgy and spleen. The
number of bactera 1n the organs o very large,
Prtealardy m the cxeows Jemoas where ¢ w
tnormont. The vole rat & the only ooe of the
other voky which has been infected with
tebercle bacilh by the mtrmenows routt
(Jespersen 1974) Doses of from 7 to 730
vuble units of 3 strain of M bovis provoked
] mfection with munvival tunes from 148
o 268 dan. The autopey fncings resembled
those 10 red muce, except that gencrally the
Fer contamed camoms tubercles and the
trmph glands were even more entarged.

Qx culture An evalfe of the
wethod tas been carned out previownly (Jes-
beries et . 1977) The bacternl ropenmon
=fecied congated of 73 per cent wnity with
o of two bactera, and nooe of the Temmn
g wity contamed more than 10 bactena.
On account of the strooger multipleation of
A bores more and arger bacteral chmps
delop 10 the orgams than in mice mpected
ith 3f tubrvcudosss Smee the clumps cannot
"’C!Epnt:ddmngmmmnumlnw
axd ymee both a mogle b and a

units was coosiderably larger than an the
ding phase of the M twbercwlons
infection. The tutial phase of multipheanon
was followed by » penod of about 4 weeks
(second phuse) dunng which the number of
vable upits in the variown organs was almost
constant 10 the dividual anmmals. The curve
w3 hughest for the spleen, low est for the Iungs
and mtermedmte for Iner and Iymph glands.
Nerther did the autopsy findings show any
partcalar difference in the indrvidual animals
during that period, a phenomenon which has
aho been obserned m other ammal speaes
(Ratchffs & Palledino 1953) In the third
phase, from day 37 to the end of the expen-
mental pered, there was conuderably grester
vanation from ammal to anmal in both cul
ture renults and autopey findings than i the
second phase, thus refllecting vanation 1n the
resbtance acquired by the individual mice
Taking the second and third phaoes together
it has been shown that the mumber of viable
units 1n lymph glands, [ner and spleen was
almost unchanged, while 1t was increasmg for
the tungs. This does not mean that the bac
tena carnot multiply m the thrd phase,
Among the anmuly that Jhed Jongrr than
3 months, there were often cases where the
mumber of viable uruts im the organs was very
great, especaally in lymph glands and hung,
As mentoned above, the mutapl o
bactena m the fint phese wes stronger than 1n

damp will grow mto one colony the mumber
of colomes will be wmaller than the rumber of
bacterm. The duifference will be greatest in the
A borus miecton (Jespersen unpublished)
Asin the Al twberculons infecton {Jesper
n 41 W 19771 the come of the Infection
can be drrwded nto three phases, but 1n this
caue the wecond phase was thorter and con-
soquently the dufference between the second
and thurd phases was kew marked,

The bacteria sultpled strongly i the
organe donng the finst 3 to 4 weeks after the
mpecthon (it phase) after whach, as & re-
malt of the wmvanity e eloped,

sopped or became wtrongly inhibited. Ay the
end of the [ phase the mumber of <fabte
-

the pooding phase of the Af fubsrcul-
ofis infechon. The acqured resiance in.
doced 1 comequently stronger and
ﬂ’“munm&mnﬁml]qm
!h:h:nnhnw!lbkmmﬂx, 1
m:nzuf-hmmhacuhudn,:mtm
i ankzal infected with the dose
(3 viabie unrtr) mmx,&amo,mdmm
m““‘“‘)"“‘mwmmm
mlupﬁat-ondh-cmm.mmdm
dettray saose of the hactera In the ;
lL.m“‘“h‘(l‘)lnlh:]_nﬂ-

S28) who examined the
Infection In rabbats after o of
of Al boru by quanntatrve calture from, (e
organy, found that the bac -
thcﬂ'slm\mtﬂlbe[mmh“mhni the

47



LOG VIABLE UNITS

LIVER
SPLEEN
LUND

4 20 X £0 30
Fig 2 Dose 104 3 X 103 viable units,

Figs 2-3 Number of viable units
in organs from red mice fnjected
with dosey from 1074 to 107 M
boos and killed at vardow times
alter injectson. Ordinate log vi
able imits, Abscisa  days after
infectron.

10

9

Fig 3 Average cures for doses
16% 109 and 1077 W berw
3 x 100 3 x 10t and 3 visbie

units,
422

o

LYMPH GLANDS

liver and spleen while for the lungs there wa
a ngruficantly higher Jevel n penod 3

During the latter part of period 3 the cul
ture results were affected by the fact that
some of the ammals, which according to
schedule should have been taken out for
autopsy were already dead. Thus a selection
occurred which must be consndered to have
affected the results towards too small num-
ben of bactera.

The calculatrons show that for lymph
glands and Lver there was a tendency towards
smaller numbers m the period after 82 day,
while for the lungs there was a tendency
towards higher figures, However the dif
ferences were not mgnuficant n any of the
cases,

In the figures, the pownts for days 75 and
82 are jomed together with a thinner suppled
Line than the others.

DISCUSSION
Survioal imer Al bomt injected intravenois-
ly into red mice provokes o progremnt in-
fection which rapidly results in death Even
the ymallest dose, 3 viable units, caused an n
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second month the number of tubercle bacill
m the spleen and particularly i the Iner
decreated while multiplication conunued 1n
lungs and kidneys, and the amimals soon died
of pulmonary and renal tuberculoss. Thus
there 1 accordance on important ponts be-
tween Lurte s and the writer's expenmenty,

Ratelffe (1952) and Ratchffe & Palladine
(1953) found that the first phase of the in
fection wath Af tuberculoss or A bowms
develops mmilarly 1n vanous anumal species.
In rats, muce, hamsters and gwinen pigs, which
wnhaled ungle bactena n fine drops the
number of mmtlal tubercles which develaped
correspouded almost to the number of bacttra
inhaled The tubercles developed to macro-
scopical size at apparently the same speed
all antmaks duning the coune of 4 weeks, after
which the speed and pattern vaned greathy 1n
the indrvidual species, The authors concluded
that the nanve resutance to tubercle bacilli 1n
these ammal species 15 not different, but that
they have a widely varying capacity to de
velop acquired resustance.

In the present and the previous worky, a
difference has been found 1 the nauve re
wstance to the two bacteral specres At the
end of the mitia) phase of the Af tuberculosns
infection the number of viable units 1n the
organs from ammals mjected with the two
smallest doses was conuderably lems than in
ammabs injected with corresponding doses of
M boors

STATISTICAL APPENDIX

The number of viable bactenal umts n the
organs 1 determined on the proviso that the
vanous suspennons 107! 10-* cte. contan
1/10 1/100 etc. of the number of viable umits
tn the suspension 10* For each dilunen, the
number of colonies 13 counted on four tubes
and the total number of colonies per dilution
1 used 1n the caleulations. Out of the number
of colonies observed 1n the suspensions, gener

lﬂyunlynmmufnﬂw{&mthnnm&m

If for mstance the colony counts for 10~ and
10 are kalled Ko and Ky 1t would be
expected that with the exception of random

vanatons

(1) ky = 1/10R,,

Thus expectation can be tested by plotung
such a pair of colony counts on a diagram
with 1/10 Ky on the ordinate and K, on the
sbscusa. Figs. 12 and 1 b show the parr ob-
served for 10~ Af borss and 10 A tuber
culoss Tt wall be seen that there n systematsc
deviation from (1) A smular result has been
described previously by Engbak et ol (1967)
where 1t was stated that the expected number
of colonies (x) was

AxF
) %= Ty aar
where A 13 the number of bactenal umits per
ml for suspension 1Q* F the difution factar
and @ 2 0 the parameter which determunes
how ruch x 1 Jess than A,
For the example m question

Ax10
{Sa) g™ %, = BENETS
and
- A0
(89) hum = o
From (9b) i1t obtains that
10k,
(4) A~ 1o N

whuch, userted mnto (3a) gives
1 K,

(5) TEI\,,’- T7oR,
1t will be seen from the curves that a will lie
between 0001 and 0003

Using (3a) and (3b) 1t u ponible to cak
culate values for A and & for a given par
colony ¢ounts. It does not seem yusuftable to
determine a new value for a for cach new
par of rounts, since according to the model,
@ 1 not dependent on k. It was therefore
tought to find a value for @ which 1 common
for a number of counts As model for the
distribution of colony counts, the negatne
binomial distnbution 1 wsed
19
y (1)

y+ X

+Rh—1
(6) phr = (TTLTT) U

For this st applies that
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ON THE DIAGNOSIS OF
COAGULASE-NEGATIVE STAPHYLOCOCCI
WITH EMPHASIS ON
STAPHY LOCOGCUS SAPROPHYTICUS

Buarrrs Hoviinns and P Axoras 3kuos

Instutsts of Madical Microblology Unbrersty of Lupd, Lund Sweden

Hrelom, B & Mindh, P-A. On the dlagnods of coegultsw-ocgative sta)

with em-

Peubs ca Stephiesoccus spropkptins. Acta path. mbcroblol scand. Bect. B &5 427-434 1877
Tha tiady concrrms dhe duagmorhs of copalisnepsth  vaphylocace, with epecial eophasis
obdocio-reustant

mpecies, b5 sp phytwns § cokad 3nd § sylosr. Duc diffusion

3 for povobeocis were found Teeful m the difTerentisl disgnosa of cosgultm-negative fa-

oxylproxcilin s capiiary tube test-The faflore

o wats for mtraty redaction, ghacos commption and of cxlreres of wrine on MacCaokry’s

The

axr I the diagoons of riaary trect mfectione caneed by 3§ sprephytions, i docaraented.
eoocrp bactetizrm in ow Sagocds of 5 sirephytias tfectioon of the

wrinary tract shon o the bladder neck b slo conerdered.

Key words. Cosgulass-megatn Jococct

o acd onnary trect infectons.

Eaguols Dal-

® Hovebms, Imertem of Medscal Murotaciogy Unhenity of Land Stivepauan 13 5-273 62

Laod, Bueden

wery clamified a3 micrococq, belonging to
Murocos ws subgroups 1 IV (2) Howmer
the planine<ytoctn (GL) contents (20) and
the chemocal compouon of the cell wall
{17) of these bactera Indicate that the or
fanams ought rghtly to be mchoded 1o the
fron Staphylocorens. Arcording o Bergeys

manual {3) coagularnegative, novobsocin
restant s;aphylocoons polated from urine
q:-enmnu-hm!dbsdmﬁednsu,}.,io.
cofcus taprophyticas bictype 3 The Sub.
commitiee (27} proposed that the cragulam
DEgRUVE,  novoblocin-regitant staphylococe)
be wpauted into thee species, Le. S cohni
5 sapeophsticns and S xylosas a recormmen.
d:—gmh:dmntdiubylﬂom&&'ckm["
(10) Receadly these latter anthory have



(Ta) MB = x
and
(Tb) VCRY =5 + iﬁ'

On the baus of the counts on the four tubes
for each dilution, the mean number of

colontes k. and g'k -:; X (}\—}:)' 1y cal

culated According to (7a) and (7b) st should
then apply that

i 1
(8) X R ~I+;L

Unng this relation 1t 11 found that ! 1 about

0060 For a sum S of n colony counts 1t
applies that

(N VS o + Lt
T

wheres = p ¥ and y, = ny The cakula
1

tom use ¥, -=466-—60=667 With thus

value for y an estimate ean be made by the
maximum likelihoed method of & value for &
which 15 commeon for & number of pairs of
colony counts and a value for A for each par

It has not been possible to show any m-
tematic difference w the a value between
counts of viable units of Af boos or Af tuber
culosts or between culture counts from vanous
organs. The value for a wh.ch gave the best
fit wat @ =~ 0002 Uung thn value the
maxunum number of colonres will be 1/a =
500 In Figr. la and 1b the middle cune
corresponds to formula (5) with @ = 0002
Depite the large vanations, 1t will be seen
that the curve grves a better fit than the

straght hne corresponding w_llh R =k
In the chorwce of the two colony counts K

and K, which form the basns of the cakuin
tiona 1t has been taken 1nto account that it s
important to avoid colony counts below 4 and
aver 200 (1 and 50 per tube) If K, B> 400
X 1 calculated from K, alone by meams of
formula (4) with & = 0002 The relation

shup between A and R, 18 iflustrated by the

following rable
426

Kk, A AR,
0 0 -
10 102 102
20 208 104
56 1
100 1250 1.25
200 3333 167
400 20000 500
500 =) oo

Iuthefcwuzawhmh,unbozm
A 13 set at the value correaponding to K, =
400 If both K, and K,y are < 400 A
determined as described above.

REFERENCES

Engbat H C Pergmann B & Bentrox Af T
The sodlum fauryl sulphate method in cultur
ing sputum for Scand ] resp.
Du 48 268-284 1967

Jespersen A Infection of Articola terrestru (vole
rat) with 3f twberculons and A boris, Acta
path. microbiol scand Sect. B 82 667675
1974

Jesperam A Bemtzon M W & Mellrr § In
fection of Clethrionomyr g glareoctus Schreb
(red mice) with Afycobacterram txberenfoss
injected intravenously Acta path  microbol
scand, Sect B, 85 403414 1977

Lure Af B The fate of human and bovme to-
bercle bacllli 1n various organs of the rabbit.
J exp Med 483 153-182 1928

Viackeprang B. & Jespersan A Use of nhrmonic
trested suspenvons of tubercle baeill for deter
minadon of mlection doses 1n animaf exper
ments Acta path, microhiol scamd. 46 T3-84
1958

Ratclyfe H L. Tuberculons induerd by droplet
oucker Infecbon. Pulmonsry  teberculous of
predetermined malial Inteanty 1 mammah
Amrr ] Hyg o3 36-48 1952

Ratchiffe H L. & Palledmo 1§ Tuberculosh
1nduced by dropler mcles mplechon. Initial ho-
mogencom respemse of anall mammals {rars
mce guivea pigs and hamaten) to homan
and (o bovine bacill, and the rate and pattern
of tbercle development J exp Med. 97

6168 1933
Indiv dual compansons by ranklng

methods Blometnes | 8083 195 See alo
Documents Geigy Sclentilfic Tabbe, oth Ed
p 151 24B.



» b sod by d diffuson
m made 8 dincribed sbone, thoogh wiixg papet
Lis camalaag 30 4y of malkdixie
L) Tn adiction, all the 23

Tots for Betalactenase Production

Yy of the erabm of § seprephpiwns which
beer olsted from orms specimen were tesed
bealactame prodocton

RESULTS

Classfication of Coagulase-negaiice
Staphylococcs Isolated from Urme Specr-
mens Pus and Blood Cultares

The clnificatoa of the coagulase-nega-

urlm,pus-ndb!wdm}nmndmm
while that of the nosoblotine

TABLE 2. Cludficetsen of Coaguloses gat
Norodiwcin-remstant Staphylocece] Islated from
Urias Speomens P axd Blaad Cub o

ey bezzrdperiaflin (16) and whh the aid of
crwaoten  cephal (Compoczd 877312,
foird Ltd  Greenford, Englend) (14)
f’;:lhm 03 mg was dinohed

No. of siraim of ipdicated species

Specin Urme
(h=150) (A
.
5 pdermdy 1
5 cvhnd
5 saprophyticns 49
£ aylerss

TABLE 3 Buchsmical Test | 50 Coagulesm
! 50 Mersbn

Verobe

wepatit
ciisomt 31 phyleces of Strains Imleied frem
Urwe Specimans

rpecumens contibung 5 sepre-
dcamty of > 104 bactena per il
™ decaxrated n quasutatn  cultmres of biood
¢ plun, wery towed for aittie (N-Labers,
Aner Co Fagland) and adeo fov reduoced glocom
It (Ungles, Kaby, Stockbot) The trss sere

to the mmirechors of the
ondactaren
TAMLE | Cluxfusoen of Coupntesemepmrc
b & Staphyleceet Iselated from
Lrws Specmens P and Bipsd C B oo Pty
30825 from cack Type of Specomen were T o &
ol il ohiiniioniid il
Speoms Mo of urane of mdicated rpecies
Urme Py Xood
.
-~
;"“"-ulu 23 1 19
Aarmotytic 3 T 1
1 kemoay 3 A !
T mue 12 s 2
F s H $ 2

Test postive for wo of srains
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suggested that S sciun be included as a new
species among the ¢oagulase negative neno-
biocin-resstant staphylococar (11)

S saprophyticus 1 n common cause of
acute cyto-urethrtis in women, particularly
during the early reproductive yeary (12)
Although unnary tract infections (UTT)
caned by ths bacterum occur much legs
often 1n males, they are sometumes to be
found i elderly men, and i boys and young
adult men presenting with acute haemortha
gic cystitis Recently we have deruomtrated
that S saprophyticus frequently cawes symp-
torms suggestive of an upper unnary tract 1n
fection and that recurrences of U'TT with this
organsm do occur quite commonly (8)

In the present study methods used in the
differential diagnoay of coagulase-negative
novobiocin resistant  staphylococer  nolated
from unne specimens, pus, and blood cul
turey, are evaluated Posiible reasons for over
looking the laboratory diagnoss of UTI by
S saprophyticus are gven. The dugnosue
relevance of the concept sgmficant bacte-
nuna 10 UTT caused by coagulase-negaine
staphylococer i also discunsed

MATERIALS AND METHODS

Media

The blood agar plates ured coadited of Blood
agar base No. 2 (Oxod) wath 4 per cent defibrl
nated hore blood. A dip-shde culiure set, Uncult
(Orlon Dugnostica Finlard) with AfacConkeys
and CLED agar pads, was used a5 recommended

by the manufacturer

Chiwical Specimens end Cultare Teckniques

Afjd-stream portlons of oided unne and unne
1| llected by b were

showed & growth of > 194 aa,
wers studied phylococa per ml
Cotgulase-negative staphylococa isclated from
:mdum}y ndcnedcrpm pecunens and bl l
ures sent to our clinical bacterrological labora
were alo studsed, e oy

Teckniquer for Clamfication of Staphylococa

Altogether 430 non-coagulase prodocing (21}
staphylococeal strafns {solated from unoe, po and
blood cultures (130 stralms from each type of
specimen) were studed. Tests wath glycerol- and

taning agar plates (18) were
made in order to confirm that the straims rtudied
were staphyfococe! and not micrococe. Al novo-
blocin-realstant strains, | e, 84 stralns, were tested
for thelr ability to ferment the following carbo-
hydrates under aeroblc conditions arabinose, cello-
blose fructose, galsctose lactose maltose manm-
tol mannowe ribose sucrose, trehalose turancee,
and xylitol The orgunimm wers afo tested for
phosphatase and uresse actiuty and for thewr
ability to reduce nitrate (19) Finally glocose fer
Son tests, p d onder bee condi-
tlons, were made a3 recammended by the Swbcom-
rttes (21) while tests for arpnine-d
activity were made »d modum Digrames & Oeding
{4) In sddition, 150 of the altogether 366 noso-
blocun-sersitive strany (50 strains molated from
each of the three fypes of chmca) specimens
studied) were subjected to the tests mentromed
above.

Antibiote Susceptrbility Tests

All staphylococcal strainy were avayed by dnc
diffugion tests (3) for their noceptbility o Dovo-
bioeln uwsing paper ducs contelnung 5 g DOVO-
bocin and Wellco anceptibility tert agar (AB
Buoduk, Stockholm) Sruns whxb gae an @
hlbitory rope of < 15 mm in dumerer arc refer
red to in the followmg text ay “resiuant to oo~
voblocin, In conformity with the termunology ™
cwrent we i thu context.

The minl inhibitory conce (MIC)
of naliduxle scxd and novobiocun for 30 seradne of
S saprophyticns and altogether 30 stramy of coa

g 2.1 non oblocin senuine mphyfomc?

sadied. In 13 patients, ruprapubic aspiration was
petformed 2-3 days after growth of $ saprophyts
we had been demonstrated 1n & vorded urine spec

e s of S epdermidy S hsemobyniens
hewinss § smalens and § warnen were sodied
These 100 trains had all been uolated from unse

i MIC was determiped by unung :xﬂ

1men. The bladder p wal p before
any antiblotle treatment had been given.
were obtalned after at least 4 h

of?xlu-ddcr incubstion. Quantstye tnhl:rrr: ;:;

plates 2-Hold conc
of nabdzc acid {\Wwnthrop) and nos ob.ocin
(3 gma) The plates were lnoculated by mewm of

ood & plates by the
mmlda o:ebzﬁ) ’I‘Luphm were read after over
night Incubation at 3/ €. Exxept for the spech-
mems from the 15 patients subjected to n-lprlp:g;
bladder aspimation, only unng speaimens ®
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s Ing derlce and bated st 37 C for
18 h before being read. That concentrabon of

the antiblote which inhubited growth (exeept for

single colonien) was as the MIC. The
100 straina were also tested for thew pnceptibdity



Wood cfurts, 24 were clarafied as § eps-
drmds while the remafning 10 strains be-
rpd 10§ seprophyricns S cohnid or §
rpemt The, the reralts indicate that tests
fr socepebility to novoblocr can, with a
b degree of accuracy be used to Mdennfy
S, wprepiytices olated from unne speci-
mey, but not among  coxgulme-negatve
tapiylococca) stramm nolated from pus and
Hood extures,

The reailts of the MIC detrrmunations
= down o Fig 1 The MIG of the 30
i of § sprephpticns to novolnocm and
midok acd were 12.8-51.2 and 128-512

nd 16128 kg/ml, respectively The MIC
© cildode sad of the 23 tested srams of
3 ipdermadsy which werr remtant to novo-
etz vaned between 16 and 128 xg per ml,
The MIC to thy antibosic for the 8 strainy
:ruhﬁlndS xplorus wan > 512 xg per

The reruhy of the dnc diffusion terts for
mmceptiblity to nabdboc acd performed on
B coupuinsenegauve saphylococs wolated
b the urine specimens are shown In Fig
o growth mhitaton wma found 1 texns
%49 of 50 straina of $ saprophyticas The
B‘flﬂ-bdmgmgtotheothcrcwuhx-
*Pitne waphylococeal tpecies vie § appder
=i S Ascmolyt cus § hommu 5 amx
by apd § naevem produced mhibitory
Tooey, except for one sram of § eprdermudis.
Midooe acld camed inhibitory mones when
g all but one of the 25 nonobsocin
™Rant strais of 5 prdermudiy wolated
o wrine pun, and blood cultures, S cohmn
14 5 5o notated from pus and blood
thurey were not mhibited by mldooc acsd
Thm, the result mdwates that disc diffu-
Bon s for nabduoe acd can be weed 1o
Werentiate congulase-negatne, nonoblockn-
Texrant wtaphylococe from coagulase-nega
e staptylacocrer of ofwginally nosobiacin-
*n1 e speas but whh have since acquir
od resatance to oowobaxin, Loe usaally
Rrum of § eprderrmdi Such atralm were

Number of strains
»

Inhibitory zone {mm]

stratns of St phylecocen  saprephylicy
altogeiber 30 urant of Stephplececons epderml
Staphrd hermely 5

howinis Staphylococcus mm [aewi and 5t phyploces
exs werner] ([J) wolated from wrme

ofated from urine, pay specimem and blood
cultures of in-patients, but never from spea
mens obtamed from out patents.

Tests for Betalactamase Production
by S. wprophytion

None of the 50 strulms of § saprophpticus

betalactamases, as Indicated by the

test uung chromogenic cephalosperin, and
the capillary tube test unng benzy Ppentcilfin,
However when the same st wers studied
by “clover leal” tats wing D prewmonies
or § awrews the reult suggested betalacta.
mase groducton (o 3 of the YD gxwms tamt
el The mme results were obtafied when
Mlhtd::rnnimapm:dwlnamdng
concentrai of bemylpenlcillin in fipud
medlum, I

Chomuedd Tests for Bacteruria

ond Drp-thide Cultures of Urins 8,

Contmxrag > J04 Cospulase ur-.l’l::mu

Staphylococes per ml
Tlueilbmnd\trwuluu(:h:mn]

wreenloy, testy {or bacrerpria, performed on
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Fig 1 Swiceptibility to noveblocin (upper panel) and to nalldne acd (lower panel) of 30 strwhm of

Staphylococens saprophyticus (O

O} and of altogether 30 struns of Staphylococens epidermddys,

Staphylococcus Aaemolyticns Staphylocosews komints Staphylococcus amulans and Staphylococcns wo-
neri (O~——0) isolated from urine specimens. Cumulative numbers of struns rmhubited by iodwcated

eopeentrations (gg/ml)

resstant strams 18 shown in Table 2. The
results of some of the brochemucal tesu
made for the clasuificaton of the 100 straims
of coagulase negative staphylococer wolated
from urine specimens are presented in Table
3 Al but one of the 50 novobiocin resntant
strains tested showed roughly the same earbo-
hydrate fermentation pattern and could be
clamfied as § saprophyficus
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Suscaptibility Tests to Novobroan and
Nalidivic Aad 1n the Clasafication of
Coagulase negative Staphylococa Isolated
from Unne Speamens Pus and Blood
Cultures

Of all the 150 coagulase negatwe strans
nolated from the unne specimens, 33 per
cent proved resistant to novoboan while of
the 150 staphylococeal struins solated from
the pus specimens and the blood cultures, 13
and 10 per cent respectively were resstant
to this antibiotic Of the altogether 34 nove-
biocin rexstant strams 1solated from pus and



mmof S saprophyticns eawed 1muctivaton
o bergylpenueillin m the “cloner leaf” test

Among

fmead o0 the kin of domestic animah and
Jet, oonobeocin-resestant speses of saphylo-
txd predommate over non obloan-sennthe
@ (7) Tha aho mdicates that suscept-
Ay sty for novobsocin cannot be wed

bren the hand of such categooes of workers,
Wn notable that 5 saprophyticns could be
mbied from only thow alaughterens who had
evnds o0 thesr bands (7) However further
®da e equred to ewblah whether §
“¥ophyice; ey play & patbogenic rele In
o woundy,

orLment woald appear to be a findmg of
sl mgruficance: Tha tmphes that staphy
booeri molated from urme wpecunens even
® mrnbery lew than 10* per ml should be
Noctied 15 testing for coagutase production
U found coagulase negatree, they thould
ty to novobsocin

|4

T (3 sermm to be of lumted value o
2 mean to dufferenuate infections by § sap o-
Poticas above the bladder neck from conta-

& toderate growth of S saprophyiicas e
< 10° bactena per ml, in hall of the patienyy

stndied in whom the organism had been re-
covered from suprapubncally agprated urine.
The

deterruration of the number of bac

teris m s unne speamen by quanntathe
cultures on agar plates » based on the as-
sumption that the number of colones ob-
tamed are directly refated to the number of

present in the sturdred

organmms
Ve have found that S saprophyticns hos &
procounced tendency to agglutinate and to
form aggregates m unne speanens (8) This
umplies that there mmght be a descrepancy
between the troe number of such organmm
present In & unne speamen and that de-
momtrated by quanttatnve cultunng

The dagnons of UTI by 5 saprophyfrcus
n coostanily mmed when the dugnoshs of
UT1 us based on tests for mtrte S sapro-
phyncws docs pot redoce nitrate. UTT wath
thy organism may abo excape duiygnoss, 1if
tests for reduced glucose levels m urme are
employed m1 a screemng test for UTL As was
abo shown In our study mfectons with S
reprophyiicns may remam unrecogned if
MacConkey's sgar b used for calture of urme
specrment, unce the orgenam often falls to
grow (or grows scantly and slowly) on ths
medrum. It should be noted that MacCon-
key's agar » often wed m dipalider.

Thue stady was sopported
froea the Swedisk 1 dical Resear k Cou

1

k3

by grant No  16X-4509
red
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voided urine sptcimens contmmung > 104
caagulase-negative smphylococe: per ml as
demonstrated by quantitative cultures on
blood agar plates As expected all 30 unne
speaimens which had dsplayed growth of
S saprophyticus reacted negatvely when
tested for rutnte by the N Labitx The Un
glox test did not indicate reduced glucose
levels (< 2 pg per 100 mi} 1n 19 of the 40
speamens tested The table also sefy out the
results of parallel dip-slide cultures on Mae
Conkeys and CLED agar (Uncult) The
agar pads werr read after 24 hours of in
cubation a3 rec ded by the fi
turer § saprophyticss did not grow on the
MacConkey’s agar pad in 8 of the 30 urne
specimens tested whereas the orgarusm had
been wolated on blood agar plates from all
30 speamens. However S saprophytreus
could be uolated {rora all but one of these
30 specimens on the CLED agar pad

TABIE 4 Unue Speamens Coxtaning Staphydo-
coccus mprophyticns (> 704 Colony-formmyg Umits
#er ml ox Blood Agar] Tested for Nitrete Re
duction (N Labstix) Glicose Consumption (Un-
tlox) end Growth on Dip-shdes (Uncult)

No. of No. of tas
Test specimens  indicating
teared bacteriuna
N Labstix 50 4
Uriglox 45 3]
Urcult
MacConkey s agar 30 22
CLED agar 30 25

Quaniitanive Unne Cultures of T orded
and Bledder Unne Specimens from Pahents
with UT{ Cawsed &y S. saprophyticus
In all 15 patients from whom § saprophy-
ticus had been wsolated from veided unne
speamens and who had been subjected to
bladder puncture, the bactenum could alwo
be recovered from the suprapubscally asps
rated unne In 5 of the 15 bladder unne
rse {< 10* bactenia per ml)
of § sapropAyficus was found, while

10 specimers twe showed

of the remasmng

crate and eght heavy growth (2 10¢
bactena per ml)

DISCUSSION

As found m our study desc diffunon tests for
novobioain can be wed with a high degree
of accuracy to differentiate S saprophytics
from other coagulase-negatne staphylotoen
mn unne tpecomers However 1 the two
other types of chinical specimens studied, viz.
puws and blood cultures, staphvlocoter be-
longing to primary novobiocin-terutive ¥pe-
aet, but which had acquired rexstance 1o
ths antibiotic, were demonstrared frequently
About 10 per cent of the ytraima of § ¢pr-
dermdis solated from blood speermens were
resstant to novobroan. These novebloctn
resistant straim were often resistant to smeral
other antibioties too e.g betalacam any
biotis, sulphonamudes and tetracychnes, It
18 notable that such straims were never re
covered from specomens obtained from pa
vty treated n prmmary health care.

All novobiocin renstant strams of § ef
dermidis had 2 MIC for nalidime acd of
16-128 pg per ml In ths respect, them
struns did not differ from novobiocin sern
tive strans of § eprdermdts thus indicating
that nnceptibility tesss for palidone aad can
be wed to differenuate S saprophytrens and
staphylocoecs of other pnmary novobiocin-
resmstant  species, {rom coaguiase negatne
staphyloeoter having acquured rrutance 1o
novebioan

None of the stramx of S saprophyficus
teated were found to produce betalactamases,
as mdicated by the results of two of the three
tests performed. However the “clover Iral”
teat, onginally sand to detect betalactamase
productian wn staphylococes suggested wach
production 1 more than half of the straimns
teated However mch enzyme producton
could not be demonstrated when using chro-
mogenic cephalospornin and  capillary tube
tests with bennylpensaillin nor when taung

the tame strains exposed to benn [padaillin
An explanation of the described discrepanty

u [acking but the finding suggests that same
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woculation there was a marked restoraton
confined to the spleen and blood 1n which
the stem cell number and the ®Fe uptake
reached supernormal values. The tmnsent
suppression was apparently not due either to
any viral or immune-medated cytopathic ef
fect on haemopoienc cells, or to any vinm-
induced mterference with the production of
h I stimulators of h How
ever with reference to studies on the non
antivieal effects of interferon 1t was suggest
ed that interferon might be the mediator of
the suppression.

MATERIALS AND METHODS

Frrws, The LOM vinn used was the Traub straln
and the sock virn tisve cultare fluid obtained
after passage of the \irw In monolayens of L celh
{3) The stock virus was examined for pasible
contamination by Dr f [ Collms Je, Miro-
brological Amoclates, Bethesda, Md., USA Ex
cept for LMC virus, none of the eleven murine
viral contaminants described by Collias & Parler
{7} were found, nor ectromelia and cytomegalo-
virus, Acate LCM virus fnfection was fnduced by
intraperitoneal jooculston of 10? mean intra
cranial lethal doses (LD,,) of virm.

Mice Nude muce of both sexes on a C3H back
ground (C&HJHD{DDJ]O‘I/BG‘D) reared under spe-

In a pilot mvesug unng cong 1h
athymue nude mice (13) we observed that
the endogenous spleen colony formation 1n
nude muce treated with 300 R of \ rays was
not abolished dunng LCM wvirus infecton
Thu gave roe to speculation a3 to whether
the nude mice were elaborating a normal
interferon response Other workers (16) have
found a normal interferon resporse 1n nude
muce after ndministration of polyriboinosinie
polyribocytidylic acid (poly 1-C) and reduced
interferon titres dunng Newcnstle duease v
rus (NDV) mfection The latter observation
1 not surpriung mnce NDV induction of 1n
terferon was also aboluhed n ordinary mice
after treatment with ant] ymphocyyte serum
(8) Since we hnow that mterferon inductron
by LCM virus u radioreustant (4) and
therefore probably not of lymphocytic ongin
nude puce could not readily be expected to
be incapable of elaborating a normal inter
feron response dunng LCM virus infection.

In this work umng the *Fe upteke imn
blood as a parameter of hnemopotetic func
tion we have performed some expenments
with the aim of elucdaning the following
questions 1) Is haemoporetic dysfunction n
duced 1 nude mice dunng LCM virus m
fection? 2) Do LOM virus infected nude
mice claborate the same amount of 1nter
feron as nonmal mice? 3) Does T cell recon
stitution influence the haemopoene function
and/or the interferon response in LCM w2
rus-mfected nude muce?

were In

at Jean the abh back-croes. They were Lept under
contentlonal conditlons in fiter top cages with
bumldified aumosphere and fed with sutoeclned
pillt, The ordinary mice wed in the experiment
and for transplantation purposes belosged 10 &
strictly fnbred CSH stram (CIH/Sxcl) raised and
bred in this laboratory All mice were aged 6 10 9
weeks at the tume of infection, except the thymus-
transplanted nude mice which were 14 weeks old

Preparation of spleen cells, Pooled donor epleens
were panmed through stalnlessstee] mesben. Cells
were wathed twice in Hanks balanced malt solu
tion, then counted and adjusted to 200 < 104
nucleated cells per ml Nude mice recened 1 ml of
the cell nupenuon intraperitoneally

Thymus trensplantation Whole thymuwses were
removed aseptically from newborn donors. Reclp-
fent nude mice aged 6 weeks were Lept under
slight propanldin snsestheda (Epontol® 0.3 my
gBW) Through an incufon an the bacl, & thymrus
was placed subcutaneownly on each side of the
thorax, Grufted nude mice were awd in the ex
periments two montha later There nas & morta-
ity of 35 per cent, taovt deaths occurnng withln
the fint month, Thymus grafus, lymph oodes and
splerns were examined by macroecopy to confum
the “take™ of the thymuses and the development
of hutolomcal charncternties of T cell recoratitn
tlon. No sigrns of graft venu host reaction were
€N 1n Any mouse

Erythropoietc actienty For the measmrement of
the * Fe uptake amounts of 1 0 4G Fe (av fernc
atrate spact about 10 xCl/ag Fe Amenbam
England) 1o volumes of 0.3 ml were fnpcted
After 24 hours, 100l samples of blood were col
tected by cardlac puncture The redwactinity of
these 1amples way determined by mesns of & wrll
type crptal gamma santllaven counter (Selektro-
nik, Denmark}) The pereentages of mjected ron
present o the blood were then calculated amum-
ing the rotal blood solume (o amount to 3 per cent
of the indl dua! body weight

x ms, were obtalned
from GL Bombolighrd, Dh-8680 Ry and



TABLE 1 24 A UF Uptakes i Mice I jected xeth 1.0 pCI Fe
4 o1 12 Days after LEM b s [nsculetion

L Ammbede i e

Mean ##Fe 24 hout

Virs No.of wptake in Blood
Orox day mike (g of comtrol = 5D)
Godaery ovor (costral _ 4 ot 17
= ) -4 ‘ 32 04
— - 5 727 = 254
Lx:.h 4 s [CLENE R
- =281
Sele mict, e rowpiaxicsd on dxy —50 —4 ; ::1: o
Suke m crq. em 200 X 10% spheen celh Lp. —4
g5
Lo o gren 200 % 100 phewn el p —4 ) 810+ 301
ity 2y
—12 s 1657 £ 148
mﬁ' 7:2 7 813z 21

hixtion amay performed

vl s dererioed by Wagner of o {13) Reielly

o or 70 per cext smspeauiom of homogentcd

W¥em wy dalyred for 24 bown spamst mloe

Mol b5 G w pH 2 After redulyriog 10
recial

Mmow Wk (he mumber of plaqoe wa
bctd 10 30 per crmt of the control
% mdered 1o be the tire of meericron. The
s of Lxrher aty

i
i

RESULTS
Lmh’“mmT-H:lmlm
M‘ndnn)mlﬂimmkedhph’gj
. rate of erythroposesis on day 4 af
*r LCM vmn moclanon. However while
ﬁr\mwdrtdmdhigt‘xp_
e m the mxce was chowe to & fac
20 (froom 100 10 3.2 per cent) the de
Trie that orcured m the nude mice was

Jex, vz about 4-{okd (from 2.7
183 per centl On the other =
& 12 pow tnfecnoo, the erdiary mxce
B At yach. et s ot B, 83, §

showed evadence of a dmtmar compensatory
Increase which was absent 1n the nudes. It b
of mnterest that the *Fe uptake in the biood
of infected thymus-transplanted nude muce dhd
ot dulfer wglficantly from that of umnfect
¢d muder Likewne the tramplanmbon of
nude mxce with normal spleen cells was ot
d with any of the vi-

rn-mduced suppresion of erythroposcss. On
the contrury thn caused » marked oc come
plete resstance to the suppresne viral effect
when performed eitber one day or three
weels before the vine inoculation, respec
tnely These rather noprnng remlts were
confirmed w an addibonsl expermment wath
a stmilar deugn,

Intarferon production. In thm expenment,
mierferon utres were determuned in groups
of ordmary muce, puds mice, i

planted nude mee and nude muce which had
been grven 200 x 10 spleen cells ooe day
before yom inoculaton. Pools of serum am-
pies and spleem from groups of 4-3 mice
were collected 48 bours after the LCA vimn
hmcuhnomnm&nm{mummudm
moce infected wih LCM virw bave been
wmn-chpakhrb-xm,gm“)
Table 2 showa that imerferon was b
appreclable titres xnma_m.ryml l':“m
tman, no or oaly thrabold mterferng

437



TABLE 2. Interferon Actiraty 48 Hoars after LCM Ve Inocxlation

Interferon  Interferon
Group V‘d_“;’ Mool setiiym ety
scTum spleen
Ordinary mrce —2 4 273 2r1
Nude mice —2 4 <2 2
Nude mice, thymus transplanted on day —62 —2 4 < 20
_2 + 211 24

Nude mice grven 200 X 10* spleen cells on day —3

could be detected 1n the sera from nude mice
and reconstituted nude m.ce and the amount
of mterferon found in the spleen of these
mice was conustently markedly reduced as
compared to that found in the ordinary muce.

DISCUSSION

Though nude mice show no evidence of re-
sstance to LOM wvirms multplieation (6)
such mice were obviowly less susceptible to
LCM virus induced erythroporetic suppres-
uon than ordinary mice. Thus finding cannot

sence of a functiorung thymus epithelum
with resuling T cell deprnation 1 the soke
mternal defect transmtted by the nu gene
A second defect mfluencing the mterferon
responuvensss—at keaat to tome inducers—
can therefore not be excluded without fur
ther proof Altenatively differentiating
stimuli orygmatng m the foetal thymus right
be necessary for the development of mter
feron responmveness i related  compart
ments, eg the reuculoendothehal system.
Such posuble defects could not be expected
to be restored either by tramsfer of large
of spleen cells or by grafong o neo-

be expl d by the logical unres-

ponuvenesy of nude mce to LOM virus
fection (6) since haemoporetrc dysfunction
snduced 1n ordmary mice 1t not mediated by
immunopathologieal mechansms (1) In our
opmion the markedly reduced quantity of
interferon found mn nude mice offers a rea
sonable explanation, and adds further sup-
port to the hypothens that interferon 1 the
mediator of hnemopoietic dysfunction pro-
voked 1n LCM vins-infected muce (4)
Presumably the radiorenstance of the 1n
terferon production tnduced by LCM wirus
(4) excludes the possibility that lymphocytes
play any apprecinble role a3 producers of the
interferon. This assumption 18 supported by
the fact that no sgnficant restoration of 1
terferon responsivrness took place in nude
mice after thymus transplantation or transfer
of spleen cells On the other hand these
findings rane the very puzhng queuon 24
to why nude mice should be ncapable of
mounting a normal mmterferon  response
However to our knowledge it has mot yet
been documented convinangly that the ab-

natal thymus to adult nude mce. It 1s mnter
esting that poly I-C 1n pude mice on o BALB
background has been reported to induce not
mal or even augmented quantties of mter
feron (16) but the uncertanty of the preese
hatological localmation of the cells respond
ing to thus inducer makes amy conclisiont
premature.

The mather surpriung obsenvation of an ak
most unaffected erythropoiens m LCM vins-
infected thymus-transplanted nude mice and
nude reciptents of spleen cells may reflect a
sumulatory effect of the T hmphocytes on
haemopoiess Thymus cells have been shown
to exert a surnulatery effect on hacmopo.etic
stem cells (11) and recently meduatord de-
aved from actvated T Iymphocytes, with the
capaaity to stmulate haemoporetic stem cell
have been described by Cerny asd comorhers
(5) We have cvidence from pilot mvestiga
tions that LCM virus-infected th)mwgrn[l
ed nude muce produce almest normal t oes
of complement foang antibodres and are able
to elmimnate the virus from the blood. Sinece



T ; 14):h:nbr
xad T fpmpbocytes (12, 14) it s rea-
e 10 tmume that T eell-dernved sum-
vam of lnemopoless are bn operaton in
& recorsirtoted nude mice and this coum-
¥xt the moderate ruppresnon of erythro-
g wen m wntreated node mice,

The kypotbess that interferon plays an
mpertaze role with regand to the haemopos-
etc dmrder pronoked dunng LOM vino in

s may be of comderable interest when ooe
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Acta path. microblol, seand. Seet, B, 85 440-448 1977

BACTERIA AND BACTERIAL ANTIGEN
IN THE KIDNEY
IN HUMAN CHRONIC RENAL DISEASE

Bacterological and Immunofluorescence Studies
Otz Faonjer Trousez and T Steew Ovusen

Unrveruty Institute of Pathology Kommunchosptalet, and Inwrtute of Medical Microbiology
University of Aarhus, Depmark

Thomsen, O F & Olen, T S Bacterma and bacterial antigen in the lidney 1n human chronke
rens] disease Bac X ! and {Ty ¢ studies. Acta path. microblol. soand. Sect.
B 85 440-448 1977

Kidneys obtained by nephrectomy from 85 pauents wath chromic nephropathy were examined
by bactenal culiure and by immonolluorescence for a content of E. cols antigen. A pasel of
10 E ¢oli O-antisera, representing the straint most commonly caunng urinary tract mfection,
and astiserum against common enterobactenal mntigen (CA) were wed. Bacteria could be
cultured from the nephrectomy specimens 1n 24 cases, mamly m cases of obstmictne chronk

Joneph 1 L by and

phropathy jtal remal duseare By rmmunofhuorescence
type-specafic Onantigen was found in whols bacterla and amorphously m macrophages, CA only
mn whole bacteria. Whole bacteria could be visualired in 12 cases, macrophager onfy m two
caser. Amorphous bacterlal antigen wat not observed outnde phagocytinng cell. On the bat
of these results, it seems unlilely that progreanon of the renal leslons 1n chrome renal dicease
is due to persistent bacterial antigen in the absence of viable bactena. Chronic pyelonephritiy
deflned a1 an interstibal nephrins due to the effects of bactenal infection fn the renal paren-
chyma and pehic muco, appears alway to be a secondary manifestation following obstruction

or primary renal disease such as 1y phropathy or ¢ ! renal discase
Key words Bacteris bacterial antigen kidney chrome nephropathy preiooephnth immwno-
fluorescence.

Ole Frokjzr Thomsen, Unhenity Institote of Pathology hooumunehospitalet,
DK-8000 Aarhis C Denmark.

Recened 10.vL77 Accepted 10 H.77 k,“-mg bacteral infecuon of the ern,’!
In some typet of human chronie renal  rendual bactenal antigen would n:nﬁ:n:e

dusease thought to be due to bactenal infec the nite of inflammation also 1n the a

ton of the renal pelvic mucosa and paren  of wiable bactena, and 1t has been drsnmcdu!d

chyma and therefore duagnosed as chrome  whether perustent bacteral nnug;nh:olw

pyelonephntn,  attempts to demonstrate cause progremsne chromc lewons o cl;} g

muc ;n the renal tmsue or in  sre, possibly because of n'nmuno;og‘l

the urine have often failed (3 12, 17 18)  chanmms (3 12, 14) Immunol m

Some invesngators bhave suggested that fol  studies of experimental pyelonephn



»kod mpport to the asumpnon, as it ha
b2 down that bactenal antcgen can per
2 the reml paoe for varying periods,
12 te cemmine onpnizm can no longer
& cared from the taeoe (7 20)
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S dsk ot oL 1969 (4) reporied she finding
% mmvlloorecence of amorpbows bac
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reml tue, not
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v 1 ndoeys, but abo m aix ouy of
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% 48 wommen gud
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o= i g © 70 yeun,

By o
B W and 17

Nt petuxts wers under
bmn-nm-dmm

ronced counsid of Ot orgraal
o fovm T4 patns who hpe s

exmamaton spertmens of Lidney ta-
w0e wese quxckfroern ot -70 C in an embedding
medirn for frocen U specmens (“isse-tek
Aues [aboraiones Inc.) (a1 the begmnmg of the
siody wame kidoens were froeen in bopentaas)
The



Sectloung stainlng specificity controls and mi
umcuplccnmlmlbu‘mcxrmdmtnpm
vioudy described (22, 23) The mnrunofluores-
cence examinations were carmed out withont any
knowledge of the histo-pathological diagnoser,

Hutochemicel techmigue Cryostat-cut froren sec
tiony, consecutrve to those stuned for Imammo-

Other diagooees Chronx renal falturn referable
to sequelae of bilateral cortical neeroas was present
in ooc pavent, and renal atrophy cawsed by bs
Iateral arterial stenors In another

Statiutical amelyns. The x3 test or Fithers exacy
test was used in the evaluation of the incidence of
viable bicteria In the nephrectomy specimens m

floorescence were maned for acd phoeph by
lh:)mtthod of Burstons as previomly dewcribed
(24

Vorpkological dregmostic enterie. Paraffln sec
tioas stmned wath hematoxylin-cosin, van Gieson
and perodic acd-Schuf (PAS) were examned.
The pathological diagnotes were based on the
aephrectomy speciiens and in several cases, also
on previous renal hiopnes
The following dlagnostic cntena were apphied

Ob T prek hrins Kidoeys with
wevere intenstitial and pelvic moconl infiliration
with mononuclears, faterstitial fibrods and leuco-
cyte catr. Obstroction or dysfuncton of the uno-

the path
indicate statistical nignificance.

RESULTS

Bactenial culture Such cultures were cammed
out from the nephrectomy specimens wm 79
out of the 85 pavents (Table 1) Bactena
were obtauned in 24 cases (304 per cent)
viz. E coli in 14 and staphylococes, Proteus,
Pseud, aerugpinosa Klebmela or £

ary tract was a for thh dlagnosl
{unnary calculi, congenital stenoss, severe primary
reflux, ete)

Anzlgesdc nephropathy Chronic ntenstitial neph-
ntls amociated with multple papillary necroses
All panents wath this renal lemon had a hustory
of excesuve apalgenc hgeshon

Congenlital renal disease  Bilateral polyeystic re-
nal disease, flve cares Jobar hypoplasis (Ask Up-
mark) eght caser medullary cyshc disease one
case and other cystic anomalles, three cases
Chroolc mterstival nephritis was present in the
areas between the cyst.

Glomerulonephr tls  Chronic renal diseste with
inflammatory glomerular ledons (hypercellulanty
many remnants of crescents, glomerulo-capsular
adbenons} still discerndble 1n spits of advanced
glomemnlar sclerons. Among the 13 pauents with
thls dugnoxis one or more bwopsy specimens had
been obtamed 1n earher stages of the renal dmease
in 10 and these blopres corroborated the dug
nocks, In eght patients, glomerular immunodepo-
Aits were demonstrated.

Nephrowlerosls Chronic renal diseme with ar

k and/or ar K All pa
teuts In this category had sustaned b

Duabetse pephropathy Advanced nodular glom-
crulosclerons in patients suffenng from long-term
diabetes,

Unclassifiable chrome nep hy These pa
trents had scvere mientitial fibross with nephro-
nle atrophy and lymphocytic nfiltrater. The fol
lowlng condltions were wot present papillary nec
roses, unnary tract ohc‘tm:l:w. xlomf‘nﬂlds or

wevere sustalned hypertension. The
e T e i
has sometumes been called chroaic

cwalorwerhrt

cloacde 1n 10 cases. Bactena 1n the pephrec
tomy specimens occurred with a ngnificantly
higher incdence 1 the 43 patrents with ob-
structtve chromic  pyelonephnts, amlgesc
nephropathy or congemtal renal disease than
in the 36 patients with other renal diexes
(p < 00005) No smgmficant difference was
disclosed between the madence of bactena
in patientt with pyelonephnts and patent
with analgesic nephropathy (2 p = 0321}
or 1n those with congemtal duseate (2 p =
0084)

1 flworescence ] The
bacterial antigen occurred 1n two forms 21
whole bactena recognimble by their forms,
and as amorphous antigen phagocytred by
polymorphonuclear kencocytes or macropha
ges. Unng antserum against CA mhole bac
tera were seen m the kidneys of 12 pavents,
mcluding seven in whom the bactena were
also seen 1 stuns with E colt O-antnera
(Tables 1 and 2) The bactern occurred
very spanely ether usolated or in small
groups \ost frequenth  they were seen In
the pehic—calyceal exudate (Fig 1) among
polymorphonuclear leveocytes, in or beneath
the mucoaal epithehum (Fig 2) m the cok
lecting tubules near the mucost and i~
flamed cystic Jumma and walls They did
not occur 1 glameruli or n relavon €3
blood vessels.




TLE | The Reralty of Bacterial Culrure frem the Neph sctomy Speciment and Immunaflaerescance
Feadmp of Bacterial Antigen {n the hidueys of 85 Patients

Bacterial cultore from

No.of Orowth of  E. ¢h O-sntiges in CAm

ober  whote AOPR (hop,  AmOTPR
E oy bact, in bact, n
bect, racroph. macroph.

]
P
_——
P
—t—

2, homol O-anthera was seen

in 7 out of the 14 cases infected wath E. coli

o Ao 1 mbole bactems, In m an additional cas, eoonal flooaceoee

was scen. In seven cases, direct bacterial

ol amounts of amorpbous bac qﬂwm&m|auvu:unhimtm'h

SR oceurred intracelutacly s cuttured bacteris, using the ame antmera as
3 macrophages (Fige 3 and  n the 1 ence 1

™ both, £ col; could be cultured,

been
5 2od with antberum wgumst CA. Hutochemacal o pegatve
dﬂmolv_bec.u free non phagocyti from the 83 patents was stained b 3
hmﬂ.mmm“n:mnndnmm ally in order 1o e .
L3l te or ehewhere on the of aod ;m mactophages
the results of bacterl cultures oy toplam
o fmddingy (Ta what

correspanding 1o

has been obsen

. ppean that CA could be demon- mﬁmm(u)ﬁhuwdmmmnth

nmzdm‘hokh-nerhmmmcm,n_ m:mmwm
with £ ot in two cases infected withy iy ocourred m

A F loscar respectuvely ang £ T 2% Tw0 of thess were the -
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Fw”lnrdum.nnm‘mmmdm?.u Scct.on walmed with antieCA perum
x

% 1 Chumps of bacterls beoeath pehic epitbelum Section stauned with anti07 serum. x 300

P 3 1 teratiad fh

07 sren ¢ 1200
Fy 4 Group of fh

bacterial aatgen, Section mumed with

073 seruen ¢ 480

Xamble cells were localred n the mme
Paxcer as the actnely phagocytz.ng macro-
Putn (Fap, 5 and 61 The thurd case was
o of obstrurtme chronxc melonephnta
Here the cells were localzed m the ukcerated

arapimose could be cultured. which could
oot be viualred by the panel of £ coly
antuera or w th ant C A serum,

Sporadscalh  and in wmaller  numben,
Troups of interstitial acd phnsph.nmne?ou.
tne cels were present 10 the Ladneys of seven
other pauents. In ux of thoe whole bac

bacterial axt.gen Bevthom salmed wnh

teria could be wen by mmmmofluorescence
flmd.nmtma]}y\uh!hembahnmu
the celly

DISCUSSION
Our reults showed that viable bacterm m
the kidneys were pearly oxchanely N

in pavensy suffer.g from obstructn e chron.c
pyel



) Inflltrating the rurroundings

Fig 5 Intersutial acid phoph pousth

eells (pr

of a tubuls Section stained rfor acid phosphatase. x 120

hl

Frg 6 Two cells with abupd acid phosph

phages) Sccuon nained foc acid phosphatase X 1200

m a biopsy matenal of chromic pyelonephnps
found 77 per cent with posmitrve bactermal
growth 1n a smilar matenal Brun et af
(5) observed 304 per cent with bactera
and i an autopsy study of chronic pyefo-
nephnts Palowsks et al (18) found about
18 per cent with positive bacterial growth.
These three studies included chrome pyelo-
nephntis i a wider sense of the term with
cut differentiation between obstructive and
non-chstructrve forms In the present study
the term pyelonephnus was retricted to
cases with interstiwal nephntis associated
with a documented obstruction and in thn
diagnostic group we found that eight of the
10 mnvestigated patients had «uable bacterm
in their renal speaimens On the other hand
it 18 noteworthy that none of our patients
with chrome unclassfiable nephropathy did
hove posttive bactenal cultures. In these
Ludnoeys, mterstibal lymphocyie infiliration
was ipvanably present and cases of this type
are no doubt frequent among pauents usually
dingnosed a3 having o chronic non-obstruc
tive pyelonephnts Since moreover bacteral
antigen was never found 11 these kidnevs, we
are of the opunlon thot there 18 fo available

46

i Y grunuleas

evidence of baetenal artiology as responsible
for the chronic nephropathy of thus categen

The frequent finding of bactena m the
nephrectomy  speaimens from the patents
with analgenc nephropathy prewmmbly re
flects a sumceptibdity to tecondary bacteral
infection, as shown expenmentally (9)
Clausen & Jensen (6) 1 a study of renal
bopues from 30 patents with a high anal
gesic intake found stenle renal tusue in afl
caser. The postne results of the present
study performed on tssue from patients with
terminal renal failure, ndicates that bac
tenal infectron 1 a late comphcaton of anal
gesc renal dseate, a3 abo maintained by
(loor (10) In pauents with congenital renel
disease the {requent occurrence of bactena
n the kidney vssue probably abo reflects the
tendency to secondary bactenal infectron
known to develop in ths categony of pa
uents (13)

If chronic pyelonephnita 1 defined at 2
disease charactenzed by chrome inflamma
ton of the pehac muroma and the renal
parenchyma due to bactena present in the
kidney (B) thus disease appears ahways to
be a secondary mandfestation either 1n ob-



ie

3
* 3

1
3 F

hand, our resuls are conmutent with those
of Schwartr & Cotram (21) who demon-
strated CA 1 only ane out of nine patients
with chrome pyelonephnita, but 1n three out
of five with acute pyelonephritn. Kojser ot
f (15) in thewr study of 14 children with
recurrent pyelooephnts by means of & panel
of E coh-antera, found bactenal santgen
1 only one, whereas CA could not be de

Fi1

i

nmbe\hnrndbympmdn{g,
wceers, Two of the 10 {one case with Pro-
v 1nd one with E. cloaces) could be de-

Propocuon
Poutne resulty b obtmned by culture (28)
e tame s probably true of immumoffaores-
e 1 estrgations of thsue 1pecimens

The prmcrpal amm of thh study was to
Metgare whether penatent bacteral ant-

par
todies, the present remdlts are m
ment w th thow of 4ok ot & (4) who sn
rnﬂo(lhntﬂllrhmkmcb;rp}mde
moratrated amorphous bacterial antigen by
Uung antmerum sgainst CA. On the other

d at all. So the use of anterum
agamu CA jo prmumofluorescence micro-
scopy may seem to be restncted to the de
monymation of fresh bacterma] anngen, 1 e
rminly whole bacterial form.

A lom of bactenal antigenicity may be

P P relooephrmtls (22,
23) Actrve macrophages (vinulized in this
study by positve stainmyg for acid phoepha
iave

Our thacks m due 1o Dr Tege Hport Imutato of
Medical Microbiology Unnentty of Aarkm, for
bk alusbis adnce xad belp dunag the wudy

Jhu sody wus raat from the
Darub U dical Reseoreh Covaci,
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In 64 pathexts who had undergors ressl trawrplaapanon, later on followed by bilateral meph-
feciooey

xod nep! otarred In 730 per cont of the
mcents Proeats with B collwria befors tramsplantation were particularty fable so have E cofi-

Ke7 vords. Bacwrrans wnnary trace mischom pyelosphri kifney traosplantstion

Oty Frakjar Thoctwen, Unr erory Inetitute of Pathology Kowermeaehospetaler,
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Meeemd 10 77 Accepted 10VLTT

12 patents with chronie nephropathy
ot of them kadneytransplant recip W i
1 bern demonmrraced that sperimens from

could be demoomtrated 1n the

¥ and/or antib
stered n the penod between transplantation

spectmets may he influenced by immnune-
ageats sdmun.

e ongunal kodoeys obtamed at nephrectomy
Cowtuned bactera in about 30 per cent of
Buens (120 Tho wa found o cases

As biateral nephrectomy was wually per
formed some tome alter transplantavon, b b
tear that the frequency w th which bacterm

and nephrectomy On the other hand, the



tion and nephrectomy 1n patients wath van
ous kidney duseases,

MATERIAL AND METHODS

endence of dgnificant bactermna before trans
plantation and In the per.od between transplanta
ton ard pephrectoory

Pathology In Light micToscopy paraffin sectiom
stalned with hematoxyhncosin, van Giewn and
penodic acld-Schiff (PAS) were eaomned. Pathon
of the onginal Kdneys

Patients The onginal kideeys from 64 e
pabitnts who had recerved & renal sllograft were
eumined, The patents wers 39 women and 25
men whose ages ranged from 10 to 63 yean and
averaged 39 yrans, Bilateral nephrectomy was, on
an sverage carried out less than three months aftar
tramplantation. Nine patients were transplanted
more than once because of refection of the graft.
In these patients, bactenurla before the firt trans-
plantation was regutered, and after the last, suc
ceaful  tramsplantation, in relaton to which bi-
lateral nephreciomy wat done The patlents in this
series were Incloded 1 an immunofluorescence
study on hacterial antigen reported elsewbers in
thu e {12) The present study comprised the
1 iph in whom h y was

! d sub: to and {rom

s b 1 growth

whose nep! P
culture had been carned out

Therapy The immupesuppresshe agents admin-
Istered were azathloprine l.l;)d predonons, Imme-

cal
(based both on the nephrectomy specrmens and

the cmitena used for thr clamfication were s de
seribed In (12)

Statutical enelyns Fishers exact test or the x'
test way med, A 2 p value or & p value below
0.05 respecinely was coondered to indicate stat
wtieal dgrificance.

RESULTS

Table | shows the occurrence of ngmficant
bactenuna and bactenal growth from the
nephrectomy specimens in the eight groups
of pattents. Before transplantavon (T) bac
teruria was present 1n 22 patrents (344 per
cent) Patents with obstructve chronc
phntis, analgesic nephropathy and

diately before 1 P was
given 1n a nngle dose of 5 mg/kg body weight
and thereafter 1-3 mg/kg body weight/day de-
pending on renal function and the number of
whits blood cells. Prednbone treatment was ini
unted 1-2 days alter tramsplantation with a dosls
of 2-2.5 mg/kg/day In the course of 3-4 weeks,
the dosls was reduced to 30-40 mg/day and durisg
the following year to 10-13 mg/day Antiblotics
were not given routinely to patents wnth signil
{cant bactemuna Dunng the period before neph
rectamy the guide Lpet were s follows In the
presznce of clinical ugny of unnary tract nfectlon
and ngnificant bactenuna, antibotcs wers gven
according to the results of sensinvity test. Strep-
tomyan, ampleillin and a combinanon of tmmetro-
prme and sulphonamides were the mot commonly
ued antibiotes  If unnary tmet anfection was
present, bilateral nephrectomy was camed out as
soon as the graft function had reached a stable
level

Bacterlology Bacteriological exarmunaton of the
nephreciomy specimens was carrred out according
to the technique described in (12) From these
quantitative bactenological studiey were not per

formed.
In all patients, the unne—sccording to standard
ares—was for bactena twice week
befors transplantation and between tran-
and nephrectomy  Sigmifleant becteri

of & 10V bac
urie was defined a3 the Memmclm-

eria 1 of volded mdstream
:cn.l per m of the patlents were searched foe
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congenital renal duease predominated with
17 patents, while patrents with chrone
glomerulonephntis had sterile unne before
T Several of these patrents had also bac
tenuna between T and nephrectoeny (N)
Bacteriuna only between T and N occurred
1 all groups (except the two ymallest) wath
s frequency of 33-73 per cent Almost hall
of the patents wath unclamfiable nephro-
pathy and one third of panents with glom
erulonephntis, did not have bacteruna at all.

Among the 64 patients, bactera could be
cultured from the nephrectony speamers 10
18 (281 per cent) 17 of these pauents be-
longed to the three groups with o high
incxdence of bactenuna before T mentioned
above.

The bactenological data of the 18 patents
with bacteria i the nephrectomy specimens
appear from Table 2 Bacterruna between T
and N occurred in 17 patients, including 15
in whom the mame bactenal specics was pre-
went in the unire and nephrectomy speament
Among the latter 15 exght had bactenuna
before T all of them agmin with the same

bactenal specres.



TANLE | Paksersomicel Lenons Bacteriwria ead the Occwrrenc of Bacteria Bn $hs Nephreciemy
Specimens from 64 Kid rrTrupl:ﬂRu‘ipi:ﬂJ

Bacterraris
Only
osty g O Bacteria
troanswcmncal dizgenes Nool  pefore € Absent  ln nephr
een trazpl
tranipl tranrpt.  and nepkr speclmens
and nephs
Oteracth chroole pokoecphnts 6 ; : 1 :
16 1
Congrsta! reoal drease 13 2 2 7 2 4
" ) 3 1
] 2 1
Dabenc 3 N 2
Uschafiskde chronse wephoopathy 11 1 2 4 4
Soquetae of cortcal pecrons 1 Iy
Teal [N 3 19 Ed 13 18

TAKLE 2 Bectériuna x th 18 Patlents with Boctene fn the Neph ectewy §pecimens

Bacrh coltored | Baeseriuia

P mtr Pacho-snmsomucal disgmoses from mephrecionsy  betwees traepl. Becterioria
sorchmemn ) and oeplr bafore tramspl.

CA Obwractn chrowac prelosephin + + . ool — —

™ - ++ E cols E coby -

o — + Pursdom aer Provdom aer -

b - + St ph wr E ob Prndom, B, austresm

b — + Pocw ™ P, Pacodom P, Farodoc

A Axtigewe nephrepatdy 4+ Ecel E et cob Kishaella

g - 4+ E o E coli ook

& — 44 E el E [

B - ++ E oF E o K. ce5

e — ++ Ecob E o Ko

n - YE & K £

bod - ++ Ecob E ool _

My — + Kieboelln  Klebsiells Z

IM  Cooprrutal renal ducase + Ecols E. coff E cobs

<3 — + Ecol E con E

I - + E oo E o -

B - 4+ B ol E ool _

D Glomeruonmphni ++ E -

- < mawn grom
- oamn

Table 3 shows that bacteruria had been 46 5 with

Present at some time 0 17 (93 4 per cent) wnene thes K, nﬂ‘ﬂ:m
of the 18 patients with bactena in the renal 3 01) MMMTM
tprcumess wad in 31 (729 per cent) of the mﬂedhnh.p-nenu(mnpcrc;)mw:h
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tion aud nephrectomy 1n patients with van
ous kidney diseases.

MATERIAL AND METHODS

Patients The original Kdneys from 64 comecutive
patients who had recened a renal allogralt were
examined The patients were 39 women and 23
men whoee ages ranged from 10 1o 63 yean and
averaged 39 years. Bilateral nephrectomy was, on
an average carried out less than three months after
tranplantation. Nive patients were transplanted
mfedunmctbcclmcofrt]mmoflhemft
In these patients, bacterinna befare the fint trans-
plantation was regutered and after the lagt, suc
cesfu)  transplantation 1o relation to which bl
lateral nephrectomy was done The patients in this
series were Included in an 4§ i} cence
study on bactersal antlgen reported elsewhere 1n
thic issue (12) The present study comprised the
t )} ipk in whom h was
performed subsequent to transplantation and from
whose wephrectomy specimens a bacterlal growth

culture had been carried out
Therapy The Immunosuppressive agents admun-
istered were amthiopnne and prednlsone. Imme-
: hroprine  was

nadence of dgnificant bacteruria. before trans
plantation and in the per.od between transplants-
tion and nephrectomy

Pathology In ight microecopy paralfin sectioms
stained with hematoxylinconn van Gwson and
periodic-acid-8chiff (PAS) were examined. Patho-
anatomical examination of the onginal Lldneys
(based both on the nephrectomy specimens and
previous renal beopsies) rewhed in eight main
wcgwluolnd\uctdrvmlkmmﬂmdhm
tle crisena used for this clasafication were as de-
wribed fn (12)

Statistical exalyns Fishers exzct teat or the xt
test was wed. A 2 povalue or a p value below
003 respecthely was conddered to Indicate stat
istieal dgnificance,

RESULTS

Table 1 showz the occurrence of sigmificant
bactenuria and bactenal growth from the
nephrectomy specimens in the eight group<
of patients, Before transplantation (T) bac
terturia was present in 22 patients (344 per
cent)  Patents with obstrucuve chronc

lonephntis, ] nephropathy and

diately belore ) P
gven in a ungle dose of 5 my/Ag body weght
and thereafter 1-3 mg/kg body weight/day de-
pending on renal function end the number of
white blood cells. Prednisone treatment was im
dated 1-2 days after transplantation with a doshs
of 2-73 mg/kg/day In the course of 34 weeks,
the dosrs was reduced to 30-40 mg/day and during
the [ollowing year to 10 13 mg/day Antiblotcs
were not given routinely to patlents wth signif
ieant bactenuria. Dunog the peviod before neph
rectomy the gulde-lines were m follows In the
presence of clinieal ngns of urinary trsct infection
and ifl bactenuria blotics were gven
according to the rerults of senslusity test. Strep-
tomyain ampicillin and a combination of tnmetro-
prme and sulphonanudes were the most commonty
used mncdbiotie. I unnary tract inlection was
present, bilateral nephrectomy was carred out m
swoon as the graft function hed reached o stable
level

Bacteriology Bacteriological examnation of the
nephrectomy specimans was carmied cut accordlng
to tho technkjue described in (12) From these
guantitatne bacterologxeal studies were not per
formed

In a!l pat ents, the unne—sccording to aandard
procedures  wa exmyuned for bacteria twice week
ty just before tramsplantatlon :?d I:emm: trans-

f d -

bacten

P an T
uns was def ned as the presoce of B lo'cbua:
tema per ml of voided midstream unne The ’
leal rrcord.-o(Lhepalkntlummur_btd or
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tal renal disense predominated with
17 patents, while patrents with chronic
glomerulonephnts had stenle unne before
T Several of these patients had aho bac
teruna between T and nephrectomy (N)
Bactenuna only between T and N occurred
n all groups (except the two smallest) with
a frequency of 33-73 per cent. Almost half
of the patrents with unclamufiable nephro-
pathy and one third of patrents with glom
erulonephrits, did not have bacteruna & all

Among the 64 pauents, bactena could be
cultured from the nephrectormy specrmens 1n
18 (281 per cent) 17 of these panenta be-
longed to the three groups with 2 high
inaidence of bactenuna before T mentroned
above.

The bactenological dara of the 18 patrents
with bacteria 1n the nephrectomy specrmem
appear from Table 2 Bactenuna between T
and N ocewrred in 17 patients, inchading 15
1n whom the same bactenal specwes was pre-
sent 1 the unne and nephrectomy specunent
Ameng the latter 15 erght had bacteruna
before T all of them again with the same

bactenial species.

Py T g
congent



TARLE 1 Peth

of Ladens rieria ead the O of Bacteria b the N phosciomy
Specimens from 64 Kid 3T ensplent Recriplants

Bactenuna
Before
Only "ﬁ‘- Oaly Bacterls
Pt acmtorsica] diagroses Nool ' pefory | =2 beer® Abaeat  fmocphr
frents een
s MRl ol and pephe Fpecimens
aod mephr
Ot chronic pyelonephriths 6 3 2 1 5
18 10 € s
Cougeaital renal drsessc 13 2 2 7 7 4
11 s 3 1
3 2 1
D abet aephropathy s 1 H
chroke nephropathy 11 1 ] 4 4
Saquciae of cort cal mecroshs 1 1
Toal 2] 3 19 29 13 18

TABLE 2. Bacterara ia the 18 Patients with Bacteria { the ¥ phrvctemy

Specimens
Dacteria celvered Bacterharla
Triean Patho-aastomucal dusgaones froos pephreciomy  batween tramspl.
) and pephr befors tramspl
CA  Obsrioethe chromec pyviooephmitn + + E. ob — —
©c - 4 Ecal E cols —
a —_ + Pusdom. arr Prndom. aer —
H — + Staphawr  E ofi Prewdom, B endt aix:
1] —_ + Protes Protent, Prewdorn.  Protews, Preadom.
LA Amslgeuc acphropatby ++ E of E coll ool Kiehu.ells
uc — ++ Ecal E & E ok
> — ++ E o Eceli E coff
I — ++ E o E ooty E. cof
1 — +3 Eooh E. sk E ot
n - + Eeo Kook E ol
KC — ++ E ol E o —
AH — + Kiebielfla  Kichealla —
LM Coegen.tal remal ducas + E off K ol E o
G} - + E ool E off _
" — + E ¢oby E. ool _
B — ++ K ech £ & —
ED  Gloserdonephmts ++ Eceacer  Kicbaella _

- Cmen etk

- maun

Table 3 shows that bacterurla had been 46 pabents with

proseot ni some tume 10 17 (934 per cent)  mem the g “"T;‘P*"m:ped-
of the 18 patents with bactena fn the remal > 0.1) B m“bef Th!ndhdmt 2p
\pecimens and m 3+ (139 per cent) of the “""“““*“\“ﬁm?;npea:?ﬂﬁ
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TABLE 3 The Relation betrveen Bectersnrie and the Oconrremce of Bacteria 1
the Nephrectomy Speamens

Bactenuna
-
No of Present Only between
patients before transpl, and Absent
transpl. nephr
Bacterla in the pephrectomy specimens i8
9

Stenle nephrectomy pecimens 46 13 .‘2? l;
Total 64 22 9 13

TABLE 4 Tke Relationship betreeen Dacterra wn the Nephrectomy Speamens and Bacleruna

E. coliuna Other bacteriuna
o} Only
Bactera In peph No of Belore bcﬂs.‘ryrn Before between No.
rectomy specimens patients transpl tranpl. transpl, transpl bacterd
and nephr and nephr ura
E coh 13 7 5 1
Othens 5 1 1 3
Abtent 46 5 1 8 10 12
Total 64 13 16 9 13 13

bacteria w the nephrectomy specimens, and
mn 13 (28.3 per cent) with stenle specimens
this difference 13 not significant (2 p > 01)
However when the bactenal species i con
sdered (Table 4) 1t appears that F. coluna
before T had been present mn seven (539
per cent) of the 13 pauents with £ colt in
the nephrectomy specimens, but only i sx
(11 8 per cent) of the 51 patients with other
bactena or with stenle nephrectomy speci
mens, e. E coluna betore T was aigruf
wcantly more frequent in the fonmer group
of patents (2 p =0005) In contrast E.
coluria only between T and N did not
occur mgmficantly more frequenth in pa
tients with £ cofi m the nephrectom; spec
mmens than n those with other bactema or
with sterlle nephrectomy spectmens (2 p >
02)

Between T and N bacteniuna was present
in 48 patents (750 per cent) Table 5 shows

452

that of the 22 panents with bacteruma be
fore T 19 (864 per cent) had bactenuna
also between T and N and of the 42 pavents
without previous bactenura, 29 (690 per
cent) had bactenuna between T and N This
difference 11 not mgmficant (p > 0.2) How
ever once more conwdening the bacteral
species, 1t appears that our of the 13 patents
with E. coliura before T 11 (816 per cent)
had E. coluna also beeween T and N
whereas, of the 51 pauents with other or no
bacteriuna before T only 20 (392 per cent)
had E coluna berween T and N 1 e thy
occurrence was agmficanth more frequent 1n
the former group of patents (p < 00!}
Tab'e 6 <hows that among the 48 patents
with bactenuna between T and N anubiotie
treatment was mven to 18 with cliueal nigns
of unnany tract infection and to swven with
other infecton ¢ g pnewmoma or wound
mnfection Bactena were found in the neph



rertomy #pecimens from nine of the 18 pa-
teas to whom antibotrs bad been ghven
oz of urmary tract mfection, Seven of
e 23 bacterfune pavents who had not re-
eaed antibotes had o bacters in the
acpharetamy

fection a1 a secondary effect of the therapy
1f bowever miechon had 1ma
lﬂyd.evdopedfromlhnuﬂmrymnh\!ec
tom, bacteria m the nephrectomy spectoens
should be expected to occur with the same

P Le. »o mguil
dflerence m the occurrence of reml bacter
»x foupd in these two groups of patents
p>02}

TALLE 3. The Rolatlen betwesn Bacterivria be-
e Tramil xd betwees T i

Rackrhaia betneen

Na.of  treospl axad mephr
W tnspl, patesn T
B8 Other  Abwent

(req n the vancus diagnostic gToups.
That ths was not the case speaks stroogly
against the hypotheshs mentoned abore. Ve
therefore connder a postive bacternl culture
from the rephrectomy specimem as a0 in-
d.cation of renal parenchymal infecton not
cbviomly related to crcumstances {ollowng
transplantabon, ‘This s sho spported by the
fact that bacteniuria before transplantaton
wis moft often recorded in the same dag
nostic groups as those with a high frequency

of bacteria m the kndoeys obetructive chro-
nie ) h i’ 1

L eolerla. 13 1 1 1
e tucteriyra 9 4
Abwemt 42 1
Ted

&4 3

"’d;nsﬂﬂll‘renlldm No difference

patents who had or bad not recehed anu

TAME & dutihiatic T smtmest and Bactris o
the N phvctomy Spocmens in the 48 Patients
b Buternens betwien T onsplantoiion e2d
N phrectomy

— s

No of patkents No. of patents
th bacteria

DISCUSSION
The mmuncsuppremme therapy given to
mow of the pabents dunng the period be-
fore nephrrctomy mught have increased the
frequency w th which bacteria muaded the
rmal parencinima, becauw of a lowered 1o
wance m the pavents sgumt bacteral jn-

D path mersinal wiad. St KB 6

biote Thus, rpeaific sntibrone
therapy did not seem to have emdxated the
bacterna from the kidpers, which shows the
yusoce of our practice 1n removing the ong.
inal kidneys a4 5000 a5 possible afrer trans-

pec.nent
primanly be anociated with the tendeney to
bacterial mlecton m the ongimal reval dn-
e,

The patterms found for bactermrs 1n rela
ton to the tune of tmmplamtion and to
bacterial renal infecton were as follows
hﬂmumhkcoﬁmumwu
toa were particulasly Hable to have E. eob.
“m‘bmmhmmmw
rectomy and, moreover E. coli infecton e
m‘h‘h&m“mm&m

patenty, In
Legh (3) found thay

tragy Patents with urin
ind before “"mph:udm o
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had a hugher incidence of unnary tract 1n
fection 1n the penod after renal tramsplanta
tion

In the present study patients m whom
E cobuna did not appear unul the peniod
between transplantation and nephrectomy
were not particularly Lable to E coli 1n the
nephrectomy specimens. In these patients,
bacteruna therefore presumably represented
o unmary tract infection (probably as an
effect of the immunosuppresive treatment)
and not pvelonephntis

Before transplantation, bactenuria in gen
eral did not predspese to hacteruma after
the transplantation or to bacteral infection
m the kidneys. From thus, 1t scerms reasonable
to avsume that bacteniuria with species other
than E colt did not have the same tendency
to recur or to cause renal infection

The incdence of bactenuna 4fter trans-
plantation (75 per cent) corresponds to that
i several other renal transplantation senes,
n which the incidence of urinary tract infec
tion has shown a range from about 40 per
cent to 88 per cent (1 4 5 7 8 9) The
relatively high incidence of bactenuna before
transplantat on {here about 34 per cent) 1n
connection with the tendency of F colt m
fections to recur after trarsplantation and
to involve the hidneys, makes it denrable to
differentiate between unnary tract infection
and pyelonephniti, which however 1s a pro-
biem as the relation of bactenuna to renal
disease is far from being clanfied (3 6)
Recently the immunofluorescence technique
has been wsed 1n the detection of antibody
coated bactenn m the unne sediment from
patients with unnary tract infection, and &
positive correlation has been found between
the presence of antibody-coated bacterin and
the localimtion of bactena in the hidneys of
pateng with urinary tract mfecton of un
known localzation (2 10 11) This approach
seerny potentially wseful in the differentiation
between renal infection and lower unnary

tract infection

This study was supported by ® grant {rom the
Dewsh Medical Researck Coxacil.
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ANTIBODIES AGAINST E COLI O ANTIGENS
AND COMMON ENTEROBACTERIAL ANTIGEN
IN KIDNEY-TRANSPLANT RECIPIENTS

Comparisom of Antibody Findiagt oath Enidence of Unnary Trast Infection
Orx Faoxpax Trovoaw and Tace Hjosr

Unvermty Tnstitmia of Parhology Komumwschosprtaler, and Imtirat  of Medical Microb ology
Ushendty of Asrinn, Deamark
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sy ko kidacy recipaents, Comparion of amtibody fmdmgs wlth evjdence of
Grmary mact mlecton, Acta path, microblol, scand. Scct. B, #5 433451 1977

Usiog indarect haenuagylatination, sora froem 43 patients who had undeagone renal tranplanta-
0% were exomoed for Q-entibodles sqainet 10 sclected mropathogenic £ coff sraina, and
g coomcm entsrobectetial satgen (axt-CA) Allsteral nephrectomy wat carried owt,
weaally kem thun thres monihe after trameplantation, and serum frooy the tima of nephrectooty
u eraxmed The awn wis w Corrrlite antibody imdirgy with eidsace of orinary tract
alecnon (UTT) a4 swemed by sigmboant bacteriuria or growth of bacteria from the nephrec
wmy groment Al fhe sers conttined antbodies agatnet svers) of the £ ok siralos, mostly
M e 5160 bwt titre xp w0 5170 ocowrred. Mo satuncally o gaflcant correlstion wes
fnd betwern the eccmrenes of high tire of trpespecific Osmtbodes 1o £, off amd nk

n pathents with E eolwna before
und m patcats with growth of £. cobe from the Dephractomy specimens. Tt s
eoocioded that amtnCA—sven m Jow Gtres—appeared o gh

& better serologen
o £ ;o UTT than screeming for antbodsen againe the wropsthograic £. colf mrainm.
Key words Anubody E el O-satigen comepoa 1 antigen  kads .

fCpents urinary tract hafecion  preloacphnu,

Ole Frokyer Thomars, Usnermty Tastituts of Putbuology Koormnehowliakes,
DK-8000 Axrhws C, Dearnark

Recened 10 77 Acorpaed 30?7

antigen (CA) an ang thared
Antbodses aganst £ coly Oantigerd can symm of En'-tml;-ctrr’f;t (8) :,nﬁ
be demonstrated in patents with urmary bandﬂmd-nd,byumnmhcn,bcm
u-.l.}: mmhn(l."l’.ljld MMMMW clanned to mdicate & renal bacteral infec
» th pyelonephntn, tn o ton
e ey vty e (prelooepheliit} (T 12, 15) wherens

othens h
it molated from the patients e w3, gy T b 1o confim
cate wnfectron of the remal parenchyma Apil- b nvest
boch agamst the common enterobacteral i e 2000 of the renal

this

In patents pathology
- ‘“’iﬂmmmwm’
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st was found that many of the patients had
beca suffering from UTI both before trans-
plantation and dunng the perod between
transplantation and nephrectomy (In most
cases bilateral nephrectomy was carmed out
less than 3 months after transplantat.on)
The bactenal mfections were nof confined
to cases of pyelonephnus, but also occurred
m other categories of disease, e g, 1 anal
genc nephropathy congemtal renal duease
and mn cawes of unclasufinble nephropathy
(14)

As antibodies against £. coli antigens have
apparently not been studied 1n panens un
dergoing renz! transplantation the ams of
this study were 1o examme (1) whether
antibodies agaimt the speailic O-antigens of
the most common umpathogente F coh
strauns could be demonstrated 1n the tera of
these patients i spite of the fact that they
had been under beavy immunosuppresuve
thermpy (2) to what extent the antibody
titres would correspond with evidence of
E colt UTT 1n the ponents or with patho-
logical findings, and (3) whether antibody
agamnst CA could be demonstrated n the
sera, and whether such o finding was of any
sgmficance n relation to the occurrence of

UT1

MATERIAL AND METHODS

FPanients. Sera [rom 45 conseruthe patents who
bad received & rens! Crmnsplant were

The patienty were 30 women and 15 men whose
ages ranged from 10 to 63 years and & eraged
39 years Biateral mephrectomy (N, was earred
out after transplantation (T) wually after les
than 3 months.

From the nme of tramplaniation, wmmunossp-
presuve ageats {aathlopnoe, prednwone) were ad
minstered. For detmls toncerning the therapy is
referred to (14) Blood samples were w thdrawn
at the time of N and the sera were stored a1
20 C untid tested.

Ig«h«na.’an A bacter,al culturr from the neph
recmmynpenmrmwuuﬂ’leduutlnﬁo(m
patents a9 described previowly (13)

thological o

Criteria Jor UTI In this context, UT1 way
conndered to be present (1) when symuficant hac
teruma could be documented (based on informs
tions from the patients records) and/er (2) when
bacternia could be cultured from the
speumens, Significant bactenuna was defined a3
!h:pfncnmdzm‘badarhpcrmlo(\mrkd
mudstream unne, Patleas witk claxcal and anam-
Bestic evidence of UTT were excluded unlew sg
nificant bacterjuria had been speaifically demon-
srated,

Serology Antibodies 10 E coly O-anngens mere
d ined by indirect b d m, taeentl-
Ally as described by Neter ot ol (9) Sera were
inactivated at 36 C for 30 mmutes and abwrbed
w th washed sheep erythrocytes (01 ml serum +
04 ml 4 pet cent theep erythrocytes in phosphate
buffered mbne (PBS) (pH 7.2) Senal ditutom
of the abworbed yera, unng PBS with 1 per cent
bumen serum albumin as diluent, were prepared
plastic trays with Ushaped cups by meant of »

110240) To each diluanon
way added 0.025 m! of & 1 per cent mapendon of
sheep erythrocyter coated with E cob O-antmgen.
The trays were covered and Jeft ar room temper
ature for 2 houn, after which the syglutinaton
patterns could be read. A muxture of the highest
serum concentration (1 10) and uncoated sheep
erythrocytes senved s contral for the peaficity of
the reaction Known poslave and negatine sra
kindly suppled by Dr F Orskov The Interna
tionsl Escherchin Centre States Serummstitat,
Copenhagen were included m each batch.

Coating of cells with § coli O-antigem wery
dooe by muxing & 4 per cent suwpennon of washed
sheep ervthrocytes with an equal solume of the
QO-antigen 1n optmal dilution previowly detenmep-
ed by chemboard titration. The muxture was 1o
cubated at 37 C for 1 bour with frequent shaking
The cells were finally washed 3 times In PBS voth
1 per cent human serum albumio and & I per cent
nopension of the cells n the Ame medum wir
prepared and ased unmedutely

Preparation of E coli O-antigens Known straim
of £ coli whected o represent the most common
uropathogenrc O-types (13) (K. coh O 02 o
06 07 08, 09 018, 022, 73 rempectnely)
were grown for 24 hours in 2 | of branheart
broth The bactena were hanested by centrifoga
ton st 7560 rev/mun for 13 minutes, aad ns-
peaded (1 30 ml of ealme, Thie nnpenton of ikt
bacterla wis then bolled for 2 houry, and the
supernatant obtaned after centmfugation contain
od sufficent O-xntigen 10 bo wed for coanng. A
simslarly prepared extract of E colv 014 was wed
for the jon of bodics to CA.

Hi

Pathology P
ths kidneys revealed
renal jenons. The mofR
dlagnoees were st described 1o (13)

AnA

Statutical analyns. Fubers exact e was wed,
A 2 paalue < 005 was conmdered to indicawe

statistieal significance.
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REBULTS

Indrect hacmagghutination tests with the 45
*a yeided anubody utres against the O
Mtyrms of the 11 £ coli strams ay Fsted in
Table 1 All the sera contamed antibodses
Mt several of the E ol stratva. Con-
*qoently the mere presence of antbodies to
E. cols & not form a bashs for clasufication
of the panents, but the Jevels of antibodies
iad 15 be taken 1nto canideraton.
Mon of the ttres wers 3 160 but ann-
body tires up to 3120 occurred. Further
Tooxe, it 3 seen that the antibody levebs vaned
for the vanows serotypes Thu, all panents
kad antibodses agammit E. colt O2 and 08,
mary with relatrvely bigh titres sgaingt these
*Totypes and agaunst £ oli O1 whereas re
Binely low utres were found agamst E cols
06 O and O14 As ptres 2% 640 hane
‘*'ﬂmrdcduwprcznlmgw:ctmm
tohing the ndneys (60 thi ralue wa
choten a3 one baws for clvuf.cavon of the
Matenu

Tnses 2= 610 were relatnely rare. Only 19
wxh reactions were found arnong 11 patents,
some of whom had hmh amubody leveh
st more than one serotype of £ cole.
The chinxeal and patho ogxal findinn m thi

group of 11 patents were compared with the
me panameters m the remainmg 34
vent in whom macomal toes did Dot ex
ceed 320,

However mnce the antibody levely agamst
the different serotypes vaned connderably
it wostld seem & more Jograal approach to

pared with the P %
“lore” titre group of 24 pabens m the same
WAy a3 mentioned abore,

= third chsiflcation of the pa
war based

the occurrence of ang.



TABLE 2. Patho-enatomical Lenions and Antibody Fizdmgs aganst E- coli O-~aatgens end €4 1 45
Kidary-Transplant Reciprents

Patho-anatomsical diagnoss pr:;r:‘u Titre & 640 “High" utre  + Antn-CA
Obutrucnse chronle prelonephmtis 4 z 3
Analgerlc nephropathy 13 5 7 s
Congenital renal ducase 9 1 + 3
Glomerulonephritls § 2 4 1
Nephroscleroas 3 1 2
Dinbetlc nephropathy 1
Unclanifiable chronic nephropathy 8 2 2 4
Sequelas of cortical necrous 1

45 n 1 19

Total

cording to the three principles of classfica
tion related to the patho-anatomical lestons
Titres 2 640 occurred i 5 of 13 patients
with analger.c nephropathy On the other
hand, all 4 patients with abstructrve chronic
pyelonephntis had ttres < 320 although
bactenuna after T had been present in three
of thern. “High” and Tow™ titres occurred
without any marked relation to the patho-
logieal diagnoses. Anti-CA was present in
most cases of obstructive chrome pveloneph-
ntls and apalges.c nephropathy whereas
only one of the 6 patients with chrome glom-
erulonephntis, and none of the 3 patients
with nephrosclerosis, had anu-CA.

Serum from the only panent with a high
titre of ant1 CA (640) did also as might be
expected react with extracts of all the ather
E col strains (1n most cases with titres of
6407 However as far as the sern with fow
titres of anti-CA are concerned, there was

no apparent correlation with either tres 2
640 or ‘hugh” atres.

UTI with £ cols was recorded m 28 of
the 43 patents, either on the bass of E. cob
una (18 cases] growth of £ coli from the
nephrectomy speamens (1 cas) or both
findings (9 cases) (In one of the cases of
only E. colura, staphylococar could be cul-
tured from the nephrectomy specimens) Ten
patients had bacterruna with organsros ather
thau £ colt and in 7 patents bacteruna
was not recorded the nephrectomy speci
mens were gterile m the two groups of pa
tients just mentioned In Table § the ant-
body findings are related to the bactero-
logical results. Anti-CA was found 16 of
the 28 patients with E cols UTT but anly
in 3 of the 17 patients with ather or no
UTI 1 e ugnficantly more frequently in
patients with £ colt UTI (2 p = 002)
Cotresponding, although not sgmificant, dif

TABLE, 3 Antibody Findings Related to the Occurvence | Previous end/or Recent Unmary Tract
Infection tn 45 Kidnap-Tramsp ant Recipents

No.of 1\ o610 Hgh™tue + Anuld
E ¢oli UTI 28 4 " 116
UTT wth other bacteria 1 ; H .
No UTI
Toul 45 1 21 19
of

4858



TANLE 4 {stbedy Frudings Related to E. coli ris befor and Jter Transplentation in 45 Kldury-
T ex pleat Reciprrsts

Ocrwerence of £ coteraa

pathenn

Titre & 640 High” titre + Ant-CA

Quly efore

Melery truepl. azd between tranepl and nephr
Ondy betueen tenipl. aod pephe
dbeext

S
s
e
a0~

Tol

frrences were seen for O-antlbodies to the
wopathogen.c £ coli stralm when tres £
640 were conwdered. Here, 8 patienty wath
1d 3 withot E colt UTI bad ruch tures
@29 > 04) As regards “hagh  ttres, Do
diference was aeen.

1t thoukd be noted that no ewdence of
E.uleTluufmmdeohhellpn::nu
wab tires 2 640 againat £ col A review
of the records of thew patwents revealed 1o
evidence of exther E. cols sepals or E cols m-
fecton In extrarenal focl

E. colmma occurred fn a towal of 27 pa
8 (In further one pabent, as menboned,
E. coff could be cultured from the nephree
Ty spettmens, whereas B coliurs was pot
#corded) In order to see whether the ant-
body fiodings were related to the durauon
of E. coffura the 10 patents m whom E. el
®ri2 way recorded both before T and between
Tand N were compared with the 16 panenns
whith E. colnurma ooly between T and N (Ta

ble 4) However 1t should be borne in mmd
that all panents were treated with fmrmuno-
suppresave drugy during the perrod between
T and N Consequently the mmateral allows

ooly between cases of prolonged
E. coliurtz, which had developed before 1m-
| From Table 4 it o seen,
that ant-CA was found in 9 of the 10 pa-
tients with E coliuria both before and after
T but in 3 of the 16 patents with E. colt
una only between T and N e at was 1g
mficantly more freqoent in the {ormes group
{2 p = 0.009) In contsast, the levels of ant]
bod:es agamt type-specific E. col Q-antigens
occurred withbout marked differences In the

spectoeTs can be regarded ms a stroog in
dicaton of mfection mvolving the renal
parenchyma, and in the present study E coli
coudd be caltured from the nephrectemy
pecimems of 10 patents. In order to see

TABLE 3 dmibedy Findoags B ot f to B coll i N gk sctomy Spetmens  the 43 Patiengy in nhom
Growth Calter was Corrued ont

Cromth of £ ook No.of
frow nephrecionsy pavents Thre 2 640 “Iigh tie 4 AmlCA
Presemt 10 5 o .
|!du4 16 3 M M
Abren Rl lO\htrb-cirrlnnlO 2 &
N bacterama 7 1 1 ’\
Teut +

459



whether the presence of bactena in the renal
tusue would influence the antibody findings,
the pauents with and without growth of
£ colt from the nephrectomy peamens were
compared (Table 5) Here only the 43 pa
trents in whom this examiunation had been
carred out have been included. Among the
10 patents who had E colt m their neph
rectomy specimens, 8 had ant-CA e it
was significantly more frequent than among
the 33 patrents without £ col m the neph
rectomy specimens, of whom 10 had anti-CA
(2 p = 0013) Corresponding although not
sugmficant  differences were seen for ann
body titres = 640 agmnst the uropathogenic
£ colt strauns,

DISCUSSION

Antibodies agminst one or more of the O
antigens of 10 common uropathogen ¢ straing
of E coli could be demonstrated n all the
patients, In spite of the mmunosuppressrve
thernpy However the levels of uitres vaned
conniderably for the vanow O-serotypes, as
was also found by Fhrenkrans & Carter (5)
who tn their study of patiens with UTI
obtnined higher antibody ttres in patwnts
nfected w th certmn O-serotypes than n
those infected with others.

Anti.CA occurred most frequently in pa
tients in whom £ cols UTI had been present.
In contrast a corresponding correlation was
not found for O antibody ttres & 640
agaunst the uropathogeme E coli struns. Tha
mght be due to the fact that our panel of
E., cols O-antigens did not cover all £ colt
However the use of these antigens was based
on the findings of several investigaton viz.
that these relatvely few O serotypes cause
up to two thords of UTIs wvath E coly (13)

\loreover anti-CA was (ound most fre-
quently among patients mn whom E. colrurn
wns observed already before transplantation

As regards nmibodu:dagmmz the uropa

bogcnc 2810ty no difference was seen
;xtwtcn patxv_nzd\‘mh E cohuna before T
and those with E coluria before and after
T However such antibodies occurred more

460

frequently 1n each of thess groups than m
the small group of patents without bacten
una Thu nught mndicate that an mmune
respomte may be ehaited dunng immuno-
suppress:on in these patients, as has also been
found for antibodres to other mucro-organ
sy, such os cytomegalovirus (3) Further
studies with several samples from each pa
tient will be needed to clanfy this

With regard to the relaton of antibody
utres to renal involvernent of a bacteral tn
fection several investigntioms indicate that
mnvolvement of the renal parenchyma gres
me to higher titres of antibodles to E. col
than lower UTI usually does (1 10) Meost
frequently rtres of = 320 (11) or = 640
(6) as assensed by the indirect haemagghut
nation test, have been regarded as reflecting
a renal mfection. In thu study the presence
of bactena in the pephrectomy speaimens
could be regarded as an indicanon of renal
invohement. Here, ant-CA was corrrlared
with growth of E coli from the nephrectony
specimens, whereas a sigmuficant correlaton
was not found for hugh antibody tirres to the
uropathogenic E. colt strama, The rare find
g of anti-CA i patients with barienuma
other than E coliuns, may be connected
wath the fact that bactera could not be
cultured from the nephrectomy specumens
these patients.

Some mvestigators have clumed that 2
determination of antibody agumst CA » of
value i the diagnoss of chrone pyeloneph
nus (7 12, 15) On the other hand, n
atudies of antibod.cs i acute UTT and pyelo-
nephntis other mvest:gators have derued any
dingmostic value of the measuremeny of ant
CA (2 4) In the last menvoned studies the
man objecnions were that titres against CA
were low rarely exceeding 100 and that no
correlation was seen w th hacmagghumin
levels in other serogroups studed.

The finding of antibocies 1 the patents
of the present study must obniously be seen
wn the Light of the modified siate of re
sutance to bactemal mnfection and ability to
el it immune responses brought about by
the mmuncsuppressve therapy Meverthedrss,
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BRIEF REPORTS

EXPERIMENTAL MYCOPLASMAL PNEUMONIA IN DOGS
ELECTRON MICRQOSCOPY OF INFEGTED TISSUE

S Rosendal exd O | inther
The Tnstitate of Medieal Microhewology Unneruty of Aarmn, Denmark

L 1 '

Rosendal, S & Vinther O Ex mye in dogy Electron micro-

scopy of infected unue Acta path. microblal, Sect B 85 462-465 1977

Thun sectlons of Jang thiaue from dogs with {nduced by endobronchial Iath
of Wycoplasme cymos were cxamined by electron microsopy Mycoplammas were obeersed
extracellularly 10 lumen of bronchus and in alveoll in the earlier stages of the miechon The
mfection also resulted fn degenerative changes in the bronchual epithelial celh, ncludmy in

particular destruction and lom of cila.
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Pocumonia was mdoced By endobronchial in-
oculation of Mycoplarma crmos sraln D19 into
{-week-old dogy (4) The present communication
gives the results of electron microscopic examing-
tion of infected tmue from three dogy killed at
regular mtervals after inoculation, Histologically
the lexont wnduced were charactermed by revers
inflammation of bronchi and adjacent respiratory
umue, At post-mortern  large numbers of myco-
plasmas were uolated from affecied nwue of the
two dogs Klked first whereas none were recovered
from the last oce.

Material and Methods

D23 D24 and D25 were killed wath
m-‘ma barbiturste 2, 3 and 4 weeks after
jpoculaton, sod these was femoved immedistely
mdmzhtobbchnbontlxlxzmnm
blocks were fxed by immerdon In 2 per cent
glutarafdehyde in 8 1 M sodlum cacotlate buffer
pH 7.2 fnf{humomlcmpa'l\nm.“mlbnd
wuh 1n cacodylate buffer contalning 3 per cent
mamc,th:blachwmﬁmhtrﬁndmlpcrmt
050, 1n Mchaelu buffer pH 7.2 for 1 h at roam
(g:np‘crlmrt and sabyequently stamed for 13 min

462 /

1 2 per cent uranyl acetate fn 70 per cent ethanol
After acetone debydration and embedding 1 Vest
opal-W  altrathin scchons were obtained with an
LKB Ultratome [l microtome  post+tasned with
magneslim uranyl acetate and Jead citrate wad
examined in 2 JEOL JEM 100 B electron mitro-

Based 00 m.croscopieal examination of toluidioe
blue (01 per cent) sained sections, reprosentathe
arexs of bronchial and aleolor inflammatory e
nons were chosen for dectron mecroscopy Fer

Fig 1 D23 Macrophage in fumen of bronchus.
Several mycoplasmas (M) are present extracello-
larty Ope mycoplasma (Mp) seems to be fn the
procem of bemng L (L
Pousible phagosame (P) X 41,000 Bar represenns
250 nm.

Fig 2 D23 Macrophage contaning phagosome
(P) m bt Jumen of 2 broochus Mycoplanma
structures (M) are seen in the phagoswme and
extracellulatly In add ton, there is membrane de-
b (Me) in the phagosome The

nurface 1 rregular with many picudopods (P
x 61,000 Bar represents 250 mn.
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TITRATION OF HERPES SIMPLEX VIRUS ANTIBODIES
IN HUMAN SERA BY THE ENZYAE LINKED IMMUNOSORBENT ASSAY (EL1SA)

Bent F 1estorganrd Per C Gravballe and Hanne Spangraerd

Department of Chinieal Virology Institute of Medical Microbiology
Unhendty of Copenhagen, Denmark

Vestergaard, B F., Graoballe P C. & Spanggaard, H Titration of herpes smplex \frus ant-
bodies In human sera by the enzyme-linked Immunosorbent anay (ELISA) Acta path. micro-
biol scand. Sect. B, 85 466468 1977

100 sera from healthy adults were titrated umnltascowly for herpes umplex vina (HSV)
antibodies by ELISA and neutralization. The ELISA was performed on microtire plates
where 1 iy 100 ng of d {ubilzed and ch tucally punfled HSV
glycoprotems was bound covalently to tha plastic bottom of each well The optial denuty
{OD) valuer obtamed by the use of the perovudase-1 2 phenylend: diliydrochlonde system

showed good correlation wth the neutralinng antibody dtres. Sera wath very bow nentralinng

titres were clearly positive in ELISA

Key words Herpes nmplex virus antibodies ELISA,
B F Vestergaard Department of Climcal Virology Insitute of Medical Microbiology
Juliane Marlesvey 22, DK 2100 Copenhagen @ Denmark.
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In 1972, Exgrell & Perlmana descnibed an en-
ryme-lmked immunosorbent amay (ELISA) for
the quantification of antibodies and antigens (2)
The anay combinet specificity with a high degree
of sensitrvity and has been succerfully adapeed to
different viral antigen anubody eystems (§ 10
11) Ve nceded n simple routne test for the
titratlon of herpes almplex vinn (HSV) antibodres
and the following describes the use of detergent
wlubilzed  partially punfied HSV glycoproteins
n ELISA.

Matorials exd Mothods

Aahgex Crude antigen was prepared from Tn
1on X 100 solobilized HSV type 1 infected rabb t
cornea celly, a1 described previownly (6 )} The
solubilred HSV proteims were then purified by
1on-exchange chromatography and the glycoproten
preparation previowly dengnated fraction 1 (8)
was med a3 antigen In the ELISA. Control antl

466

xen from uninfected cells was made in & mouler
manner

Sers. Ouc hundred sera from normal bealthy
adults aged 20 to 50 yean, Ing boh sory,
were tested in ELISA at diluons 1 10 1100 snd
[ 1006 One negative and one posltre reference
serum were used throughont the stady

ELISA The microtlratron plate system (Coole
B(220-93A) was used. Pre-soating 100 ol of 01
per cent bovme albumn (fracnon Vv Sigma Mo
A4503) in distlled water was 2dded to each nel
and allowed to dry out at room temperature, 4 f-
gen coatt g 100 g1 of 0.23 per cent tlatarsl-
dehyde (25 per cent glutaraldehyde Fluka AG
pract 49030) m phosphate-buffered saline (PBS)
adjusted to pH 70 wiuh NsOH was added to
cach well After 30 mm at room trmperature the
wells were emptied and washed three Umes n

A
150 at of disulled water IOO,]clll?DO
ton of ant gen was then added to each ‘ellu:;
allowed to dry out at room trmpt{:‘;nrvb:‘ojh;*
by wash ng three tupes, a3 descril &
m me eachion Human sera and perovidase con
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) were

Mty w2 secording to the method
esctked by Grauballs of al, (3}
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Fig 3 ELISA OD values and neutralizing antl-
body titres of 100 sera The OD values were
mensured at serum dilution 1 100 and the neutrzl-
izing titres represent the dilution caming a 90 per
cent plaque reductlon

at just one dilution, or as the percentage of the OD
value of & reference serum at a single dilutron (4)

In Fig 3 we have chosen to present the GD
values found at dilution 1 100 The range of the
OD values of the pomtrve reference serum from
plate to plate durmg the test penod was 058 1o
066 Fig 3 shows the very good correlation be-
tween OD values and viral neutraluing titres. The
correlation coelffclent was calculated at 091 cor
responding (o & T vilue of § 93 or P 800! The
few “negative” sera with OD values above 01 did

contaln very small amounts of HSV newtralriag
antibodies as judged by the plaque count, but they
were unable to produce a 90 per cent plaqwe -
duction at dilution 110 The seontity of te
ELISA was demonstrated by the high OD vahes
found with sera contalning Jow titre neutralzeg
antibodies (1 10 to 1 100)

Finally we whsh to emphacre two polotr 1) Ia
the present work, unllke other published ELISA
studier, we have uied detergent-solubilized antgen
that could be characterred by gquanttathe o

munoclectrophoretic methods (8,9) and 2) Covat
ent binding of the antlgens to the plastic permts
extenuve washings which jower the backgroand
reactivaty whthout any reducton in the speciic
OD values,
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Fig 3 ELISA OD values and neutralning anth
body titres of 100 sera. The OD values were
measured at serum dilutbon 1 100 and the neutral
hnng utres represent the dilution causing & 90 per
cent plaque reduction,

L s
-1 1

at Just one dilution, or as the percentage of the OD
valae of & reference serum at a single dilution (4)
In Fig. 3 we have chomn to present the OD
valves found ar dilution 1 100 The range of the
OD values of the potive reference serum from
plate to plate during the test period was 0.38 to
D66, Fig 3 thows the very good correlatlon be-
tween OD values and viral neutralinng thtres. The

Tat] was lated at 0.91 cor
responding to & T value of 893 or P < 0001 The
few “negative™ sera with OD values above 01 did

mnul.n\uymllnmmmuolHSVwmdng
mu‘bodnu;udpdbylthhqmtuml,hmt&y
were unable to produce & 90 per cent plague ro-
ductlon st dilubon 110 The senutnity of the
F}:LSAA was demorutrated by the high OD rvaloes

with sera containing low utre nevtralnng
antibodies (1 10 to 11100)

Finally we wuh to emphanze two pounts 1) In
the present work, unlike other publubed ELISA
studics, we have wed detergent-solubilred antgens
that could be characterized by quantitatne Im
munoelectropboretic methods (8,3) and 2} Cosal
ent binding of the antigens to the plutie permuts
extensive washlngs which lower the background
reactivity witbout any reduction m the speafic
OD valuer,
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