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The New york Acadey of Sciences as always peen mterest <ted o nfor™®
on regoardind the basic nature and acuons of viruses For this ceason 1t h3s
pub\\shed such monographs 8% 1 truses @5 Causofie Agents vt Caoncer 10 1952,
Vs and Ruktllsml Classificalto® and ~ omenclalre m 1923 @ d Y aruses
Search of Disease 10 1057 Certain aspects of ¥V sral action ‘have also beer pre-
sented 1B the monograP phs Subcellular Particles % the Meoplas! (IL Pmms an

195
Despe s Jnterest €O aratively ttle concentrat 1ed attention has been
pard antit recently 10 the cy\opaxho\cg) of virus diseast With the ntroduc
ion of newer techmques such a5 electron croscopy cytochem! astry am nd fluo

rescent abehng danfication of man} areas of the cytopn\bo\ogy of virus W
fections b peen made ssble  The present monogral delined! 1y of
{hese 0eveT approd The i mation dert ed no & pt il further out
Lnowledze yncern! e mechant ¢ action of es on cells 38 well as
their re\a\\ o \he e p astic Pro s connec! n mpan nt detatls

of the morphioloe! '+ and metabolic Changes mduced by & vanety of vanuses 4%

emphas\zed






Love* Introduction 5

el b @ m b f flamad L A avperont ant had  tochn s R acham
' . . .
' '
techniques  LC 1S [fe ML PUrpPUse Of Lits telugidpin LU DUty tiese vdled
disciplines together m the hope of achieving a better synthesis of the knowl-
edge dertved from each
L ¢ aenapf o bamnthalon cmabmas A cont moaan V7 schax ectahbl chad
. .

. '

15 also a useful nvention  Perhaps 1t 1s time to take up arms agamst a sea of

cloudy swelling, hydroprc degeneration, end hematosyphil bodies  Gur knowl-

edge of cytology and cytochemistry should enable us to be a httle more precise

Those who say that “necrosis 1s just necrosis” should be reminded that “death

15 just death *  In fact, they should be made to prove their contention  Those
P

- D O P N N B R e

proliferation followed by necrosis? What factors determine the outcome of the
mteraction of a virus and a celf?  When we know the answers to some of these
questions we shall know of the teleological of changes in
the cell T can think of no better system than the study of the virus mnfected
cell to further our understanding of cytopathology

In conclusion, I quote some advice given by the late Welsh poet Dylan
Thomas, who said ¢ The printed page 1» the place to esamine the works of a
poem  The platform 1s the place to give the poem the works ¥ I provide the
platform and leave 1t to other contributors to supply “the works ”




A COMPARISON OT IV 1 ITRO AND 1A VITO CHARACTERISTICS
AS RELATED TO THE PATHOGENESIS OT MEASLES,
VARICELLA, AND HERPLS ZOSTER*

William J Cheatham
Department of Patlhotogy Y anderbilt Uni ersly, Nashrdle, Tenn

With the recent rapid advances 1n virology tesulting from the wntroduction

Salnary gland virus 1n tissue culture charactenstically produces changes in
fibroblastlike cells rather than in epithelal cells,? whereas 1n the human host
the reverse 1s true  \lany similar examples can be aited

Because of discrepancies such as these, there has been httle attempt to cor-
relate cytopathic changes i tissue culture with the pathology and pathogenesis
of disease  Llucidation of the causes of such differences undoubtedly will lead
to a better understanding of virus diseascs  Consideration of s titro and
110 sermilanities also appears 1o be of value, for these sumlanties may, first, pro
vide evidence that a given disease 15 due to the agent 1solated and, second, ex-
plain 1n part the pathology and pathogenesis of the disease 1n the host In
cther case, the value of the feature being correlated 1s somewhat proportional
to 1ts degrec of speaficity for the agent in question  The viruses of vancella,
zoster and measles each show unique cytopathic changes in tissue culture and,
1n each nstance, there appears to be correlation betw een these changes and the
lesions produced n the human host

Varicella and Herpes Zoster

Most of what 1s known of the behas lor of the agents of vanicella and zoster
1n tissye culture stems from the work of Weller and his co workers*7  From
this work as well as other studies? ™ 1t may be assumed that a single virus 1s
responsible for both chnical diseases  Among the evidence that such 1s the case
1s the identity of the cytopathuc effect of struns of virus isolated from both
entities and its unique character

Several types of cells of human, simian, and lapme ongin have been shown

to be susceptible 1n tissue culture to this agent and to develop similar changes *
- T = £ a1t mme xath vaerda fiaad ar other

sunded
mtra

nuclear inclusions (FIGURE 1) similar to those described by tyzzet w the skin
of patients with varicella®  Occasional multinucleated cells are seen 1 such

*The worh reported m this paper was supported m part by grants from the Nationa)
Y

Foundation New York,
6
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of tjxc wremit of vanicella focal lesions develop in the skinand at Jeast in fatal

usluue: & small group of overlying ep dermal cell  In time the ep dermal 1n
vol v!emcn)!] beiomt;s vesicular and expands (FIGURE 3)  Necrosisis not as prom
went in the shin lesions of chicken pox as 1t 1s 1n those of
nent 0 po e of herpes s mplev and
The lesions of vancella seen 1n atmost all organs are hkewise str hingly focal
n character  Insuch lesions many different types of cells may sho v inclusions
mncluding the vascular endothel He bage 1s ft ly present m and
about these foc: of necrosis as further evidence of endothehal damage Inthe

[ TN T T 7
| ~ -

>

= .
}. N . =
é < o N ~ «
‘g . ; “ N SN

- et

PRI LCO RN 4
SRR -
- s -

TiGure 2 T ssue cu)l(lg;c of human embryomuc sk n muscle anoculated 1th stran of

vancella  Unstaned
patient necros:s undoubtedly of viral etiology 1s not alvays accompanied by
the presence of inclusions whereas n tissue culture all the degenerating cells
contamn these bodes  This s particularly the case wn the hver m which 1
clusions are demonstrated with difficulty if at all Thus in the host the les ons
somewhat resemble an embolic ph with carly \ of the
endothel um and local spread of the mfection from cell to cell

The compar son of the 1 t1fr0 and 1 : 1110 charactenstics of infect oninvan
cella vould appear complete if 1t could be shown that the virus is transported
from the mtial site of infection to the shin and other organs within one of the
formed elements of the blood such as the lymphocytes We have seen on
one eccaston inclusions in the thymus mn cells that were thought to be lympho
cytes'® Such a carrier cell might explain i part the sever ty of the infections
1n patients with leukemia

In keeping w1th the monistic theory' of the etiology of varcella zoster the
clmeal and pathological differences 1n the two d seases may be explaned with
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homogeneous amphophilic matertal without a surrounding halo as has been
tlustrated by Bonenfant®  Although there are other possible mechamsms
whereby such cells might ongimate, therr stnking similanty to the changes ob-
served 1n lissue culture 1s strong evidence that the method of production of
giant cells 1s ssmifar 11 v1eo and e vatro

Although epithelial giant cells 1n the respiratory tract have been noted
pathological descriptions ® they did not receive much attention until ther
appearance 1n smears of nasal secretions was found to be of value as a dizg
nostic tool by Tompkins ¢f al?* We have also scen such epithelial gant cells
1n the mucous glands of the trachea n a typical proved case of measles dying
shortly after the appearance?® of the rash (FIGURE 8)  Their similanity to the
cytopathogematy of measles virus 1n Uissue culture 1s even more striking than

VI I A A TR o S
) POy FRAL YA

.
hJ
i
080
A

TSN
T'ioure 7 Thymus from case of measles show ng development of Warth n Finkeldey
mantcells X364
that of the Warthin Finkeldey cells In these multinucleated cells could be
found ) i} although cytopl: T were
not evident  Although there was an interstitial bronchopneumonia that was
probably due to measles virus these giant cells were not seen 1 the lung 1
this case
Another lesion that may be produced by wnfection with the virus of measles
was first deseribed by B ERARA A £
grant cell pneumonia
fection 1s more chronic
tures are quite stnking and are those of a‘ B
) W)

ubacute or chronc mnterstitial bron
1 and broncholar epithelium and
n of such cells large multinucleated
an also intracytopl mclu
(FIGURES 10 11)  Such cases due to measles virus can usu

P p o
alveolar ining cells (FIGURE D)  From fusio
1 d

gant cells
sions can be seen
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prz!ducc generalized ¢y topthic degeneration of the cells dunng the first grosth
cycle

‘The expenments therefore, were designed to tahe the different growth rate
of both viruses mto account and the follow g experimental procedure was
adopted primary cultures of MK cells grown in Hank s saline contaiming 2
per cent calf serum, were 1noculated with measles virus and 5 to 7 days later
when the monolayers showed generalized measles induced cy topathic changes
the cultures were inoculated with poliosirus  The fluids and cells from these
measles infected cultures were assaycd at vanous tmes after noculation with
pohovirus until the monolay erwas completely degenerated  The cultures were
also exarmined cytologically  Parallel cultures moculated with either polio-
virus or measles virus alone were harvested at the stme tume for comparison
with the doubly infected ones At each selected mterval 6 simples from cach
series were harvested 3 of the samples were frozen at —70° C for virus titra

!

Cells from a monkey k dney culture nocutated with pol ovirus . Early stage

Fioure 1
P ears normal ¥ nucleus sn u
00

of cytopath ¢ legeneraton  The nucleus’at the top aj
cleolus 1 wntranuclear inclusion  Approvmately X 12

tion the other 3 were fixed 1 Zenker s fluid and were strmned with hematoxylin
’ Lo

d by measles and by
§ In the early stages
wntranuctear melusion
sear darker wrinklmg

of the nucleus occurs and most of the chromun t et uin disappears® (FIGURF
1) lLater tlurge eosnophilic paranucleat mass appears in tie cytoptasm and
the cll detaches from the gliss and becomes rounded (FIGURE 2)  Measks
virus induces the formttion of mulunucleated grant cells with acidophilic mtra
nuclerr and cytoplismic inclusions surrounded by = clear halo* (FICURF 3)
These ntranuclent inclusions differ from the ones induced by poliovicus i

that they are much highter 1n color, the chromatin networh dxsqﬂlcars 'onl:y
nm~fthe

clu
lrest
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Cultures previously infected with reeastes virus ate fully susceptible to pofio-
virus, a5 determned by sbservanon of the cytopathic changes mduced  When

i .
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Fiours 2 Cellafrom a culture smslar to that shawn 1n HIGERE ¢ bt in & more adsanced
stage «f ovtopathic degencration N nuckews mn_nuclenlus, n, intesnuclear sclusion, 5
eosmophbic €3 tophesmic mass  \pprovimately X 1500
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Froese3 Vsl aucleated cell from a monkey kidney culture snoculated with meastes
s N naclews ww ucleolus 7 sntranutlear inclusians, <, cy toplasmsc welusion  p-
1 rramately X 1200

such doubly sofected cultures are fived and stasned, changes typieal of both
measles and of pol duced degeneration can be seen together
m mauy mononuceated and multinucleated cells  ‘lany cells that show
wrnhled puider Witk darklv outhned membrancs and egstnoghilic ¢ toplasrmc
musses contasn 3 darge hght colored mtranuclear musion ty preal of measles
wfection (FIGURTS 4 and ) A number of these cells contam, in additon 1o
the meastes-induced mtranuclear tnclusion, one or several smatler and darker
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’gl‘::r;mi::a;] l:cluslon bodies similar to those seen in polio ifected MK cul-
ich have i
tures, which ha IIEV"?I' been sc‘e‘n :fftcr mlecElon with measles virus alone

In addition to the morphol changes just d

ges just bed, 1t 1s not unusual to
ﬁn? in multinucleated cells that only some nucle: in a syncytium show abnor-
mil changes or that these changes are shown to varymg degrees (FrcURES 7
and 8) When such a cell contams an eostmophilic cytoplasmic mass, the

the result of superimposed cells
Virus yrelds from multscellular cultures  Several expeniments were performed

using the procedure outhned above  One of these expenments will be described
m detail

Thirty six_cultures were moculated with approximately 10* tissue culture
half dose (TCDgo) of measles virus, Edmonston strain  Another 36 cultures
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Fioue 8 Cell from the same culture shown 1 #16URe 7 Th's mulunucleated cell con
tains both normal and wrinkled nucle  Two of the wnakled nucle contam large measles-
Tkemclus ons  Approvumately X540
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pathic effect of measles virus could be detected Because of the rapid cell
destructton caused by poliovirus, 1t was necessary to carry out titrations of
measles virus from doubly infected cultures m the presence of type specific
poliovirus antiserum The samples to be assayed were mixed with equal
amounts of antiserum, which neutralized at least 104 TCDy, of poliovirus, and
were kept at room temperature for one half hour before being inoculated mnto
culture tubes  Stnce normal monkey serum often contawns antibodies to mea

TaBLE 1
PoLiovizus YiELDs OF CULTCRES PREVIOUSLY INPECTED wrtht MEAsLES VizUs®

Hours after pol ovirus Fnoculat on | Conteol cultures, Pl ghimus alone Doutly ptected cuttures
20 56 57
58 60
58 61
48 77 717
78 77
78 78
72 74 Cell sheet completely
78 destroyed at 50
79 hours

* Poliovirus moculum 12 X 10 PFU, Type I, Mahoney

TABLE 2
Mrastes VIRUs AssAYs FRoM CULTURES BEFORE AND ArreR INrecriov witi FoLIovIRUS*

Control coltares messles atone Doubly ifected culturea
o

Hours after pol ov rus inoculat o g TCO/culture) Uor TCDuwseulture)

[} 30 _
3o =
37 =

20 15 3s
37 30
37 30

43 10 37
37 27

72 10 Celt sheet completely
37 0

destroyed  at 5
hours

* Tnoculated with 12 X 10° PFU of Type I, Mahoney pokiovirus § days after measles
virus infectian

sles virus,® the polio antisera used were made 1n rabbits and did not mhibit
measles virus growth

The poliov trus yields from the doubly infected cultures were as high as thos:
from cultures moculated with polionirus alone {TABLE 1), although the numbe
of cells present 1n the cultures at the time of poliovirus moculation was love:
because of the previous cytopathic effect of measles virus  In contrast, the
measles virus yields were about ten times lower 1n the doubly mfected cultures
(1aBLE2) Destruction of the cell sheet by poliovirus occurred about 24 hourt
sooner m the doubly infected cultures than in parallel cultures mfected with

polovirus alone
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cultures, the difference betw cen them being within the range of vanation found
n different experiments  The methods employed have not enabled us to de-
tect measles virus production at the single cell level, which nould have made
1t possible to determine whether a particular single cell was doubly infected
The y1elds from the multinucleated cells are particulatly interesting and dis
tinctly lagher these giant cells were always multinucleated, they were never
seen mn cultures infected only with poliovirus, and when stained they showed
the typical measles induced cytopathic changes  These doubly nfected giant
round cells not only produced poliovirus, but their yields of poliorirus were
much higher than those obtaned from small mononucleated cells  Some of
these cells have produced more than 4000 PFU  Two different sets of control
experiments support the view that the large amount of poliovirus assoctated
with these cells was actually produced by them and was not merely the result
of adsorption of the moculum to the large surface of these cells Giant cells
1solated in microdrops and frozen mmmeduately thereafter, without allowing

TaBLE 3
Poriovires Y1£1ps FrOM SinGLE CELLs

Control dropa |  Round cells of normal s z¢ Giant round cells

PHU perm urodtop | med um No
celis Pol o alone [Doubly ipfected] Pol o alone [ Doubly inlected
0 65 100 122 - 41
1-10 3 16 43 — 11
11-100 5 37 24 - 16
101-200 [ 18 3 - 4
201-1600 9 T 9 - 10
1000+ 0 o [ — 10
Total cells 73 s 201 - 92

time for virus multiplication, seldom contamed poliovirus  When they did
contain poltovirus, there was always less than 50 PFU/cell  Microdrops con
taming large multinucleated flat cells that were also found 1n the suspension
and were presumably dead, simce they failed to round up under the action of
Versene and did not attach to the glass, were also studied  These cells were
wsolated, remcubated, and assayed for poliovirus  Thirty one giant flat cells
were tested 11 were negative, 135 yrelded less than 10 PFU, and 2 yielded be-
tween 10 and 50 PFU

All assays for measles virus produced by single cells were negative, not only
1n doubly mfected cultures, but also in cultures infected only w1th measles virus
‘This was true even 1 cases when it was shown that measles vieus was being
produced by Ve monotayer befure bemg dispersed miv smgle celis  In 6 sep-
arate expeniments, 116 leated and multinucleated cells from moculated
cultures were tested for measles virus These cells were 1solated from cultures
that had been infected with measles virus from 5 to 8 days previously and
showed moderate to advanced cytopathic degeneration The cells were re-
incubated m microdrops after 1solation for periods ranging from 9 to 36 hours,
but no virus could be detected Flud from the monolayer cultures used 11
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these expenments was barvested just befome rolztwn of the sazle cels and
contaned <.gmacant 2mo.nts of meas e vt whab mvew of the and m-
actvation of the vums at 317 C, mat kave been refeased 2 sort ume pre-
viousty

Discus wn

The present dats show that 1 1 pess b ¢ to izfect a cell with meas'es and
poliovirus, each of which produces al ea wns 22d tncte .00 bodes m the cu
cleus ard 13 the cvtoplasm.  Previowh wh e muecton of 2 cell kad been
demonstra ed ok when the cl_on bou s produced by bo & vrruses bad
different trscellalar localizatioms  The roprooc charntes wmduced In
measles and bv polovirus are qut e haractensas 2ad @aa be readdy ¢l -
guished  Aldregh 1 ts qmie po- e Rat bo k kods of virus part.cle are
actually preses 1 the same portio 1 “e © oty oberva 025 do£o peces-
santly prove it Speqific vineind  od & L5200 bodks are no® atwavs com-
posed of 2zzmeates of vas partt o 7 the “2se of meanles and of pohovirus,
the electron muzoscopic evider © av wob woud sumz= 1n ead that thes
are not  Extensne electron m ~osunp ¢ ¢heenatwns of cels muected wih
thee vineeshavebeen made ™ 3 @ o far £o v e partx’es kave been
found, Furthermore the mra. esmnd  ed tmuran.clear mcteans cormespord
to areas of low eectron der. v where he *mmiLn metwok b dieppeared
and partucles could 0o be <eer

These morpholome observation. s o suamenve of dowble xfecton, are
supporied by the resulis of e vine ammovs S udv of the virus e from
doubly tfected monolayer . Lres ows that pevioss izfection with mea s
virus does mot Interfere with pr ovse ml paenr SimTirh mea es
Virus production comtinues 1o« mc tzme after miecton with polovirns, al
though the virLs titers are e aath reduced. It eotpossd ¢ tode ermne
whether ths reduction it er 1 dur 10 3 detrense 12 the amornt of mens &
virus produced bn the doubhy 1afec ed ctls 07 1o cOTP e18 cessa03 of meastes
VIS prod.ctwn of those cel.s supeniafected w2 & posovins.

‘E\‘ldtnm of double infecuon 2t the s~ e cell ‘lenl wn ob‘mcd 2 the caze

- f U S

be explarned by the larze vol.ze of th=<e vl asses. However a prs
€L 1113 fiot possible 1o detersire whether measles vinus plavs am me 1 e
hananz or depressirg the = alttp @07 of poovires 1 the same cel

tekr Tefgmen s

1 thank Jowph L Me'mack 25d Franos Lo BLak for ther 2dme 1o onr
festians 11 the couree of this work. T abo thank Tabe! Mrrew 3740 o
for supply 1nx the polas antisera.
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This transudation phenomenon closely parallels the release of virus and the
progressive loss of cytoplasmic area seen in time lapse cinemaphotography (un
published results, W W Achermannand H Rurtz) Tt s probably related to
the mechantsm of viral release and due to specific virus action since the extent
of the process i any culture 1s dependent upon the concentration of the viral
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imoculum and can be prevented by prior 1ncubation of the varus with viral
speaific immune monkey serum

These observations tell us inttle of the brochemical alterations Jeadmg o
this selective loss of cellular 1ntegnty, but they do determmne the maxunum
interval after infection that can be studied most profitably ~This period com
puses the fisst seven bours when nearly all the newly formed virus 15 ntra
cellular and the essential integrity of the cell 1s mtact

Results that are more easily subject to interpretation are obtained by fol
lowing the ncorporation of P, which 18 introduced after infection
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the fourth hour extracellular s irus starts to appear at about the S o
It should be noted that at the seventh hour hen 90 per cent of 8¢ ¥
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the fractions the incremental protemn and RNA are not present in the same pro-
portions as In the virus

The cytoplismic RNA 1s 1 composite of several species of RNA (Smellie,
1955) associated with various subcellular components By diffcrential cen
tnfugation the subeellulir elements may be fractionated and thus indicate
where the incremental RNA casts 1n the cytoplasm of infected cells At the
sicth hour of infection the cytoplasm of normal and infected HeLa cells was
fractionated by diffurentinl centrifugation, following the method of Hogeboom
ind Schnexder (1955) nto 3 frictions I raction I, the sediment after 6600 g
for 20 mun , I'raction II the scdiment after 41000 g for 1 hour, and Traction
111, the supernatant flud above Iraction 1T Each of these fractions was
amlyzed for RNA P protemn and virus actity, and the rate of incorporation
of P™ 1nto RNA

TabLe 2
DisTRiBLTION OF PROTEIN N AND RNA T 1v Tur CyTopLasmic
OMPONENTS OF NORMAL AND INFECTFD HED A CELLS

' Normal Tnfe ted
Cotoplm ¢ RNAP RVAT
mee T mg N X e mg N X 1071¢| Virus PFE
Counter | e Counts | _mx
X0+ | xlre X1t | X100
1 145 195 59 74 273 3in 91 52 155
11 12 4 55 54 37 288 13 26 73 05 335
I 445 20 38 248 19 6 54 25 51 379 87 515
¢ entoarm fot +ltvacont £ oAl fract anat on e o1 12 o 1 € e Hol + ralls & hore alter

The data are prescnted inTaper 2 In the normal cell, the distribution of the
cytoplasmic R\A among the 3 fractions 15 7, 18, and 75 per cent, respectisely
P was incorporated nto the RNA of each fraction of the uninfected cell  The
specific rates of incorporation of the 1sotope vary, Fraction TIT contaming 7
per cent of the cytoplasmic RNA 1s the least active  After mfection there 1s
an 1crease n the rates of ncorporation of the 1sotope m all of the fractions
Traction 11 showing the greatest mereasc (130 4 per cent) The distnbution of

total RNA P follows the sume pattern scen with the radioactivity data  After
- PR

fractions show an increase m protein content  The largest accumulation 18 1
Fraction III, but the percentages 1n fractions I and III are the same and are
greater than m Fraction Il The virus actiaty 1s found predomunantly 18
Traction IT

There 15 a charactenstic valuc for the ratio of protem N to RNA P for each
of the components of the normal and nfected cell cytoplism and for the purt
fied virus as computed by Schwerdt (1957) A companson of these values de-
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termmnes whether the newly formed matenals resemble the composition of the
normal component with which 1t 15 associated or that of tl e virus or whether
the matenals are anomalous  Only in Fraction I does the meremental ma

tenial resemble that of the virus  The incremental materials of Fraction I
more closely resemble the normal components than the virus  Fraction IIT of
the fected cells 1s seen to contam an 1ncrement that 1s refatively nick m pro

tem as compared to the normal component From these considerations we
conclude that the accumulated protesn and R\A do not constitute pohovirus
and at least for RNA do represent matenial of the varual type (Ackermann
etal 1938)
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Ranetcs of Synthests of RN 1 Profern and Virus

‘The preceding sections descr be the biochemical situation in the cell at the
sixth hour of nfection  The folloy ing experiment 15 concerned with the sc
quence of steps 1 time by which the situation developed  Rephcate cultures
of cells were analyzed at various imes 1 the interval from the tmtiation of tn
fection to the seventh hour  In order that the characteristics of development
of severa} materals that d ffer 1 absolute amount may be compared the in
«remental amount of each at the scventh hour was ass gned the value of 100
and the amounts at other times some proportion of 100 In this form data
concermng tl ¢ newly formed protem of Fraction IIT of the cytoplasm the
total cytoplasm ¢ RNA and virus mfectivity are flotted mn Ficurr 3 TH
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synthesis of proten proceeds 1t a constant Linear rate from the first hour untd
the seventh  The synthesis of RNA also begins close upon the mitiation of
wnfection and appears to be hincar the rate in the first 4 hours closely parallels
that of the protemn synthesis  The rate between the fourth nd sixth hours
proceeds at a further increased rate, and the process stops at the sixth hour
It appears that 50 per cent of the protein and RNA are formed before the ap-
pearance of any virus 1ctivaty A further S0 per cent of the virus appears
after synthesis of RNA stops

Currently, 2 simlar study 1s under way  The amounts of RNA and virus
were determined in HeLa cells at various times duning a stngle sequence of in
fection with hemadsorption Type I virus  Some of the preliminary observa
tions are presented n TABLE 3 I rom these data the follow g interpretations
are drawn concermng the biosynthetic activitics of the infected cel!

Tasie 3
Puosenorts DisTriBUTION o Hrla Criis InFecTeD wWitH
TEMApSORPTION Vires TyrE 1

mg X 107 % per cell* A rustterf
Hours after nlect on CRNA P Total \A P of nucle TCIDw ol
c 1 [ T Extea Intra
2 21 59 299 26 90 30 90 25 35
6 — 2833 — 3210 27 33
12 2613 52 45 312 41 50 43 70
18 - 50 22 — 499 50 79
24 9 352 3o 330 68 7
- v at nen h

cells were taken for virus assa

The virus induces nucteic acid synthesis 1 both of the major morphologic
fractions of the cell (nucleus and cytoplasm)  There 15 an increase 1n the cyto-
plasmic RNA fraction even at the second hour and a marked accumulation of
RNA P betneen the sixth and twelfth hours After reaching 1ts mavimum
valu at the twelfth hour of mfection the level of RNA T of the cytoplasm
dechines and the release of the virus from the cell 1s apparent  The nucleus on
the other hand shows a sustained accumulatton of nucleic acid for a perod of
at least 18 hours and then dechnes

Associated studies of viral activity relate the appearance of new virus and
nucleicacidsynthesis  \iralincrease parallels more closely the induced changes
of the nucleic acid of the nuclear fraction  There 1s also an mtracellular phase
of viral development as found previously for poliovirus  Thus the virus seems
to mduce an increase of the nucleic acid of the nucleus as well as the cytoplasm
of the mfected cell 1n contrast to poliovirus, where the incremental material 18
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Yocated primanly i the cytoplasm A further chamctenzation of this 1acre-
mental matenal 15 10 progress
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RELATIONSHIP OF VIRLS \IUT EIET [ ATTON TO THE DEVELOP
MENT OI MORPHOIC 1 \\D) BIOCHEMICAL
CHANCIS IN THI (ELL*

Charles C Randall W MU d Glenn A Gentry
Depart ent of Mrcrobsol gy Uns ers P f Medicine Jackson s
T

Deparinent of M erobol gy Vande  ( 1 of Medictne VNasinille Tenn

A number of workers have vt | thistochemical and cytochem
1c1l techmques with the object 1 t Ung changes n the mfected
cell  The hiterature cited hasbeen v | ibitranly to mammalian viruses
Hyden' uscd ultraviolet microscopy 1+ | 1 nstrate that a number of virus
wfections resulted it increased de vl le acid (DNA) or nbonucleic
aad (RNA)  Scott and his collengn tue made a classie study of herpes
simplex and have correlated mort | hinges with the growth cycle,

and have abo made a study of the Fetlge s rexction and obsen ed that post
tive mclusions become negative wuh t ne thi was confirmed by Wolman
and Behar ¢ I'{pine and Sautter’ faled t g nd § culgen positiye matenal in the
wclustons of herpes simplex Cowdn {cmonstrated indlusions that stamed
cquinocally with the same techmque  BlLink® has obsers ed that the nucler of
human wart ksions and the intricy toplasmic mclusions of molluscum conta
- d 1 ¢y tologrenl and
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distinguish from those sacrificed from 12 to 15 hours and often from those
sacrificed from 9 hours  In scattered arcts nuclear changes were infrequently
more vanable The majority of cells contamed full inclusions, others were
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Tiguze 2 Hamster Liver 6 hours after inoculatian  Inclusion material 1s more extensne
and darker stamung 1 some cells 1n others 3 hour changes predomunate  Hand Cstam Ol
X1134 d by from The Amerscan Journal of Pathology ™
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adherent along certain areas of the penphery and were retracted i some de-
gree  Scattered classic inclusions were present m some sections and absent it
others The staming of inclusions varied from basophilic to eostnophilic
Reissig and Melnick'® have reported that, after appropmate fixation and 1m
mersion 1n alcohol, nuclear materal occurning 1n 1nfected cells retracted and
appeared as inclusion bodies
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it desenves emphasis that often 1t was impossible to distinguish between the
changes seen from 9 through 24 hours  The observations are, at best, rather
broad generalizations

Grouth cycle of £11  Dilutions of blood and liver obtained from ammals
at the previously stated intervals were titered in hamsters three weeks of age
and the LDy determined by the classic procedure of Reed and Muench®
The results are illustrated in TABLE 1 The data relating to the liver are repre
sentative of a number of different tnals  The blood was difficult to obtan i
sufficient quantity and only two trials were complete enough for comparison
Tt 15 apparent that virema was present through the period studied and would
contaminate the liver  However, enough differences emerge to permit 2 rea
sonable companson  Under the conditions of the expertment the virus ob-
tamed from the hiver rose steadily in titer from 3 to 12 hours  In erther case
the virus content reached a maximum at from 9 to 12 hours

It seems vahd to state that the sequentral development of nuclear changes
from 3 to 12 hours 1s concurrent with the phase of increasing virus titer between

Tawwr 1
Tirer or DETECTABLE Vmes Iv LivEr AnDp Brooo
\ Blood Loer
(hours)

] T P P P
1 40 Not done Not done Not done
3 33 52 37 40
6 Not done 45 53 55
9 S0 60 638 70
12 57 70 g0 80
15 Not done 70 8o 82

"The results of hamster titrations are expressed as the negative log of the LDw P rep
resents the passage number

3 and 12 hours, howey er, the most significant changes occur between 6 and 12
hours  Also, at this time the majonity of nuclet become filled with Feulgen
positive materal

These results are very similar to the data obtamed by Scott ef al 4 Itisnot
meant to wmply that, although the marphologic changes are closely related to
the growth cycle, these nuclear changes represent developmental forms of the
virus Tt 1s suggested that these changes reflect an expression of abnormal cell
metabolism, a manifestation of cell injury

Changes . nucleic acid and protesn tn hamsters  Much of this phase of the
work has been reported elsewhere Livers from the ﬁrst-mcnn?x']‘ed s'“dj.

interference®  Protem was determmed by a modification” of the biuret method
of Robinson and Hogden® The dry weight of nuclet 1s expressed in arbxtrar}i
units of 107* mg  The average weight of nucler from uminoculated contro
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of a 20 per cent suspension of infected I ers, 3 antmals were selected at random
at 3, 6,9, 12, and 15 hours and ethenized at these times  Three untnoculated
ammals for each passage served as a source of control tissue  The Iners were
perfused with physiological saline v11 the portal vein, removed, forced through
a 50-ml synnge into a beaker, weighed, and lyophilized The dried pooled
tissues were reweighed and extracted at room temperature with 3 changes of
20 m! of chloroform methanot {2 1 by volume) during 24 hours The com
bined extracts were chilled and evaporated to dryness  The dry residues were
extracted at room temperature with 3 changes of 7 mi of petroleum ether for
30 to 45 mmn each The petroleum ether extracts were pooled, evaporated
with a stream of dry CO;, and drted under vacuum to constant weight

Statwstical analyses (student’s t test*) idicate (TanLE 2) that sigmificantin
creases occurred between 0 and 9 hours (p < 0 05) and between 9 and 12 hours
(p<002)

TaBLE 2
Lipto CoTENT or HawsTER LIVERS s PERCENTAGE oF DRY WEIGTT
Tume after | Awmals iwoculated | An malt smocutated
8  th suspens on of | w th fuspens on of | Change ot
m;;‘;‘;;‘" &’Zi‘?‘:#.;:s nm&dr L’.,‘;‘ g(EE!)AV) {percentages)
[ 16 & 15 4
* 1 35 <0 05
9 10 4 189
54 <002
140 24
1 3 03 >0 05
15 10 240

* Equine abortion virus
1 Student s t test
1 Uninoculated control

Chemscal Changes 1 HeLg Cells Infected wath LAV

It 1s well understood that tissue culture appears to offer a model system for
biochermical and otber studies of animal viruses Tortunately, toward this
end EAV was successfully adapted to the HeLa cell” which, concurrent with
1nfection, develops nt 1 1 not noticeably different
from those scen 1 hamster hver Cytopathogenic effects are more or less
complete 1n 48 hours, with sloughing of the cells from the glass Due to diffi
cultses inherent in the problem that hive not been overcome, the morphologic
sequence of infection cannot be correlated with the growth cycle with any
certamty  However, mteresting and provocative biochermcal changes which
have been reported elsewhere,® 2 occur in the infected cell RNA DNA and
protein values were determned on whole cells, both 1nfected and control values
ate expressed on a per cell basis  In FIGURE 7 the percentage deviation of 1
fected cells from controls 1s presented  The data® subjected to statistical anal
ysis by student’s ¢ test indicate that RNA was not changed, whereas DNA
{p < 001) and protem (p < 001) ncreased sigmificantly ~ Of course, no corre

* Student’s t test for signficance Ifp < 005 the change 1s consdered significant
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Iation with the growth cycle 18 impled It 15 possible that, by use of celf frac
tionation technques, nuclear and cytoplasmic RNA and protein may show
significant changes  Such experiments are 10 progress

The results of the studies with hamster hepatitis indicate mterference 1n the
biochemustry of the cell, and several of the changes durning the course of mfec
tion have been measured It 1s reasonable 10 assume that a nucleus that con
tans such a conspicuous Mmass of matersal that can readily be stamned by a
variety of methods should add some mass to the cell

1t 35 tnteresting to note that with the methods employed not all of the nuclear
‘mass has been accounted for  This umdentified matenal mereased sigmbicantly
with 10fection ¥ It may be mnferred that the composition of the inclusion con
sists, at least 1n part, of protemn and DNA, as suggested by the results of stain
1ng with mercuric bromphenol blue and the Feulgen reachion  The fact that
the inclusion stains conspicuously by the Feulgen techmique, while the tatal
amount of DNA per ccll is not increased, may be a contradiction of the usual

BOCHEM CAL CHANGES IN HELA CELLS INFECTED WITH Eav

PERCENTAGE.

INCREASE AFTER
NFECTION wiTH
EAv

(% g | 207 ssan
NORMAL VALUES
FOR HELA crLLS (40231 ma/cal | 310 x O%mesuall 3360 % 10%mg/enl

COMPONENT RNk oKA PRITEN

Fioree 7 Buochenucal changes in HeLa cells infected wath EAV

mterpretation of the Feulgen reaction A possibility, 1n the realm of specula
tion, 1s wotth considening to explam the umform Feulgen reaction of the sn

n':umrﬂuon). who was net able to demonstrate any mcrease in DNA by the
o A Vo .

salue found by biochemical analysis ¥

The relationship of the virus to the nclusion m this mstance was purely
specufitive untif Brachen and Norns® reported that a study of electron micro-
graphs of EAV fected hamster v er revealed small aggregates of intranuclear
irus partscles that were not equivalent to the intranuclear inclusion visualized
by hight mucroscopy
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Tapm1 and Motohashi™ have demonstrated that intranuclear incluston bod
1es occurring i cane hepatitts were composed of amorphous matrix mived
with numerous virus particles  The claim 1s made that the matre appears to
have been dernved from chromatin and has been utilized for the formation of
the observed virus particles

The results of Feulgen study certunly do not permit ny clum as to the
composition of the virus  If the virus particles from the hamster contan
DNA the totl amount of which 1s m excess of the normal amount per nu
cleus 1t 1s not probable that the amount of virus DNA elaborated coul 1 be du
tected due to the hmutation of the methed of analysis

Bloch and Godman®™ have reported a cytologieal wnd cytochemical ([eulgen
microspectrophotometric) study of human viral papilloma  In the earlest
stige costnophilic nucleic acd free intranuclear inclusions are wdentified later
becoming basophilic and Teulgen positine  These authors claim that 1 2
later stage 1 the evolution of the cellular lesions all the DNA of the ccll 1

' ~

Sections from the same «cIt have been compired by the Feulgen method and
clectron microscopy and it h1s beun stated that since the obsersed Teulgen
postinne crystals are composed of virus particles 1t 1s hkely that the virus
contuns DNA® 2 In Type S adenosirus infection intranuclear crystah are
Feulgen negative wherens surrounding virus particks are positine ¥ 8

In the Hela cell DN 1s sigmificantly incrersed whatever the mechamsm
may be  Fresuming that the virus repheated 1n the cell 1n questton contans
DNA itis unlikely that the total mcrease could be accounted for on this bass
s 1 improbrible number of virus particles would be required to equal the
creased DNA per cell Tt desens ¢s some emphasis that adcnovirus  FAV® *
and herpes virus™ infections of HeL eclls are associtted with conspicuous m
clusions and that m each case the DN'A content 15 ncreased  On the other
hand 1nfcction of HeLa cells with poliovirus results 1n increase of cytoplasmic
RNA W hownever Hydén found an increase 1n nuclear RNA and a decrease 18
cytoplismic RNA If true these data suggest that perhaps the type of cel
as well 1s the virus may influence the nature of the cellular reaction

The apparent constancy of DNA m nucler derived from infected }amster
liver as contrasted with the necrease 1 Hela cells 1s unexplamed 1t 1
speculative to suggest that the incrense in DN A may be relted to the milg
nant cll - In cases where DNA 1s increased changes in ploidy should be o
stdered this has not been excluded in the HeLa cell infection

1t 15 of interest to note the results obtarmed with sey eral chemical compounds
Laird®® 1solated rat Inver nucler from ammals previously injeted with thie
acetimide  In this study the DN A remained constant while RNA increased
35 times nd proten 25 tmes  Gnffin ef af ™ reported that the DN\ and
protein content of rat hepatic cells increased durmg azo dye carcinogenesis

“The nature of protun increase occursing in hamster nucler and Hel a cells 15
unexplained and in either case s of such magmtude ns to suggest prote
synthesis  Inclusion bodies resulting from another virus infcction Fave Leert
shown 1o contain protemn but 1 what amounts has not been stated  Bloch
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control mice were chosen at random from the group and given 5 uc of P*
intrapentoneally  Three hours later these muce were <acnficed and ther
<pleens removed, weighed wet, dried 1n preweighed stainless steel planchets
reveighed, and therr radioactivity determined At the same time that the
spleens were removed, preces of liver were also removed Blood from each
group of 6 mice was also taken and pooled  Some of the data from 1 expen
ment of this type are summanzed tn FIGURE 1, where the abscissa represents
the number of day s postinfection, and the ordinate represents the average wet
weight of the 6 spleens, as well as the averaged cpm/mg dry weight It wil
be seen that the spleens started increasing in size after about 4 days, but the
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I uptake became higher 1 the mfected antmals after only 2 days It may
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be repeated here that this 15 not cumulative uptake of P™, but rather represents
Just the P uptake in the 3 hours prior to sacnfice  FIGuRE 2 shows anothel
experiment where the same result can be seen It might be remembered that
at such a short mterval after infection as 2 or 3 days, there can be scen little
or no pathological alteration and that hitle virus can be recovered from the
spleens

There are a few other observations that should be mentioned In the first
place, one might ash whether the increased P2 uptake i the mfected spleens
1s due to a possible alteration in spleen capsule permeabulity  The P¥ 15 gne?
intrapentoneally and if the spleen capsule permeability were mncreased as 2
result of infect:on one might anticipate the results obtained  However, when
the P™" was given Intravenously the infected tissues still took up morte P pef
mg of tissue than did the uninfected ones
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bucil were ndministered in the hope of obtaimng at least temporary rem wone
as with some human leuhemias and Iymphomas  Corticone at a level of 1
mg /d1y was grven on the eighth day of infection to some of the mice used in
the expenment summarnzed 1a FIGURF 2 On the following day and on the
day thereafter, 6 treated control and infected mice were tested for spleen I*
uptake at the same time as the untreated controls and mfected mice  The
results of thrs experiment are shown mn FIGURF 2

The wfected spleens stopped growing and returned to normal size In<pte

CELLS PLASMA

30f-1

° ViR X o0

240 dso
X

tel-6 deo

-120
«
H
L A 1 b 4
2
CELLS x——x H
PLASMA @ o doou
1P e——e g
N
ool
e, -
M
. x
124 * o
62 420
o P IS
< t 2 3 4 E) & T
©0AYS AFTER INFECTION
Ficure 3 Lffect of mfectionwath the I'r end agent on P con tent of Liood cells and blood
plasma and on plasma norgame phosphate
Al 35

of this these infected treated spleens took up as much P? per mg t
did the infected spleens from ammals that recen ed no cortivone  These results
were confirmed 1n other experiments

In the expeniment represented 1n FIGURE 1, some of the mice were guen 300
£ of total body  radiation on the fifth day of infection  Here as in FICLRE 2
A ray caused the infected spleens rapidly to return to normal size 1nstead of
continuing to increase  The rate of I? uptake decreased after \ ray in both
the nfected wnd noninfected animals but the X rayed infected animals sull
took. up more P than did the X rayed contrals  As a matter of fact a5 seen
1n FIGURE 4 the percentage increase in P uptake was just as great after aither
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buait were administered in the hope of obtaining at least temporary remss ton.
as with <ome human leukemias and }y mphomas  Cortisone at a level of 1
mg dvy was given on the eighth day of infection lo some of the mice wsed m
the experiment summanized 1n FIGURF 2 On the following day and on the
day thereafter 6 treated control and infected mice were tested for spleen I*
uptrhe 1t the <ame time as the untreated controls and infected mice  The
results of this expetiment are shown in HICURF 2

The infected spleens stopped growing and returned to normal size  Tns<pite
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d Llond

of this these infected treated spleens took up as much I® per mg t1 sue 35
did the infected spleens from antmals that recenved no cortone  The e results
were confirmed w other experiments

In the expeniment represented in FICURE 1, some of the muce were gnhent 30
r of total body X radiation on the fifth day of tnfection  Here astn FIGLRE |
X ray caused the infected spleens rapidly to return to normal size ste1d ©
continuing to increase  The rate of ' uptake decreased after \ ray 10 I
the infected and noninfected animats but the \ rayed infected an mal st
took up more P than did the X riyed controls  As 3 matter of fact 2% seen
1n FIGURE 4 the percentage mcrease in I uptake was just 1s great after either
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A ray or cortisone as 1t was with no therapy, even though the <pleens had re-
turned to normal size  One further observation along these lines should be
mentioned  \When cortisone was given beginning the day after virus nocula
ton there was no sustained growth pertod 1n the nfected spleens, but still the
virus effect on P* uptake was manifest, as seen 1n FIGURE 5

What can be <aid about the reason for the continued sttmulation of P*" up-
take i these treated spleens® If 1ndeed, the spleens had been reduced to
normal size, why did they not behave hke normal spleens? In the majonty
of cases the X rayed spleens, although small, showed almost 2 large a per
centage of abnormal cells as did the unirradiated ones, so that hugh P uptake

% T T
neggde T j
15} -‘
1ol A
1200 E
wof- B
i
1%,
80~ [ 4
1 NS
gy g
sof- RN 4
| ¥
' /
%0 3 expv s a— Ny J
[ e x
ExP v 61 0= —0
20
x H 1
=/
XA
L =K A e S ST S IS S S H BT RT
o 2 2 e 22 -

6 [ 10
0AYS AFTER INFECTION

Fiourr 4 DPercentage increase i I uptake caused Ly mfection with and without eorts
soeanl\ray

was not surprising - However m a few wellconteolled obsenations, particu

Tnely after two doses of X rays, the remision was almost complete in that very

few abnormal cells were present, but a high P™ uptake was still found * Lue

ther work will be needed to elucidate thrs findimg, particularly along more

detailed binchenucal hnes  The important obwervation, from our yies pornt,
e 7

1> Rt lase and scaman

“p

done with transplanted feukermas * but the expenmental conditions used were
~omewhat different from ours  We decided to determuine whether other di
e1ses mvohan,, either spleen entirgement or spleen pathology would show a

. l(I)m: to two weehs after\ ray induced remission the infected spleens agun began to grow
sapu Iy
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simular picture to that observed wath the Friend virus  The diseases stud e
are shown in TABLF | which shows that under our conditions the only add
tional diseases that showed increased uptake of P into the spleen were the
<pontaneous ARR leukemia and the lymphocytic leukerma praduced by Grosss
virus  In other words an increase in spleen size, or pathological alterations,
or even transplanted leuherma was not a sufficient condition to cause the in
creased P uptake that we saw with the Friend virus

FIGURF 6 1epresents 2 photomicrograph taken of infected spleens stamed by
fluorescent antibody to the viral agent, by the durect procedure 1 lyorescen
labeled globulin from immunized rabbits was used to stun impression smears
of spleens from infected mice  All sera were absorbed twice with nogmal hner
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Ficure S T'flect of early treatment with cortisone on nereased P uptake ty pleens of
ammals infected with the T nend agent

powder and twice with normal spleen powder, und were treated with Dosex
2% 4 TIGURE 6allustrates the cyloplasmic stamng seen in nfected spleens
Tnsomeof the cells a nuclear and a cell membrane can be seen fluorescing 1
the actual shides the nucieus was blue and the cytoplasm was yellow Infected
spleens stained with labeled globulin from rabbits immumized with 7o
mouse spleen and normal spleens stamed with labeled antinormal spleen. glob
ulin or antiviral globulin showed no sigmficant cytoplasmic stamung and onfy
occasional nuclear stamning

During the remamder of this paper we shall describe briefly some of thebo
chemucal stud es we have done so far with these spleens  We first studdied the
distribution of the injected P* 1nto several bochemical fractions  The proce”
dure was essentially as follows 10 to 20 mice were infected as usual by 8t
venous moculation of 1 cell free filtrate from nfected spleens A sumilar U™
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Aticast 6 experimenta) and 6 control mice were used an 1 1 most cases 2 or 3 such groups
were ysed  Diflerences of tess than 20 per cent are not conadered s gmificant
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Fictze 6 Photam crograph of mnfected pleen smear stained Ly Puorescent antibody
tethmque
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ber of other anmals recens ed a normal spleen filtrate  After the desired period
of mfection the ammabs were guen %, 3 hours Jater they were sacrificed and
their «pleens fractionated by estabhished methods  The fractions studied and
the determinations performed are indicated in FiGURr 7 1 rom these data ne
get the concentration of each ty pe of phosphorus in the tissue, the specific
radioactivity of each fraction, and the concentration and <pectfic radioactimty
of the RNA and DNA - This type of obsenvalion was carrted out a number
of times and at different stages of infection

For umpliaty, we hive summanzed, from the rather large amount of dats,
what we feel are the most important features  TABLr 2 shows the percentages

Whole tissuc homogenate —Total I, P

— \cul soluble —TInorg P & worg I,
total I & P

— - lipd —Total P & I

Residee — Hot TCA = combined NA—D, P¥, RN\ DN\

— Phosphoprotein —r,
- RN —r,p*
vy —p, e

Tioure 7 Diagram of fractionation procerdure and analy ses performed on each fraction

Tasr 2
PERCFATAGF JACRFASE® 1\ VALLES FOR INFECTED SPLEENS OVER
TuosF oF CONTROL SPLFENS

P concentration Spectt ¢ radioactisity

4days 10 days. Ldays 10 days
RNA 4 1711 93 60
DNA 0 104 12 28

% Not absolute valucs
of change mduced by mfection 1n the nbomucleie acid phosphorus (RNAP)
and desotyrbonucleic acid phosphorus (DNAP) and n thes

spectfic radioactivities for one case 1 which there had been relatively Iutle
woa leoa s 1 v VAL o aeeng €

was

a 61 per cent increase in RNAP concentration and a 93 per cent increase 1 s
specific actiity as compared with the values from nomnfected <pleens S
farly at 10 days, when there had been considerable spleen enlargement, the
infected RNAP and its spectfic activity were also higher than the control values
However, alterations m DNA do not appear until the spleens really had begu?
to enfarge  Tlus 15 conwstent with other hterature reports in which DM
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out protein synthesis, while a pH-5 2 precipitate from the subparticulates can
add end groups to suttably prepared subparticulate RNA 19 It would appear
from our data that, at least with respect to phosphorus, the eatliest effect of
the virus 1s to stimulate these protein- and mucleic-acid-synthestzing compo-
nents Other data not presented show that, almost simultaneously, there s
an increase in activity in the acid soluble parts of the mitochondrna, the energy
supplying system

A little <peculation, based on these data, may prove useful One may con
sider the situation 1n a normal cell to be such that a sort of mass action law type
of equilibrium exists between nucleic acid and nucleic acid precursors, as wel
as between the protem for which this nucleic acid 1s a template and the pro
temn precursors  When the virus infects the cell, there 1s good reason to think
that one of the first things 1t does 15 to divest 1tself of its protein, if 1t had not
already done so before entering the cell  The viral nucleic acid then may or
may not break down into <maller components W e shall consider the smaller
component concept first  If we were to hypothesize that these smaller cont
ponents attach themselves to the subparticulate RNA of the cell, possibly
through the mediation of the pH-S enzyme just mentioned, then the equilib-
num situation 1s destroyed  There are new templates for RNA and thence
for protein, and new demands are set up hut these are now demands for virus
RNA and virus protein  The cell knows only that 1t needs to make more RN‘\'

into the picture It unuou wly and cven tatly wrong,
but 1t does have the charm and may sugg penmenta
uu;\n concluston, we repeat 1 vitus ap Tent
odel for study trtn 1180 ;”I well as for ro-
1 of th uman | - e
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CYTOPATHOGENIC LITTCT OF TWOQ NEWLY RECOGAIZED
MYROVIRUS STRAINS MFPCHANISY OF
SYNCYTIAL FORMATION

P Lepine * C Chany,t B Drozt I' Robbe-Fossat
Serrace des 8 rux Institut Pasteur and Mopitol 51 Y incent de Paul Fariy Framee

The recent solation of numerous newly recogmzed myvoviruses' * demon
strates the heterogeneous composition of this group, since they were found
patients tl with diseases such as mumps, mfluenza, or croup  Myvosinuse
may produce 1n different trssue culture sy stems {monkey hidney cells, Rbeells)
different manifestations that may be descnibed schematically as follows (1)
little or no cytopathogenic effect hut the proliferation of the virus may be
detected by the hemad orption techmque, as described by Vogel and Shelobor*
and (2} definte cytopathogenc effect (CPE) At present (wo dulerent type
of CPE may be recognized the development of vrus induced gant cefls and
the deielopment of miracytoplastc inchision bodtes These two types of
lestons may be found erther assactated or alone, this property depends on the
wirus stram evammed and alo on the ussue culture system cho-en for the
propagation of the virus

Recent studies m this laboratory were focused on the mechanism of ¢ylo-
logical alteration produced by mysoviruses Two recently rolated myso-
viruses were cha en for their capactty to iduce typcal or rapudly exvtending
cy tologtcal lestons the Greer stramn of LA vrrus solated and described by
Chanock, and the Mulls «train of the HA 1 vsruses 1colated by Rowe and Hueb-
ner and recently identified by Chanock 2 These were used as models for the
study For comparron a sumilar virus, apparently belonging to the HAL
vicus group and wolated m Varch 1938 in this laboratory, was al-o U«
The study was carnied out with microcinematographical and ¢y lochemical
methods

MATERIAL AND METHODS

‘Monkey (cynocephalus) kidney cells were grown on covershp preparations
in Leighton tubes with 2 medwm containtng 45 per cent Hanks” <olution
per cent modified 199 medium, and 3 per cent mactnated horse serum The
same medmm was used for maintenance, but without serum

Kb cells were grown m casemn hydroly zate medum® with 10 per cent hore
serum 1n the maintenance mediem borse serum was replaced by 2 per cent
chichen serum

Mills stramn of the HA 1 virus was propagated 1 hb cells ( 2{p ml coot2
sng 100 CPDeo} and checked under the mucroscope every 6 hours to detect
early cy topathogemc effect  When early Jeuons appeared, the conershp ¥
mounted m a plastic chamber and sealed with paraffin  Progression of she
lestops was observed at 37° € with a Zess microscope and pictureswere taher

*3jrus Research Dwision Institut Pasteur

4 Tnshitut National d Hygione Pans France
| Faculté de Médeune de Fans Pans France
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Incorporation of 358 Methionine

Tor the study of incorporation of 35S methion ne 025 pe of df 3>S metho
mne/2 ml of tis ue culture medium was added  After 2 hours of incubat on
the cells were fived with 10 per cent formalin  Autoradiography was performed
using an Iiford G5 emulsion  After 24 hours exposure in the dark at 4°C
the plate was developed with the Kodah D 19b stock solution and fired
Stuning of the nucler was performed with Mayer s hematosylin

Resurts

The proiuction of multinuclealed cells  Altogether <ix senies of exper ments
were performed  In all of the six tissue culture pas ages i ths laboratory
the \lills strain of the FIA 1 virus group induced the formation of g ant cel
No intracytoplasmic or intranuclear mclustons were found in H and E sta ned
preparations  The Feulgen reaction did not demonstrate any abnormal con
centration of desoxy nibonucleic actd (DNA) in the nucleus at the early stages
of the syncytial formatton  In the late stages some of the nucler 1n the clumped
syncytial arcas showed the presence of some pyknotic nucler  Neitherd d the
methy ) green pyrontne stamn shos after the nbonuclease test any abnormal
concentration of ribonucleic actd (RNA) when compared with control prepan
tions

In 1 pre the develop of gant cells was obsenved by
microscopic and cinematographic techniques  One hundred DCPyq of virus®as
used 1n these experiments The giant cells appeared 1n any area of the el
sheet (F1GURTS 1 and 1a) During the early stages the number of the nucle
contained 1n each of the syncytial areas was imited to a few At the time of
extenson of the giant cells more and more nucler were gradually enclosed 11
the syncytium (e URES 2 and 2a) and in more advanced stages several hun
dred could be numbered  Thus 1n 48 hours about 50 per cent of the cell ar2
showed typ cal alterations  After 48 hours some of the syncytia st“arled':i

3
th
It

1s to be noted that no mutotic figuses were observed on the syncytial areas al
though they were frequently seen 1 the control tubes and in the nomnva
region of the test tubes S m lar lesions v ere observed with the FA 102stra
1solated mn ths labortory a strain of virus that probably also belongs to the
HA 1 group

The number of the syncytial areas was proportional to the titer of the vird
present 1n the culture under expertment and was remarkably constant froﬂ;
one experiment to the other It has been postulated therefore that each al
the syncytial areas 1s produced by one infectious umt 1

As shown by the time lapse motion pictures the mechamsm of giant c¢
formation 1s not atyp cal mitosis as sometmes suggested but a cell agglutie
tion or conglomeration that may be described as cytophagia A stmular phe-
nomenon has lready been observed and described with some adenovirusstra i
especially those with slow growth 1
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the small eosinophilic 1nclusions sometimes present 1n the control tubes were
not clearly demonstrated 1n thi~ series

The ninhydrin reaction was n eahlv positn e, but a stribing fact was the strong
posttivaty of the SH groups as demonstrated by the Chevremont-Frederic reac
tion The sigmficance of ths finding will be discussed later

The PAS test showed the presence of polysaccharides or lipids mn the incly
sions 1n a very wregular manner  Lhe PAS reaction was unaffected by amylase
digestion and by toluene extraction  Sudan black B stainng showed only a
very small amount of lipnds 1n the inc lusions

Discssion

Insofar as we know, the first obsers ation of viral ¢y tophagia i tissue culture
was described in the P 1314 stramn of adenoviruses in HeLa cells by the simple
study of stained preparations't In the case of adenoviruses (chefly slowly
growang strains), agglutination by a virus parasttized cell of another healthy or

2 3 all Aftan nend rod o T ctart an af tha n rla o of the inuader,

n

1

. e

viruses, and how a virus can induce in a cell such a powerful ¢y tophagic acv
1y, since many of the syncytia finally contan several hundreds of nucler An
other strhang fact 18 the absence of mitosis m the syncytnl areas associated
with an apparently high metabohic actvity of the nvaded cells, at least 1n
early stages of the cellular mjury

PO . 2
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At present the com entiona] biochemical methods, 1 spite of their great con
tributtons to the nucleic acid field do not permt the study of quantitatie
DN\A changes at the single cell level because their analyses must be done on
relatis ely farge cefl populations where indusdual cell morphology 1> destroved
and therefore of necessity the biochemical techmique can yield only average
values * 10

F1ourRe 1 \f crospectrophotometer

Turning now to the quantitatn e cy tochemical i estigabons on the :ﬁtﬂ\‘i
viruses on celfs 1t should be pomnted out that this paper will deal only wifn?
behavtor of the intranuclear DNA in human cell nfected with yiruses hno
to contam DNA f

In view of the importance of DNA & an essential chem cal constatuent O
cells its great ygn ficance for cell hfe 1ts ¢l) e relationship to the genes an
its quantitative stability m n rmal cell» the staly of DNA in cells after te
have become mfected with a virus which 1tself contatns DNA. 15 obviously Ue
great mntercst when attempting to efucidate virus host cell reation Tip S
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the question arose whether the response of the mtracellular DNA to the rus
DA 11 a more or less characterisiic one, different types of cells tfected with
Aufferent D\ A-containng viruses were studied and two main les of approach
wnere folloned  The first ! ne concerns the D\ \ behavior of cells i stfie of
tissues Trom human host4 with virus di eases, the sccond hine concerns the DN A
bebavior of cells 1n tr sue cultures infected with virus

NPT L WWTLCRRY < oo r g

Ft a2 Cells of o rmal buman skan (mafimgh an laser  Fea gen ot
s xin el buman & oo b errora yulgar T eutgen st o
3eounateh X0 (¢ Cel v of human hin infect b e «
AR S ected with verruca vulgaes tew g aty n
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One of the well known virus diseases of the human skin 1s the common wart
verruca vulgans  The characterstic appearance of such mnfected skin cel
under the microscope 1s seen in FIGURE 26 and ¢ Incontrast to the uminvohed
epithelal cells (FICURE 2a), the infected shin cells (FICURE 25 and ¢) shon
large nucles, filled with izarrely shaped, often grapelihe masses of D\A-con
taimng matenal or crystal ike structures  When nuclear size and DNA con
tent are determined in individual cells of normal shin and compared with thoe
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Ficure 3 Companson between amounts of DN (microspectrophotometry) and pucka!
sizes of individual cells from normal skin and sk n infected with verruca vulgans

infected with verruca vulgans data are obtaned of which a charactenstic &

ample 1s shown n FIGURE 3 It 1> evident that the nuclear stzes and the
values (as obtained by Feulgen microspectrophotometry} of the normal 4
cells show a relatively narrow range that 1s relatively httle vamation from
cell to cell The mean DNA value corresponds to the charactert nc.&i\:n

]
ec and
%]mbl:
fection

the cells of the skin infected with verruca vulgans exhibit not only lar;
vanable nuclear sizes but also strikingly higher DNA values with consi
varability of the DNA content from cell tocell It thus appears that 10
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with verruca vulgans interferes with the stability of the DNA content of the
normal shin cells and elicits production of abnormally high amounts of DNA
within the pucler Since thewe increased quantities of DN A were found in areas
of skin without mitosis, the high DNA amounts cannot be explained on the
basis of an abnormally rapid celt division, as Leuchtenberger ef al #* have re-
ported to be the case in human tumors It 15 also highly improbable that
polyploidy or poly teny may be responsible for these high D\ A values because,
mstead of well-defined multiple groupsof 2DNA 4DNA and 8DNA such, as,
PRSI £ Tt L e e -

and ¢}

In order to determine whether this abnormal cy tological and ¢y tochemucal
D A pattemn s specafic anly for skin cells infected with verruca vulgans i the
human host human cell- of different tissues infected with different DN\ A<on
(amng viruses namely adenoviruses were studied m tissue cultures  Tissue
wultures are very favorable systems for such imvestigations since the <equence
of events 1n cells can be assessed from 3 cy tological and cytochemical point of
view at vanous known time intervals after the varal infection

In exrher studies by Boyer e al 1 HeLa cell tssue cultures w ere infected with
wenoviruses (Types 1 3 and4)  The charactenstic stages of nuclear changes
n HeLa cells infected with Ty pe 3 or 4 are presented schematically 1n FicLre
4 The increase 1n nuclear size the formation of bizarrely shaped masces of
DNA and the occurrence of DNA contaimng crystal hike structures are all
features amular to tho e 1n verruca vulgans  Quantitative DN A determina
tions by Ieulgen microspecirophotometry alo gave higher DNA values for
the Hela cells mfected with adenwirus than for the umnfected Heliy cells
However HeLa cells are not a very suitable cell type for comparative quant
fatne DN\ A studies  This 1 due to the fact that the D\ A values in the inter
1 hase nuclet of the noninfected HeLa cell control culture show relatively high
an ) variable amounts (their basic value being 4D\ 4) from cell to cefl which
of course 13 not surpri ing_«ince we deal with cancer cefls undergoing rapd
«ftenabmormaldivi 1ons  Therefore, 1t seemed deurable to use another human
celi type preferatly a normal cell wath a basic diploid D\ A content and with

relatively <low mitotic process  Amniotic tiwue cultures which we prepared

aceording to the technique of Dunnebacke and Zitcer @ were very favorable

matenil for such studies  The cytological features of unmfected amniotic
v PR el M -
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was infected with the adenovirus  The charactenstic DNA valves of the
interphase nucles of different periods after infection are presented m FICURE 6
In order 10 s~tablsh a base Iine, the DNA values were determined fint 10
<ections of the amnion fived immediately after 1t had been obtamed fram the

A B—s
® ! o
£

STAGE |

%

STAGE 2

STAGE 3

At s

dehvery and defore 1t was trypsimized and u~ed for tissue cultare Tt e ident

that the amnion contains cells with a basic 2DNA coutent, but that there art
alvo a few cells with higher DNA values, which are between two and fout fimes
the basic values A picture simzlar to that of the amnion sections 1 obta

when the DNA content was determined 1n the fiest greneration tissué cultuess
of the same Amnion, here agam cells were found with DNA contents between
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was infected with the adenovirus  Ihe characteristic DNA values of the
mterphase nuclet of different penods after infection are presented in FIGLRE§
In order to establish a base line, the DNA values were determined fisst in
sectiony of the ammon fixed immediatel; after 1t had been obtamed from the

STAGE |

STAGE 2

STAGE 3

- - certar 1 aferted with adenount
C) eount
¢ granu 2t
sneycomd
basophill

delwery and efore 1t was trypsimized and used for tissue culture It 15 evident
that the ammon contains cells with a basic ZDNA content, but that there are
also a few cells with higher DNA values, which are betneen two and four tme
the basic values A picture similar to that of the amnion sections 1 obta
when the DNA content was determined m the first generation tissue cuuumn
of the same ammion, here again cells were found with DNA contents betnee
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2DNA 4DN\A, and 8DNA Whether the DNA values that are higher than
4D\A are due to synthesss of the diploid DNA cells or whether they are due
to the fact that the amnion contains a few tetraplod cells that synthesue
DA\A cannot be decided at present, since mutotic figures were <o scant that
chromosomal counts could not be made  The possibility that the ammon doss
contatn polyploid or polytene cells, that i, nucler with 2DVA and 4D\A
content must be considered <eriously, since we hnow that normal tisue
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T'16URE 6 Companison betw een amounts of DN A (microspectrophotometry ) in fnd s hust
nucler of human amiotc cells before and after infection with a lenovirus Ty pe

made up of only diplod that 15 2DNA cells, even when undergoing npd
mitosts, will show cells with 2 DNA content between 2DNA and 4DNA only
and not higher

Perhaps the presence of 4D\A, that s tetraploid cells in the normaf ammia®
e situ explains the frequently reported heteroploid tran formation in amoot ¢
tissue cultures *  Since tetraplotd cells seem to have a selective adyantag® n
tissue cultures,'® the heteroploid cells may actually derve from the tetraplot
ones

Companng the DNA data from the noninfected control ammiotic cell> nith
those found at varying tme mtervals after the viral infection it can be <
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Summarizing briefly, human cells nfected with certain DNA-contaminy
viruses, such as verruca vulins or adenovirus, reveal characteristic ¢y tologual
and cy tochemical abnotmahities of the DNA pattern This deviating behavior
of the DNA was observed regardless of the ty pe of cells infected (Shin, cancer
ammnion) and irrespective of whether the cells were 1 stz in tissues of the human
Lody or whether they were evplinted to grow in tissue culture  The sumihar
response of the cells v especially encouraging, because tissue cultures are
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excellent biological systems for the correlated cytological and ¢y tochemucal
exploranon of the sequentia) changes occurrimy in cells after viral infestation
1t 15 hoped that this brief pre~entation on the quantiative cytochemucal 18
vestigation of the DNA in virus-infected cells demonstrates the new palh“a)?
opened by these cytochemical procedures and stimulates the apphicatio? o
these processes to the elucidation of the many unexplored problems concermng
the vitus-host cell relationship
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FLUORLSCENCE MICROSCOPY OF NUCLEIC ACID
CHANGES IN VIRUS INTECTI D CELIS

Janet S T Nien
Danonal Institute for Medscal Research, Ml 14, London, Fuglond

In the past few years, chemical analy<is of punfied virus preparations has
reverled with increasing certainty that the essential polynucleot:de component
may be erither desoxynibonucleic (DNA) or nbonucleic acid (RNA)  Ittsnow
established that influenza poliomy clitis, eastern equine encephalomyelitt and
West Nile encephalomyehtis viruses contain RNA, vaccinia, Shope papifloma
and bacteriophage contain DNA  An 1mv estigation of the changes i nuclex
aaid distribution 1n virus infected cells thus might be expected to yield mforma
tion concerming the wntracellular site of virus formation and help to elucidate
the cytological appearances that are of constant occurrence m some vini»
ifections  During a study of the cytochemical sigmficance of the tesue
fluorescence induced by the fluarochrome, acridine orange, Armstrong (196}
found that 1n thin <ections of fived tissues treated wath a dilute solution of the
dye, 1t was possible, with the fluorescence microscope, easily to locate the
distnibution of nucleic acid-contamming material within tissue cells and to
distingwish between RNA and DNA A stmilar conclusion was reached by
Bertalanffy and Bickis, 1936 The advantages of the technique are s sm
pheity and sensitivity as compared with established methods of staining nuclec
acid matenal and the simultaneous demonstration of both RNA and DM b
a single solution  The sensttiaty 1s particularly well brought out i mont
layer tissue colture preparations

Although all the acridine compounds possess the property of fluorexcence
the amoacridines exhibit this phenomenon to a remarhable degree The
brifhant polychromatic fluarescence shown by acridine orange was dexcri
by Strugger {1940) who was the first to apply a method of mduced fluorescere
to the nvestigation of microbiwological problems Using acndme orange ¢
unfixed matenal, he claimed to be able to distinguish between I ing and dead
bacterial and plant cells  The dufferential fluorescence that can be obtamedon
unfixed materinl has been interpreted vanously by subsequent worhers a2
there 13 still no unamimty of optmon concerming the results, at the present time
the value of the technique for determiming the viabality of cells has not been

blished  Inve of the chemoth properttes of the amin®
acridines has indicated that acridine orange and some related compounds have
a marked affimty for nucleic acid-contaning structures both e t11¢ and o
utro, and this specific interaction forms the basis of the techmque that has been
used for observations on sirus infected cells (Armstrong and haven 1927}
Ander<on (1957) using a similar techmique, has studied the multiphcation ©
bacteniophage in lysogemic bacterial cells induced with ultraviolet radiatiof

Since maximal activation of the fluorescence occurs m the blue yiolet €898
of the spectrum, quartz optical components are not required, a 250 watt bigh
pressure mercury vapor lamp provides an adequate light source and witi
dark ground condenser and swtable fil the \mages stand 0
clearly agamst a black bachground Tn 3 g sections of fived ammal 1S
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when examined with the electron microscope, are seen to resemble vaconam
shape and size and 1n the po ~e~sion of a pepstn resistant central dense bods
The charactenstic celis apparently densyed from fibroblasts are polygonalm
shape with large veswular nucler and greatly hypertrophied nucleol The
cytoplasm contains dense prranuclear bodies of varying shape and aze, cften
coexsting with arcas of fine granulanty Al these abnormal cytoplasme
structures exhbit a bright DNA fluorescence, and the appetrances suggesta
<er1es of developmental stages, the earliest being the dense body that becomes
transformed into granulir matenal ~ As tn the case of hver cells mfected with
ettromelia pretreatment with pepuin was necessary before the cytopla me
DN\ could be removed with D\ase

Observations by conventional light mucroscopy have disclosed profound
alterations of nudear structure in Hela cells ifected with adenovirz e
(Barshl 1996 Boyer ¢ al 1957) By combiming electron microscopy of
ultrathin section~ with the I enlgen reaction in alternate thin and thick sectiony
Bloch et al (1957) have localized and determined that the aggregations of
virus particles correspond to the 1eulgen positive mtranuclear matenal and
they consider the virus to be of DNA tvpe  Armstrong and Hopper (in prev)
studied the ¢ tochemical changes 1n the HLp 2 Line of human cells after imfec
tion with adenovirus Type 6 with the acndine orange fluorescence techn que
and found that enlargement of the nucleolus accompamied by enhanced fluore-
cence was the earhest detetable change, this was soon foliowed, however b
changes in the pattern of nuclear chromatin  Irregular masses of sntranucleat
material <bowtng an ntense fluorescence of the DNA type associated with2
system of vescles within the nuclear membrane dexeloped, the mases fre-
quently fusing to form a centrally placed body withtn which the red fluore ang
nucleotus could stll be made out This mtranuclear DNA s not drecth
<usceptible to the action of D\ase but can be removed by the specific enzyme
after treatment with pepsin It thus possesses, hhe the cytoplasmic DM
already described in other virus infected cells, 1 protective component that can
be removed by proteoly tic digestion

The cy topathogenic changes that occur m tissue culture cells infected sill
the virus of ¢y tomegalic inclusion diease have been described by Weller el
(19>7)  Through the hindness of Weller 1t has Leen possible to mahe so7¢
observations on the dexelopment of the intranuclear inclusion bodies that 21
so characterstic of this condition  Enlargement of the nucleus hypertrophy
and increased intensity of {luorescence of the nucleol, and the appearance
numerous bright greemh yellow fluorescing granules were the earhest chang®
detected  In all cases the RNA fluorescence of the cytoplasm also mered
1n intensity particularly around the nucleus The typical mtranucleat
clusion body 1s formed apparently by the enlargement and fuson of the 7
merous granules of DNA matenial seen at an earhier stage  Nuclear acuofs
tion <o charactenstic of adenovirus infection does not take place

The cytopathological effects of West Nile encephalitis haye been stud edim
monolayer cultures of chick fibroblasts  This virus 1s hnown to contain RN :
asits essential polynucleotide component (Colter ez al 1957) 1t was of mter
to seef the usual pattern of RNA was changed during virus growth Enlarg®
ment of the nucleus and mcreased promnence of the nucleolus followed infee



Niven Cellylqy Nuclere Acd Chnngc@ 87

tion by these Teaction, Were nop ACCOmPpaneg by Sigmficang ahemtmns of
Nuclear morpholagy The Maor e of <ytolugica) change aSan the cyto
Dlasm whero the fine RNA 8fanulangy 4o Teplaceq by brighter and cogpser
RN resc

fuo, e Uy, Massey of brighe APpeared

Usequentyy, these N close 1o the ce] faces aty, to lon,
tenuoyg sey or Bing freq these <3 topf; IC aggrepates ACcUmulyteq
Rucleotar and nucle,r fuorecce, ce Lrardualyy dim; dy of |,
Huenzy nfe Iue cultyr, has pro,, {0 be one t mcre\nng
application, f the arfing orang technique Agemeng of th tucleyg
and of n lus wag Ccompny e by the ent of 5 diflye red
color thyy filled the nuge| b:cunng all thy Auclear g ures €sepr

¢ avsociate,y chrom, 1 leoly Th D ontlyp, of th, U lear
Membran, became ndisting g ang 20quired o fine beadeq 2PPearan e Suggestn e
of X onty, the cyq lasm, a5 Increaseq By of Ra, A
11uqre=stnce irequenll) “as foﬂm\edb the d, 'PTent of i, Pettnyctpy,
fuoresce, by the apy e of tuffy op & f color €xten, m on,
oF bath nyg l mal imteq., Y of nucleqy Iluqreswnre how
ever 0t ne, e, hy Mpanied by th, St stry ng 3 toplaum,e
change, ranuclear R 5 Hotesence y 4 Temoved b, g ‘ase,
treatmen With eolytic en,, '€ Has noy Teuired

&mrmary

In these Studie, of VIFUS infe o elly CEtan feapyye, have pegn found
that ¢ cul

Ome of wh,cp recalf alterat) ny n o R phy g, lagical “Onditingg and
vthers gy, 0 far ag 45 Know B200ated al ¢y tology a1
actnpy The Ormer 4y, Mustrgg by hucjeay and ny X AUgemen;
and an . ease 1y ¢y Plasmuc Ry Qualitaty o d Guantiagyy o
thange, the distryp, N of nucjey Ay gy thy US OF (ypy, sm or
ol Ppear th, Digue of ges 1 I gcid Pattern o be
Hutiateq ivnoumg VINUS snfocy, a © are of PPearan e of
the Woplasy ARTIN fection, and the | 1, S diseqge,
of theays m LTSN Ing iy Ugated N alterey A Dattern
i the Ytoplasm ¢ my ile emephalms, (3) th evelop f m
fhe qy Quite disting ¢ from the Mcleoly 5, M inflyey and (3) ¢p, o
CUrrence of aggregate., th ucleus 5, 0 adenoy,py 0fect op, and
fomegap,e 41 ea of infane., 1y g Rifican, thag i 35¢5 0 here the
nucfey atd LONstitueny of TUS agent ., knoy Fr thinge pa,

20 De argued o course 1hae the <hange, Tecorded M3y be the result of
Anordereq celi Metabolycr, [olloumg Infectign and there Certamly ny Justy
heaton for ASumng o the bagg of such nlwenauons alone that gp,

'\ e
e iden o frum ¢, PN My LUpy ang :mmunningu.xldu.x ek agy, biven f,
Claseof i
SV e hyye foun 5 Telaing Mg Plibility o the abrozmy A to the

attion of DNase 1n all the matenal o g, S¥amined a0 Subsequeny Nork gy
eveal sme dxsungu:shmg Quahty of the apngy, {RW 4 ncelf, miecteq With



88 Annals New York Academy of Sciences

RNA viruses It 15 necessary to study more viruses, and more mformaton

may become available by studying the effect of individual viruses in difere t
types of host cells  The method thus may be capable of gwing a hint of tre
nucleic acid structure of 1 particular virus
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Phase Micrascopy and I'ght Vcroscopy

A typual infection experiment s observed with the phase microscope o
cupied a total of less than 15 hours  Washed Fhrhch ascites cells, hanvested
6 d1y~ after moculition were <edimented by Jow speed centrifugatien and
resuspended tn 4 partially punfied prepartion of NDV The concentration
of virus and cells was adjusted to give a ratio of from 50 to 1000 infecine
particles per cell  [he mixture of virus and cells was then placed in an xe
bath for 1bout 30 mun 1n order to allow adsorption to take pltace Tollowing
ad-orption aliquots of the mixture were injected into the pentoneal cavity of

permental Medictne ®
being removed at
microscape
typical uninfected
fine halihe psed
dopodia averaging about 1  1n length a well-defined nucleus with mcgu[ar.(}’
clumped chromatin and two readily dist hable cytopl:
mitochondria that appear as short dark rodlets and brilliant

fresh mice and the infection allowed to proceed, smples
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Fovre 3 Electron lm:rugr-lph\u( 4 postion of the cytoplasm of an Ebrlich asuifes tumor
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thevtrus particle  Cell  tud ed at intervals of 30 m n and 2 hours following
mifection no longer have the ad orbed surface particles Just ment oned and
are ind tingw: hable from control cell  The cytopla mic inclus ons that ap
pear follo\ ng ifect on with \ewcastle d ease virus are first clearly <een after
4 hours tncubat on in the per tonesl cavity of t e mou e (rcURE 3)  There

i
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after they ncrease rapidly 1n suze and number, as FIGURE 4, 1014 hours after
mfection, allustrates  No nuclear myolvement has been seen 1n any of the
preparations studied  Although the mclusions extubit mdividaal vanationy
m appearance, thetr over alt morphology has several charactenstic features

TiRe §  Electran micrograph of an Enrlich ascrtes tumor cell 10  hoors after mfection
nith NDV llustrating the close association between Golgy matenal and the shell of the mncla
sons X39O0 Reproduced |y permissin from The Jaurnal of Fxperimental ¥edicine®

Mustrated 1 PioLres S and 6 Usually they are elhptical or carvular in protie
and may measure up to several microns i dizmeter  They have 2 hmiung
shell composed of 2 vatiable rumber of [aminze measunng 4 to 8 mu . width
a‘nd usually associated with small vesicles  The hmuting shell enclases 2 core
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Fieure 6 Flectron micrograph of an nclus on adjacent to the nucleus of an Fhel chas:

later for example at 8 or 10 hours after infection usually had at leastla dl:!l‘::
layers and occasionally many more  The vesicles associated with the zm(; o
have the e of t ) 1 tubules that resemble an! o
frequently continuous with ad)acent clusters of vesicles that can be 1deneln o
as elements of the smooth surfaced reticulum or Golg: materal ~ Frequ i
1 of the laminae can be seen to sphit into 2 thinner lamellae that are conti
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«ize of the granules and the size of the inclusion, or the number of lammae
comprisng its shell - Lew if any sigmficant chinges were seen i the eyto
plismic organelles during the early stages of infection  However, in the end
stages of infection, marhed yacueltzation of the vesicular components of the

numbers of them were seen extracellilarly at 2 time when ¢y tolysts was pro
gresang rapdly

Commenis

Inanwer to the intial question concertung the morphology of the incomplele
viral antigen previously demonstrated by fluorescent antibody studies, these
results would <cem to suggest strongly that the newly syntheuzed antigenic
units are much smaller than the nitive sirus particles perhaps no larger than
10 to 14 mp i dimeter, and that they may, mn frct, be dentical with the
grnular materal present in the core of the cytoplsmic nclusions Ths
antigenic materral has been thought of as a subunit of the intact virus  How
ever the possibility that the antigen represents o nons iral, noncellular proten
asociated with the mfection process must abo be conwdered  Any hypathe
linking the granules that comprise the core of the 1aclusons with the fluorecent
antibody binding antigen 1, of course, higltly comjectural, partrcularly «nce
v A 1 : PR (I
2
< -
to be tested further  Tirst, no large particles bearing resemblance to the natise
irus particles were ever «een n Any of the sections exammed  Second the
patticles withen the inclusions exiibit much greater vanation i size than do
the cy toplsmic granules  Third, no forma demonstrating continuity betweer
the pranular matenial of the inclusion and the cytoplasm of the cell have been
~cen anong the many hundreds of inclusions studied in the electron microscope
Imally 1t s not unreasonable to assume that the nenly formed antigenc
unite f they are visible at all, most Iikely would be awocited with the nenly
formed morphologic entity, that 15 the ¢ytoplasmic ncluvon Anotl et
posstblity, of course 15 that the new synthesized antgemic materal 1> :hl
<octated with the shelf of the inclusion rather than with the granular matenal
inutscore  This scems improbable, however, 1n view of the demonstrated e
awoctation of the shell with the Golgt matersal of the Ihelich cell suggesting
that the shell 1s of cy toplasmic origin

The general sigmficance of the cytoplismic nclusions here demon
remamns speculatve Trven though these inclustons ccemed to be unques
tion1bly related tn this particular system to mfection of cell wath virus it r
unbikely that they are umque to this particular cell system for two rc:x:onu
11r+1, 2lthough none of the control preparations m the present set of experimen :
contuned structures hearing any resemblance to the melusions that developet
in mfected cells such structures have been seen on rare occrsions 1 our
l1boratory 11 other preparations of uminfected 1 hrhich cells  Second apufar

trated
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size of the granules and the size of the incluston, or the number of lamnze
comprising 1ts shell  Tew if any sigmificant changes were seen 1n the Gyto-
plasmuc organelles during the early stages of infection  However, 1n the exd
stages of infection, marhed vacuolization of the vesicular components of the
cytoplasm occurred and at the same time, the cytoplasmic inclusions appeared
to approach the plasma membrane (Ficurr 7) ~ The inclusions appeared tobe
at feast womewhat rewtant to the process of discolution since ancreasing
numbers of them were seen cxtracellularly at 1 time when cytolysts was pro-
gressing rapdly

Commerls

In answer to the initial question concerning the morphology of the incomplete
viral antigen previously demonstrated by fluorescent antibody studies, these
results would seem to suggest strongly that the newly syntheszed antigenc
units are much smaller than the native virus particles, perhaps no larger than
10 to 14 mg 1n drameter, and that they may, 1n fact, be wdentical with the
granular matenal present m the core of the cytoplasmic mnclusions Thes
antigenic matenal has been thought of as a subumit of the intact virus  Hon
ever, the possibality that the antigen represents a nonviral, noncellular protem
aswociated with the infection process must al o be considered  Any hypothess
fmhing the granules that comprise the core of the inclusions wsth the fluorescent
antibody binding antigen 15, of course, highly conjectural particulatly since
these particles are within the size range of the RNA-contaming cy toplastc
granules and may represent nothing more than 1solated 1slands of ¢y toplasmt
Several ¢ dy howenver, do 1 this as a working hypothess
to be tested further  Furst, no large particles bearing resemblance to the natrve
virus particles were ever seen in any of the sections exammed Second the
particles within the inclusions exhibit much greater vanation m size than do
the ¢y toplasmic granules  Third, no forms demonstrating contmuity betnee2
the granufar matenal of the inclusion and the cytoplasm of the cell have been
seen among the many hundreds of inclusions studied in the electron microscope
Finally, 1t 15 not unreasonable to assume that the newly formed antigeni
units if they are visible at all, most hikely would be associated with the newly
formed morphologic entity, that 15 the cytoplasmic inclusion Another
possibility, of course 15 that the new syntheszed antigemc matenal 15 25
<ocrated with the shelf of the inclusion rather than with the granular matefi
watscore  This seems unprobable, how ever, in view of the demonstrated cluss
association of the shell with the Golgi matenal of the Ehrlich cell suggesting
that the shell 1s of cytoplasmic opgin of

The general sigmificance of the cytoplasmic inclusions here demonstrat
remams speculative Even though these mclusions <eemed to be unqué>
tionably related m this particular system to infection of cell with virus, 1615

unlikely that they are umique to this particular cell system for two reasons
1 ' LN \ “s = sbnpee antcet of pynenmen!$
' It

o]
.
“ n our
Second similat

laboratory 1n other preparations of untnfected Ehrlich cells
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CYTOPATHOLOGY OF VIRUS INFECTED TUMOR CELLS

Robert Love
Labratory of Pathology, attonat Cancer Institute Publu fealth Service, Bethesds Md

Introduction

Thirty si¥ years ago Levaditt and Nicolau demonstrated the multiphication
of herpes simples and peurovacamia vieuses in transplantable carcmomata of
mice! 2 Growth of neurovaccmia wvirus was accompanted by oncolysis®
Since then the oncolytic effect of virus infection has been demonstrated re-
peatedly * ® The possible value of viruses in the treatment of cancer and,
particular, of viruses adapted to grow In tumors has not been assessed fully
The & results of ¢ berapy® and, paron, the remark-
able oncolytic action of many viruses® 3 71* would seem to justify further re
search i ths field

The implication of viruses in the 1kttiation, promotion, and causation of some
forms of neoplasia 1s well known  Latent virus mfection i tumots has been
suspected! and demanstrated ¥ Thus, apart from the need to acquire funda-
mental knowledge of the virus—cell relationstup, the study of virus-mfected tu
mor cells may facifitate an understanding of the relationshp bets een virus 1n
fection and neoplasta

Certain patterns of cytopathology become apparent in the study of different
types of tumor cells wfected with viruses Some of these patterns stmulate
closely drsorders of the cell resulting from other causes  In discussing the ¢y
topathelogy of various virus mfections an attempt will be made to compare and
conteast cellular degeneration that 1y not attnbutable to known virus wfection

Cytackemstry of Uninfected Ehrhck Ascies Tumar Cells
The morphology of an uninfected Ehrlich ascites tumor stained by a modiiied
bone marrow strain® 1> shown m FIGURE | The nucleus contains several prom-
ment nucleoly, inside many of which there are fine vacuoles  In addiion to the
chromatic ard nucleals, the nucleus also contams amorphous, finely granular
parachromatn’® (or nuclear “sap”), which 15 acidophific 1 ths preparation
In old tumors, such as the one show 1t 1n FIGURE 1, the chromatin and the para-
h of an occssional cell are 2nd one or more 2cidophilic
bodies or wclusions® are formed  The nature of these bodies can be eluc
dated m preparations stained by the toluidine blue molybdate (TBM) method?
FIGURLS 24, 4, ¢, and 3¢ It may be emphasized that all the staiung 1 1o+
URES 26, b, ¢, and 3z 1s due to nbonucleoprotern (RNA protem) In prepara-
tons stamned by the TBM method, the RNA protew of the parachromatin 1s
stained purple and that of the nuclealus, green  Many of the nucleol: contain
metachromatic RNA protein bodies or nucleolint,® as shown m FIGURE 20
The nucteolin: appear to cotrespond to the vacuoles seen 1n other preparations
(compate this aith FIGURE 1) A sell showing margnation of the parachro
matin with the formation of inclusions containing RNA 15 shown i FIGURE 2¢

* The termn inclusion or inclusion body 1 used throughout this paper 1o refer te something
other than the normal organelles, that 18 inclucled in the cell and that need not be 8 de noto
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156URE 1 Smear of Ehehch asaites tumor stamed by a mo | fication of Barrett stan
Note the minute vacuoles (1) in 2 nucleolus  Two aca fophilic bodes (B) are present 1 2
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Under the microscope 1t may be seen that the large inclusions consist of a ho
mogeneous green staining center, derry ed from the nucleolus, covered by purple
parachromatin granules  In other degenerating cells smaller inclustons appear
to be entirely formed by ¢ of the parach in (FIGURE 34)
study of old ascites tumors reveals that these cells eventually disintegrate by
1 ar orthexis and that the fragments are inrested by macrophages
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FIGURE 4  \n electron m crograph of an Ehrl ch ascites tumor cell show ng the aggresa
ton of Golg mem! anes and ves cles n the nuclear hof of the cytoplasm  This photogtaph
was prov ded through the countesy of Darlene C Br ndley X 26000
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FiGure S Smea of the Thrlch asc tes tumor sta ned by the tolu d ne blue m tochon
d astan® X1356
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vre 7 The R\A protemn iclumions are not evtruded into the cytoplasm until
the nucleus bas disintegrated  There 15 some increase in the neutral I pid drop
Iets 1n the cy toplasm of cells showing nuclear changes but the Goigi hpid and
the mitochondria are not altered until the cell

r-—-—— e T —

Ficcxe 7 Funal nuclear d s ntegratton of Ehrh:h ascetes tumor cells 1nfected w th Bun
yamuera virys mod fied Barret stun - X 1400

Infect on of the Elwlich 1scutes Tumor Cell sth \eucastle Disease Virus

\z\\casll: dn<case virus (NDV) has been adapted to infect and to destroy
was thawed ac

. After one egg
The first egg

passage matersal was aga n wpoculated into eggs and then into the Ehrl ch as
cites tumor 11 1110 by methods previously describe 12 In each instance ap-
provmately 10 mull on tumor cells w ere moculated intraperitoneally mto Swiss
mee followed + to § days later by moculation of virus by the same route
Smears of the pentaneal fluid were prepared daly stamed by Leshman's

P
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method, and examined for evidence of encolysis ® The fluid was usually bar
vested and litrated® n eggs 72 hours after ioculation of virus ~ After 2 pas-
sages in the tumor, the virus was again inoculated into eggs  This egg pas-
saged material was then passed through the tumor 1 10 for 6 passages, at the
end of which 2 per cent of tumor cells in karyorrhesis were found in the smears,
the LDso titer of this fluid 1n eggs was 107 After 2 further passages in the
tumor the LDg, uter of the fluid mn eggs was greater than 10~% and, i 3 differ
ent expenments, 16 17, and 22 per cent of cells in karyorrhews were noted
smears prepared 24 to 72 hours after infection (FIGURF 8)  In smears of unin
oculated control mice the imcidence of haryorrhews was never more than 1 per
cent  Thus, after a total of 2 egg passages and 10 passages through the Ehrl ch

“
= ) I,
. %'44 \
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B

T1oure 8 Smear of Fhrlich asctes tumor 72 hours after innculation of the readapted
NDV  Fne cells in haryorrhems and fve cells with intact nucler are present Letshman
stan X340
tumor 1 tito, nfection with NDV' produced a marked ¢y topathogemc effect
on the Ehrlich tumor

The cytological changes 1 Ehrlich cells tnfected 12 uro with the adapted
ND?V are similar to those descnbed by Adams and Prince who used the un
adapted virus®  The first change detectable under the phase microscope i}
Jours after moculation of virus 1s the devel of inclusions 1
the Golgt zone of the cytoplasm (FIGURE 92 and &) The inclusions are less
refractile than the bnght neutral hpid globules of the uminfected tumor 4
vk 10), they are often vacuolated and assume very urregular shapes (I;IG!;:;E
0g and 5) Cytochemical tests reveal that the mnclusions consist of doul g'
sefractile PAS positive acidic phospholipid (FIGURES 11 and 12) Theyhﬂfd
therefore, chemically similar to the Golgi hpid granules  On the u!he}x; atrx‘
they are larger often elongated and vacuolated and, i fived matenal they
hibat Maltese-cross birefringence
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proportion of the<e nuclear extrusions 1» as-ociated with any DNA that canbe
detected by the Feulgen method The dimitrofluorobenzene and mnhydnn
Schuff tests* indicate that protemn 15 associated with the RNA  Therelore

—
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Ficcre 11 Inclucionsin Chrich asates cells infected with NDV PiSstam X160

a
'
Note
Frovre 12 (a) Uninfected and (5) NDY nfected Elwlich ascites tumor cells
scanty large hipid droplets and finely granular Golg hipid in the uninfected cells- Iﬁms“.'.'é:x'.
round and ovoid bpnd inclusions are stamed in the Golgt zone of the mfected cells
black B X1600

tl:

RNA protem, which 1s hable from the parac tin 15 freq y
extruded from the nucleus into the Golgi zone of the cy toplasm Comp:\;lwr
of the tohudme blue molybdate preparations with lhefhatc microscope (1 i"



Ove \’lms-Infected Tumor Cells
(ncvm: %) € Presenc, V.
orIgn 1n the Inclusions 15 s
Ams ang Prince 20 The Possilyyp, 1y thay the 1 {usiong may €ontay, Viryg
Is Suggesteq also by the dernunsrrz!mn of Specific 1 an, 1 them

Viral ap, hem =
r T, J. e \,7
3
f
[ )
f e /
b 5
1 S s Yoo
¢ 52 f
Rk N
»
< NI
[ V3 ok
Frorgy | (@ Fhryey, 1S tumor copy fecteq ith ) © Nucleys | ccentr
aqm b ate op o elusiong ¢ funyyyor el Nare by Eregation ue Chron
acery B one 7 3 Stun oo
Tuo ppy o0 ol Ilecreg o 512 NDUTRN ot ho oy Stained y pp. Golg,
area gng Flib shops | Processes of RA Protein gy, B from the e o the Gojg, Cole
of one ce/f TBY gy X1307

Sy
Q\ 5* - o"ﬁ“;,,,:_i*{

Frovay 1 @) Dumerg,, o RA4 Protemn poge, 204 nuciogy peotrusion, \, o el mnfecreq
u;;{xINDV Compm this Preparagon %ith the Phase Microseqpe pbomgm, h R 9)
T Xty

ca?.’f..?l%f.",,‘;’&i‘f,ﬁ;" spclusions 4,4 Sl shaneg Proteusion g
ar]

n e Ricleyg |, the
! infecterf e Dy the STrcentragy o yetahromayye
(dark Stamyngy lla.rachmmatm adjacen, to the Goig, area Tpyy stamn X1130
. b(:r]n.!l' bn[tq;d i HeLa g Sl The roult ang
AUted thr gt ou

hd ovg ¢ rmrochondua. are €venly dis.
OPlasm g Mieroscopy M5 owo

dey elop, he cytoplawm( 1 i Panted by 4 Tease
o thenumber nd:lzeo[theneutral fat 15 0f the ¢y The Mitoch, drg
Dear to be gy aced by the g, Umulyy, of ncpy 0 the Golg, 4, e but
they ar0 R0t s1gn, antly a1y, ! the intepryy,, N of the cely
tuction of the o, s Comp), Y fucley, r1nh 5, ed by aryorrhens
a dlsrupuon f the Ytoplasm, Indus:om Nudlear gy, Ments ang Neutrap
far droplezs 7€ liberay B lrequenz, are seep nvde the marmphages thay
Teplage the gy 1l the ascatic fg,g



110 Annals New York Academy of Scicnces
Infection of Rar Hela Cells with Covsackie B3 ¥ 1rus

Inoculation of HeLa tissue cultures into the penitoneum of cortione-treated
uradiated rats produces Iarge tumors ! 1 The growth of these tumors 1 not
significantly affected by infection with Coxsachse B3 virus i After seven]

ety ~— % 21 ————

e » DN

b

FiGure 15 Smear of uminfected rat HeLa tumor
vesicles and minute granules Sudan thack B X1700

€ oA -~
Froxs 16 (o) Pr I’mmmenl acudopbie nclusion wn an uninfected rat Hel a cell mod bed
Barrett stain
5 Ememesen ed ecurlation of fine anular matersaln the Golg areaofaat HeLacl
infected with Coxsackie B3 virus  The nucleus (grrow) 15 shrunken phase microscoby
1070

Jeus }
(¢) Smear of a rat HeLa cell mfected with Covsachie B3 virus  The pyknot ¢ aucl

15 displacad by a crcumscribed mass of sudanophihc matenal Sudan black B and carmalim
stam X 2465

passages of this virus through the rat HeLa tumor, a striking oncolytic t{ﬂfLﬂ
1s observed 2 The cytological changes leading to destruction of the rat Hela
cell resemble those found 1 the Thrlich cell infected with Newcastle vird>
Before discussing the infected rat HeLa cell a few aspects oi the morphology
and cytochemistry of the d cell must be

They appcamncr: of the umnfected rat HeLa cell under the phase mxcraiC;PE
1s shown 1 FIGURE 14¢c  There are numerous round and ovoid mllochl::! ﬂ;
1n the cytoplasm  The Golgi Iipid gives a positive acid hematin reaction'” an

.
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FItRE 18 Conspicuous increase 1n osm oph | ¢ matenial in rat HeLa cells mfected with
Coachic B3\ rus” Nolatchen Gl Preparation X135

therefore contans phospholipid 1t stas with Sudan black (FiGure 15) and
by the PAS method FIGURE 164 shows an intranuclear RNA protem inclu
S1OR 10 2n umnfected rat Hela cell  These inclusions ate not uncommon 1o the
nucle of HeLa celly 50 the edge of areas of 1schemic necrosis

Twenty four hours after moculation of the adapted Cotsackie B3 virus, char
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actenistic changes appear in the rat HeLa cells (FIGuxe 165)  Under the phase
microscope a circumscnbed accumulation of granular material 1s <een 1n the
Golgi zone of cells with pyhnotic nucler  The mitochondria are included n this
matersal and the rest of the ¢y toplasm appears to be structureless (FIGURE 16)
In the more advanced stages of degeneration the mitochondnia can no longer
be recogmzed and the pyknotic nucleus 1s diplaced or even indented by a dense
vacuolated mass in the cytoplasm  The cytochemical and tinctonial properties
of the cytoplasmuc granular matenal are similar to those of the Golgt hpid”
(FIGURES 16¢, 17, 18)  In addition to the imd matenal, numerous very minute
granules of nbonucleoprotein are often found 1n the Golgt zone® (FIGTRE 105
andb)  The nucler of cells containing accumulations of Golgt ipid ate shrunken
and pyhnotic and occasionally, minute spikelike projections imto the Golgi zone
areseen (FIGURE 195)  Itis probable, therefore, that the RNA protein granules
in the virus infected cells are dern ed from the nucleus 1n the came way astho ¢
found n Ehrlich cells infected with NDV

. Ta¥a celm

Ia

Destruction of the nucler of rat HeLa cells infe~ted with Coxsackie virus >
completed by haryolysis and fragmentation of the nucleus into dustlike par
ticles  The cytoplasm persists 1 siti for several days and finally 15 removed
by neutrophil granulocytes and macrophages

Other Varus Infections of Tumor Cells Characterued
by Increase i Golgt Type Lipnd

Infectton of the Ehtlich ascites tumor by Mengo West Nile and Anopheles
A viruses results i oncolysis ¢ Each of these viruses produces an mncrease It
the Golgt liprd siumular to that obseryed with Covsackie B3 and Newcastle dx;
ease virus mfections  T1cUrF 20 tllustrates the great increase in this matena

following infection with West Nile virus
In addition to changes in the Golgi ipid, welt defined aci
ovord zones develop m the cytoplasm of practically every Ehr]:

dophtlic structureless
ch tumor cell
anrn the (ol

'
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the same changes deselop in the Golgi lipid, but phagocytosis 1s deficent  The
tumor cells continue to proliferate and hill the host*  Mitotic div iston of cells
with hypertrophied Golg hpid 1s however defective  Analyss of mitoss m
the infected tumor reveals a sigmificant increase n cells in metaphace a de
crease mn tho € 1n telophase and an increase in inucleate forms (TasLe 1)
This indicates some degtee of metaphase arrest together with defective cyto
plasmic diision  The accumulation of hpid 1n the imfected cells frequenthy
di places and even indents the nucleus It 1 posaible therefore that the pre-

B o ey
[ el
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f

1

Taste 1
ANaysis oF MiTosts avp Biatereate Crtis iv RPL 12 Layeioxs
INFECTFD WiITH St LOtis INCEPRALITIS

Stan Yard errol

Fercentage of tumor cells n Uante trd | % rusuode ted | pesueenmeans [poho moues
Prophase 184 163 -0 21 019
Metaphase 251 488 +2 37 043
Anaphase 051 047 -0 0 ol
Telopha 061 033 ~026 o n
Matosis (total) 550 736 +1 86 1 s
Bsnucleate cells {per cent 011 11 +1 01

of tumor cells) [

ence of this hpid mass may mterfere mechanically with the separation of chro
mosomes at the end of metaphase
Discusston
Cons1* ‘ a v L oam A n nonferted tumofs
and m ;
certain

globules 15 2 common feature of infected and uninfected degenerating cﬂ;
Alteration 1 the nbonucleoprotem metabolism of the nucleus in Buny 3"“‘]" .
virus infection 16 suggested by the frequent formation of numerous mtram;‘clns
RNA protemn inclusions  Simutar RNA protemn 1nclusions are found much les:
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commonly 1n nnnfected cells, i the rat HeLa cells, they appear to be the re-
sult of 1schemia The great increase m the number of mclusions during virus
infection may be due to 10n of nuclear RNA bolism associated
with synthesis of virus  In cells mfected with Bunyamwera virus no alteration,
in the Golg: ipid can be found and the inclusions remain intranuclear until the
nucleus dismtegrates by karyorthevis In Covsachie B3 and NDV mfection
no mtranuclear inclusions are formed, but there 15 a conspicuous alteration and
increase 10 the Golg Lipid  There 15 evidence that nuclear RNA-protemn 15
extruded 1nto the abnormal Golg: hipid where, at least 1n the case of NDV, it
may be ded by phospholipid to form pl mncdusions  RNA-
protein of virus ongm cannot be distinguwished by present cytochemical meth-
ods from that of the cell  In view of the demonstrable infectivity of the RNA
from cells infected with a number of different viruses, 21t is possible that the
RNA protein extruded from the nucleus may be concerned with the synthesis
of the infectious particle  Indeed, this type of developmental cycle has been
postulated by Tourmer ef al ® for vancella virus ~ Simple particles are formed
in the nucleus, from which they pass to the cytoplasm acquiring increasing
morphologic complewity en route ® A similar evolution of the mfectious par
ticle has been suggested by Fawcett in a study of the Lucke renal carcinoma
of the frog

An increase m the Golg: hpid, with or without the formation of cytoplasmic
snclusions, has been found m six of seven virus infections studied  Ths type
of change has not been obsersed m umnfected tumor cells, but has been de
scribed 1n a number of other virus infections ® *  The development of juxta-
nuclear acidophil masses contaiming basophil granules has been reported 1n
cells infected with poliomyelitis and Coxsackie B3 viruses %  Acidophil
cytoplasmuc inclusions also have been described by Brandt® m tisue cultures
of chick embryo cells mfected with NDV  Although no histochemcal studies
bave been made of these structures, the acaidophil inclusions probably corre
spond to the Golgi phospholipid and the basaphilic granules to the RNA pro
ten particles observed 1n tumor cells infected with Cowsachie B3 and New-
castle disease viruses  Electron microscope studies of monkey hidney cells
wfected with poliovirus reveal the development of a mass of U, or unknown
bodies, n the juxtanuclear zone of the cytoplasm ¥ Although hallman ef a1
o not commut themselves as to the nature of the U bodies, they feel tairly
confident that these bodies are not virus particles  Since U bodies develop
the Golg1 zone, they may be simlar to the phospholipid accumulations found
10 this region m other virus infected cells

Although changes in the hipid 1 the Golg1 zone are frequently found m virus-
mfected cells, there 15 Little information to mdicate any connection between
these ipud changes and varat synthesis and replication  The presence of virus
bike particles and of antigen m the inclusions of NDV has already been dis
cussed  Howatson and McCulloch® have described virushike particles m 2
large osmiophilis welusion v, the Golg zane of 2 mouse plasma. cell tumor
The particles resemble the viruslike bodues described 1 mammary tumors of
mice® These authors have not yet been able to demonstrate that the particles
are n fact viruses  The teleological significance of the changes m the Golg
Uiprd 1 vizus 1nfection 15 not clear  The hypertrophy and hyperplasia of the
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Golg lipd in cells of the RPL-12 lymphoma 1n the brawm, which are infected

with, but not destroyed L N -
paratus may have a defer - .
Iipd Lodies described by .

cell and impede the development of the infectious particle

Summary

Infection of tumor cells with viruses produces changes comparable to thoe
seen 1 nonncoplastic cells  Certam virus infections produce cy tochemically
detectable disturbances in the RNA metabolism of the nucleus  In the cae
of Bunyamwera virus infection, int lear nbonucleoy; condensationsot

. PN
eles A viruses, in chichen lymphoma celfs infected with St Louss encephabts
virus, and 1n rat HeLa cells mfected with Covsachie B3 virus Many chicken
lymphoma cell~ mfected with St Louts encephalitis remarn viable, but the ab-
normal accumulation of lipsd i the Golge zone appears to intesfere with mitotc
division  Circumsenbed structureless foct contaiming protein but no nuclec
acid are found i the cytoplasm of Fhrlich ascites tumor cells nfected with
Anopheles A virus
Intranuclear R\NA protein inclusions, Iike those in v irus infected tumor cell

have been found much less frequently n uminfected degenerating cell> Al
though this abnormality of nuclear RNA protemn can be produced by virus
infection 1t may also result from sschemia and other causes
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CELLULAR RESPONSES TO INFECTION WITH STRAINS
Of HERPLS SIMPLEX VIRUS

T I Mcdair Scottand D L McLeod
Department of Pedratrics The Chsldren's Hospiial of Phdadelphvs and the Schodl of Mediome
L micersily of Pennsyl ansa, Philadelphia Pa

Introduction

The charactenistics of herpes infecled tissues, both animal and egg have
been well described  In general, the tissues respond by ballooning of cells and
the formation of multinucleated giant cells, the nucler of the infected cells bemg
altered by the formation of incluston bodtes  Scherer! described the appearance
of intranuclear inclusion bodies 1n strain L mouse fibroblasts, and later Scheret
and Sy erton® pomted out that mfected HeLa cells became rounded and gath
ered in small clumps but m addition, they described a few foci of degeneration.
Stulberg and Schapira® descnibed the ability of herpes virus to grow on fibro
blasts denved from various tissues of eleven-day-old chich embryos They
reported the appearance of focal areas of necrosis with cells contaming wtra

nuclear inclustons at the margins of these areas P
Pt ' £l

of syncytial giant cells and alo by the piling up of rounded ballooned cell

They uttlized the techmque of termmal dilutions to 1olate different populations
r LY + 1 == 3 atacanteelirmnon e

apparent piing up  They called the first virus population giant cell or bt
strain, the second proliferatine or P strain, and the third nonproliferative of
NP stramn

Derelopment of Strans

Further observations have suggested that a true difference exists b "
the virus strain that produces grant cells and that which does not, and that

the exact picture of the latter may depend on circumstances such as the char
1. 1w eha afact on there

2010

edge

nped
cells of either type resemble bunches of grapes on the glass I this paper the
strains w1l be designated as GC for sy ncytial giant cell producing v irus an
for nongant cell producing virus

\fore precise separation of the P and GC strains has been achieved by utliz
1ng the techmque of haplan ¢ Herpes virus 1s grown on rabbit hidney u “‘:
culture under agar and 1solated plaques are piched for subculture By 1 '{
means two strams GCA; and PA, have been 1solated and studied and most Do
the responses demonstrated 1n this paper have been produced by these tw
subcultures TABLE 1 shows the source of these two strams and the labora
18

et een
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tory maniptlations thay they have undergone Both strayng were deryveq from
Buman clipycqp Jesions

It shoulg be noteq 0 passing thyy when viryg has been Bolated from buraan
lesions, whether Phimary o Tecurrent, ang n trsye culture whether HeLa,
human amnion, or rabbt k:dney, carefy} nbservauon of the onginal tyheg has

Tane 1
SoUres op Strarvs

Gea, Py,
/ T
From recurrent vesicle, May 23, 1955 Trom vutvat | egere March 7 1o,
[ [

Hela < cheqy p
4

Cang Frozen
HelLa (19) kept ar =70°C 4p interva g

n;?l;ssmed May HclfztdntﬁyGC ,’ Rﬂl’;‘;‘; by under agay Mas 27
Frozen at 700 / Plaqule =Py,
Hela Apri 29 145, Rablat k dney (4
HeLilNS) RePLat —70° ¢ [ Stoet s at —ppe
at tterya)s

Line ampygq Jnder immyne o
N Jan 70, Toge

|

f

I

Plagag
Line l‘mmnn )

szlnll kidney, Fey, 50 1958

thbll kidney unde, 875, (10) Aay 59 19,5
Paga . Gea,

R;bbl,l: Kudney (g) |

Stock s at g0 [

Numberg 17 parenthesag indicate Number of DPassages

Usually Tevealeq evidence of bath types of response  In oy €XPertence 4t 15
OFe Usual g, g, Prmaryy 5 DProhferatye TePOnSe with fey, ¢ 20y giant cells
czslonally &rant cellg seem to DPredompage

Grant Ceyy Stran (Gc)
The hlslo!ogncal changes Se€en in the g1ant cell stryy, ATe as folloy s Inap
focus o infection g,

Hldefineq f 78 the normal cell, gy €€t 2 group of
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scattered nucles, wiuch on close inspection seem to be those of swollen celly
the boundane of whith ate contiguous or abent as the 1nters emng mesmbrans
appirently fyse  Normat-appearing cells may be seen at the masgin as if about
to be incorporated  Later, the area of fusion enfarges and the nuclet appearto
Tt s temether Sul fater there appears to Le shrinhage whih

T =-svanseed in the mddle

fication 1t may be

seen that mastot the nuun -, n Lokhies, although

e ey S
P o o byt ety
-1 Sy Ao e < F SN «‘?""}:“
B o el wPIRES st
D N ..‘fé’ A / R | LT
L v 6 * R B \...
AR PRy W e
a - a U %1
E"J’"”';*.”“ Y ATy R
P cans el ey iy At

LA - P 120 PR
> g, b + 7 -
e R AR ML
)] sen tyimy separated
Frotre 1 Tarly furi'\umnufa.:‘fé 23[:‘" ma‘nl cc)l“m’l‘r‘z aweles are st Pl mﬂ;dm,

1y eytoplasm the
Giemsa stain tube XT>

some coutd not be distingustied readsly feom normal cells {rrovres 1 10 a;r
Occaswonally indiv idwal nucler are very large, and sometimes, w3 celf, 0‘;" !
several nucler, each cantarnng an waclasion hody, appear as if they way %
Just dwided

P Stram
© 9 anear on top af the monola)es
piled up ared of single
passes, the surroundimg
> pile, <o thit the focus
only prles of cetl Lke
e raunded cells, form-

younded cells protuvucs «

cells of the monol tyer seem tg become attacieu
hes as if shrunhen away from the manolayer and finally
bunches of grapes may be seen attached 1o the glass T
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TIGURE 10 Ldge of pock showing intranucletr mclusion lmn]xes 1n most of the cells
focus at the top of the e Hel'a, H and T stain tube X276

Primary human amoion, Grems

Frorze 11 Late gant cell formation (GC stran)
stam, tube  X68
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Tanez 1

Muinireicatios or IsoLarrn HFLA CeLts 1N MICRODROTS

Forrow e Fyrostze 1o Herres Vizts

Attt 2 hours 72 hours T

il l i tond vort an mfeted
HELA PEUDEr [ Torsl  {Proportion | Total [ Proporuen | b biiomof  f  BNER,

c1am ned vided exam ned divide unts

uninfected | 181 0 46 181 076 — —

01 20 028 70 068 010 00

10 120 012 40 027 064 063

27 40 005 40 012 084 a9

o« Proportion of cells 1n infected cultures dividing by 72 hours

Fropartion of cells in wmnfected cultures divading by 72 haurs

Virus treated at 50° C for 1 hout had no antimitotic activity, and the ants
mitotic actinity was reduced by addition of herpes antierum  Additional
normal <erum alvo had a slight protective effect on the cells, but the diference
was sigmificantly less than that produced by antiserum

Assuming that 76 per cent of the cells would have divided by 72 hours f they
had not been exposed 10 virus, 1t 15 possible to calculate the proportion in which
dvision was inhibited  This 1s found to agree closely with the theoretical
number of cells adsorbing one or more HeLa PFU as deduced from the Porson
distribution We can conclude that one HeLa PFU 15 sufficient to ihibit
mitosis, because about half the cells affected should not haye absorbed more
than one PTU per cell

It 1s known from other expeniments that there are about ten times as many
chick cell infective patticles as HeLa infecti e particles sn the seed suspension,
and 1t 15 alo hnown that the chick cell infective particles arsorb to the Hela
cells, although the majonity do not mnttiate infection (Stoher and Ross, 1958)
In the expenments with single Hela cells described above, a multiplicity of 01
HeLa PIU per cell would probably be accompanted by adsorption of about
10 chick cell infective umt per cell It 1s pbvious from the high proportion of
dividing cells that this does not mhibit mitosis

With the higher doses of irus the proportion of cell, releasing mfective virus
1nto the microdrops was small and not related to input  This fatlure of virus
release from cells which nevertheless mitiate plaques (infective centers) m up
1nfected HeLa cells 15 discussed elsewhere (Stoker, 1939), but it should be noted
that none of the cells yrelding virus devided, none formed multinucleate E\ﬂ“‘;
the majority were rounded, 2nd some had already distppeared when the amp
contanng virus was taken

Kanetics of Mutotic Ihabition

o @oant tn nl bt m tnas, we mvestigated the
ahes place  This v

(pnmsynchmnousl}),

«© N -

When exponentially growing monolayers of Hela cells at 37° C are t?lll:i
10 4° C for one hour, then returned to 33° C, the cell numbers remai & i
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stationary for 18 hours  The majonity of cells then divide »1thin 1 to 2 hours
This 15 followed by 2 stationary phase of 18 hours and then a ~econd mncrease
m cell numbers Jasting 1 to 2 hours Thereafter the cultures become too
cronded for exponential dnision  The proportion of normal cells dividing
usually vanies from 60 to 80 per cent Those cells that do not dwide para
synchronously never divide, and so they do not confuse the steplike patters of
growth  Full details of the procedure are given by Newton and Wildy (1959)

To mvestigate the time between virus attachment and inhibit on of mutasis,
replicate cultures of HeLa cells were chilled and at different time mtervals dur
1ng the first stationary phase were exposed 1o herpes virus suspenson for an
adsorption petiod of one hour, after which herpes anti-erum w1 added to pre
vent further infection  The dose of virus was sufficent to nfet about twa
thirds of the cells  Parallel cultures were inoculated with medium  ontaming
novints  Cell counts were made at intervals on sets of four or more replicate
cultures

‘The uninfected cultures and cultures exposed to virus tnd antirerum divided
2t 18 hours and again at about 36 hours, while the majonity of cells m the in
fected cultures failed to dwide at all  The mhibation of cell division took place
even nhen the virus was first added 16!4 hours after chiling 90 mm  before
etpected diviston ~ Stnce neither infection nor cel! divivon are quite synchro
bous, 1t 15 not possible to estimate accurately from this the time mtenal that
elapses between virus adworption and the damage to mitosts  \dorption 1~
rather slow, however, and 1 hour must elapse before sufficent virus attaches
to mfect two thirds of the cells This would have been complete 17}, hours
after chilling, or 30 min before cell division should have commenced It <eem-
Probable that the damage to mitosis occurs within 60 min of virus attachment
and, of course, 1t may be much less  This may be compared to a lag phase of
91012 hours before new virus appears in the cell fraction, and it uggests that
2510 certamn types of bacteniophage, damage to mutoss 15 a relatnely early
©vent in the cycle of virus rephcation It 1s of some imnterest that this inter

of them retam certamn of the charactenstics of lving cells They remain
rounded, although morphologically ntact  They stain with neutral red and
not with trypan blue  Production of acid suggests that in some respects they
?le more active metabolically than unminfected cels  In |r:t:‘\cl monolfxy er cul-

1has need not apply to other strams of herpes virus or other cells  For example,

factory evidence for this process has been found only with Rous sarcoma virus
m eultured chick cells (H Temn and H Rubin, unpublished data)
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The tissue changes induced by several viruses seem to suggest prohiferation
of infected cells, but 1t 15 not possible to define accurately the relationship be
tween virus growth and cell division without quantitative studies i tro
Although our mvestigations showed no evidence of continued division of the
mfected cell, the techniques myvolved may be apphcable to the mvestigation of
other virus-cell sy stems
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ELECTRON MICROSCOPE STUDIES OF CELLS INFECTED
WITH THE SALIVARY GLAND VIRUSES*

Sarah A Luset and Margaret G Smuth
Department of Pathology, 1 ashenglon Ui ersity St Louts Vo

Electron mrcroscopy has stimulated morphelogic study eof viral diseases in
wrticular, since visualization of the infective agent s now possble  Particles
sociated with many virus diseases have already been rdentified and work has
gun m the complex area of viral fe cycles The mechimisms whereby vi
ises gain access to the mtenior of cells, the fate of virus partiles after pene
ation of the cell, and the <ite and type of morphologic changes acompanying
ral growth all need to be exammed  W1th these problems m mind we shal
esent here not only the alterations occurring in distinctly diseased cells, but
so early changes evident after the addition of human sahvary gland virus to
ssne cultures of human fibroblasts

Materrals and Methods

3
b .

ere maintamed n a medium composed of 85 per cent beef ammotic flwd, 10
r cent beef embry o extract, and 5 per cent horse serum  All medra contamed
0 U of peucillim and 100 g of streptomycin per ml  Four series of expen
ents were carried out  In 2 of these, pooled medit from cultures infected 10
ays previously were filtered through a 015 Celas filter, and an inoculum of 05
! of the filtrate was added to 1 5 m] of fresh meda for each roller tube  In
e ather 2 <eries, media from infected cultures were centnifuged and 0§ m!
 supernatant added to the fresh medsa of each tube  Cultures were fived at
itervals followng 1noculation  Parallel control cultures were obtained at 2
>3day intenvals  Immedsate control cultures recerved an moculum of super
atant from uninfected cultures equal m amount to the infected supernatant
dded 1o experimental cultures

Both normal and infected cells were prepared for electron microscopy by
tation 1n Dalton’s osmic acid fikative (1 per cent osmium tetroude in bichro-
ate) for 10 to 15 min? Cells were fived and dehydrated s siix 1n the rolier
ibe after decanting the culture media  Dehydration was by graded solutions
Fethanol (10 to 100 per cent) over a total period of 1 hour  The cell colomes
2¢ temov ed from the tube with a dural elevator and placed i one half ab-
olute ethanol and one half methacrylate They were mfiltrated 1n 3 changes
£7 1 butyl methyl methacrylate far a total of 1 hour A catalyst benzoyl
eroude, was added to the fast change of the plastic ‘The fibroblasts were
mbedded in gelatin capsules filled with the slightly polymenzed methacry late
usture  Tolymenzation was at 60° C for 12 hours  Blocks were scctioned

(e A IR
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Onignal electronmicrographs were made at 2000 to 12,000 diameters on Cramer

contrast plates, developed in Kodak D-61 diluted one half with water and
bsequently enlrged pl hically as destred

Results
Control  Normal fibroblasts in tissue culture were elongated cells wih
rather <cant cytoplasm that often extended into attenuated prolongations
(Ficorr 1) The nucler were ovoud, although occastonally indented with one
or more promnent nucleoli  The nuclear chromatin was finely granular and

anr

N

RS0 LT
Par
Iictre 1 Electron micrograph of normal elongate | f1rol fast in tissue rul;:l‘r:l e

of the nucleus is evi lent at the left  The cytof lasm contains elongated narro + €rg:
sacs Mitechon Ina are scant and small ~ Afproumately X6000

uniformly distnbuted with a distinct incrense 1n density near the nuclear Rer,
brane Mitotic figureswererare  The cy toplasimic ergastoplism was m?,“” .
as parallel rows of membranous en elopes with mote or Jess promnent (enm
granules present along their outer margine  The inconspicuous Golgt mal }t‘rn
was evident as clusters of small vesicles in the pernuclear region Metoc! (:o-
dria were sparse and elongated with distinct cnstie Occasional mmé})mh
plasmic inclustons of hipid occurred A zone of fine intracy toplasmic xonil <ts
was present at the inner margin of the plasma membrane of some fibrol :her
Normal fibroblasts occasionally had moderately abundant cy toplasm "fmm
than betng spindle shaped  Cells of control cultures to which 5“1”""“; .

noninfected cultures had been added a few mmutes prior to fivation shote:
some dilatation of ergastoplasmic sacs and a questionable increasé 1t bc;)(zd
plasmic vesicles 1n companson to cells of cultures of the same age mcumn

~ for 2 or 3 days without change of the media A majonty of the cell> rem
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<pindle shaped and the changes were mummal in comparnson with those of cells
pvon ad fencmal alan Lot

's after
< ular 0
butn e cuttures examined tmmediately and in those examined 5 mm - aiter
wnoculation, conssted of a rounding up of cells with an apparent ncrease

S0PV, R IR LR N T

* N

FIGURE ) Tloesenn = Ve o e !
virug

3 phmp
toplasm; + . . . -

Ytoplasmic volume There were numerous pinocytosss vacuoles evident
FICURE 2), some of these contamed electron densc material The ergasto
Plasmic sacs were frequently dilated and filled with an opaque homogeneous
Waterial  There was a multitude of minute vesicles within the cytoplasm
(GTRES 2 and 3)  Mutochondnia were unaltered  For the most part the
Nucler were unaltered, but an irregular nm of dence material was present at
the nuclear margm 1 <ome cell,

Viral particles were not dentified at the auter margins of cells or between
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abnormal although the nucler remaned relatively unchanged  The cytoplam
w1 mncrer ed 1 amount and many cells were Almo ¢ spherical (FIGURE 8)
Small mitoct ondria were numerou  The ergastopla mic sacs of <ome eells

were distended 1 others they were inconspicuous the cytoplasm bemny, filled
with numerous smalt ves cles  The Golg substance s as promment uied
The earliest defimtely abnormal nucles with nuclear inclusions ere 1den o
2 to 3 days after mnoculation At th s t me the central portion of thei nutm
was partially filled with an inclusion conta mng particles composed of ﬂzme
dense central body surrounded by  pale halo and an outer dense mem!
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{rictre 9) The particles m these mclus ons measured pprox mately 60 to
90 myg in diameter ¢ They were interspersed Within a more dense granular
matenal and the entire inclusion was surrounded by a pale region between it
and the nuclear membrane that 1 as d stinctly increased in density  Dunng
development of a nuclear inclusion the number and det 1y of particles n
creased (FIGURE 10)  Nucleoh remained unaltered or be ame somewhat more

&N 2 - L.
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promnent o stage of altered nuclear morphology preced ng the appcarance
of viral particles was 1dent fied defin tely At the t me of the appearance of
Part cles and of the muclear clus an 1dentifable v rus part cles vere pot evi
dent 1n the cytoplasm

o ©
ou

<
Vral particles have been described prevou fy 4 Two types of cytofla m¢
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particles associated with infected cells were recogmized (FIGURE 13) fOﬂ:;‘(::
aging about 80 to 100 my 1n diameter was a target form comprised of 2 pt
dense dot surrounded by a single or double rim of dense homogeneoussaniio e
The other type of particle consisted of a solid sphere varying from 1 !
500 mp n diameter  Both types of particles were within membranes S0l
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Figese 11 The doyble nuclear membrane 15 separated at the upyer rght ar ) and
encloses a dense partucle that 1s sm lar to the mature 13 pe of [arlicle seen 1 he ¢ (  lasm
(compace with FGTRE 13) X 25 000
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Fioome 12 A sect on through pact of the nucleus of apothur fbrollast wnfected 10
Joys previously  The nucleolus 3 apparently js unaltered At the arrous 2 part cls sim
« L0 the one scen 1n FIGURE 11 are present betseen the teo mem ranes surroun | ng the hu
ceus 20000

Which appeared to be those of the ergastoplasm  In the older cultures numer
0U5 free particles were noted between cells

Discussion

Penetration of the cell since the latter occurs with such rap dity  From these
studses 1t appears that the process by which virus particles gain access to the
cell s not one of direct combunation of the particle with the cell surface but
father one of engulfment Indeed rather large masses of material are evident
“ithin the cytoplasm of some fibroblasts (¥ICURE 7) Follawng addition of
media from cultures of yminfected fibroblasts control cultures show only a min
imal increase 10 pinocytosis o dilatation of ergastoplasmic sacs  Rapid and
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esten ne pinocy toss may be due to addition of protesn which stimulates the
process Ve have not 3 et examuned cultures following addition of heat killed
sreus, and do not hnow whether addition of halled v 1ral suspen rons would lead
to 4 te ponse simifar lo that contmming viable virus  The rapiduty of p nocy
tosis frequently ob erved in living tissue culture cells 15 neither sutprt ing nor
unusual
The fate of virus particles dunng 1nd after entrance into the cell remans
unhsiown  Occasionally particles remimiscent of target forms of the virus are
een within cells recently exposed to virus  Whether these forms are sdentical
with tho e1n the motulum 15 not known  The definitis e changes in virus pat
ticdes during penetration of the host cell are not yet understood  The virus

. P
IRR AL
43 2har Ui

:

of
4

may well disappear secondary to a structural alteration of proten molecules
after or duning penetration of the ccll membrane .
The fate alterations of cells infected by salivary gland virus have beent -
scribed by both light # and electron? microscopy  The early changes P"d"";ﬁ
the classic cytomegalic picture, however, have not been descnibed 1n any
previously  Aswe have shown the fibroblast infected 10 to 20 days previod 3‘
15 1 farge cell containmg both nuclear and ¢y toplasmic viral particles o
fight of this 1t 1 most intéeresting to see early cytoplasmic changes with Mg

| but

tion of particulate matenal and enlargement and rounding up of thclftslmw
with no early nuclear alteration  Two to 3 days later, 2 nuclear mCius 8¢
yntil abod!

viral particles has formed while none 1s evident 1n the cytoplasm o
the fifth day after infecthon  This rases the question of the manner m‘“\ o
infective matenal reaches the nucleus, as well as the question of out ability
recogmze early pathological alteration of chromatin
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The nucleus certainly 1 not 1solated from the cytopla n Wat " ani
others have clearly shown that the ergastoplasmic sac ire nt 1 u ththe
quter nuclear membrane as well as with the plasma meml rine Ve I ne
seen mature virus particles between the tho nuclear nembrine 1w o
fected cells 2 (FIGURES 12 and 13) That a virus may lea ¢ e 11 leu 1
reach the cytoplasm s however, a different matter 1hn a1 [

[;.‘6 R ;’3’
o

o
v

v

:
e

Ficcge 13 Electron mcrograph of the nucleus ani [art of the cytoplasm of a rabl t
ok sac epithet al cell T \em§ four hours previously Ind 2 inh hal Leen n,a,«;d nto the
Wernelumen Ink (arrous) is present in both the nucleus and cytoplusm X 12000

intact nucleus by estracellular or intracytoplasmuc foreign particles ~ There 1>

definite evidence that the latter does occar  Following imjectton of a suspen

$on of collordal carbon {India k) mnto the utenne lumen of the pregnant rab
) . ' '

o nempematas
of carly v ‘
elalt o e

n aue !

€50 Proten Whether these materials entered the nucleus ty means ":;L"
welldemonstrated nuclear pores'® or by a mechant m akin to pinocy tos: =1y
the nuclear membrane 15 not clear at this time
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Dasal layer with the mclusion bodies becoming increastngly evilent and ma

tunng, toward the surface
(NN o ol l

Fhe nucleu 1 pushed to one side and the nuclear membrane 15 markedly loied
The nucleus contains comparatinely large den ¢ granules sparsely scattered
throughout the nucleopla m which distingmshes 1t from the nucleus of theun
infected cell  Matochondria with their charactenstic cnistae are seen at the
periphery of the cell  N\ear the nuclews are several other bodies that do not
have criotae but scem tobea octated with the viral nfection  They aresur
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ee entarged Inclus ons appear If U1
senered by a mass of molluscum

1here 153 thin 1 of
cell membrane and
‘The inclusion bocy
£ complex compost

rounded by a membrane and have a granular content
cytoplasm separating nucleus and 1nclusion body from the
within the cytoplasm a few strands of heratin are present
contains locules of elementary bodies separated by septa @ ot
tion 1 which varying forms of the developing elementary bod es ar¢ Pmm
The entire cell 15 surrounded by a convoluted ‘membrane  This is the gﬂ‘m
picture of an nfected cell  How this picture evolved how 1t progresses ot
the finer detauls of the vanious structures mentioned are of considerable 1nter :d

Awnclens  In an infected cell the nucleus and nucleolus are usually tnh\'ﬂw
but as the mclus on grows the nucleus apparently shrmhs and large folds :PPM
1n the nuclear membrane (FIGURE 3) The nucleus 13 pushed to oné SH tku,
comes flattened and on sectioning appears elongated  Umgque to the n]uchtly
of the infected cell ate relatn ely large dark bodies of varying size and of s! 8

\
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1r egular shape that are present n arable number and a 1 th
the nu leoplasm
Cyaplam The organelles of the mfected celiant on ke n
1 e pu hed as de by the developng n luson al ho om en
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bodies (FIGURES 6 and 7) _The larger ones often have a distinctly double
membrane measuning 22165 A 1n thickness with the space between the tno uait
- e Joa e

[ -~ - -

stances the membrane appears to have overlapped itself since 3 dease unt
membranes are <een  The contents of these structures are usually sparse and
composed of reticular and granular matertal, although relatively large bodes
or an occasional vesicle may be present within them  The double membrane

Lan leoclasm

surrounding them appears coarser than the membrancs of the mllqchc:?f:
present 1n the same ph ph, and the unit t themsel es are "
and darker than most of the mitochondnial unit membranes  When ‘3“‘??@
with the nuclear membrane, it 1s darker and does not have a surrounding
densed nm of cytoplasm

Detelop yslr‘:xm:re of el body In the exlier ctages of m{ec:l':::)
there appears mn the cytoplasm of the cell material simtlar to that m:\:g“
the septa of the more mature inclusion body  This early inclusion pus t seems
the mitochondria and the nucleus (r1Gures 2 and 4) In this respect | e oM
to replace the cytoplasm, but 1t docs not do so entirely, for at least o
ponent, the heratin fibrils, 1s often entrapped (FIGUREs 5 and 8)
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‘The mater al compos ng the early ncluson contan. tvo types of ground
siru tures one s finely ret cular although t may appear amorphous at lov
magn ficat ons and the otl er granular occurr ng nlo alized arcas (FIGURES 2
9 and 10) Theret ular fibr} arevery fine someat the!m  of resolut on
of the m roscope of en v th t ny den e nodes at therpon of n er ecton
(r vre 10) The granules of the granular component are n the order of 130
0160 A n d ameter and are apparen ly embedded n a e ond sub an e
(Fcure 9) That  to say tny strands can be seen runnng be een the
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8 anule or they may be nd st nct because of an amorphous mater al surround
g them

W 1 the ground sub tance of the early nclu on other structu esare p es
€ (FGURE1]) One s a round or oval profile rang ng from 640 to over 3000
They are surrounded by 2 membrane b the nter or cleac to moderately
™ ¢ The contents are e ther homogeneous conta i a dense bar or there s
2Suggeston of afe granules The second type of profile s that of a dense
Ernule n the order of 250 1o 850 A n d ameter surrounded by the maller
B 4nu €3 of the granular ground substance Al these structure> generally occur
foc and are asso ated w th the granular ground substan ¢
The above structures are cleatly part of the early ncluson There are
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TICLRE 6 C bodies (¢ ang drackets) 1n cytoplasm  Portion of nucleus at bott
XT400
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others however that probably appear later and are seen regularly 1n the septa
of older molluscum bodies  These are of four types And do not ecem to be
'

| . ! ]
1
a crudely efliptical profile in the order of 90 myu 1n dismeter 1t 1 <eparated
fa e R et MR
. ’;

4

FGURE 7 Cbody Note granular an ] ret cular nner structure doulle menlrane nd
the fibr lar nature of the tangent ally cut membrane X 36 000

Frie
sul tance
per cent
osmum t

from the rest of the contents by a less den ¢ zone (r1GURF 125)  The nucleaid
1soften much den er than the rest of the contents whch are al<o reticulr
The s ze of the nucleoid vanes although some of the var at on i stze and den
Sty may be the result of tangentsal sectioning It 1> often pre ent 1n 3 larger
“tructure than Type 11 and 1t tunes the nuclec f-contain ng den e central
Porton has condensed jeaving a clear zone between it and the <urrounding
membrane (ercure 13)
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Type I 15 3 round compact body ith or without 2 membrane (r1GUre 14)
The membrane Which « =~ arew —
and appears single
making up the body ¢
ratng 1t from the membrane In such a structure a den.er eccentric area

FIGLRE 10 Reticular and granulir ground substance  Note nodal th ckentngs at po nts
ol tntersect on of fine flaments of the ret cular ground subs ance Granuhr groun ! substan ¢
s chmped  Large dark bod cs are port ons of elementary Lodies  \fe kera in flrls are
present Sxation and staiming as in FIGLRE 8 0
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Fotre 11 Retcular ground sul stance surroun | ng focy of g anular g oun i sut tance
ese fora conta n round and oval profiles and relats ely large dense granules w th sn all gran
ules clustered about them X 19 000

Suggest ve of a disappearing nucleo d sometimes 1 seen m the central den €
plasma (miGuge: 15)

Type TIX 1 a lobulated structure of a retrcular moderitely den e matenal
Bith nar 1

Ty
demse

tobe seen least frequently
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Llementary bodies  The forms of the virus that occur predominantly within
the locules are considered the mature elementary bodies They are of tro
types, one distended and the other condensed, together with intermedutes
(FIGURES 2 and 18)  As a general rule, the elementary bod:es adjacent to the
<epta or 1n the mncl of the lower Malpighian layer tend to be distended,
whereas those 1n the inclusions far remosed from the basal layer are predom
mantly, if not exclusively, condensed Between the elementary bodies » 8

Jemen
It URe 12 Postulated sequence of developmental forms resulting in mature ¢
tary body () Large dense granules surrounded by zanes of smaller granules of the grazy
) - ~anann T T nucleoid-contain ng body
- g membrane  XA3000 () Per
G0 (0 Type I X310 {f
- I lobulated form X16000, {
- - form of mature elementary Do)
- wly sectioned through rectanguay
" ‘2iy body sectione | afmost POt

very sparse and fine reticulum that extends from their surfaces (FIGURES 1
and 20) FIG
‘The structure of the condensed form of an clementary body 1s seen 1% £
ures 20and 21 It 1s a rectangular body that appears as an ellipse mdsec“ o
normal to the rectangular plane There 1» an outer membrane maoe ‘:.mt
two umt membranes and an inner membrane agam composed vff e of 3
membranes  When fully collapsed the inner membrane takes the Iorm o
biconcave disk  When distended 1t surrounds a less den e centrd ;riutet
varymng size depending upon the extent of distention The inner an
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membranes are separated by homogeneous moderately den e wall materal
that mcreases m thichness as the central areas beneath the brod (mex
surfaces of the elementary body are approached In the rectangular pline

S
e DY Y
heh i3 £
E;’“ J L e, §
ey AL
. Ay Loy
STVTR. SRS
FiG0RE 15 Type I nuclead conta n ng structure (arrow)

#re present 1n the septa and mature elementary bodies 1n the locules

Otber developmental { tm
21 000

Frooae 14 Type I round to oval profiles w th dense wteriors Swollen furn s of the
Tature dlemeatary body are present X 20 000

bowever the two membranes often appear to meet at the margins  T1GURE

”‘{3 a drawing of the proposed basic structure of the e]rerz.entarysb;lgbm .
1thin th dense granule (FIGURE:

Ly - R the mature elementary body 1s a dense g! o S0 t0 100 A 1n

wdt . - It 3 often

surr nape  Most
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frequently 1t occurs associated with the thichened portion of the wall but may
be seen on the inner membrane or within the less dense central area

Its occurrence 1n the mature elementary body 15 such that when the thck
ness of the section 1» con 1dered together with the dimensions of the elementary
body 1t would appear that there is one den e granule for each elementary body
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Froure 16 Typelll germmnating forms (arrous)
This dense granule also occurs in the d stended forms of the virus u:l:latlg’e:f:
ciated with the thichened portion of the wall_however they may e et
casionally within the less dense central area It has been seen m TY?T pes [
T\ of the devcloping elementaty body It has not yet been seen lOC(‘)CIS -
or IIT and does not seem to appear outside the elementary Lody e are

ally two bodies both of which could be Interpreted as the dense g s

tementary body or 1n the dev elopmenta

seen 1n the mature condensed ¢!
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-

FOoxs 17 Type 111, in eytoptasm at top of figure  Lobulated form, with some margins
§‘{§‘&"mby membrates e Declos i op, ot e ‘the bgure contams large durk granmics

Ths granule does not seem to Le unique for motlu~um Lontagio-um, since ‘;
2> been een also by us 1n sections of the Shope fibroma elem’tnlal’) lx;d) g aI"‘
ems to be pre<ent in Fgures 6, 8, and 9 of Bernhard el al & which show ele.
entary bodses of the Shope fibroma virus It has not been seen in vactnia
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F16Lre 18 Swollen forms an 1 con fensed forms of the mature elementary body A por
ton of s¢} ta 18 seen across the battam X 21 000
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TIGURE 19 Condensed f rms of the mature elementary tody F ne fibr Isin
network Tun | etneen them  Note the smalt dense granule an the wall of many o
mentary bodes %22 000
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Discussio s
Goodpasture and Rung® have described 1 e extrus on of nurlto],x nto nlw
%0plasm and hay e demonstrated nucleolart ke bod es 1n th e ¢y top! -wlﬂ Im>
"the formation of the mollu cum body  In the present stuly relativels lange
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Ticure 21 Mature elementary bodies One section 1s through the rectangular plane
000

(arrou)

he mature €l¢
gular plane &t

it
Frour 22 Diagram of the proposed structure of the condensed form of
mentary body Sc::ﬁ;nﬂ}?mugh‘;rc{’:nguhr plane at left and normal to rectan
nght

cuated
bodies (F1cuRES 6 and 7) were found 1 the cytoplasm, seemmgly;tslsrﬂes i
with eatly changes in the infected cell  These were the only stru ey
size that might appear as evtruded nucleoh in the light mncrosi‘og ® uld be
have a distinct membrane that a nucleolus does not have, but thy
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part of the nuclear membrane added as the matenal passed into the cvtoplasm
Thi> membrane, how ever, 15 coatser than the nuclear membrane and when the
unit membranes are seen, these are denser than those 1n the nuclear membrane
Their contents at times resemble what might be scen withmn some nucleolt or
within the nucleoplasm  Their membranes are coarser and ther contents
different from those of mitochondria  Although they were first recogn zed as
large bod s they seem to be related to simular smaller structures (FIGURE 6)
Electronmacroscopically, their origin 1s obscure, and there ts no strong evidence
that they are from nucleoli or mitochondria

The early inclusion 1s composed of a reticular component and fuc: of 4 gran
ular component Tt appears that the granular focy give mise to the elementary
bodies and therefore would be clearly 2 viral plasma ~ The reticular ¢ mponent
however, may be a reaction of the cytoplasm to the presence of the virus

Van Rooyen!! has shown that the mature elementary bodies are embedded
ina jellyhhe matrix that 1s seen 1n the electron microscope as a svery ~par t
reiculum between the elementary bodies This structure s consistent with
that of a gel, and may be derived from the reticular ground substance of the
inchusion

There 15 a question as to whether the large dense granules within the nucleo
plasm are specific for the virus infection or merely a nonspecific result of nu

clear d The work of D et ol  would suggest that these
granules are specific, since these mvestigators observed them m HeLa cell>
miected with the virus of « but not 1o d

cells of the control cultures
From the present study 1t 1s suggested that the elementary bodies of mol

lucum contagiosum form from the granular foci n the inclusion bodses by the
followng process (F1oUREe 12)  Dense granules of the order of 250 A n diam
tler appear withn the small granular foc1  These dense granules increase in
size and the small granules organize 1n a zone about each of the large dense
granules  Eventually each dense granule becomes a nucleod surrounded by a
trcumscnibed reticular plasma with or without 2 membrane, Type I Aftera
membrane has des eloped, the more solid contents including the nucleoid, re-
tract toward the center, leaving an electron optically clear zone between the
central dense structure and the membrane The nucleoid diappetrs, ‘)’:E
membrane contracts, and the remaining particle, Type 11, * germinates T ;
Contents grow, from the ruptured membrane, possibly fuse with the ‘?‘I‘"’“;l‘}
oher germunating” particles, and grow into a lge lobulated miss e

$ mass segmente intn the nr mordial elementary bodies, exch of which 1s

L4
k]
‘-
AL S RE a5y appe
Vioplasm differentiates into two symmetnical shelts >
The outer membrane becomes double asd m; l:n:r( l:]!m::‘nlc T:T::;::
forms about the central area Thus 3t i propo of tha 3

I ed
Stence by which the mature elementary 1*’;{” T mature clementary bexdy
The four general types of structure prec ing

e nev e seers withia the granuhr component of the ground subsance of the
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small dense granule h1s not been seen 1n the nucleoid-containing body, Type I
the * germinating” structure, or the lobulated structure, Type 11

As noted prestously, the mature elementary Lody may be swollen as the re
sult of the drstention of the space within the inner membrane or it may be
1 a conden~ed form with the inner membrane collapsed In <ection, the
swollen forms are shghtly elliptical, with the long ax parallel to the thickened
portion of the wall  They m1y reach a diameter of 340 my as agamnst 3 mau
mum diameter of 230 ma for the condensed forms

Although the majonity of the first formed elementary hodies appear 1o be
snollen and those in the older inclusions near the surface of the lesion to be
condemed, this may be the result of immediate environment rather than age,
or it may be a combination of both envtronment and age

Certainly, Goodpasture and King s* suggestion that * the mamn factor i the
hyahnization of the intracellulat mass 15 desiceation™ holds true ot only for
the jelly hike materal surrounding the elementaty bodies, but alo for the el
mentary bodics themselves  The absence of swollen forms m the old inclusions
at the surface of the lesion and their abundance toward the base of the leson
would suggest strongly that the swollen forms had shrunk, indicating that at
leat the outer membrane must be quite elastic

Summary

The eatly mcluston body of molluscum contagiosum s romposed of two 1ypes
of ground <ubstance, one 1> reticular and the other, occumning 1 focal areas, 18
granular  This material distends the cell and pushes aside cell organelles
The ground substance of the mclusion continues to Jncrease, parfcularly the
granular component At the same time, focs of mature elementary bodies “Gt
farmed apparently at the expense of the granular component Eventually
these foct almast completely fill the cell and divide the ground substance mto
septa

Tentatwvely, this process of elementary body formation begins with the al}lr
pearance of dense granules of the order of 250 A n diameter within the “i“:hz
granular foct  These granules increase in size, and the smal] granules o i
ground substance organize 1n a zone about each of the Jarger dense granules
Eventually each dense granule becomes a nucleoid surrounded by a circi®
seribed reticular plasma wath ot without a membrane  The nucleotd dmsys»—
pears and the remaiming particle “germinates,” forming a Jobulated m"n
This mass segments into the prmordial elementary bodses, each of which ;‘.;ﬁ
tually 15 surrounded by a single membrane develops a dense granule an
ferentiates into a mature elementary body

The mature elementary body 1s found m two forms,
other condensed Vhen condensed 1ts shape 1s that ol
that appears as an ellipse when sectioned normal to the rectangu!
outer and an inner membrane are separated by relatively homogen!

ane distended and the
f a rectangular body
lar plane An
eous wall
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mater al that icreases in thichness as the central are |
vex surfaces of the elementary body are approa }
wner membrane surrounds a potentral space thy
dstended form of the elementary body

Vi thin each mature elementary body 15 a den ¢
104 Ths granule 1s also present 1n some of he «
sened i the ground substance of the early mclu
older incuson It occuts 1 the Shope fibroma + 1
1 vacciniz
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CYTOPATHOI OGY OI' CANINE DISTEVMPER STUDIED RY THE
USE OF 1LUORLSCFNT ANTIBODIFS*

David I Coffin
Margaret 3 Carpary Insistute for ¥ eterinary Research \ew York 3 1

Canine distemper 1s a lughly infectious diseast. caused by a filterable vius 1
It 15 2 common madwdy of dogs, but it also affects faves, wolves, ferrets, mmnk
shunks, and raccoons  The vicus has been grown 1n the chonoallantosc mem
brane of developing chichin embryost ¥ and 1s transmussible by ntracercbral
mnoculations to suchhing mice and hamsters ¢ 7

Cmine distemper s of interest not only because of 1ts importance to domest ¢
and fur beinng ammals, but alko because there 15 accumulating evidence to
show that the virus of this diserse may be related 1n same mannet to wfection
i man  The stmianty of certain aspects of the tissue alterations between
cantne distemper and {ital cases of measles (subeola) of children has beea
ponted out, most notably the prolifcration of the hrng ¢clls of the pulmonary
ah eoh with the formation of multinucleate mant cells and the presence of bath
ntranuctear and intracy toplasmic cosmophilig virus nclusion bodies * ?

A similanty n antigeniaity Letween distemper and a fairly ubiquitous infec
tion confernng immumity tn human bungs hus been suggested becawse ofa nslt
1 quantity from infancy to carly childhood of a substance capable of neutts
12ing distemper virus as titered 1n chachen ¢mbry0s

More recently, experiments conducted by cultunng the virus of camine dis-
temper 1n suckling mice and neutralizng with the measles antisera has shown
an immunologscal reltionshup betwcen these two discises® The transmission
of measles to dogs has recently been reported” and one experiment, at k;s!f
has shown that distemper virus inoculated jnto a man survied for a penod 0
sixdays ' It therefore appeats that study of canine distemper 1~ of lmPW““‘z
not only because of its value to health of dogs and other animals, but b;““‘;
of tts relationship tu measles ot some other, a3 yet umdentified duease o m?
Of equal importance, from the standpomnt of cytology, 1 the estreme ’;c)ﬁ
trophism of camine distemper  Because of this, distemper presents tsel
does no other disease, as a model for 1y estigation of the effects ofsucha \:;

Because of sheht ot aspecific gross changes 1n canme distemper, suppozmy
httle speaific histopathological alteration, and ats value n presumptine ’n:e
uosis, considerable attention has been centered an the mclusion body o
presence of distinctive bodies m the disease was first reported 10 l?e )
rons ¥ !¢ Sgon their presence ependymal cells and 10 Iu-uly;c}uah:ﬂE .
conjunctival epithehum as well as m the neurons, was observed s T ‘eS“ of
clustons were seen subsequently by many observers and the demonstea ‘Enm
mnclusion bodies in tissue sections or smears from various epithelial sr\ e
came to be used as a diagnostic procedure  Due to this emphasis on 1 ec;s
thelial cell or bramn as a site for clusions and the respiratosy of cuw‘mk
nature of many of the signs of the disease, there has been a tendency to 25 o
. Research Grant No E2!
o e o s paper wan upported gt b e Dot M0
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pamartly epithelial myasive powers to the disease  However evidence to the
contrary has been reported by various obscrvers who fow d charictenstic 1n
dusion bodies 1n lymphocytes, reticuloendothelial cells endothelial cell, and,
probably, other locations ¥ YIn fact, as emphasized below pnlytrophism is the
most sinling charactenstic of canne distemper

Flousg 1 Photomicrograph of fluorescent antybady preparation of the gastric fan lus
howing \he prescnce of specibc #ntigensc inclasion bodses 1 the eprtheiial rels of the gastne
tubub (1) and withun cells of the interstitiym (8)

- L A
P "h‘ e m\.\%{@*."é
V{‘m '. , { f) \\;\‘ %
gi-, 1 e "% B;r

osa at the level of the
Filre2 Photomucrographof paratin sects n shroughstoe mucos ot e aitheLst
et of the glands showing intranactear inchusion (1) etoplasrest e 0 b )
“508) an Linclys o n the processes of fibrotfatts () Hem
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(6) Lymph nodes and spleen lymphocy tes, retrculoendothehal cells leuko-
cytes in abscesses

(7) Central ncrvous system neurons and thar processes, macrogha ependy
mal eclls, and endothehum of blood vessels

In sections studied by moans of fluorescent antibody, antigenic matenal s
scen 1n granules of masses in both the ¢y toplasm and nucleus of the affected
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Th hof a f tibod: d
Liocre § 3 iton bhes 1 nettons (1) and macrogls

cle showing sf caf ally fluorescing dastemper inclusion
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TiGURE 6 Parafl nscction of cerebellar peduncle showing by perplastic »asculel 0.5,
1ium containing evtoplasmie inchusians of canine distemper  flematovy!
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cells which correspond generally to the size, shape, and distnbution of distem
perinclusion as seen 1n paraffin sectrons  Vhile the material in most locations
tsncarly alway s particulate, i the early stage of the invasion it oucurs diffuscly
m the cytoplism of the reticulum cells and the lymphocytes f the lymphoid
tissue Even n these locations, 1t later assumes o partculile  haracter
Withn the eytoplasm the masses vary i size from minut ranules to bodies
as large as the nucler of the affected cefls Intranucleir mass > are usually
single 2and of large Size

Most of the body tissues evcepting muscle bone ard cart e may be
afiected  The spectfically fluorescing masses occur gven m lesh vie mile

FIOtus 7 Fluorescent antibody pres 1 sectian of the necL of a hair follicle
o paration of cinss
om g specificatly fluorescent d:sl’tl\"nper anclusion bod es n the surround ng {; hel al celis
) Autoftuorescence 15 seen 1n the hair shaft and in heratotic debris (B and €)

Py heral Blood and 1 phagocytic cells participating prmardy n other reac
Yon for example, foresgn body gant cells

@ lesions of canme distemper are rarely diffuse,
SEmIted foe i which the inclusions e 1 farly cont
et . -

but seem to ovcur in dis

\guous cclls  The af
s W T mare nften

are

o

gar

Blas +

28it0cy tes, neurons and blood vascular end

same focus that often appears selated ta bloo
Tnforrets and 1 a few dogs the virus appears to hat

othelwum may be myoved i the
d vessels (FIGURE 3)
e severe cytopathogenic
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effect, the affected cdls being quickly destroyed  In the ferret this may be

assou1rted with infiltranons of neutrophils and other changes of acute mflam
mation Thrnmt ol ment © o

aistemper infection i thie an et W -0
1s mamiested 1n the dog,

not to be accompnied L

espectally notable in the stomach, where loss of the chief cells with sparing of
the parietal cells sometimes oceurs (FiGuky 4)
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Fiousr 8 Photomicrogeal b of pasafinsection of comparsble porton of b fulcl s
1 FIGRE T showing hy perheratosss and the formation of imtrafollicular mcr

Howcver, the presence of the virus usually appears to elicit only cellul[mars :1)1:
perplisia and cefls undergoing mitosis, despite the presence of ¢y w,p Jeads
distemper inclusions, can be found (FIGURE 5)  This increascd a?wln{ cells
to the piling up of cells 1n the pulmonary alvcol with formation 9 Setrocytes
In the brun 1t produces hy perptasia of the ependymal cells an e ondo
Sometimes with mulunucleate forms and hyperplasia of blood vasscu arI e
thelum with apparently, the formation of new vessel> (FIGURE )ke atosts
shin this stimulation to hyperplasia, marhed hyperkeratosis and paral t’ e of
m the epithehum of the skin and adnexal glands 15 a charactenstic prctu
cammne distemper (r1Gugrs 7 and 8)

Summary

Canine ditemper affects Cansdae and certain other Carmvomt K
15 transmissible to chicken embryos, and suckling mice and hamster

The yirus
There
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i2n mmunolog cal relationsh p to measle  Themo td »n e feature of
the ¢y opathogen city are (1) presence of d tnctve nlu onbode onan
ng virus ant gen 10 both the cytoplasm an 1 the nucle of affected ell and
heab yof the v rus to 1nvade most of the cell type of tl e hody
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PROPAGATION CYTOPATHOGENICITY, AND HEVIAGGLUTINA
TION HEMADSORPTION OF SOME ARTHROPOD
BORNE VIRUSES IN TISSUE CULTURE

Sonyr M Buckley
Tie Rockefeller Foundation Var 15 Laboratories Mew York N }

Tissue culture methods have been employ ed for the cultiation of arthropod
borne viruses for many years  One of the classic eximples 15 the propagation
of yellow feser virus by Thedder and his 1ssociates' 7 in chick embryo tissue
culture At the present time more than seventy arthropod borne viruses have
been 1solated  Certamn of these agents are antigemeally related and have been
placed by Casals and Brown i distinct serologtc groups A B and C** by
means of hemgglutination whibntion complement fixation and neutralization
tests  In addition whik there 15 already indication of other groups a large
number of viruses still remam ungrouped

Recent tissue culture i estigations have been concerned chiefly with the
study of some of these agents belonging to groups A and B®* Dunng the
past twa years I have attempted the propagation of about 20 artt ropod borne
viruses some of which belong to groups A B and C and a few of which are
ungrouped  The aim has been to determine conditions under whach yreld of
virus 1s high and the presence of virus easily and regulrly detectable

MrrHODS OF STUDY

1 truses

TanLr 1 lists the viruses used and the issues that were employed for ther
growth  The follo sing viruses were successfully propagated Group A Cht
Lungunya ? Eastern equine encephalomyelitis (ERI) Vayaro® ¥ Semhihy
Torest Sindbis ® Western equine encephalomy elitis (WEE)  Group B D"“g“’i
Type 2 Japanese B cncephaius (JBE) hyasanur Forest d scase (M"l:7
West Nile (WN) Group C+ 5 \intuba (Be An 15) Onboca (Be At )
Apeu (Be An 848) Murutucu (Be An 974) Caraparu (Be An 339%) Other
viruses Bwamba? Be H 5056 Be H 151 Be Ar 671 and Be Ar 278 )

\lany of these agents are well known I shall therefore briefly describe ‘;x“y
the unfamliar viruses  Of Group A Chihungunya virus 1solated from aril Y;’;
pods and man 1n East and South Afnca causes a denguclihe diseise \Iayﬂm
virus 1solated 1n Bolvia Brazil and Trmdad produces a sy stemic disease
man  Of
Indiz 15 s
virus  In -
disease  Group C 15 composed of six viruses that have been 15?1.1!:1:‘1 e
Belém area of the Amazon region
man  Of the other viruses Bwamb
produces a system ¢ disease In man
were 1solated 1n Belem by O R Causey  As yet they are not descnbed

172
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Cell Cultures

As growth of virus may be dependent on the type of cel} used, chich embryo
cells as well as several different buman cell lines were chosen  Cultures of
whale, 9 day-old chick embryos were prepared by the method described by
Dulbecco?  The mammalan cells were maintained as described 1n TABLE 2
In the course of preliminary experiments, 1t was observed that the addition of
tryptose phosphate broth (TPB)™ to the grow th medum apparently enhanced

Taste 1
Vizuses CELL SysTEMs

Human
Shick | {HeLa TPB | SiHels | Detrosts embryonc

Group Virus embryo testine
1 feret| 1 lere| 1 Jore| 1 lerE] 1 Jore

N Chiknngunya ofo[+|+]—|~]|=[=f=|=
Iy o g A L e (el e e e
A ayaro, Tr 4675 00 4] F |+, +]|-1-]~1=
A Mayaro Tr 15537 +lof+|F[+[F[-)=1212
A Serabks Forest L o LA (A (A ) [url
A Sindlis e i (s R v [
A WEE HEzislsizalizlzlzlz
B Dengue Type il g el Bl
B JBE +lol¥|+|= \ Hiolziziz
B KID Flol+ 1+ 3]+, %3] F
B N e D (i (el [ (e
c Mantuba (Be An 15) Slo| ¥l -1 1TiT1z
c Ornboca (Bc An 17) + 0|+ |4+ |~|=-]=|-]|-]=
¢ Apew, (Be An 548) sl i+ +|o)=|=1z)=
¢ e ey (0l 0TITTIzIziziz
C Canp'\ru (Be Ap 3394) Clol+|+|+|0 -1}~
Other F+l+[=|=|=|=-]- ‘ - ==
Other Be H 5“56 0410|4000 |—]—|={~
Other Be I 151 040 4+ 01407 — -~ |1
Other Be Ar 071 +iof+tolotrb—1{ (-1
Other | Be At 278 +lojojeje;s -~ ] )

* Infectiity
1 Cy topﬂ!hngemc effect
Key test for ifectiaty posiive or Cytopa(hugtm: effect present 0, no viral multa
plication or no cytopathogenic effect —, not tested

the rate of ccllular multiphication of HeLa cells  Our HeLa TPR cell hine has
undergone more than 180 transfers and has proved especially useful for the
growth of some of the viruses  For all studies employing mammalan cells, a
maintenance mediim consssting of 97 per cent of Fagle’s medmm®™ and 3 per
cent of calf strum supplemented with antibiotics (100 umts of peniaillim, 100
ug of streptomy cin, and 25 pg of mycostatin per 1 ml) was introduced before
viral inoculation

Propagation and Cytopathogemarty

As can be seen from TABLE 1, every virus tested multiplied 1n at least one of
the ccll systems and often in more thinene  Presence of virus was detected by
tracerebral inoculition of mice wath the flwd phase of infected tissue cultures
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Taste 2
Tissce CrLIURE Sistews

Crowth fu I
Coll atiase Soare B e e a
- n't_nl E [""GJEf (ays | per tube
Chick embryo - ol s s ]
Hela TPB- D of Lahoratones { 65 0/[15( 3 ;§;&
and Research \l
S Hela Tm%\, Pk v 4
4 He kv 20|20 H g
Moore  Sloan Ret 2%
tenng [Insutyte
ew York N\
Detrort 6 A Moore Sloan ket 80{20 Tolaxae
" g Iestiate © ,
uraan em enle via Div o 20 106
bruonic Laboratones and | 2
ntestine meth Altany
1

. (‘onlammg 100 ur unity of pemalin 100 pg of streptomyan and 25 ug of My costatin per

lu) H Hanks balanced salt solution adjusted to pH 74 1076 CET chiel embryo et
tract HOS hore serum F Eagles medwm HAS human adult serum TPB tryptose
1 hosphate broth

Tanrz 3
CrroPathingesic Frrecr 1v Cuich Fusrio Tissve CULTURE

T ter T ter * current
aepulu Fovae pesage e
a0 (0 h | N umber of s
s3ages CPES

Crow 3 ros e
oo, PD

e AL i

A ELE 103 25 34 g0 |80
Sembila Forest 90 3+ J1sse7t

Sindbyst 72 23 + 7480
Fr 92 3+ 88| 8%
B West Niled 91 31 3+ 78|83
Other virus | DBwambal 73 5 34 §2(53

v ~miE 3and Tantes 109
1nd granulation of srattered cells
f cells 44, as above but most

< 7T The except@as

1al condutions for
Sife  TABLE

sruses that

PE) No

E viruses
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W1\ and Bnamba viruses became well established only after several transfers
Onset of cellular injury was rapid for group A and usuallv well established by
the second day  In group B, changes were first noticeable betw een the second
and third days postinoculation, while Buamba sirus was even slower m that
well-defined focal necrottc arcas of ¢dlls (microplanues) preceded diffuse 1
solvement of the monolayer Al agents discussed 1n TABLE 3 were easily
propagated when moculated into freshly secded tubes contammg 2 massne
cell inoculum of 3 X 10¢ cells/ml

With the viruses histedd m 148Lr 3, C L m chick embryo ussue cultures was
hstinet and represented a rehable entenon for virat multipheation The spee
ficaty of the CPE was 1scertamned by neutralization tests using tmmune monhey
sera The hist two columns of TBLE 3 show that CPF was just as reliable as
the production of durths 1 mce for indicating the prescnce of virus  Titer
values i this and subsequent tables have been conserted to values correspond
mg te 1 ml of test matertal

~ tissge culture
| . passage
!

Tame 4
PLagues Chich Expmio Tisscr CoLiere
| Teer i !
o m
Group e Tonculum ey LEE ’,,;“;‘\".";,j{ o
(1wl 1ml 1ml) ‘
A twrr Mousebran 101195, 4x 100 3 > Sharp | 6
v [ WEI Tlud phase 6th | TOl4XIe 2 fsham | 6
ssue cultare 1
paseage {
A | SemlhiForest | Tindphase2nd 81 Xt 3 E Shap 6

'
I West Nile 1 brain ’ 90 66 8X10* § Sharp | 3 4
Other Bwamba Fludphase 12th §8 §5 2X10° § arp 3

Teeus tsue culture ]
passage

i

\ssummg that the atulity of a virus to produce ceftular necrasis ot wgury 15
a prerequesite for the formation of plaques WEF Sembhs Forest W\ and
Bnamba viruses sere stadied 1n chick embryo cells by Dulbeeco s plaque tech
nique #  The results are shown i Tistr 4 Plaques with sharp boundaries
were obtamed ather with nfectud mouse brain suspensions or with the
fectious furd phase of ussue celtures (1 mb of virus dilution per 190 ml bottle
one hour adsorption at 37°( )

. .
10¢ infectious mouse bram discs) were amployed  CPF owcurred 1n alt in
stances 15 of the very st pissuge and was onstim thuehter Wath the
exceptions of JBE virus and KD varus complete destructs o of mnohyers
was observed  Successh ¢ passages were carned out as soon as shght cellular
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changes becume visible, at short intervals of 3 to 4 days  Mhcroscopically
distinct areas of focal cellular necrosis (microplaques) progressing to complete
imvolvement of the monolayer were chrractenstic for Chikungunya, \Mayaro,
and sviruses of group C - This tndrcates that Dulbecco’s plaque techmque 1
all probability, could be used successfully with these agents Ficures 1 1o 4
show Gremsa stained™® clonal Sy HeLa cells as well as HeLa TPB cells mocu
lated with Mayro virus, stran Tr 15537, and Onboca virus, respectively
The focal nature of the 1nitial lesion 15 evident especially from Figure 3 In
cultures infected with the newly discovered KFD virus and with JBE virus,
injury was more diffuse  Early lesions consisted of rounded and granulated
cells scattered throughout the monolayer  Plaques with pootly defined edges
TaBLE §
CYTOrATIOGENIC I rrecT IN Masntattan Ceres

Titer of fy 1
Log of
fafect ous
Human cell 1ne | Group Varus (ous bram ";{.’;":"‘g CPE®
ted at start of
‘experiment
SyHela 1 | Mayaro 51 16 i+
SiHela v | afay T 15537 62 16 | ax
S Hela B | Ryasanur Forest 67 25 3+
Ch[)kuezse 46 10 44
Hela TPB A aktinguny a
HelaTPB | B | RyasamaPorest | 67 s | 3
isease
HeLaT'B | B | Japanese B en 47 6 2+
cephaliis
HeLaTPB | € \inuum (Be An 50 10 34
HeLa TPB | C | Onboca (Be An 65 10 44 65|70
HeLaTPB | € | Munitucu (Be 65 10 44+ |s9|7r0
ela An 974)

* CPE see footnote, TABLE 3

have been described by Bhatt and Work* in monhey kidney cultures moculnted
with JBE virus

Hemagglutination Hemadsorption

Durng experiments designed to propagate RI'D virus in chick embry o tissue

hat, although a large amount of virus was produced as
cultures 1t was found that, a gl arge int of virus was produced 3

y mouse

<plored

hrocytes
. n nh!

as a means of virus detection I tissue cultures nocuiied W
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mumps and croup assocsated (CA) viruses  Thewr findings encouraged us to
search for a simlar phenamenon 1n cultures moculated with ANFD virus We
were successful only when pil conditions stmular to thos descnbied for the
conventsanal 4 (HA) and b i tion inhit [¢145)
test by Clarke and Lasals® werc mantuncd  To achieve this we used the
same chemical reagents and wesafar as posstble, the same technsques that they
tecommend ® Ay the present time a postive hemagglutimation hemadsorp-

e
o~ -'?/_,m

§ o

*‘ o

R AN

Fistze ! Clonal & el veils toculated with Maysrovisus stram Tr 15537 hanested
24 hours after inoculat on an i staned 1y ( ensa s method  Note contraction round ng
and granulation of cclls  Increase n cvtoplaem  das phita ¢d fluse or granulate X3 U

tion test i ssue culture { THA) has been « btaned for the follawing sieuses
WFE Sindbis RFD and W N

The THA test for KT virus 15 v wtinely {erformed as follass  The fud
phase of miccted wnd unf ted cultvres s cemaned  The cellular monolayer
15 washed once with 1 m) of Manks blanced st solution adjusted 1o 211 7 3
t0 76 The washmg flurl v discarded ind borate saline (pH 90) 15 added
02m) perculiure  Afivrin ubation at 377 for 30 min goose erythrocy tes
suspended 1n vsrus adjustng, 1laenl 10 gne v inad pi of © 4 tronsidered opta
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mal for KFD virus) are introduced 02 ml per culture and msed v ell  For
optimal results the optical denstty of the red cell suspension 1s higher than the
onc used 1n the HA or HI test and corresponds roughly to a dilution 1 11 of the
standardized cell stock® or approuimately 1s equal to a 1 per cent suspension
of pached cells and has an optical density 0f 18 T ollowing a second incubation
of 1hour at 4% C  tubes are drained for > min  and the test 1s read immediately

T1cURFs 5 to 7 representing unstained clonal S HeLa cells infected with the

= e - .
" 2 3 T .
P O R - s

w
- v

&2

R

- A ]
b2 W o, !

Ficure 2 Clonal S, HeLa cells un noculate] stz nelby Gemsas method  Monolayer
mtact X570

ninth passage of KI'D virus show in addition to CPE the charactens
:?:: tt‘?ndmgs (?f theel'HA test  The specific sign for presence of viral hcmagé‘r:;
nm 1s an end to end agglutmation of the nucleated goose erythrocytes s
3 to 12 ved cells are I nked together longitudinally  Such 2 umgque :‘seengm
ment of red cells has been observed only i infected cultures and 15 1o

nhib ted specifically by
unnfected preparations  This chain formation mri :ea lpnsmve T% el by

o other chamns appearing then
yme attached around wsolate
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cell> or groups of cclls horseshoe formation or rosctte formation occurs At
F Y Y woooL o w

b e TE oy
. LRy

« - ' “ -

cells or to tube wall TV e Jungth of the red ot chans depends on the optica)
density of the rud cell suspension anton the amount of viral hemagptutma
T the optscal densyty of the added red eIl suspension 15 reduced 10 07> a value
used w the plate HA ant HI test hains are shorter dsuble and tnple chmns.
are rare and rosctte formtin s usudly lu king  Readings of THA tests
have betn based cxdlusnddy on cham formatn  In sionng the results the
following ssstem was used 4+ b formaton (3 or more v throcytes), £
oceasional chans {2 to 3 erythronvtes} and U no «ban formaton  Ip
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tests 1t must pe shown that umnocu\:ncd controls are completely free of chain
formation

The quantitative aspects of the THA |est as a MeEAnS of detecting yirus multt
pheation ® ere then tested 38 summ:mztd n TABLF 6 and 1 FIGURE 8 D
yirus was pmpaga\cd for mAnY passiges it chich embry @ qissue cultures Hela
TPB cells clonal gHela cells Petroit 6 cells and human embryon © intestinal
cells Y wal hemagglutmn ® as pmduccd 1n all systems Flmd phases of m

B o

-

E3Y
J—

¥ ouar 4 Nel® TPBeells smnoculated St nedby G ¢
X510

fected cultures were prated 11 mee and tissue cuttures and ng szus:uce
then compared sth CPDso (cympa\hugemc effect dosEss” useo e
culture hcmagg\unm\\on ‘hemadsorptio® dosesso and TIDso (t‘xss‘ © et
snfectious dosesso. The latter f gure w48 obtamne ouse wnfect? {1 -
with the undituted flmd of cultures mocu\aled witl ferent VITSS o
The yalues 1isted 10 the tvo \ast cotum™ of TABLY 6 méicate ® g(; oW T
petween o 1 1D THIS fact\ 28 of great 1o o(!né\‘c’(;; ‘z et
yon of {ID wires 1 ek, embey® nissue cultures vhere
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spite of a very hugh TIDsa  Whenever viral hemaggluttmn was present, in
fectious virus was present, too  As another approach 1o correlating THA and
infectnnaty, a very small amount of KFIY virus about 100 THDgo {forty-
fourth passage of A1 D virus 1 chich embryo suspension culture}, s mracu-
lated anto freshly seeded tubes contaiming 5 X 10* chick embry o cells/ml , thus
ensuring the greatest appostunity for contact between the celt population and
the small virus moculum  Appearance of infectious virus in the fluid phase
was studied at different times by mousc infecinnity tests and THA tests in

RHUECs

Sy N A
d

A

Ficese S Clnal & Itela ells nnculated neth KED vrus Raceested 48 hours after
moculation uastame | N\ bunsof 3 5 anl 7 longitu inally seglutinated nucleated
erythrocytes Conmt r le € ) athogemc effcct X355
cluch embrya tsu  dltures (FrLkE &) The slopes of the curves are very
simlar indicating th Lo LHY test is as vrlublc a means for the detection
of virus a8 the mause n uon techmue

t 1t vubodies in Tussue Culure

Neutrahzation fest < {1 Muretwew tirus Be tn 074 (Group €} The sbalyty
of Murutucu virus 1 ) wtr y Hel L TEB cells was vtihzed an the assay of
antibodies in a by perimmun mcuse serum The results of the expenment are
shown m TABIF 7 13 1 porlod sera of unmoculated and of v actinated
mice were tested at the sui 1 ve Fquad amounts of un Iluted scrum mived
with varied concentrin 1§ v suspensions (tenth prssage of Murutucy



182 Annals New York Acadcmy of Sciences

Tictre 6 Clonat SpHeLa cells moculated with RFD s rus harvested 48 hou 3 afte
wnoculation unsta ned  Note chains of red cells attached to single nfected cells  Horseshoe
formaton X35>
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virus, po An 97y n Hepy ™R cells flud Phascy Mere InCubateq at3z o
or 1 hour, then 1oculageq Mo myeo mtmcutbralb m am,
nto ysgye ulturgs ), 1 Mounts ults v clear cyy I bor
Cases complete Peutralizagy o s obtaineq Bith afy lutions Lested

ABLY 6
RYAN\!'I Foggsy Dispyep Corppgyq Norg Du gy Mice
t

TCPDa iyppe Ao 7y,
= _Tcro, \‘\\"\\ -
e | e | o s /
—— — —
Ehiek emy g s >70 Is 7s 75
& buck emp 139 15 73 <t 85 {84
Chick mtryg 20 73 <1 a3 83
ik empy o 37 75 <t &1 lgj
Hela Tep 73 LR 83 65
ela Trg 1o 83 72 85 85
SeHelq s 73 55 65 65
Sillery 10 80 72 73 73
St HeLa 15 87 fo | i3 80
SeHery 20 8. 18 78
Detroyi's 20 / 83 Tncomplers |7 [
Huraan g, 10 72 s s/
Mtest pe Il |
- e =

STD, Cultyre emaggitinn emadsorrion b, —
tTin,, Yis<ue culygpy infectioy Dy,
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four dqy e inory g In this ot Blers are g 1o 28 Jog of fmi
(o\m.ndl D ey’ y o o) I gy three dutes |l
Mtenk ;g S the e, of the 2
andin op kemppyy fissye CVltureg Lhu 1o, THD,, 10104 cayen 0 letec iy pe Ru

‘rlll'uh..a/mn est (Tyy D Krp Tirus ((mmp B Serq of Young g
Prmsters Moculare, m(mp(nlnnn") S aboyt 10 Miectioy, Drces of ¢ 1]
MUS 15 po Collicted § Onth pos, noculangn 04 tested for Deutr iy, angy
bodyes er of Uninocyly ey Bamsterg “Ere collocreg 0 tested 4 ¢ ¢ sam,
tme The st waqg Carred gy, s g e
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100 LDg of KID wirus (10 per cent infused mouse brain diluted 1075} and
tncubated for 1 hour at 37° C The mixtures were then 1noculated mto chick
embryo ussue cultures (01 ml), as well as mtracercbrally mto adult mice
(003 ml)  Six tubes or s mice, respectively, were used for each muxture
Due tg occurrence of nonspecific deaths, the number of mice was fess than 6 1n
some instances  Parallel titrations were performed 1n both tissue cultures and
mice at the same time  Mice were checked for the accurrence of deaths every
day for 15 days and the average survival time (AST) calculated  Chick em
bryo ussue cultures were tested for the presence of viral hemagglatinns by
the THA test on the fifth day after inoculitson  Results of this experiment
areshownmranle 8 Virat hemagglutinin was detected in ali tubes mocutated
with muxtures of virus and serv devoid of antibodies  In tubes smoculated
with mixtures of virus and sera from immune animals, the virus was neutrahzed
and THA tests werc negative  There were no discrepancies between the tissue
culture and mouse neutralization tests, the former (valuated on the fifth day
as compared to the latter, which was terminated 15 dvys postinoculation
Tante 7
Grour C NEUTRALIZATION OF MURLTUCT VIRLS

Normal mouse serum Hyper mmune mouse sctum
e Tnfantmue 1 giaen cetts | Iofantmce | yita s s
(ntracesebrally) ] A ( nteacerebrally)
101 " 3/3 0/8 0/3
10- 777 33 0/8 o
10 77 373 0/8 o3
107 177 2/3 0/8 %

10 0/7 0/3 /8 0/3
Tatert | et 63 <2 <

* Source of wirus tenth l'mssigc of Murutucy virus 1n HeLa TPB cells fuid phase

t Expressed as log o/t ml of test matenial

Hemagglutination hemadsorption snhibitzon fest (THI) RFD urs (Group B{i
In these expertments sera of 6 laboratory workers, of 2 rabbus xmmm-uzel
agamst AED virus, 1s well 1s of 1 normal rabbit were tested by con\enlmn;
HI test as well as by the THI test Al scra were treated with kaolin and;
sotbed with goose erythrocytes™ The same conditions were nccms:n'yh :I:
success 1 both methods  Five days postinoculation of 100 THI)so into co

v 2 ted serd,
b uitares, & THE test was perlonmed as follows  Trea!
Aued 1 10 to washed cultures, 02 m!

0) were added
dduted 1 10n borate saline et i a)n‘.vff 290 the red crlls were added

C, tubes
T4BLE

1 with thost from ttw

9 shows a comparison of results obtaned by the HI tes
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Tanir 8
Geovr B NeutrALIZATION 0 KFD V1xus 1w Curex Exexvo Tisscr
Corree (THA) AND BY INTRACERERRAL MnGSE TEST

THS et Toacerebral moose tesy
Vi
dilution
Sera (105, Ao of tubes s wt
Beal Result | Died ““: i Result
lalslelsle wived | (days)
Hamster 1 N 18 b ittt il rl o6 6 1 0 1 650 Ner
2N 107 (bl b i+ 661 6 | 0 | 63 N\eg
In Wt kR iR B0 L 6 ) 0 | 720 Ne
4N W8 A R 66 4 e 65 Neg
5N 108 b dk eyl 66 2 ) 0 ) 70 N
6 lam 13 {olofofalojafoms| t | 4 |140]Pes
7 Imm 104 10010101 0f0j o8] 1 | 5 [130] T es
8 Ym 104 10{0i0310[0]{0j 061 0 | 6 [150) Pos
9 Imm 1% 1001010101010/ t [ 4 |[132]Tos
10 Imm wv Iofojololofol o6l 3 | 4 F336] Pos
Contral ofolo{ofofo] 6/6 | ND | ND | ND
Yirus Wiration 1% gt b 0/ [ X
i e S RS R R ) 9 71
10t [4l404lo+10l 48] 4 | 1 (100
1% jofol+jofolols] o | 8 {150
Titer + THDy = 84 LD = 89

* Scorung expluned in test.
t Fxpressed as Togis/1 m of test material

Tascs 9
Geovp B TJII Tesr wirt KID Viks 1v Catcs, Ewemio Tisstr (Liresr
sers Hutory TR R
Human, W R Na vaccine ¢ [
iuman, C RSSE vacene 1 3
Haman, X D RSSE vaccine ° [
Humam, SMB | RSSE vacane 3 ]
feman, DND | Laboratory infection with KFD) 243 4
vinus
Human, R C Laboratory tlection with KFD) B8+ t 7
Aieus
Rabbit, No 1 RFD~moust brain susp s [ H
Rabbut' No 2 JFD—mouse bran susp 6 8
Rablut, No 3 Untnoculated | o °

*THDe , 10741 ml o day of fest
1 Blate test performed with 8 units of hemaggiutman
End point not reachy

the wmunmzing agant  The only drscrepancy occurred when scra of Libora
tary norkers vacainated with formalized Russtan Sprieg Summer encephahis
(RSSE) virus were tested for FII antibodies aganst RED  As bas buen ponnted
out, KIT) virus 1s serotogically closely related to the RSSE sims  abo st
must be remembered that 1n the HI test 8 units of hemrgghitmn were wsed as
contrasted with 15 X 10° THDso/ml viral hemagglutnm doses determned
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on the day on which the THI test was carried out  Since there 1s no reason
to assume that the 1mount of antigen 15 the same 1n such different tests as the
}]{I and THI, 1t 1s perhaps, remarhable that the degree of correlation was so
close

Svanrary

Arthropod borne viruses are eastly propagated in either chick embryo tissue
cultures or mammalian cell lines

Viral infectvaty can be measured by direct observation of cellutar alteration
(CPE) or by production of viral hemagglutinin as measured 1n the tissue cul
ture hemagglutinttion hemadsorption (THA) test

Assays of bodies either by hzation tests or by tissue culture he
magglutination hemadsorption mhlhmon (THI) tests appear to correlate rea
sonably well with results obtained 1n mouse protection tests or HI tests

Tissue culture appears to be an effectnve device for the cultn ation and assay
of a large group of arthropod borne viruses and the detection of their anti
bodies
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BIOCHEMICAL STUDIES OF VIRUS INFECTED CELLS*

W Wubur Ackermann

Department of Eprdemsology and 1 srus Ladoratory
Unirersuy of Micigan Ann Arbor, Mick

The onentation 1mposed by the subject of this monograph leads us to em
PR .

nhae e thaca noe +

ute ensuing cham of secondary reactions and the translation of molecular
alteratsons to macrochanges together, comprise the scope of our interest
Other papers m thts monggm-rh ks o~

express pre-cminently how

of any viral infection can be

n general terms the over all pattern as 1t appears in the light of present obser

¢

the chemistry of the virus has waited upon dev elopments m tsssue culture that
alfow first of all the important separation of the pnmary cytopathology from
the mflammatory and proliferative effects of a secondary nature  An equally
unportant result of the tissue culture technique 1s the ability to observe changes
most easily by companson of infected and normal cultures where, because of
the completeness of mfection one 15 really companng normal and infected eells
Only preliminary studies of the rate and nature of the imitiation of mfection
allow one to proceed with assurance in this regard

A vartety of techniques 1s available to imit the wnfection 1n a parhieular
culture to a single sequence  This 13 an essential for the correlation of viral
synthesis with the observed cellular changes and for the determmation of the
natural order of these processes  If classic methods of biochemistry are to
be employed the use of mass cultures becomes mandatory and of greater value
where nfection 15 1mtiated synchronously 1 all cells since this provides for
interpretation at the cellular level  The few results already avarlable empha
<1ze the value of complete time studies during the snfectious cycle of we are to
have confidence that important observations are not averlooked

Thus with present techniques 1t 1s posstble to direct our observations to
very umform multicellular cuitures in which nearly every cell 15 undergowg &
single ¢y cle of mfection m an almost synchronous manner  However whatis
desited are codtures 1 which all cells during thes growth cycle ere performing
physiological and biochemcal activities synchronously :

Also prerequisite to a determination of effects whose cause 1s viral 1s a cf e:.;r
notion of the properties of the normal cell these properties must be definable
and measurable

TInductive or stimulatory effects are best considered 1n restmg cell systems

* The work repotted in this paper was supported 1n part by a grant from The National

Foundation New York N }
188
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wherein activitics are only potentils and 1n which the environment 1o compe
tent for the realization of the potentials Success 1n provoking a parucular
acinity by virus or any other instrument establishes the compctancy f en
itonment for this activity, failure only feaves the question unanswercd

Inhibitory or blocking effects of virus, in contrast are best stul d w th
cells 1n a dynamic state where the activities in question are procecdiny,  Frop-
ernes of cells mamfest only 1 the dynamic state are cleganth foll v(1 o
synchromzed cultures or 1n single cells

Observations that fall in the first category of sumulatory or induct ve uffects
will be considered first Many of the findings presented elsewhcry in
monograph are appropriate here and could serve as examples H vy
because I have greater famlianty with the details of the studies repert
H F Maassab, I shall emphasize these preferentiatly

Maassab reported that the composition of his control cultures during, the
eypenimental period remained constant when considered on a cellular bisis
Constant composttion would result 1f a stahic situation eusted  which no nct
synthesis of nbonucleic acd (RNA) or desoxynbonudlerc actd (DNA) was
occurming or equally as well if synthesis was proceeding rapudly an cells also
undergoing completely asynchronous dnision

Careful study of cellular division in cultures of ordinary HiLa ctlls sustuned
1 90 per cent maintenance solution (Scherer, 1953) and 10 per cent ojume
serum indicates that the former situation presails  In the mamtenance me
dwm cellular increase docs not occur, net synthesis of «vtoplasmic R\
nuclear RNA, and DNA does not proceed at deteutable levdls although these
components may be metabolically active as indicated by the conswderable
radwactive phosphate that they incorporate  The eells, of course, are utihzing
glucose, consuming ovygen, and producing acid  Lpon replacement of the
mamtenance medm with 90 per cent Eagle's medim (Fagl. 1955) and 10
per cent equine serum, cellular division resumes the ceffs grow and increase
n number At present 1t has nat been determned whether the mantenance
medium erther 13 simply deficient or 15 inhibitory howerer, in either cise, the
;ﬂ:cts are multiple, although possibly secondary to 8 primary of sngular de-

ect

When such cultures of resting cells, sustamed 1n mustenance medum are
wnfected with poliosirus, as Vaassab has described, copious quantities of R\ ¢
and protein accumulate m the ¢y toplasm It ollows lhtrdorc,f(hnz n the
system precursors of RN A and protein and an '\ppmx’mw\“‘“m‘ of energy are
avalable Tn the resting celt these sy ntheses are potentialy the ensaronment 15

foevu wwu o e
shase docs not occur
«  esisof DN A of nuclear

. v ot medium ts compate

decide whetnet L s

It poste S e
1th these fenc 1, 13 able to st « sy ntheses or €1

the virus, on mfecting the cell

e
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can anlubit them  The competence of the environment for DNA synthesis
mught be c_stnbhshed by infecting the cell with some other virus (New ton and
Stoker, 1958} or the question might be examined expenmentally with cellsina
growth medium  As yet, these experiments have not been completed It
should be emphasized, however, that there are distinct carly metabolc, as well
as mosphologic, cffects demonstrable 1n the nucleus of nfected cells

So much for the basic description of the normal resting cell and 1ts potential
activties  The next consideration 1s one of the viral effect that has been de
scribed  the hyperdevelopment of cytoplasmic elements (Maassab ef of , 1937,
Loh ef al , 1938)

The synthetic activaty induced i the resting cell by the infection may not
cxceed that of the ordiniry cdll duning the growth phase, particulrly of ve
consider that the RNA and DNA of the daughter cell probably are formed
only duning a portion of the interphase and that the total generation tume 15
only eighteen hours  One need not assume that the virus increases the basic
potential of the cell

The effect here of virus 1s concerved most stmply (and this 15 speculation)
as an uncoupling or disengaging action that releases the cytoplasmic reactions
from obligate cross linkages with other mjor synthetic activities with wh ch
they arc normally coordinated

The constant quahty o " ' v Ao man wntnne ¢ nmocts the
operation during cellular
synthesis of various specic
synthesis of one species of RNA could not proceed independently of others
W hen conditions 1n a particular locus of the cell are smitable for RNA synthesis,
all templates 1n the area function and, possibly by simple competition, duplicate
1 fived proportions

Again, 1t 15 economical to propose that this normal coordmating principle
opcrates after infection and that rephcatton of the viral spectfic species of RNA
tnggers the development of other templates of RNA aiready present 1n the
host ceft

1t 1s obvious that we do not undesstand the pnnciple underlying the coords
nated synthesis of the vanious RNA molecules m the ordiary cell and much
less how the virus may participate under such a principle  One clue may be
the fact that the nfectious cycle can be imtiated by the isolated RNA of the
pohovirus  If we restnict our thinking to the nucleic aad 1t 15 tempting to
propose that in the ordinary cell nucleic acid sy nthesis occurs only at those
times when the nucletc acid 1s freed from the nucleaproten  Perhaps the sim
ple presence of an actwve or free nuclerc acid molecule 1n the metabolic milteu 18
sufficient to catalyze the dissoctation of the resident nucleoproteins  In one
<ense the action of the virus would be to conditson certain areas of the ce’{l'l:t:

that was not virus and not destined to be virus bul aluer v s v we Sl
It 1s qute clear from experimental evidence (the quantities of m}:‘ebasc
nvolved, thar distribution among the subcellular components, and the
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with adenovirus (Boyer ef al, 1957) The sccond point, regarding the cellular
Panr ot rae A RSt e -

plasm  This corresponds to fraction IIf, which we have found to incresse
total protein content (Loh ef af, 1958)

At this point we should not fail to recall that well authenticated examples
can be cited also m which there 15 the duction of synthes:s of materals char
actenstic of infection, but of nerther viral nor cellular nature I refer to the
protetns comprising the crystalhine matrix found 1n «dJls of nsects with poly
hedral diseases (Bergold, 1953), the hemagglutinating protun of vacani
fection (Chu, 1948), and the nonviral antigens found after phage infection of
Iseherichia colv (Watanahe, 1957) Tor thest one would ikt to resurve some
spucal functions i the iral developmentat process  Thest may be of struc
tural or, as with the Ty bacteriophages, of metaboli signshuince (Ilihs and
Cohen, 1957)

A third class of materuals, not to be tgnored in prepaning t balance sheet for
wfected cells, 1s that comprised by products resembling visus but Ticking full
bioloscal activity  This includes alf the wel! established solublc inuigens ind
so-called incomplete virus forms These are of such extensive and diverse
natures that it would not serve our purpose to review them here

Tt suffices to say that with poliovirus infection and, possibly with the others
aited, the first class of newly formed materials 1s quantitatsvely of the greatest
significance and accounts for much of the histochemical visuahzation

The central problem 1s 1§ hat 15 the biochemical basis of the cy topathogenic
effect, how can any of the considerations just outhned be retsted (o the central
problem?

Trom a teleologreal view pomnt, there would scem to be value 1n the suppres
sion of himited phases of cellular development under conditions restricting the
full de
or abt
partn

With the HeLa cell two examples may be ated  the action of .\hzrmdx:lmn

v e VLN atim e an tha mesence
n
gic
wt

. e
oyer, once unb1hnccd'dcyclopmem has occurred 1n the presence of inhibator,

vubility cannot be restored upon the addition of thymine the th:n;:(' nl;u.
- [ et = been
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stinulated by the virus 15 out of phase with other normal actwities of the cell
The cy topathogenic effect might have its pnmary Lasis not m the synthesss of
a small amount of foreign matenial, but in an unbalanced growth of the cell
Houever, the final loss of morphologic integrity may result from the secondary
accumulation of some particular substance  Such 3 cytotouc substance hag
been described i a preliminary pyblication (Ackermann e al | 19584)

Few 1deas are truly new, the concept that growth stimulation 15 prmary to
necrosis has been suggested before on purely morphologic evidence (Rivers
1928)  In fact, some classifications of virus based upon pathology suggest a
spectrum of agents those causing neopl those prod hyperr and
necrosts and finally, agents with pronounced necrotic effects.

The 1dea that the action of virus 1s fundamentally a stimulatory one would
not be questioned 1n the case of caranogenic yyruses  Of interest m this con
nection 1s the recent report that, under different environmental aircumstances,
the polyoma virus may produce either necrotic or probferative cytopathogentc
effects (Lddy etal , 1958)  Likewise, the late Duran Rey nals {1940) nas much
occupied with this dual nature of viruses It might be proposed that all viruses
possess this fund, { capacity to ple [imited bolic and structural
areas of cells different viruses, for example, those contaming RNA or DNA,
would affect different o The carcinogemic viruses would stimulite such
wide arcas thit the cell may survive, although considerably altered
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RELATIONSHIP OT VIRAL ANTIGENS TQ INCLUSION BODIES

Chien L
Department of Pediatries, Unsersily of Raneas School of Mediesme Ransas Ciy Run

‘The technique of labeling antibodies with fl 2s developed by Coons
et al ) * has become a very useful tool for immunohistochemical stadies It
has a particular advantage 1n the study of viral infections because the antigens
may be localized preasely i an wnfected cell by this relatnvely simple pro
cedure

The anttbody molecules 1n a specific serum can be labeled with fluorescern
and used as a direct histochemucal stain for antigens  \Many viruses such as
mfluenza, mumps, vacana, fow! plague, Egypt infectious cimne hepatitis
and camne distemper have been detected by this direct staining method in
hssue sectons, as well as in infected cells from tissue cultures  On the other
hand, unlbeled specific antiserum can be placed over tissue cells contaming
antigen  ‘The antibody globulin molecules are deposited on the sites of ants
gen  After the excess of antibody has been washed away, the bound anti
body molecules may be detected by fluorescein labeled specific antglobulin

- - . v Vs vl .

(4) the unlabeled serum can be diluted for antibody utrations  Measles van
cella, primary atypical pneumonia, herpes simplex poliomy elitts psittacosis
and others have been successfully studied 1 this nay

It 15 obvious that fluorescent antibody staming will help to eluadate the
question of whether inclusion bodses represent aggregates of varal particles or
are merely morphological residuum from viral infections  Several viruses that
produce classic inclusion bodies have been 1nvestigated

Infectious canine hepatitis 15 an acute disease of viral ongin in dogs and 15
charactenized by centrolobular necrosis of the Iner  Hustologically , large intra
nuclear eosinophilic nclusion bodies are seen 1n the hepatic parenchy ma cells,
as well as 1n the endoathehal cells of smaller veins, venous <inuses, and hver
sinusoids  The typical Type A inclusion bodies had been noted by Cowdey
and Scott! 1 1930 1 txo cxpenmentally infected dogs IHowever, the
dist1se wag first descbed under the present name by Rubarth® in 1947
Cofin ¢f al ,* using the direct method of fluorescent stamning demonstrated
that the mntranuclear mclusions 1 expenimentally infected dogs ,mmamcd a

rtd Fogt

hematotyhin and eosin  The nuclear membrane continued lo contun virai
antigen duning the entire course of development of the inclusion bodies
Canine distemper 15 a common infectious discase 1n dogs, foxes, and weasels
193
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The causative agent 15 a filtrable virus first discoy J
1solated by Lardlaw and Dunhin ¥ Inclusion bodies rx:e:ia:iuscizg ?x’:{s!u]:lei
infected animals have been demonstrated frequently by stamning \{uh )msno
toxyhn and eosin, by Seller’s method,} or by Shor’s method ® Vi hen sme:&n
of urmary bladder epithehum from nfected dogs were treated with s mﬁm
fluorescetn labeled anticanine distemper serum, numerous fluorescent rﬁasse:
were seenin the cy toplasm of the epithelial cells  After the smears were studied
under the fluorescent microscope and photomicrographs v eze taken the same
shides were then sta‘med by Seller’s or Shotr’s method It was rou;\d that 1
- a0y S

tory " However, smears stamed by Shorr’s method (S-3 stain) showed mter
esting differences  The reddish inclusion bodies charactenstic of distemper
infection® usually did not contain viral antigen The fluorescent masses of
1ral antigens appeared famntly gray blue 1n the S 3 stains, and would often be
passed unnoticed if they were not looked for specifically This suggests a

R '~ £ tamnavancd cane Thinne the early stage of develon-

ing on their stage of development
The problem of whether the intranuclear eosinophihic Type A inclusions
herpes simplex nfectons contain virus particles has aroused the nterest of
many investigators  Cowdry™ in 1930 found that the herpes inclusions did
T tmemvanct an @ milarlv Francls and Rurtz? concluded
Virus 15 not associated with
- < rny

clusions contain the nucleoproten
mtranuclear mclusions do not possess such nucleoprotein  Gray and Scott,®
1n their differential centrifugation experiments 1n herpes infected chick embryo
liver, demonstrated that significant amounts of infectious virus could be re
covered from 1solated nuclear fractions of infected liver during the early stage
of infection while the nonnuclear fractions of virus increased as the infection
progressed  Morgan ¢f a \¥ by electromicroscopy, suggested that the mitial
site of herpes virus development 15 1 the cell nucleus and subsequently 1s re
leased 1nto the cytoplasm, where it becomes mature  Using the fluorescent
antibody and hematoxylin eosin staiming methods, Lebrun studied the course
of the development of herpes sumplex inclusions i mfected nissue culture of
human epidermod carainoma cells  She observed that the detectable herpes
antigen first appears as small fluorescent sphenical spots in the nucleus, slowly
increases 1n amount, and finally fills the whole nucleus At this stage the
clear matenal 1s | hilic and does not correspand to the Ty
~nclusions  Speaific antigenic matenial gradually diffuses mto the cy
nd increases m amount At the same time the nucle
creases until 1t becomes very small orabsent  Cellsat thy
esence of typical Type A nclusions that contain httie
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Trom sl the above data st 1 clear that, i the infected cells, herpes <implex
virus multiplies 1n the nucleus, 1ncorporates desoxynbose nucleoprotein M 13
assumes a central body 30 to 40 mu in diameter wath a single membrane ¥ and
s antigeme ™ As the development progresses the virus 1 released from the
nucleus to the ¢ loplism and assumes a sccond outer merbrane 17 Jeaving the

bodies 1n brain smears or sections 1s the most helpfu! procedure bes le actual
isolation of the virus  Wolman and Behar' in following the deselopment of
Negni bodies by the Feulgen reaction and by studying phosphatasc and chohin
esterase actraties suggested that the inclusions represent aggregates of virus
particles that multply up to a certan limit and then dimuush 1 number
thereby resembling the events tn morphogenesis of herpes mclusions  Gold
wasser and Rissling™ have demonstrated that the Negn bodies in infected am
mal brams, as well as 0 salnary glands contain viral antigen  Although the
studies were not carried out in staining with fluorescent anuibody and other
histological stamns of 1dentical cells the demonstration 1 sufficiently consincing
because the fluorescent staming of the \egn bodics was nhibnted by removal
of the antibody with speaific rabies virus  The authors suggested shat thts
method may be useful sn the diagnosis of Negn ncgatn e animals and in scrol gic
assay of immunsty m man or other amimals undergoing ribies vacanation
In summary the use of fluorescent anubody 1s an tmmunohistochomn Al
stamn has helped mnvestigators to understand more about the problem of the
relationship of virat antigens to nclusion bodies  In nfectious canine hepatins
the intranuclear inclusions of thts discase contain a high concentration fvirsd
antigen that begns 1n the nuclear membranc and spreads 1o the internr of o
fucleus  In camne distemper the inclusions may or miy not Gntun vl
antigen depending on the staiming method used  In herpes simplex ot t
evident that viral anugen, presumably representing active virus 15 fount n
the inclusion bodies during the early stage of development  When the infec
tion has run 1ts course the virus 1s relcased from the intranudlesr site of mul
tiplication and leaves betund the eosinephilic inclusion as a ¢y tological scar
More studies on the Negni bodies 1n rabies infection are nceded  However 1t
appears that they also contain viral antigen at some stages of their develop-
ment
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that the inclusions might consist of phagocytized nuclear debns was the finding
that numerous nclusions developed during nfection of mice that had received
roentgen radiation of such a dose as to climnate leukocytes from the viral
lesion of the lung  Most of the mclusions gave a posive Feulgen reaction?
(FIGURE 2), and the Feulgen Taction could be prevented by prior treatment’
of sections with desoxynibonuclense *

Electron microscopy confirmed the presence of inclusion bodies 1n the cyto-
plasm and failed to show lesions of the nucles  Sections of cells frequently
permitted visualization of the nucleus nith one or more inclusian bodies i the
cytoplasm of the same cell  The inclustons contained particles that were estt
mated to be 1n the size range of influenza virus, and the suggestion was made

o A+ tha cama fimie It Was
ets of endo

' s showed
Subscauent lectron microscopy of cells inlected with adenovituses SIORE

Lleu w0 v =

form 1n size  The size of the particles 1 adenovirus luied e
measured, and was only shghtly Jess than that determimed by other :t:l s
with other methods  In addition, the particles often occurred xlr:] crgr ot of
arrangement and were shown to have nternal structure resembing
large viruses ® ruses

’%hxs expenence with virushhe patticles m cells mfected with adenov

* Obtasned from the W orthungton Biochemical Co , Freehold N J
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led us to expect intracellular viruslihe particles to be smoother, more discrete,
and more uniform than the particles we had visualized 1n the ¢ toplasmic an
clusions of epithelial cells infected with wnfluenza virus  In addition, st was
reported by Morgan ef al ¢ that viruslihe particles could be recognized on the
cellular surfaces of chonoallantore membranes of embryonated eggs nfectcd
with influenza virus  These worhers also examined the lungs of mice infected

i 4 [}
fh
,'{ﬁ & i

2 N o = o?
) \ L -
/):E;\ b\ -~ B \
Id N {:0" . .. &
H “ X ’,?/ \

4 e € TS

Fiotxr 2 Bronchial epthehum of mice 40 bwurs after expasare by aer ] to the Werss
Mran [ Type \influenza sieus  Bealgen reactson without counterstain — Arrows in ficate
VeulRen puwrtine c3 0 Sasm ¢ inclusion bories X 9233

with mflacnza s wus and thought that the o taplasmic bodies wete not composed
of varal particles because the particles hicked unifarmity and internal structure
Thev also found bedies with 3 <imalar appearance m chick embryo membranes
mfected with vacanm fowlpox and herpes vtruses A further et n for
dubting that partides 1 the influenzal ancdusions were particles f milucnza
sirus arowe from the findings of a number of workers concerning the nuclesc
acd present i purificd preparitions of influenza virus obtamed from allanto
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flud  Although virus from allantoiwc flusd may not necessanly have the same
composition as that purified from mouse lung, 1t 1s noteworthy that highly
purtfied preparations of influenza virus from allantoic fluid contam nucleic
acd chiefly mn the form of nibonucleic acid (RNA) and only trace amounts of
desoxyribonucleic acrd (DNA) or none at all” * Since the inclusions were
primanly composed of particles giving a positive T'eulgen reaction and since
this reaction was presented by prior treatment with desoxy ribonuclease, 1t
scemed probable that they contatned large amounts of DNA and were unlikely
to be viral particles  Our present tentative view, therefore, 15 that the cyto-
plasmic mclusion bodies induced by influenza virus in our experiments consist,
to a large extent, of DNA accumulating in the cytoplasm as the result of viral
infection *

Estimatton of the siz¢ of virushike particles 1n infected HeLa cells had some
value favoning therr Wentification as adenoviruses, and we used polystyrene
latex spheres as internal standatds of measurement ® In this method the

spheres of known size are sprayed on the surface of scctions, and have the ad
il 1 - - -~ otz boeln e Hlamnet lag Tha

' 'oee tem b AL onfa nd ko oarhers using
oscopy of
epancy, 1t

;nny be mentioned that fixation with osmm tetroxde causes some shrinkage
of issue and that sections through vanous levels of virusihe particles result i
images that are usually smaller than the ongmal particles because they do ot
go through the center It 15 also hnown that latex spheres expand shghtly
from exposure to the beam of electrons ¥

The arrangement of particles mn regular rows served as a distinguishing fea
ture of the virushhe particles observed in the nucler of HeLa cells mfected
with adenoviruses,® Morgan ¢f al* have shown that very large crystalline
aggregates of virushihe particles occur  Such large erystals can be visualized
by hight microscopy?® and sections adjacent to those examuned by cleclrolill
microscopy have shown that the crystals give a positive Feulgen reaction
Since the virushhe particles are closely packed in the crystals, this evndenbte
18 an indication that adenovirus contans DNA  In this connection, it may be

ells infected with Ty pe 5 adenovirus contam
pointed out that nucler of I—fie»La c ! IPLE‘ ed + —’ﬂ"ﬁ’pcms”er s

eaction ™

ed cells, 1t would be
desirable to show that the particle itself had unequn ocally dlstmgulshmg‘f:;‘l’:s
phologic ch istics  The d of internal structure m partl s
visualized in the nucle: of HeLa cells infected with ndeno‘\ ruses bas Shﬂwbcd\cs
they do have structure of considerable distinctiveness and l;he :,l:nle:rge o
surrounded by membranes resemble particles 1n cells infecte m'~ e e
ruses Recently, we have sought to visualize the mternal s:;ms :f o
novirushike particles more clearly and have employed the metho -

+ Sellers? was unable to show greater than normal amounts of thymidyke acd i the

of mice infected with 1nfluenza virus
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1ype 3 aden
membrane
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granule  While these dufferent forms may have resulted from cuts at different
levels 1n the particles, it seems more hkely that different forms of the par
ticles exist
It was pownted out that present methods do not permt direct mfectivaty

‘) tests of particles i sectioned cells so that the true viral nature of intracellular
/' particles cannot be tested  Nevertheless, 1t has been shown™® ® that punfied
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pellets of avan leukosis viruses contawmed parucles nath smternal structure
tesembling closely the virust ke particles seen in sectioned s This method
of companng the structure of particles that can be tested for mfectnaty with
partucles visuahzed 1n sections seems to offer an approach 10 the problem 2s

TR

Y e
? -
[T N
£ owr !t tlotnnm s aph of Hela eolt 20 bwes after ofect onw b Type I pelin
us There are tne g anlesw b the | toried nu Jeus and 1 Jocalucd s ras ou u Se of
e nudieas membnne XAV
1 how to ascentan the wfectmty of miraccllular part des Howerer tn
recently vepeorted secty ne of pediets of punt ed pol avires no memt rane was
{ un{ to surtoun { the partici=? Tt s oot fear at present shether the Jack
f 2 membrire wax the reeult £ VI ulties 10 resclute o this wery small
v rad party e or whether the memi rane Thes nnt eust
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In recent studies of HeLa cells infected with poliovirus we have employed
a Type 2 stran both before and after adaptation 1n Hela cells by senal pas
sage. Sections were prepared as in previous studies $ and also by the method
of Watson * noted above  T'1CURES 5 and 6 sho s d storted nuclear membranes

-
. ~ -

~ : L ix
.
b tia x oz
th Type 2 po o-
ograph of HeLa cell 21 hours after nfect on 9
2 Abore the & or e o sris Cotaus g o ramutes s o f Uhos pesen
1ns de the nucleus  X6322

~

virus

ra
and many small particles or granules within the nucleus l::ndau:“lf;lcrf‘ew;‘;ﬂ
nuclear clusters  Examination of such particles under h gh ":1 rgms o alar
only sho ved no internal structure but failed toshos smou‘t lm’ ‘%ha e
shape  This experience 1s s mifar to that of Kallman ]cl :‘n frcreds thpolo
viruslihe particles mn tissue cultures of monkey hidney cells
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virus  These mvestigators also calculated from trtratons of the culture fluds
(hat too low varal particles were present to be rdntified by electron microscopy
Tt 1s known morcover, that pohiovirus 1s released rapidly from cells in ussue
culture® ¥ so that the number of viral particles remaiming tn the cells might
be expected to be mmmal in number  Conversely, adenovirisse» are not easily
released from cells* and virusbhe particles are readidy found in cells of n

el system under study

The fatlure to find v yruslike particles an cells undergoing a severe ¢y topatho-
genic effect from wmnfection with polovirus 15 consistent with the vies of Acker
mann ¢t a ** that cytopathogentaity 1s at least parntally a fusction of the touc
effect of the virus A similnr view arosc from our finding that virusihe pae
ticles ere found 1 only a minonty of HeLa cells moculated with admavu’ui

plice  Tf a large part of the cy topathogentaty of some virgses in fissue cul
ture 15 the result of toxic action as ppears to be the case 10 these eamples,
it may be worthwhile to speculate concermng possible cell virus systems 1
which a cytopathogenic effect would not take place because the strus hcked
toviaity for the particular cells employed, but might be visualized nside of
cells by electron microscopy

Tinally, the problem of artifacts 1n the electron microscopic study of lesons
in cells induced by viral infection must be considered  Moreover, vanations
from prepirition to preparilion may make it difficult to compare infected and
unmiedted cells  In Hela cells the cytoplasm usually shows structures
roughly the size of mitochandrn however, these do not have the typcal anstae
usually needed for the identihcation of mitochondria  Some of such structures
probably consist of mitochondna that have undurgone degencrative changes
s the result of some premortem wnfluence such as vural infection or have this
apperance because of changes that have taken place dunng preparation of
the cells for electron microscopy ¥ In addition, we think that many of such
structures are the inclusion vacuoles resulting from pinocy fosis, since unin
fected Hela cells grown 1n medi contasning colloiddd gokd show partscles of
guld mn globow! structures of the 3 toplasm but not mn typies! mitochondsia
W have found alo that «nular ingestion of collowdy) gol 1 takes plice in Hela
«ells undurgoing oy topathogenu eflcet from the action of adenosins
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RELATION OF VIRUSES TO IN\CLUSION BOIMES

Henry Pinkerton
Department of Pathology St Louss Uy ernty Schack of Mediene St Lewss o

In this paper, I shall discuss first the basic reaction patterns of cells to viral
infections as they are observed under the comyentionz| hght microscope, and
attempt to cotrelate these patferns with some of the data obtamed by the use
of rewer techniques  Second 1 shall review certain obsersations on the intra
cellutar multiplication of nickettse which may be pertinent to the analogous
problem of the ¢y toplasaiic angd nuclear multiphication of viruses

Usstory

The molluscum body was descnibed in 1841 and the ¢y toplasmic inclusion
n fowlpox (the Bollinger body) in 1873  These bodies together with other
simular strustures described later were long believed to be protozoa er fung
Borrel t 1n 1904, showed that the Bollinger body was composed of myniads of
minute coccond elements each about 02 4 1n diameter  In 1929 Woodrufl
and Goodpasture* showed that isolated washed Bothnger Lodies were mfec
tive

The nuclear inclusions of herpes simplex were described by Lipschutz in
1921 George Hass and I in 1932 obsenved compact nuckear dusters of
epotted fever nickettsiae in tissue cultures and stressed the resemblance of
these intranuclear aggregates to the nuclear inclusions seen i certain viral
mfections *

Thus the general concept that certain viral tnclusions, both o toplasmic
and nuclear might bt colonis of viral particles gradually gaieed momentum
and tn the ¢1%¢ of scveral of the larger viruses was confirmed by direet obaenva
uon although the occurrence of a matny m which the elementary bodies were
embedded somew hat complicated the picture ¢ The nature of the bomogeneous
wiclustans associated  ith the smallee s ruses remained o the realm of speculy
tion and his only recently been partially chinfied by the use of the electron
microsco)

\leanwhite new strological concepts were being formulited and developed
i the general areas of the host pirasite relatimship and w the method of
mulupheation notably the diversion of cizvmes of thesr host cells to varal
replicstion the multiplication of the smaller 1ruses by a mysicrious method
differing from that of binary tssion the breakdown of virus pariles into sub-
umts that were reduplicated separately and later combined to form mature

P . . . .
the tmportant questiins obvisusly 1re shat enzvmes are diverted ani how
and 10 what ditection they are diverted. By what tvpe of bixchemical per
suasion does the virue partile after entering 18 bost cell divert ats enzy matic
machinery to its onn replicatiin® At present we powess several new tech
ntques for asking specinc Questsons tn ths field of inquury, and we are getting ~
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answers to these questions  To be sure, each answer raises several new ques

Bastc Reaction Palterns of Cells to Viral Infection

Since all cytopathic reactions of cells to viral 1nfection are interrelated, 1t
seems desirable to discuss them as a whole before considering the special case
of nclusion body formation  Cellular alterations may be observed 1n undis
turbed animal tissues or 1n cells 1solated 1n tissue culture  The latter method
has the advantage of el those mod. of the reaction patterns
resulting from such factors as antibody formatton and nonspecific mflamma
tron  Certan specific alterations, how ever, notably neoplasia and hypoplasia,
can be observed only 1n the tntact animal

Under the hight microscope, virus mfected cells may appear unaltered, or
may show (1) staing alterations, (2) assumption of sphencal shape, (3)
necrosis, (4) hypertrophy, (5) giant cell formation, (6) hypoplasia, (7) meta
plasia, (8) hyperplasia, (9) neoplasia, or (10) inclusion body formation The
various alterations may be observed 1n a wide variety of combinations that

1 lly The f of syncy tial grant

may occur or ly
cells and mclusion bodies, for example, may appear to be simultaneous, but
statung alterations, hyperplasta (prol ), incluston body f an

necrosis often occur sequentially  Sequential changes are best studied 1n tis
sue cultures, but the vanous deyelopmental stages often may be obsenved n
infected ammal tissues and correlated with observations made 1n tissue cul
tures There are some obvious advantages in studying mtact cells in hving
animals, since cells 1 tissue culture are under highly artificial conditions It
15, 1n fact, rather surprising that there 1s, 1n general, excellent correlation be
tween observattons made under such different conditions  The principal dif
ference 1s that latently infected anmal tissues without 1nclusions or necrosis
may develop inciusions and necrosis when grown in tissue culture, or nhen
tissue cultures are inoculated with their cell free extracts

The absence of cytological change m virus nfected cells 15 readuly evplaned
by assuming that relatnely few virus particles are umfom:ly Tsmbu:z:i];rlx

testreaiar crssue fruers ome arbbint AT dhe MR G JA), L aeupy
1njury 1s tndecated by the occurrence of nuclear 1nclusions and necrosis .
Qtasmna alterations alone usually represent an early stage 0 dc\elogn:t:
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formation 1s particuarly prominent in measles, vancella, and cantne distemper,
but 1t should be noted that this process 1 the hving antmal 1s seen only
certatn organs and i certain developmental stages of the nfecion  Hypo-
plasia (atrested embryonic development) 1s exemplified by the cerebral lesions

sl diseascs  Hyperplasia may be diffuse and of moderate degree {the
neuroghal edl) prolifcration 1n chrome mdusmn encephalitis) or localized and
extensive, as 1n rabbit 1i!
Malignant neoplasia intiated by vnml mitcnon has been found enly in lower
ammals

1 actors Infiuencing the Reaction Pattern

Duran Reynals” has shown that the Rous sarcoma virus mav cause necrosis
m young chickens while older chickens feact to the virus by developtng mahg
nant peoplasa  Simtlarly, the reaction pattern may Le nfluenced by genetic
constitution (either of the virus or of the host), hormones anttmetabohites and
Uy avariety of enzymatic mhibutors and actnators  Of particular wierest are

- 4 : ' - - %and compounds

example)  Pre-

. th the formation

of virus nudmpmmm but 1 no instance bas the precise mechamism been
determined

Inclusion Body Patterns in Varal Infections

The visualization of rlitinedy minute aggregates of clementary bodies by
the electron microscope probably makes 1t necessary to broaden our defimtion
of the turm inclusion body  Conventional inclusion bodies, however, as seen
under the hght mictoscope, range 1 diameter from 1 or 2 1o 20 or mere pan
greatest diimeter  They may be found in assocation with amy of the other
<y tological alterations described above wnduding tn lower ammals neoptasia

In about one hali of the known viral mlections of man and lower animle,
inutusion bodies hive not been observed  As suggested above, this s probably
beeause thure are no visibic angregates of elementary bodics o of thewr com
ponent parts Inclusion bodies m1y be present 1n cells without other cyto-
pathic thanges but this probably represents early infection, necrosts or atrophy
presum by foflows, although the possitulity of oventual recorery has not been
wectuded

Indusions may oucur in the nudeus, 1n the eytoplasm, of 1n both  On the
baus of the coliny fHirmation theory, one woul | be tempted 1o assoqate these
three patterns with preferential multiphication in the puckeus or « toplasm
because of different metabolic requirements  Obscrvatims with the hight
miroccopr dy not Justify this hypothesis, however, since, at least tn the cuse
of «mall viruees a cell showing only a nuclear mclunon mMight contan large
numbers of umifrmly distnbuted virue particles 1n its Gtoplasm and the
reverse sityation aleo might reselt
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answers to these questions To be sure, each answer rases several new ques
R [ T N v

Bastc Reaclion Patterns of Cells {o Viral Infection

Since all eytopathic reactions of cells to viral infection are nterrelated, 1t
scems desirable to discuss them as a whole before considering the special case
of inclusion body formation  Cellular alterations may be observed i undis
turbed animal tissues or 1n cells 1solated in tissue culture  The latter method
has the advantage of ehminating those modtfications of the reaction patterns
resulting from such factors as antibody formation and nonspecific nflamma
tion  Certain specific alterations, how ever, notably neoplasia and hypoplasia,
can be obseryed only 10 the intact animal

Under the hght nucroscope, virus-tafected cells may appear unaltered, or
may show (1) stumung alterations, (2) assumption of spherical shape, (3)
necrosss, (4) hypertrophy, (5) gant cell formation, (6) hypoplasia, {7) meta
plasia, (8} hyperplasia, (9} neoplasta, or (10} wnclusion body formation  The
‘arious alterations may be observed i a wide varnety of combnations that
may occur stmultaneously ot sequentsally  The formation of syncytial giant
<cells and meluston bodies, for example, may appear to be stmultaneous, but
stamning alterations, hyperplasia (proliferation), inclusion body formation, and
necrosis often occur sequentially  Sequential changes are best studied n s
sue cultures, but the various developmental stages often may be observed i
tnfected animal tissues and correlated with observations made 1 tissue cod
tures There are some obvious advantages in studying mtact cells i vng
amimals, since cells In tissue culture are under highly artificial conditions It
15, tn fact, rather surprising that there 1s, 1n general, excellent correlation be-
tween obsenations made under such different conditions  The prmoipat dif
ference 15 that latently nfected antmal tissues without inclusions or necrosis
may develop inclusions and necrosts when grown 1n tissue culture, or when
tissue cultures are wnoculated wath therr cell free extracts i

The absence of cytological change 1n virus infected cells 1s readily expla:‘ne
by assuming that relatively few virus particles are undormly distnbute I;l;
cytoplasm or nucleoplasm ~ An example of ths situation 1s found 1n \;ms e
nfection 1n the testis of the rabhit, no cellular alterations are seen uniess b
degtee of infection 1s magnified by the artificial method of injecting h""“’gei‘l‘"m
testicular tissue from one rabbit into the testis of another, whercupon cellw
mjury 15 sndicated by the occurrence of nuclear mclusions and nccmsn? et

Crarmne alterations alone usually represent an early stage mn developmen

fected cells (not merely their inclusions) were LUVUL 1L sv . st
protozoa® until Goodpzsturc,' 1n 1921, published evidence t!;lats‘:hcsé ,‘;f,"cfu
 cells were denved from normal cells by a type of cytomorpho
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formation 1s particularly promment n measles, vancelta, and canwne distemper,
but 1t should be noted that this process m the hving animal 1s secn only 10
certun organs and 1n certain developmental stages of the mfecton  Hypo-
plasa {arrested embry onic dev elopment) 15 exemphfied by the cerebral lestons
resulting from ntrauterine wfection of infants wath the salinary gland virus
Squamous metaplasiz 1s prominent 1n the bladder of minks or ferrets suffering
from distemper and tn pulmonary alveolar duct epithelium n a number of
wiral diseases  Myperplasia may be diffuse and of moderate degree (the
neuroghal cell prohferation 1 chromic inclusion encephalitis) or localized and
extensne as i mal ar wfe rabbut !
falignant neoplisia imitiated by varal infection has been found only m lower
ammals

Factors Influencing the Reaction Potlern

Duran Reynals” h1s shosn that the Rous sarcoma virus may €ause necrosis
nyoung chickens while older chichens react to the virus by developing mahg
nant neoplasta  Similarly the reaction pattern may be influenced by genetic

o

of virus nucleoprateins but 1n no tnstance has the precise mechamsm been
determmed

Inclusson Body Patterns an Viral Infections

The visuahization of relunely minute aggregates of elementary bodies by
the electron mycroscope probably makes 1t necessany to broiden our defimtion
of thet m e ~da1oe '

under
grestes .
v

U 41t vuL ts prombly represents early nfection necrosts or atrophy
1rn:\mim;ﬂ) fotows although the possibility of ¢ entu2l recovery h1s not been
Gl ded
Inclusions may oceur 1n the nucleus 1n the o toplasm, or

b aus of e comy formation Ahony , one would bcplcmp'l«] :: ab::cm(c’:h‘:;:
three patterns with preferentiad muluphication 1n the nucleus or <y toplasm
bagse of different metabwobic requirements Obsenvations with the light
muroscope do not Justify this hy pothesis howeyer since, at Jeast 1n the ms.se
of emall viruses a cell showing only a nuclear inclusion might contam large

nurnbers of uniformly distrsbuted irus partych i
reverse situation alse mught result periies in s qploplasm and the
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Certain speaific cytological changes are associated with saclusion body for
maton In the case of cytoplasmic inclusions, the penpheral clear zone or
halo 15 most prominent  Wath Type A nuclear incluston formation, the nuclear
chromatin may be marginated, often with two distinct margnal polar bodes
chromrtin may disappear from the body of the nucleus, so that it nppexrs‘
empty exeept for the nclusion  Wankling of the nuclear membrane also 15
common

In certain vyral infections associated with both nuclear and cytoplasmic mn
clusions, the cy toplasmic bodies are stamed bughtly by the periodic aaid Schiff
(PAS) method, while the nuclear inclusions remain unstatned, cytoplasmic 1n
clusions usually remain unstatned by siher methods, while nuclear nclusions
are decply staed  These reactions perhaps may be correlated with the cyto
plasmsc multiphcation of the polysacchande protein umt of the virus particle
and with the replication of the nucleic acid protetn portion in the nucleus, which
has been demonstrated i certain viral infections  In salivary gland virus
mfected cells, localized areas of fine dusthhe PAS positive material are often
noted tn the ¢y toplasm

Electron microscopic studies of viral inclusions have tn general, confirmed
the colony formation theory, 1n that most inclusions that have been studied
appear to contam elementary bodies at some stage in their development
Homageneous bodtes may appear first (perhaps representing the accumulation
of macromolecular building blocks), and the virus particles, or therr subunits
may separate later from this matrix  In other instances, the elementary bodses
multiply first, and the mature tnclusion seems to be a product of their degen
eration  Further studies are needed, however, since sequences are difficult to
estabhish 1n killed tissue  Cinematographic studies of ning cells under the
electron microscope would be rdenl, but this method of approach 1s not yet
avalable

Ruckettstal Multiplicatton n Cyloplasm and \ ucleus

Richettsiae differ from the smaller and more typical viruses in ther bac
tenumlihe morphology, therr multiplication by binary fission, and their sen
sitinaty to certain antibioties  The large viruses of the lymphogranvloma
psittacosts group however, resemble the nckettsize n the above respects
Richettsiae, like viruses, are obligate intracellular parasites, and separation of
the two groups must be made on rather arbitrary grounds '

Cells mfected with richettstae show patterns simlar to those seen 1n virus
infected cells diffuse cytoplasmic gronth (rickettsac of the typhus group),
cytoplsmic clusters (Ricketista burneti), and mtranuclear aggregates (m“"h
siae of the spotted fever group) The latter show their intranuclear growt
best 1n tissue cultures and 1n the tissues of their arthropod hosts {ncks) Tn
addition to their massive mtranuclear growth m tissue cultures, spotted fever
nchettsiae also grow sparsely i the cytoplasm  Typhus nicketiSue 218 nt‘vt;
seen n nucler and neither typhus nor spotted fever nchettsie are ever fﬁr;d
m pucleoh  The latter structures remaml\dear even when nucles are pa
and even distended with spotted fever richettsie

'cIl'he antibiotic response ganems of typhus and spotied fever x‘:CLeltuhl:tc ::
wdentical  In guinea pigs, sulfa drugs increase nckettsial growt! ’ ml o
of spotted fever rickettsiae, the increased growth occurs parucularly
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nudder  In ferule ¢ggs pematin, chloramphenicol, streptomyan and the
tewracychine drugs all cause marhed iniitation and almest complete cessation
of the mulupheation of both types of nchetusae  Para aminobenzoe aai
and hugh incubation temperature (40° C) are ncketisiostauc for both types
of nickettsiae  Cells massively infected with ty phus nchettsiae are distended
10 tno ot three times their normal diameter and assume a sphenical shape
Nucler heavily infected with spotted fever nckettsiae usualfy retain ther nor
mal shape but frequently their diameters are doubled and there 18 definite
margnation of the nuclear chromaun

e have found only one enzymaue modificr that shows antuthetical effects
on nickertsiae of the two groups  Radiation which n the fertife egy markediy
enhances the grow th of Rickettste mooterst (a membet of the typhus group) n
hilats and under certun condinions completcdy supresses the multiplication of
Ruckeltsia akars™ \a member of the spotted fover groupy  The tickettsiostatic
action on R gkari 1s noted when single doses of \ raciation are ginen but s
most stnking and complete when tnnated water a source of continuous beta
emsssion 15 injected into the yolk sac  Bath themoreased grow thof R moesers
and the whibition of R akars are mughly proporttonal to the dosages of radn
tton used

1}t eems probable that these antithetia? reactions ta radiation may reflect 2
metabolic difference between the two argamsms which i3 correlated with ther
different cytolomical growth patterns  The inportant feuts of radiation an
aucter zerd metabohsm wauld afford 2 logitl explanation tn generat tetms af
this torrchation Radiation 18 hnown to exert a number of different ¢ffects on
vellular mettbolism including the ihibwtion of nutlac aad synthesis conver
wm of nbonuclac actl (RNVA)Y 1o desas nbonuclad aad (DNA) inhibition of
ot l1tne phosphony fanon depolymenzation of nucleic auds and inhibition of
sulfhydnt enzymes in gencral It could be expected therefore that any par
11 ular tnologieat effect obseryed would depend on the resuftant of these vinous
actinvities  In the case of enhantement or sumufation of ncketisal growth n
fertile epgs howerer the almost quantitatine effects of vanous dosages overa
wide ange ¢ ble with 3 mbryomc development encourage us
to bel cve that some one specific radiation effect mav play the important ant
dominant role By using agenls that excrt scparately the varsus effects of
radntion 1t ma be posable to punpotnt this epecific effect

1n stu hang the effects of X radiation an the muttplcttion < f X moasers in
foride ages oo ol olwervations were made st the mettanstatic
ffert of fugh incubition tWmperature (407 € ) was reveraed by radaation e
Elinted g 1 kettane grew gust as frecdy at 4 C vs they il st 33° C
s thaut radiaten ¥ Second the nclettsingtatic action (f streptomyan way
roversud by N tadiation an f this reversal was quantitative i nature with 1o

rasing doses of streptomyan arger doses of 1a tation wert required to n
Tt the o destanssatic acnon - Smalar s1u 3 rs on Rucketiss abors hase ant
vt been cumed out

} Feats of Radwstion on Varal Multiplog s n

W have <ty Bed the effet of rd 1tion on onty one virus the RS strunof
ntluenza Avirus ' Groups of embryonate epgs were gaven 280 800 320 and
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1000 r of X radiation  Lighteen hours later, these 4 groups, together with a
controf group, were injected mtraallantoically with the vy Radratan at all
dosage fevels caused sigmficant changes 1n the nfectn \ty titer cunves during
the next 90 hours The most striking effect nated, however, nas the slon
development and very low level of the fectivity titer that followed the ad
mimstration of 750 r per egg, other dosage Jevels resulted 1n less obvious effects
It seems probable that 1n these experiments two or more antagonistic effects of
raduatian may be myvolved, although 1t also 1s possible that radiation may have
exerted different effects on the reduplication of the viral subumts

Tt would seem desirable to study the effects of radtation on a number of other
viruses, sclected on the basis of their multiphication in the cytoplasm, 10 the
nucleus, or 1n both parts of the cell Insofar as T am aware, studues of this
type have not been carned out 1n a systematic manner

Relahon of Nucletc scrd Composition to Viral and Ruckeltsial Multspheation

Analysis of typhus nichettsiae indicates that they contun both DNA and
RNA, the D\A predominating  Unfortunately, I have been unable to find
reparts on the nucleic actd makeup of richettstie of the spotted fever group
This mformation mught furmsh 1n important clue to the preferential localiza
tion of the two types of richetisiac in the cytoplasm or nucleus, respectively,
and also to their antithetical response to radiation

The nucletc acid composition of a number of punfied viruses has been deter
mined  Since the ding duff between nucleoplasm and cytoplasm
15 the preponderance of DNA in the former and the almost exclusive presence
of RNA (under normal conditions) 1n the latter, 1t seems posstble that the pref
erential multiplication of v1rus particles {or of nchettsiae) 1n one or the other
part of the cell may be related to this basic difference  If 1t were true that
RNA viruses always multiplied 1n the ¢y toplasm and DNA viruses in the nu
cleus, the problem would be greatly simphfied  Since the smple relationship
obvsously does not hald, some other type of refationship must be sought

The dey clopment of DNA viruses in the cytoplasm where little or no DNA 5
normally present makes 1t clear that such viruses are able to cause 1:.mraux;l
alterations in the nucleic acid metabohsm of their host cells  Tn the case of the
bacteriophage the evidence 1s agamst the durect transfer of bacterial nuiﬂ:
acid to the viral particles, although a certain proportion of bact‘:‘ml DN. 3!
avartable after partral breakdow n for the formation of il DNA Prc;un\:d
bly, therefore, most of the viral DNA must be constructed from sm:ﬂl;r :ld:
ing blocks avatlable in the surrounding medwm  The rapidity ““h w :xns
some DNA 1 iruses multiply m the cytoplasm makes one waonder what : a]:]:ies
to the RNA normally present there  Possibly 3t 13 broken down to nuf1 :os lm,
or smaller units, which are then used n building DNA 2ccording tnhl bypv\!
fications of the newly arnved virus particle  Thus some viruses, el &rw st
tue of an intrinsic enzymatic property, by diversion of e“z}’mc’bmwm der
cells, or by evoking or unmasking latent host cell enzymes, may b ¢ ot
to act as nucleic acid converters (RNA to DNA) when they replical
cell cytoplasm ceules of

In the study of such phenomena, ‘é‘:‘ig‘:‘!\ of cells
the viral components as the keys to t

one 15 apt to look on the lr
he situation A consi



Pinkerton Viruses and Inclusion Bodies 273

lar machinery as are their smaller and more glamorous relatives.  Possibly,
nickettsial multiplication may be evplamed on some rlatively simple basis
such as the segregation of nucleic acid by ats incotporation ta therr bodies

with of some normal eq h and the
muttion of a chan reaction  In the present state of our knowledge one
scarcely needs to apologize for 1he introduction of hxghl) speculatne sugges-
twns  Inany case, the I may imolve

1n 8 simphificd form many of the problems mnrcmcd n viral muftpheation

and 1t therefore scems worthy of further study by the newer methods of anal

yus

Conclusion

The pature of viral mclusions 1s part of @ more general problem the hineties
and binchemistry of those my stcrious processes by which viruses and ncketisiae
multiply within susceptible cells  This protlem n torn s related to the
cytology and physiology of cells under normal and pathologcal condittons
Fuen though we have at present enly tncomplete and often apparently con
Micting fragments of information tn thesc areas the use of pew techniques of
stu ty m1y be expected to result 1n the near future i a greater degree of ordir
and harmony  The almost ncred ble progress made 1n recent years certamly
Jyusufies this assumption and there 13 every reason to beheve that this prog
ress will continue at an accelerated rate not only by the accumulation of
more dita but by the corvelation and synthesis of data already tn our posses
sion
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