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THE JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

As AN N 110X to these Ty of the Fourth Conf €
on Connective Tissues, T should like to outhne what it is that the
Foundation hopes to accomplish by its Conference Program We
are interested, fivst of all, w furthenng knowledge about connective
ssues, and to this end the participants were brought together to
exchange 1deas, expenences, data, and methods, In addition to this
particular goal, however, there is a further, and perhaps more
fundamental, atm which 15 sharcd by 2t our mnfcrencc groups.

This is the p of gl between scien-
tific dnsclphnes
The probl between diseiplines we feel to

be a ‘cry real and urgent one, the most effective advancement of
the whole of science bemng to a large extent dependent upon 1.
Because of the accelerating rate at which new knowledge 15 ac-
cumulating, and because discovenes in one field so often result
from information gamed 1n quite another, channels must be estab-
hished for the most effective dissemination and ecchange of this
knowledge,

The increasing realization that nature stself recogmzes no bound-
aries makes {t evident that the continued fsolation of the several
hranches of science 15 a serious obstacle to scientific progress Par-
ticularly is 1t true m medicine that the jimted view through the
lens of one discipline 1s no longer enough For example, today
medicine must be well versed 1n nuclear physies because of the
tracer technignes and the inpury which ecan result from radiation.
At the other cxtreme, medicine 1s certamly a social scicnee and,
throngh mental health, must be concerned with economic and socral
questions The auswer, then, s not further fragmentation into
wereasingly sohited speeialties, discaphines, and depastments, but
the integration of science and serentific knowledge for the enrich-
ment of all branches This stegration, we feel, ean be encouraged
by providing oppoctenities for a multiprofessional approach to
given topies

Although the fertility of the multiprofevsional approach is secog-
mzed, adequate provision s not made for (¢ by our wonersities,
stientific socicties, or journal And perhaps the presence of other

-
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hindering factors must be admitted. Partly semantic in nature, they
may also to some degree be psychologrcal. Admittedly, 1t is often-
times difficult to accept data derived from methods with which
ane 1s unfamiliar By making free and informal discussion the
central core of our meetings, we hope to achieve an atmosphere
which minimizes as much as possible these semantic and emotional
barrers.

Thus, our conferences are in contrast to the usual scientific
gatherings. Presentations are designed not to present neat solutions
to tidy problems, but rather to elicit provocative discussion of the
difficulties which are being encountered in research and practice
We ask that the presentations be relatively brief, and emphasis is
placed upon discussion as the heart of the meeting. Our hope 1s
that the participants will come prepared not to defend a single
point of view but, with open minds, to take full advantage of the
meeting as an opporturuty to speak with representatives of other
disciplines i much the same way as they talk with their colleagues
mn their own laboratones.

During 1953, under the Conf: ¢ Prog; f es will be
held on the following topics- administrative medicine, adrenal cor-
tex, aging, consciousness, cybernetics, infancy and chxldhot')d, Irver
injury, metabolic mterrelations, nerve impulse, renal function, and
shock and crculatory homeostasis

When a new conference is organized, the Chairman, in consulta-
tion with the Foundation, selects fifteen scientists to be the nucleus
of the group which will hold annual meetings for a period of ﬁ\'ﬁ
years Every effort is made to include representatives from a
pertinent disciphnes From time to time, however, ne\v-mcmbers al'le]
added by the group to fill gaps in viewpomt or technique. A Smlﬂ]
number of guests 1s invited to attend each meeting, but, for ‘;
purposes of promoting full participation by all members and guests,
attendance at any meeting 1s limited to twenty-five. Duning a C}:JI;
ference’s prescnibed lifetime we cannot possibly include more fl ‘;E
a small fraction of the key investigators in the field, and one % .
difficulties in formmg a group 1s that it is necessary to exclude st
many investigators we should ltke to mclude ched

The transactions of these meetings are recorded and publis d-
This is done because the Foundation wishes to make current thm'r;
ing in a field available to all those working in it, and to 'hos,er:).
other fields who are concerned with science: for example, gove!
ment officials, administrators, ete.
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A .
in order to rearrange, to test, and to vahdate, research thrnves an
creativity which has its source in unconscious, nonrattenal processes
Unfortunately, hawever, n the research reports which are pre.
sented to the world in sventfic journals, this integral part of
screntific endeavor 1s shriveled by the cold, white light of logic.
11y preserving the informabity of our conferences i the published
transactions, we hope to portray more accurately how the mmds of
scientists work and to gune a truer picture of the role which
creativity plays in scientifie research.
FRANK FREMONT-SMITH, M D
Medical Disector
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INTRODUCTORY REMARKS

Holbrook: Dr. Fremont-Smith has asked me, a number of times,
how certain ones of us became interested in connective tissues from
the devious paths by which we have approached 1t. He suggested
that each of us take 2 minute or two and tell why and how we
became 1nterested. After all, we are pathologists, histologsts,
chemists, pharmacologusts, and so forth, How s it that such a diversi-
fied group of people 1s concerned about connective tissues?

D. MURRAY ANGEVINE: As often happens, I came into this field acci-
dentally. T had been interested in infection and immunity
for some time Later, because of that, I was asked if I
would work on the problem of rheumatic disease, which I
did for a number of years. There was considerable money
avatlable to support this research However, I think
specifically my mterest in connective tissue stems from
the tume when 2 young doctor named Altschuler visited
me and asked me what I thought fibrinoid was When I gave
him my defimition he sard, “That doesn’t seem right to me.”
We had qurte a discussion, and when we got through, he
said, “Dr. Angevine, I really came over to see about a
residency in pathology. If I obtain such a residency, 1
should Iike to start a study on the nature of fibrinoid
with you,” He stayed for three years, and we worked on
the problem, he doing most of the work. Thus, it was
through a young man that my mterest in it was aroused,
rather than through any effort I had made on my part. He
came to me, however, because of my work in rheumatic
diseases.

Holbrook: That 1s very interesting Dr. Travell?

JANET TRAYELL: | came nto this field, I think, by a most deviot{s
route When I graduated from medical school, I was pri-
marily concemned with cardiology, and started working
in clinics and hospitals in that field I became more and
more interested in the pharmacology of cardiae drugs,
which led me to Comell. Then I went on 1nto the field of
cardiac pam. I found that many people with chest and
arm pamn fad heart disease, some had lung disease, and
some had no disease at all, so I became interested in the

10



Introductory Remarks 11

interrelations of visceral pain and the somatic components
of pain. From there, I moved on to the study of the
mysterious abnormal states known as myofascial trigger
areas, which are located in the tcndans and muscles and
fibrous structures, and app a \!
type of physiological reaction of these tissues to injury
or to novious stimuli of any kind That led me back to
the problem of what actually goes on in the connective
tissue itself
Holbrook. Dr. Meyer, what do the chemusts see in this?

KARL MEYER; My intcrest came about in a devious way, too. I
started rather nccxdcnlnll) 1 got a tob, 1n 1933, with the
Lye I the ophthal of C
The Institute had |ust opened and most of us didn't know
what we should work on in ophthalmology, so the bac-
tenologist, Dr Thompson, and I decided we would work
on lysozyme. We studied the mechanism of lysozyme, and
found that the mechantsm of this enzyme 1s the hy drolysis
of a substance which we called “of mucord nature™ In
those days we didn't actually have a defimtion of what
it was There scemed to be a speafic enzyme \\luch we
thought hydrolyzed an h
All we knew about mucoids was that they should contain
hexosamine I then looked for substrates, or what the
specificity of this enzyme might be, and tried to repeat
Levine’s work on the 1solation of mucotin-sulfunic acid
from witrcous humor and from umlnlical cord Those were
the two sources which seemed to me to be the best The
vitreous was direetly connected with the eye We found
very shortly that there was nothing there, as Levine had
sud We found hyaluronic acid there, but even then, for
years my interest was with the hevosamine-containing
substance rather than with connective tissue, until we
reahized that thus 1s a rather broad area of interest from the
chemical pomnt of view It 1s something which 15 easier to
deal with than the more complet substances, such as the
blood, with shich I had come in contact. So I got mnto
connective tissue

Hlolbrook. Dr Fell, would you care to tell us how you became

interested in connectine tissues?

Hokor B fetk: I suppose T am not really primanh anterested n
connectine tissue, but in developmental mechames, and

lumbia
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one of the organs that has the most interesting develop-
mental mechanics is the skeleton. I have worked on a
number of other tissues, but ¥ seem always to come back
ta the skeleton in the end. I think the thing that fascinates
me about it is that dunng its earlier stages, the whole
thing develops to a great extent as 3 mosaic. Its gross
archstecture is determined very early, and then it unfolds
itself hke one of those Japanese flowers in water. Later
on, when the skeleton is assified, you have this rigid strue-
ture which s, in fact, probably the most plastic tissue in
the body, and this paradoxical state of affairs has always
intrigued me very much, I think that is why I have always
reverted to it i spite of excursions into other tissues,

Holbrook. Dr. Dempsey?

EpwARD w. Dempsex: There are two reasons that T can adeance, but

I am not sure that they have any resemblance to reality.
They are the rationahzations that 1 come up with at the
moment One of them is that early m my scientific We
I was interested, and stidl am, in endocrinology, and it
suddenly occurred to me that we attempted to explain all
endocrine phenomena m terms of a hormone acting on a
target organ, and considered the target organ in all cases
to be the parenchymataus tissue of that organ. The thyro-
tropic hormone, for example, was thonght to act on the
thyroid cell, and secondartly the thyroid cell caused an
wmerease 1 blood supply and an increased nterchange.
The circulatory or connective tissue effects therefore were
secondary. It seemed to me we had by no means ruled
out the possibibty that the circulatory and connective
tissue changes 1 transfer maght not be pnimary. That s,
the troprc hormone might act on the vascular system and
connectwve tissue, modifying the barrier between vascular
system and cell. T have never been able completely to get
rid of this idea nor to devise a way of critically testing it.
Then, 1 suppose the other reason I am interested i the
connective bissues 1s that 1 am cursed with the kind of
mmd that refuses to stick to one discrete and speciol
tope, and 1o matter how I try to hold my attention to
one restncted area, I find that it spreads out to the sur-
rounding mnformation. As a histologist, 1 can’t keep my
eye exclusively upon the parenchymatous cells of ar organ,
but I begin to think about what that cell rests on and
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what is contiguous to it, Such reflections have indicated
to me that we know pamfully Lttle about the connective
tissues which form the framework of all the rest of the
cells in the body.

KEITH R. PORTER: As you can see, my career in connective tissues
has been extremely short. I think that anything I could
now remember as leading me imnto the study of this subject
would not prove very interesting I might say 1 have in
a general way been interested 1n the ongin of tissue com-
ponents, 1e,, therr morphogcnesns and w1th the tech-
niques we had lable, the morphog of
seemed readily studied, s0 we looked mto it.

GRANYILLE A. BENNETT: My mterest probably resulted from environ-
mental circumstances In the first place, a pathologst prob-
ably sees more connective tissue under the microscope
than any other type of tissue More particularly, however,
I had my traming under Dr S Burt Wolbach For a long
time he had been imterested in connective tissue and the
eﬂ'ects of certam v1tnmms on formation and maintenance

His doubtlessly 1n-
ﬂuenced most of us who were assocrated with him An
opportunity was afforded me to become 2 member of an
investigative team for the study of cripphing disease, and,
of course, cippling disease led us directly mnto problems
of the connective tissues, Thus, circumstances of environ-
ment, mostly aceidental, were determinants m my case.

Holbrook 1 suspect 1t was with most of us, Dr Hass would you
care to say how in the world you got mto this muscle busmess, for
mstance?

GEORGE M. HASS: Our interest in muscle, I think, arose basically as
a consequence of our inability as pathologists to explain
cardrac farlure m human bemgs The customary explana-
tion which pathologists mve, and which I have always
given for most cases of human cardiac failure, is that it 1s
due to a deficiency 1n the blood supply to the myocardium
If there 1s no deficiency in the blood supply to the myo-
cardium, which can be adequately shown, the usual ex-
planation of the failure of the heart 1s on the basis of a
few munute lesions which may occur here and there
throughout the muscle It happened that prior to the
beginning of this particular imvestigation Dr Bennett,
and I, had tramed under Dr Wolbach mn pathology and
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I wish that I could have had more of it. The connectire
tissues were among Dr, Wolbach’s many and varied inter-
ests. His contributions to an understanding of the relation-
ship between certain vitamins and the devel of the
interstitial tissues continue to be models of scientific
accuracy and penetrating perspective. As a result of his
encouragement, some of the first work that I did was on
the chemical composition of amyloid and cartilage. That
was followed by some studies on the genesis of collagen
in vitro, and some work on the 1solation of elastic tissue
in pure form with characterization of its physical proper-
ties But this present nvestigation was excited largely by
our interest 1n why the human heart failed.

Holbrook Dr Fremont-Smith?
FRANX FREMONT-SMITH: My first interest in connective tissues was

agr
Holbrook: Dr Ragan?

in second-year medical schoo! when I began to get a
chance to look at sections of experimental wound healing,
and was amazed at the connective tissue response I also
was very much influenced by Wolbach, and had a year of
pathology with him in Boston at the Peter Bent Brigham
Hospital just after I got through medical school I remem-
ber how much his attempts to make a differential diagnosis
impressed me. He also focused on the connective tissue
stroma, and I knew then that there was something about
connective tissue which was very important. However, 1
never went much further with it In our Liver Injury
Conference, we had a special subcommittee of ten or
fifteen pathologists, who were trying to agree on the nature
of cirrhosis of the liver I found, then, what happens when
you try to get any ten pathologists together to agree even
on sections from the same liver It was at that tune that
T learned somehing about connective tissue and about
and disagr ts concerning it.

CHARLES RAGAN: My interest in connective tissues evolved from an

interest jn the clinical problems of arthritis and the study
of synowial fluid. This fluid may loosely be consx.de.red a
type of ground substance. My chief interest now is in th.e
study of sumple inflammatory processes occurring in this
tissue

W. PAUL HOLBROOK: That 15 very interesting. I came in rather by the

back door, too. 1 started in chemistry as a young man,
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and then went to mternal medicine and cardiology rather
accidentally, thinking nothing at all much about connective
tissues or thewr diseases My confreres at the hospital began
to send me patients who had various forms of rheumatic
disease, largely chrome arthntis, for a cardiac consulta-
tion You all know the story: over and over again nothing
chinieal could be found and repeatedly I would report,
“There 1s nothing the matter with this man’s heart that I
can find, why don’t you do something about his arthntis?”
The answer was always, “Well, what do you do about
arthntis®” and my mvanable response was, “I don’t have
any 1dea, but don’t you know?” After that had gone on for
a while I became intensely curnious about arthntis, since
nobody seemed to know what to do about it As most of
you remember, twenty-five years ago we didn’t even know
the names of the vanous types 1t was just chrome arthritis
From that experience, largely out of curiosity, I began to
onent my thinking toward connective tissues.



SUGGESTED OUTLINE FOR DISCUSSION OF AREAS OF AGREEMENT

Structure may be investigated by
L Light mcroscope
H Electron microscope
Ul Xetay diffraction
IV Study of chemical compasinon by,
) Isolaton techmques
b) Histochemucal techmques
Dynamic processes may he explored through
I Histochemical techmiques
. Observation during growth and maturaton
NI Observation of responses to novious stmult
IV Tissue cultore techniques
Connective ussne may be dwided as foBows.
Normal structure
T Cellular
a} Fibroblast £, *
b} Macrophage 1, ?
©) Mast celf 3, 2
T Fibrdlae
2) Collagen &, +
1 Physical charactensius
2 Chemical composiion
3 Onentation
4 Turnover
b) Retwuln *
¢} Elasnc fbers
1 Physica} structure
2 Chemical composition
3 Denvation
4 Turnaver
5 Changes with age and trauma
18 Intesfibnllar matenal “ground substanec” ¢, ¥
a) Mucopolysacchande component
1 Distnbution.
2 Chemical composition *
b) Protem components — unknown
Abnormal states
1 Fiboood #
11 Collagen and ground substances m disease 3¢
Y Responses to trauma -
)
b) Antbodies
$The precursor of these cells 15 a matter of dispute
2The flfe eycle of these cells 1 a matter of dispute.
3Probably secreted by the fitroblast,

16



GENERAL AREAS OF AGREEMENT REACHED
IN THIS CONFERENCE GROUP

INFORMAL GROUP INTERCHANGE

Holbrook Quite some time ago ¥ asked Dr Ragan if, as Editor
of the T of this Conf: group on Tissues,
he wonld be willing to spead a few munutes reviewing those areas
1z which the group had reached agreement dunng the three pre-
vious gonual meetings, and focusing attention upon those areas
where there was still disagreement among the members, He con-
sented to do this Dr Bagen will you start the discussion®

Ragan As Dr Holbrook has smd, he has asked me to make an
wformal outhne concerning general areas of agreement reached
1 the three conferences We have held m the past I have compiled
an cuthne and the areas of agreement are very few, however, after
a httle discussion we smght possibly add more There are un-
doubtedly additional pomnts which will oecur to each of you, and
if you conld add them to the onthine we would have at least some
sort of syllabus of our past efforts and, 1n broad general terms, what
15 still awaiting further study

1 have tried to melude the discaplnes involved in these con-
ferences, and i the field of connectne hssues m general, divided
smto three categonies structure, chemmcal composthion, and dynamic
processes Those concerned with structure may be evammed at
the resolutton of the hght microscope, and at higher resolutions
The discipl 3 h 1 g may be sub-
dwided 1nto 1solatron and histochemical techmiques Lastly, d i

. {m which istoch % tech may be used} m-
clude the study of growth and maturation, responses to novous
stimuli, and the reacton of the vanous tissues m calture Do you
feel this 1s a fair statement?

“Defution — too_ Metabolic Intgrrelations Retfenstehn, Bdward €, Jr, Edtor

Trans Fourth Conf New York, Josiah Maey, Jr Foundation, 1952 {pp 7273}

# Dispute continues regarding the wdentity of collagen and rebouhn

*The pasticustas cell which searetes the ground substance 13 a matter of dispute

, Boroblast (Gersh), mast ccll (Asboe-Hansen)
Theonies concernmg the protem-polysacehande Inkages are vaned and In very few

mstances even  Frones

:“gnlummc acid and the chondrostin sulfates A, B and € have been wolated to date
The compostion and derwvatton of Bhnnnid remain dispatable

*There sre widely devergent views contermng changes in cofligen and 1 ground
substante an vanous disease atates

ET 3
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Angevwe: I wonder whether it wouldn't be better, Dr. Ragan,
to omit the histochemical techniques from one section? 1 realize
that they represent dynamic processes, but I think of you leave
them under the chemical processes it might be clearer.

Ragen. I agree, dynamic processes may be studied by any or
all of the discaplines mvolved

AMeyer: One can imagine that there are some dynamic processes
which should be studied by histological technigues, also. Instead
of this division mnto three arens, I prefer two subdivisions: namely,
the analysis of structure and of function, which I think zeally
covers it The analysis of structure is the analysis both of the
physical and chemical structure.

Holbrook: 1f the Chairman might say a word, 1t seems to me
that Dr. Ragan has one point, that chemical composstion may not
necessanly show us anything about dymamics

Travell. Or about structure,

Fremont-Smiith: We seem to be trymg to find, on the one hand,
a logical classification, and on the other a classification that bears
some relationship to reality. The two cannot take place simultane-
ously Some of us prefer logic, some of us prefer reality, and some
of us prefer to take a path somewhere between the two. I think
that zeally is part of the issue.

Travell. The disinction is between something that is static as
you fook at it, both in structure and chemistry, as contrasted with
dynamie funchion

Dempsey: I thought we agreed, very eatly in the conference,
that when we talked sbaut composition, we meant structural an
chemical composition, without making any sharp differentiation
between them From the standpoint of a working classification,
though, T think it 15 good not to distinguish too sharply as yet.

Ragan For a working classification, “concerning chemical coms-
position,” it might suffice,

Travell. I think that would be fine.

Angevine. Yes, that would cover st

Dempsey- I agree.

Fremont-Smith:; It would be a defimte advantage to do so

Rogan Does the next category meet with your approval? Do
you think connective tissue might be divided into three com-
ponents: cellular, fibrillar, and interfibrillar?

Angevine: I would agree with that, o

' Ragan. Do you think there is any point in making the distinction
between fbnllar and interfibnllar?
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Dempsey Yes, I hke the word “mterfibrillar” much better than
a word which would try to designate what it is. “ground sub-
stance,” for instance

Fremont-Smith: 1 was going to say “other,” but I am verv happy
with “mterfibrillar

Holbrook. T like 1t very much

Ragan Next, we must consider two categories normal struc-
ture and abnormal states There 1s adequate reason to doubt that
this is proper but, for the sake of argument, let’s go ahead Under
normal structure, cellular component, only fibroblasts and macro-
phages are included T should probably have mcluded some other
cells. Does anyone want to include mast cells? Do you think 1t
makes any difference?

Angevine. What do you mean by “macrophage™ I don’t want
to get mto the problem of definstion, but 1t 15 considered by some
that the macrophage may change to, or arise from, the fibroblast
1 should prefer just to leave the word fibroblast and not say much
about the macrophage and perhaps add the mast cell, at least
where we are dealing with the cellular structure, because although
there are macrophages m connective tissue, they are also every-
where 1n the body —in every organ Dr Dempsey may disagree
with this, but I don’t think that the macrophage has much to do
with the function, or the normal structure, of connective tissue The
macrophage cell 15 n the bramn, 1n the kidney, i the spleen, and
in lymph nodes 1t is everywhere I think 1f we just hited the
macrophage system out of this 1t might simphfy our study of con-
nective tissue Would you agree with that, Dr Ragan?

Ragan At the Second Conference, we went mto this questron
n great detail

Fremont-Smith. Suppose you just used the word “precursors”
and didn’t go beyond that?

Angevine That would be fair enough I realize that the macro-
phage 15 an wtegral part of this structure, but the macrophage
system, 1n my conception, isn’t very active unless it has something
to do Activity takes place when there 1s njury

Bennett Could we agree on the designation “mesenchymal cells”
—~ cuff d and differentiated?

Dempsey May I enter into this? My objection 1s not really based
on whether or not the macrophage is 2 denvative of, or related to,
the fibroblast However, 1f we are talking about the normal struc-
ture of connective tissue, I don't think 1t can be 1solated to merely
one cell or two cells, because the connective tissues are a group
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of tissues recognized by histologists Out of their disagreements
expressed over many years, there has come to be a general kind
of agreement that in connective tissues one comes across cells that
are called fibroblasts, macrophages, eosinophils, mast cells, lympho-
cytes, and other cellular elements I don’t think we can abstract
the connective tissues yet to a smgle cell and its products. 1 the
macrophage 15 removed from this classification, all that is left is
the fibroblast, ymplymg that anything else 55 adventitions and
extraneous. I don’t think we are sure of that, so I don’t think we
can really improve, at the on the histological classification
of the cellular elements of the connective tissues.

Angevine: If you wish to put m the term “mesenchymaf cell,” alt
nght. However, as soon as the term “macrophage” is incladed, you
have passed from normal structure into pathology, and if it is
assumed that there is a phagocytic system in the body, whatever
this large phagacytic cell is called, it will not phagocytose unless
there is disease or some other process taking place. Thercfore, why
not just call it a mesenchymal cell? Of course, that meludes a
fbroblast, toa Or call at a tissue monocyte or, whatever you wish,
but the macrophage does suggest phagocytosis

Dempscy ¥ think the point Dr Angevine is trying to make here
is that phagoceytosis is a physwlogical concept. You are trying to
identify a cell which can do something physiological by structural
means, ang that can’t be done

Angevine: That is exactly the point

Dempsey: A phagocyte is not a phagocyte untsd it has some-
thing to eat.

Fremont-Smuth: But dead cells are 2lso normal, They are not
normal as cells, but it is normal for them to be present in the hving
organism, even iz the embryo Dead glomeruli for instance, appear
at Jeast by birth, so that there 1s in the living organism the greatest
abnarmality we know of. dead tissues which have to be phago-
cytosed, Therefore, it seems to me one can say that the narmal
orgamsm may have abnormal parts to it.

Dempsey 1 think nobody wonld deseribe any of the people
around this table as murderers, yet any one of us might commi
morder under certain eicumstances. You can't descnbe the cell
that you see undler the microscope as 2 phagoeyte until you see
that 1t has eaten something,

Fremont-Snuth- That's right,

Dempsey- Tt £s a different test.

5
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Bennett- Not only that, but mesenchymal cells among cell popula-
tions may be highly differentiated for example, the mesenchymal
cells, which line synovial clefts, can acquire phagocytm properties,
Under certain abnormal cir they may quanti-
ties of siderotic pigment and Itpid within their cytoplasm Hence, I
think there 1s a connotation of function in the word “phagocytosis,”
which must be recogmzed m classifying connective tissue cells

Anﬂcvmc The term, I beheve, was ongmally mentioned by

koff (1) m with ion, he descnibed
two types of cells, a macrophage and a microphage The former
was the mononuclear cell, and the latter was the polymorphonuclear.
I am not quarreling with terminology or trymg to force 1t, but if
people read about normal structure and see “macrophage,” they
immediately come up against the same problem which we are
struggling with, and I wonder if we used

Ragan: Histocyte?

Angevne: Yes, histocyte would be more satisfactory to me. T'll
accept anything Dr Dempsey says except that I should like to get
the “phage” out of 1t

Ragan What do you prefer, Dr Dempsey?

Dempsey 1 should like to get rid of the term, “normal strcture ”

Ragan Do you want to say fibroblast, mast cell, and wander-
ing cellp

Dempsey. You have got to put 1n the lymphocytes and the polys,
too, because they are normal i the connective tissues, at least in
some of them

Meyer And how about the cartilage? Is that a derved cell, or
doesn’t 1t come 1n hereP

Fell: And osteoblasts

Ragan Are you willing, Dr Fell, to call them fibroblasts?

Fell No

Bennett: I don’t wish to belabor the pomnt, but 1s there any ment
1 the imtial suggestion I made, of speakmg of them as mesen-
chymal cells, diff d and

Fremont-Smith 1 should think so

Bennett 1 think that 15 the best alternative Of course we then
find ourselves 1n the dilemma of dealing with muscle,

Dempsey We're m a dilemma, anyway

Ragan We don’t need to itermze differentiated or nondifferen-
tiated mesenchymal cells

Bennett T thmk that 1s the best way out of 1t; 1t 1s inclusive
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Ragan: All right, I think this is begging the issue, more or less,
We do have to talk about the ongin and the turnover of each.

Meyer: Oh, yes

Ragan: Then we will call them mesenchymal cells, differentiated
and nondifferentiated, and the ongin and turnover of each.

Travell. Are we going to list any of the cells under these two
classtfications?

Ragan: The group doesn’t seem to want to

Fremont-Smith: They're afraid, When we give them names we
have an argument.

Travell: Dr. Ragan says we are begging the issue,

Fremont-Smith: He's nght

Angevine: I think Dr Ragan would be happy if we just said
“mesenchymal” cells, wouldn’t he?

Ragan: No, I think we have to specify each differentiated and
nondifferentiated cell, The nest part of my outline concerns fibrllar
components,

Angevine: This may sound very academic to this group, but I
am sure that Dr Dempsey, who teaches histology, and 1, who
teach pathology, find that this is one of the most difficult problems
to present to medical students at the first- and second-year levels

Fremont-Smith: Which — the fibrillar or the mesenchymal?

Angevine: No, giving the student a clear conception of this \‘vhole
phagocytic system in the body is difficult in view of the conflictng
terminology used in various texts. 3

Ragan Could 1t be that we don’t know anything about itP That
is why 1t 1s difficult to explain? .

Angevine: No, 1 think we know a good deal about it, but I think
that we are probably speaking different Janguages

Ragan: Collagen once laid down, evidently stays there for a long
while We have an 1dea of the life span of many cells, but not of
the fibroblast. .

Travell. Tn a test tube collagen fibers can be dissolved and pre-
cpitated, reformed and redissolved How do we know but that
that goes on in living organism?

Ragan We certainly don’t know whether 1t does or does not

Meyer- Work has been done on formation of collagen Normally
it seems to be a very slow process I must admt that we know very
little about it, though )

Fremont-Smith- May I point out that whenever a group of people
from several different disciplines and points of vl'ev./ try to find thf,’lr
areas of agreement, and finally put them down, 1t is the most unin-
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teresting possible and 1l il The only
areas which are of interest and significance are the areas on which
they are working’ these are the ones on which they have divergent
views, and unfortunately have to be elimmated in order to find a
common area of agreement I have seen that happen before. From
tume to time, people feel the need to say what they agree upon,
whereas, from my point of view, the things they do not agree upon
are 50 mach more mteresting In other words, to agree npon the
ifications of our disag 1s a very exciting thing to do
There you have a dynamic process The moment you do 1t, you
immediately see new expeniments which must be done, and things
move on,
Dempsey: T agree with what Dr Fremont-Smth says and I think
I can amplfy 1t, perhaps. There are three expenmental tecl‘miqu?s

that are involved mn what we are deb. One 1s morpl
the pure structure of these cells, as one can see them i sections
or spreads of e tissues i with the mi

P
The next one 1s physiological what the cell 15 able to do, and
whether 1t can or can not ingest foreign material This 1s a quite
separate expenmental problem The third one 15 embryological:
what a given cell can turn into, under sutable circumstances

Fremont-Smith. What its hfe history 15

Dempscy. Yes, and whether what we see structurally in one
stage of 1ts career is the equivalent of what we see at another phase,
m other words, whether we could recognize the old man from the
picture of the baby, and vice versa.

Now, these are phenomenonological difficulties We have a per-
fectly htforward set of pl lving structure, func-
tion, dynamucs, and change of state with tume As long as we stick
to any one of those concepts, we are reasonably clear As soon as
we begin to try to transpose mformation ganed from one procedure
to another, then we get into trouble That 1s where Dr Angevine
stumbles on the word, “phagocytosis,” because he is not sure he
can look at a cell under a microscope and tell whether or not it
15 a phagoeyte Isn't that nght?

hAﬂgcumc. That is nght, unless the cell has phagocytosed some-
thing

Dempsey- Unless it has trypan blue m it.

Angevine: 1 realize that many of these cells are potentially
phagocytic, but you cannot tell that under the microscope,

Dempsey  You can't tell unless you do the experiment to see
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which one is and which is not, so what we are doing s confusing
one set of observations with another set,

Fremont-Smith: But not confusing our issue. It seems fo me that
when we use the word “confusing” here, we are confusing our-
selves, and that the only hope of progress in this Seld s to try to
correlate these different forms of observation, This is a difficult
problem 1t is only in that sense that I object to the word confusing,
as if it were something we should not do

Dempsey: Oh, nof

Fremont-Smith. And st seems to me that there we shall apt reach
agreement, or if we do, we shall reach it only on the Jeast interesting
part.

Porter ¥ wonder where connective tissue begins and where it
ends? Where you have collagen, your cell population might be
hetter descnbed as multiple, and let it go at that. There is coliagen

© ™ - s under the basement membrane
- & latter does not suggest that
fibroblasts put it there. tuco . lagen in cartilege and bone
and cartilage cells put it down, apparently. Perhaps we should not
attempt to describe the cellular elements involved, and say there
is everything except epithelal cells?

Fell” Do we know that epithelial cells don’t form collagen? I
have a shrewd suspicion that they do.

Dempsey. There s at Jeast one place where these mesnde{mel
cells don’t lay down collagen and that is in the blvod. There jsnt
any collagen foating around inside our hlood vessels.

Fremont-Smith. At Jeast we don't see it i

Dempsey: So we have to include fbrin and fibrinogen, don't we?

F ith. Are we absolutely sure? .

Angevine. 1 think 1 swould bet on that; that is one thing I think
1 counld be sure of.

Dempsey: Nobody 1s ever sure of anything.

Fremont-Smith: They weren't picked out by the liver

Travell: Nobody disputes it

Fremont-Smith: AR right; we will accept it for the moment.

Bennett Let us go back just a moment to the com’ment Dr.
Angevine made, about the difficulties of teachi ents Ds.
King in our depattment this year, wha is trying to reconcile in the
minds of the students the differences hetween anatomists, histofo-
gists, and pathologists, made what I thought was a rather cear-cut
ohservation. He pointed out that of the tissues that we caft mfsf:i'
dermal, there are certain predestined cells that go into organize
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structures, such as capillaries, and endothehum-lmed and meso-
dermal-lined spaces After all these substances have been exhausted
and taken out, there remain mesenchymal elements that are capable
of forming collagen, whether they are carti’age cells, fibrablasts,
or osteoblasts They have the capacity of elaborating mn some way
other types of mtercellular substances In addition there 15 the cell
population, which has not differentiated beyond a stage m which
1t could revert a hittle, or perhaps progress a little, towards becom-
ing potentially phagoeytic cells, under appropnate stimul, and also
do other things I think perhaps it might be well to look upon this
tissue as one of the elements of the mesoderm from which there
have been extracted predestined cellular functional patterns of
cells that form certain organized structures Then the rest of it 15
residue, which at any time may pick up the trend and develop nto
things that normally are developed out of mesoderm

Fremont-Smith. it may develop new predestinations?

Bennett Yes, that 1s possibly so

Holbrook We have talked rather ghbly about all the mesen-
chymal cells producing collagen, but do you know of any evidence,
Dr Porter, via the electron microscope, or otherwise, that this is so?
Have you seen any cells other than the fibrablasts which you are
sure make collagen?

Porter: No, I am sure the fibroblast does, but T am not sure
what the others do.

Holbrook All of us are convinced that the fibroblast does

Fell: An osteoblast does. Probably a chondroblast also

Ragan. Can you be sure that a chondroblast stays a chondroblast
while 1t 15 making collagen?

Fell. Tt looks like a chondroblast

Fremont-Smith: It depends on how you define 1t

Holbrook, There 1sn’t any possibility that some of the collagen
is teken from solution and reconverted?

Porter Possibly so, 1n the case of the collagen in the sarcolemma
and under the basement membrane

Holbrook, The exact 1dentification of the fibroblast which makes
collagen. 15 not 5o essentral as that we d that each single
mesenchymal cell can in itself produce collagen, because T can
concewve of some collagen, certamly. as being reconstituted from
solution

Dempsey Ths 1s almost the same thing that 15 called “comple-
mentariamsm ” The word, I think, 15 derved from the concepts
dealing with Iight as a particle, and light as a wave Fimally the
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physicists decided it was 2 poor argument and said, “When you
ook at’ it one way, it’s a wave, and when you look at it another
way, it's a particle, and each one of the concepts complements the
ather one, The truth is that it is the sum of both, and the method
that one applies m one’s experiment determines the answer that
one is gomg to get.”

Fremont-Smith: Yes, on the whole.

Dempsey: We are dealing here with the same kind of thing A
chondroblast is a fibroblast because it lays down collagen When
we look at it one way, it is a cell which is different when we see
it from another aspect, The entire truth about this cell is something
that transcends any single one of the techniques we apply.

Fremont-Smith: Or that transcends the sum of all the techmques
that we now use?

Dempscy: I think so, yes.

Angevine- Would you feel, Dr. Dempsey, that when we are
discussing connective tissue, we probably have to discuss either
areolar connective tissue, or one of the specialized forms of connec-
tive tissue separately® In other words, if we throw everything into
one group, we get into difficulty. I think I agree with what Dr.
Dempsey said, but I gather that ntost of the things we are discussing
now on the basis of this outline relate to the areclar connective
tissues, with a few exceptions such as in the specialized hssues as
cartilage, bone or fat There will be other things added, which I
suspect are all potentially capable of similar functions, and even
revert to similar states, but if we are going to define something,
we should first define areolar connective tissue and proceed from
there. That would be logical, wouldn’t it?

Ragan: 1 thought we had one area of agreement: that collagen
was derived from a fibroblast.

Holbrook. 1 agree.
Ragan: But Dr Fell feels osteoblasts, chondroblasts, and so on,

may lay down collagen. Should that be included?

Fremont-Smith. And also other unknown sources?

Dempsey: Perhaps we should say “other nondifferentiated
sources ” I thmk the only thing we agree on here 15 that we are
dealing with connective tissues. Sometimes we are not even sure
of that .

Ragan: One thing we agreed on, before Dr. Fell came into it,
was that collagen was derived from a cell.

Fremont-Smith- No, Dr. Porter wouldn’t agree to thatl

Ragan- Sarcolemma could have been laid down by a fibroblast.
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Fremont-Smith. It could have been, but we are not sure of it

Angevine: Muscle is considered to be another one of these
specialized connective tissues, also

Ragan: Dr. Fell, what do you think 1s the derivatton of collagen?

Fell: Who knows!

Porter. Why not be satisfied with the fibroblast? We might even
say that when a chondroblast is putting down collagen 1t is a
fibroblast, later in its history 1t becomes a chondroblast

Ragan: Dr Fell doesn’t agree with that

Fremont-Smth. Perhaps we can get Dr Fell to tell us some-
thing about this without narrowing 1t down to where she must say
“Yes” or “No™.

Fell: T am not quite clear as to what the question 1s now.

Fremont-Smith- What surprises you most about collagen?

Bagan, Dr. Fell, do you disagree with the statement I have out-
Ined, that fbrillar collagen probably is derived from a fibroblast?

Fell. The only point I was trying to make was that bone has a
dense network of typical collagen in it, and yet the collagen has
other properties which differentiate 1t quite sharply from areolar
tissue, it seems to me that the definition we had applied only to
the areolar tissue There are, no doubt, other conshtuents in the
bone that make 1t different in consistency.

Ragan- Would everybody feel happrer if we called this conference
the Conference on Areolar Tissue, or Loose Areolar Tissue?

Holbrook. No, nol

Angevine No, I wouldn't agree with that Actually, though, I
think it has been areolar connective tissue that has been discussed
to date, In the origmal talk you asked me to give at the First
Conlerence, we said there were several specialized types of connec-
tve tissue, but we talked pnncipally about areolar connective
tissite, T think Dr Gersh, at the Second Conference, talked largely
about areolar connective tissue, as did Dr Lallie and Dr Robb-
Smith at the Third Conference Everybody here, of course, realizes
that we have these other forms of speciahized connective tissue My
conception was that after the areolar tissues were fully discussed,
we might branch out into the special tissues I think 1t would be
wrong to call it all areolar connective tissue, but 1t 1s worth while
to pont out that that 1s what we have been talking about to date.

Tracell. We talked about cartilage, the symphysis pubis, and
other areas of the body We haven't actually Limuted the scope It

15 just that more information 1s available on areolar connective
tiesyye
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Angevine: Yes, but the symphysis pubis is not cartilage. It is
pure areolar connective tissue.

Holbrook: Dr. Ragan, would it be complete if we said “and other
mesenchymal cells”?

Ragan: 1 think it would be very complete if we said “normal
structure of loose connective tissue.”

Tracell. But we don’t want to limit it to Ioose connective tissue

Ragan. This is as far as we have gone.

Angerine. Tt would be better to say “areolar,” which includes
both loose and dense. If we are going to modify it at all, areolar
would be more proper.

Dempsey: T think we are quibbling We are reaching the point
where we are merely using words and I think none of us knows
what he is talking about.

Ragan. Let’s leave 1t as 1t is, then In the Transactions of the
Fourth Conf on Metabolic I lations (2) they ashed
several people to give a defintion of mammalian collagen Dr.
Jerome Gross sud “Collagen is a term embracing a class of
fibrous proteins characterized by a particular wide-angle x-ray
diffraction pattern, many members of the class exinbiting a fiber
aus period averagng 640 Angstrom units. The known collagens
of the higher animals are chemically characterized by a Jow content
of aromatic amino acids, and a high content of pyrrolidme amino
acids and glycine Ground-substance can be defined as the estra-
cellular and interfbnllar amorphous component of all tissues ™

Dr Paul B, Hamilton said. “Collagen — a term reserved for native
fibrous proteins exlubiting specific spatial periodic wide-angle ¥-ray
diffraction patterns, and containing from 6 to 7 per cent of total
N as hydroxyproline N, from 10 to 12 per cent as proline N, 1 per
cent as hydroxylysine N, and 235 per cent as glycine N.” )

Dr. Karl Meyer said: “The term collagen is ambiguous and is
defined histologically (by microscopy in visible light and by Sflb‘
microscopic techniques) or chemically, In the chemical defimtion,
the term should be reserved for matenal from mammalian sources
having a certain composition mcluding the content of glycine;
proline, and hydroxyprolne, and hydrolyzed specifically b)’}he
enzyme, collagenase, All fibers of smmular composition and histo-
logical appearance might be called collagenoid.” . &

1 thought it would be a good 1dea to use the term “collagenoi
and stop using collagen, because we cant come to any defimtion
of collagen at this conference.
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Meyer. When we hear that the chondroblast, as well as the fibro-
blast, lays down collagen, then the question does come up whether
or not the various fibers are chemically identical or not. I do not
know any evidence to the contrary, but there are great differences
in solubility of collagen in different tissues I think the term col-
lagenoid 15 a useful term,

Porter, To cover everything?

Meyer. Oh, no, 1t would not include everythmg

Fremont-Smuth But several things

Meyger. Yes, 1t gives some leeway Iike the term “steroid.” which
means more than cholesterol — I believe the only sterol known at
one time,

Fell: 1 should think 1t was very unhkely that the collagen was
the same in different tissues When you watch osteogemc Sbers
bemg lad down in life, or 1 a Living ossifying culture. 1t has quite
a different appearance from the collagen fibers lad down in con-
nective tissue,

Holbrook Dr Fell, does it have the penodiaity?

Fell It has the same penodicity, but if you watch a hving tissve
culture that 15 laying down bone fibers, it has quite a different
appearance from hiving areolar tissue that 15 Jaying down collagen
fibers in culture. They seem much more ngd for one thing,

Fremont-Smuth: Penodiaity 15 only one form of measurement,
and therefore there 1s nothng holy about it

Holbrook Ob, yes, [ know that

Fell- After all, one knows, according to Parker’s work (8,4), that

blasts from duff places are physiol ty dff so 1t
15 quite possible that ther products may differ m some degree all
over the body

Fremont-Smuth. Isn't this a situation where the collagen fibrils
would be both the same and yet different? That 15, they would be
the same m all parts of the body with respect to certamn things,
such as penodicity?

Fell Probably, yes.

Fremont-Snuth And they would be different 1 one part of the
body from every other, with respect to ather charactenstics

Fell. Posuibly chemcal, yes

Fremont-Smuth There are sumianties which would be very un-
portant with respect to certain probl and their diff
would be all important with respect to other problems. This 15 the
kind of issue over which people will fight to the death to determine
which is mare important, the similanitics or the differences, when
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actually they are both of the utmost importance, but for different
purposes. You see this kind of issue come up again and again in our
conferences; people will say, “Is it the same or is it different?” when
1t js probably both,

Angevine. I should hate to see this term “collagenoid” accepted
1t is ltke “Iymphomatosis ” You are going to have to say, “elastoid”
eventually, or “agglutinoid,” or “albuminoid.” Why not just say
“collagen”™ It has considerable variations in various sites. I don't
think we are going to get anywhere by dropping the term “collagen,”
because one should realize that it may vary tremendously under
many conditions. I think this would be retrogressive rather than
a progressive step.

Fremont-Smith: It doesn’t add to our knowledge.

Angevine: That 1s what 1 mean, If you can add something by
changing a term, then it 1s all right.

Meyer: If you would call it “collagens,” I would agree with you,
but not the singular,

Angevine: T would agree on “collagens.”

Fremont-Smith: Put it in the plural, then.

Angevine: 1 think that has been used.

Dempsey: Yes, it has been used, and it is quite useful

Ragan: Then it is “collagens.”

Travell: That would include the collagen-like fibers seen in ﬁs?l,
with different chemical characteristics from the collagen seen i
mammals.

Fremont-Smuth: You can talk about mammalan collagens and
nonmammalian collagens, which would include the fish.

Fell: 1 think whether you included a given collagen in a group
would rather depend on whether there were more similarities, or
more differences, between it and the group

Fromont-Smith: Or whether you were more concerned with the
few similarities, or with the many differences, or vice versa.

Meyer: But if you call it mammalian, you do not think qf one
species. If you say “collagen” you think of 1t defined as ChemlC"lH()!’»
physically, or histologically one and the same chemical compound.
Unfortunately, this original histological concept has taken on 3
chemical concept. .

Dempsey One thing which I think is missing from your de’ili'nh‘-
tion, interestingly enough, is the original definition of collsgen. ! :
word means glue-forming, does it not? The original definition wa
on the basis of jts solubility.

Meyer- Dr Lallie brought that out last year,
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Dempsey: 1 am mterested in going back to these defimtions
which Dr Ragan read, about that 7 per cent hydroxyprolme N,
and periodicsty with the electron mrcroscope. The one histoncal
fact, which has differentiated collagen from any other substance
in the body, was unfortunately omitted.

Travell: On hydrolysis it yields gelatin.

Ragan. We have quite a bit of data on the physical (‘:zlamctensncs

3 -

of collagen, and on the ch position of These
data are factual and hardly warrant further discussion at this time.
There is, however, the q of the or: ion of coll which

I think has not been solved

Meyer, I don’t understand that

Travell: Meaning what?

Ragan: Why the fiber is laid down 1n a certain plane.

Porter. 1 would suggest the use of the word “organization.”

Ragan- Yes, orgamzation probably would be better

Travell: We are onented, the fibers are orgamzed

Ragan: 1 was thinking princrpally of Weiss' 1dea, with the three
balls That is why I was thinking of orientation

Fremont-Smuth: You are speaking of the pattern of several fibers
in relation to one another, and not the pattern of a single fiber

Ragan, Why the fibnl becomes a fiber and also why 1t 15 Jaid
down in a certain direction That was my meaning

Porter- A good it of that 1s certamly the product of tensions
I know, as Dr, Fell does and everybody else who studies s vitro,
that they tend to mgrate along lines of stress, and that a fibroblast,
placed under some tension, will develop intracellular cytoplasmic
fibrils m response to that stress From what I have’ observed,
collagen fibrils tend to be oriented along the same lnes I suspect
that as far as wandering fibroblasts are concerned, the stress factor
1 functional m controlling the orentation of the fibers

Ragan Suppose we say “along lines of stress?” The turnover of
collagen is } which can probably be best studied in
abnormal states I think Robertson’s (5) data on the turnover in
scurvy are about the best we have For instance, data of Sprnnson
and Rittenberg (6) on the tumover of the carcass protemn showed
1t to be very slow, Perrone (7,8) also has shown that tumover 1s
slow in adult ammals, and m his data distinguished between
“skeletal collagen” and “repair collagen”

Dempsey There 1s a word of caution which I should like to place
m the record, if 1 may It seems to me that the expeniments done
on turnover of these fibers have been done n relatiely static
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physiological states. There has not been, so far as I know, any

study on turnover done in situations in which one mught expect
the rapid laying down of collagen, or more importantly, the rapid
destruction of collagen I don't think this 1s a closed 1ssue. This 1s
a place, Dr Fremont-Smith, where I think premature agreement,
on the basis of our present data, would be too bad; I think more
research is needed

Fremont-Smith: 1 agree with you; mn fact, I am all for disagree-
ment of this kind

Ragan 1 don’t think we have enough on which to disagree, Dr.
Fremont-Smith. This is complete ignorance.

Fremont-Smith: We can agree on our ignorance.

Ragan: Until the last conference, there was uniformity of opinion
among the group that reticulum was identical with collagen.

Fremont-Smith. Had the issue been discussed thoroughly?

Ragan: Tt had been discussed on numerous occasions and, at
the last conference Dr. Robb-Smith was very definite when he said
he did not think they were identical. I think that is as far as we
can go. .

Meyer: A paper on reticulin has been published recently in
Nature (9) in which the authors, Little and Kramer, state At}m!
reticuln is distinct from collagen. The midcortical connective tissue
of the kidneys of children free from renal disease was found t0
consist almost entirely of reticulin. They reported that the collagen
in this region occurs in the immediate neighborhood of larger blood
vessels.

In the electron microscope, wed specil ppeared 25
very thin laminated membranes made up of a network of fine ﬁbr)]s
embedded m an apparently structureless membrane The ﬁpnls,
after shadowing with uranium, showed a striated structure with a
penodicity of about 650 Angstrom units On boiling, the ﬁbnls: but
not the underlying matrix, were dissolved. The fibrils were said fo
differ from ordmary collagen in that no gel resulted on cooling
concentrated extracts

Ragan 1 think it is safest to leave it at the present time as an
open question.

pI’or{cr T'll wager that they are ultimately very closely YE]“;C‘?]
The thing that should be emphasized is that the framewqu Zoﬂ
these fibers appears to be the same. They all have a basic 2-0
band; at least morphologically, and anything else, Iike a 64
period, 1s superimposed on that.

d
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Fremont-Smith: You might have it 1 a partienlar part of the
, Nidoey.

Porter. No, I doubt it very much There are, to be sure, great
amations 1n collagens, variations m the width of the fiber and also
m the degree of development of the 640 A periodicity But all the
extracellvlar fibers we have encountered have shown some evidence
of stnae

Angeving: Since you have said there are collagens, you will prob-
ably ind this may be one of the collagens.

Fremont-Smuth: Maybe these are retrenlms.

Angevine. It would be better to stick to the larger one first

Meyer. By staning electron microscopy, classical methods, and
m fact by every method, the fibers are chemically different from
wollsgen. However, they say that full data have not yet been
obtamned,

Travell: We should say “different from the known collagens i

Porter: Yes, of course there is that difference, but T feel that we
should emphasize the similanties and not the differences

Fremont-Smith: Dr. Porter, 1 den't quite nnderstand your objec-
o to what Dr. Meyer reported?

Porter, T have no right to object because I haven't seen the paper
be 15 discussin,

Holbrook: Dr Portes has seen 220 A penodicity m all reticalum
which be has cvamined. X

Porter Tam simply saying that the basic structure, or a vanation
O 1, 15 descriptive of differences

Fremont-Smith- You worked with the Jadney?

Zorter, No, T haven't.

Fremont-Smith. Then it seems to me farr to say that you have
70 drgument with this report on the Judney

Porter 1f 1 were acquainted with the paper 1 might find other
14085 to doubt reasons arising from techmique or mnterpretation
12 more and mare areas, and more and more tissues of the body,
#eare finding similarities that permit generalizations, Some people

't recogmze the 220 A penodicity 1n collagen fibers

Fremont-Smith; These authors apparently do. .

b gan At our Second Conference we heard from Dr Lansing
3%t the physical structure of the elastic fibers. ¥ haven't heard
ﬂh‘ythmg that makes me change my mind about that Have you,
empsey?
mg”””f"y! Dr, Tunbridge, when he was over here Jast Y?a‘l'i
et disagreed with us His particular point was that in so-calle
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physiological states. There has not been, so far as I know, any |
study on turnover done in situations in which one mght expect
the rapid laying down of collagen, or more importantly, the rapd
destruction of collagen. I don’t think this is a closed issue. This is
a place, Dr Fremont-Smuth, where I think premature agreement,
on the basis of our present data, would be too bad, I think more
research is needed.

Fremont-Smith. 1 agree with you; in fact, I am all for disagree-
ment of this kind

Ragan 1 don’t think we have enough on which to disagree, Dr.
Fremont-Stuth. This 15 complete ignorance.

Fremont-Smith: We can agree on our ignorance.

Ragan: Until the last conference, there was uniformuty of opmion
among the group that reticulum was identical with collagen

Fremont-Smith. Had the issue been discussed thoroughly?

Ragan: 1t had been discussed on numerous occasions and, at
the last conference Dr. Robb-Smith was very definite when he sad
he did not think they were identical T think that is as far as we
can go

Meyer: A paper on reticulin has been published recently
Noature (9) in which the authors, Lattle and Kramer, state that
reticulin is distinct from collagen The midcortical connective tissue
of the kidneys of children free from renal disease was found 1o
consust almost entirely of reticulin, They reported that the collagen
in this region occurs i the immediate neighborhood of larger blood
vessels

In the electron microscope, unshadowed specimens appeared as
very thin laminated membranes made up of a network of fine fibrils
embedded in an apparently structureless membrane. The ﬁ!’“kv
after shadowing with uranium, showed a striated structure with a

porie o  Nn botling, the fibrils, but
aif ! ’ The fibrils were said‘ to
P gel resulted on cooling

concentrated extracts
Ragan: 1 think it is safest to leave it at the present time as a0
open question. ated
Porter: Tl wager that they are ultmately very closely rel afe
The thing that should be emphasized is that the framm\'n.rkol:oﬂ
these fibers appears to be the same. They all have a !)asxc 22
banding, at least morphologically, and anything else, like a 640

period, is superimposed on that.
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¢ Fremont-Smith: You might have 1t in a particular part of the
¢ kidney,
. Porter. No, I doubt it very much. There are, to be sure, great
vanations m collagens, variations in the width of the fiber and also
. in the degree of development of the 640 & periodicity But all the
. ettracellular fibers w e have encountered have shown some evidence
of strze,
. Angevine: Since you have said there are collagens, you will prob-
ably find this may be one of the collagens.
Fremont-Smith. Maybe these are reticulns
. Angeine, Tt would be better to stick to the larger ene first.
Meyer; By staining electron microscopy, classical methods, and
m fact by every method, the fibers are chemically different from
 collagen However, they say that full data have not yet been
" obtamed
Tracell We should say “different from the known collagens’
Porter, Yes, of course there 1s that difference, but I feel that we
should emphasize the simulanities and not the differences
.Fremunt-Smllh: Dr Porter, I don't quite understand your objec-
tion to what Dr. Meyer reported?
Porter, T have no right to object because I haven't secn the paper
he is discussing
Holbrook. Dr. Porter has seen 220 & pertodierty in all reticulum
which he has examined
Porter, T am simply saying that the basic structure, or a yanation
on it, is descriptine of differences
Eremont-Smith: You worked with the kidney?
Porter, No, T haven’t
Fremont-Smith. Then it seems to me fair to say that you have
7o argument wath this report on the kidney.
Portcr 1§ 1 were acquainted with the paper I might find other
feasons to doubt reasons arising from technique or interpretation
0 More and mnore areas, and more and more tissues of the body,
“eare fnding similarties that permit generalizations Some people
1t recognize the 920 A perodirty m collagen fibers
Fremont.Smith, These authors apparently do .
abvuga" At our Second Conference we heard from Dr },c;nsmé:
a t the physical structure of the elastic fibers I haven't hear
"ibing that makes me change my mind about that Have you,
Dempsey?
mh:’"”“'ﬁ Dr Tunbridge, when he was over here last }'ﬁag
T dsagreed with ns His particular point was that in so-calle

'
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elastosis, a pathological modification of elastic tissue 1n the skin,
the material which stains Iike elastic tissue is not elastin at all It
is not even modified elastin but is, indeed, a modified collagen.
Carrymg this to ts conclusion, if a collagen may be so modified
that it gives all the physical reactions of elastin, then there is no
such thing as elastin.

Ragan: Was this based entirely on the histological picture?

Dempsey: On electron mucroscopy and conception, Tunbridge
says that if one ines an area of el is, one doesn’t see any-
thing in it but collagen, which, incidentally, 15 a factual pont with
which we disagree.

Ragan. We can say, then, there 1s some difference of opinion,
which is not completely resolved.

Holbrook: The difference of opinion would be largely in the
denvation, Dr Ragan,

Ragan- No, in the physical structure, and in the chemical com-
position I dont think there is any knowledge about derivation.

Holbrook- Except that Tunbridge says it is a form of collagen.

Meyer: Is that true only for this disease, elastosis?

Dempsey: Yes, but if mn this disease, or in any situation, you can
produce a collagen which gives all the reactions of elastin, then
where are your definitions for elastin? There is no such thing

Meyer. T am not sure whether I know a definition for elastm
except that 1t 1s chermeally and physically different from collagen
I do not believe that there is any disagreement about the difference
between collagen and elastin.

Dempsey: There isn't. But, on the other hand, there hasn’t been
an opportunity for disagreement because I believe the only recent
papers on composition are those which have come from our labora-
tory, and nobody has yet denied them.

Ragan: That is what 1 meant by saying there was unanimity of
opinon, because nobedy else has done anything on it.

Meper As far as I remember, in tissue culture elastin fibers are
only produced from transplants of what the cells are from
regions in which, in the adult, elastic tissue appears, such as from
the region of the igamentum nuchac, or from the aorta.

Dempsey. I'm sorry that I interjected this issue_I think it is per-
fectly far to say there is general agreement that the physical
char: astics, and chemical position, of elastin are different
from those of the other connective tissue fibers. Also, as to the cells
that are mn the neighborhood of forming elastin, I wouldn't say that
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1 could thffe ate between fibroblasts or ) I wouldn't
know what to call them so the question is open.

Ragan+ Is there any knowledge about the turnover of elastic
tissue? 1 don't know of any.

Dempsey: None I don’t think it has ever been studied.

Ragan* The only concept concerming changes with aging and
trauma was that described by Lansing, and has that been demed?

Dempsey: No, there 1s a farr confirmation of most of .

Rogan. So I think we could leave that item fanly clear-cut The
next atem, the interfibnilar material 1s where we really get mixed
up I put “ground substance” m quotes

Meyer Substances

Ragan. Is that agreeable to everybody, to call it “ground sub-
stance™?

Travell: Dr Meyer suggested the plural,

A ine. You say “protopl: " I don’t see why you couldn’t
say “substance ” Don’t you have many things in the substance?
Why not just call 1t “ground substance™ Let’s not comphcate 1t

Travell. “Substance” beimng collective

Angevine Yes, hike protoplasm

Fremont-South  You are wilhng te have 1t accepted, though?
You are willing to have it 10 quotes?

Angevine- Yes, but leave it in the singular

Ragan. On denvation, the only reports this conference group
has had have been from Gersh, at the Second Conference in 1951
Gersh beheves the fibroblast produces this matenal. You can add
Asboe-Hansen's 1deas about the mast cell You can add a lot of
people’s ideas, but they don’t know, I put Gersh down here because
he 15 the only one who has made a statement at one of these con-
ferences I really think you should say “open at the present time.”
Now, under “mucopolysacchandes,” 1 should have started 1a by
saying “mucoproteins,” or “mucoids "

Meyer. Py bly the term T 15 better
Ragan And then break 1t down mto protemn component and
polysacchande Is it ble to everybody to say that

the proteins are different from collagen 1n the sense that they have
aromatic amino acids m the mucoprotemn of the ground substance?

Meyer ‘This problem has not been sufficiently studied For
example, if you include cartiluge, I do not know of any studies of
the composition and nature of the protems 1f there 1s 2 mucopro-
tem of L‘lu‘)ndroitm sulfate, has the protein, or protewns, aromatic
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Ragan: Tendon has; it is the only one that has been studied,

Meyer. The mucoproteins of tendon and heart valves, yes.

Fremont-Smith. Let us add in quotation marks, “Only these
tissues have been studied.”

Meyer: Yes 1 don't know whether there is agreement on that,

Ragan- There, again, only one person — Dr. Meyer — has done this
work and jt has never been confirmed or denied. Then one must
discuss distribution of these polysaccharides and their chemical
composition, and I think that is as far as we can go We can say
that by isolation certain materials have been derived grossly from
certain tissues As far as localization goes, most of the histochemical
studies are somewhat behind chemical isolation. They have de-
pended mn great part upon staining techniques which are non-
specifie They certamly do not differentiate between the various
chondroitin sulfates. They depend upon enzymatic reactions with
something like testicular hyaluronidase, which are, again, non-
specific. You see something like this in Asboe-Hansen’s work, in
which he talks about hyaluronic acid just b it is
matic and disappears after testicular hyaluronidase incubation. But
1 think not only Dr., Meyer, but Dr. Blix also has done work which
confirms this, isn’t it so?

Meyer Yes, there has been some

Regan. Has anybody done anything about these various chondroi-
tin sulfates except you, Dr Meyer?

Meyer: Apparently not. We now have isolated from cornea a new
type of sulfated polysacchande posed of equmolar con-
centrations of N-acetylglucosamine, galactose and sulfate. It occurs
there next to a chondroitin sulfate, and a sulfate-free hyaluronic-

d-lke-polysaccharide 1 p the new pol hande would
show metachromasy, but how it behaves histologically, I do not
know.

Rogan Detailed knowledge about localization is impossible We
have some detailed knowledge about chemical position ¢nt
masse, but that doesn’t localize the material. Does anybody w c}nl
to add anything more about mucopolysaccharides? The proteins
have not actually been identified, except Dr. Meyer's finding that
they contain aromatic amino acids The last powt, whether you
have a mucoid or a mucoprotein; that is, whether the linkage be'-
tween protein and the polysacchande is a tight one or is Toose, is
a pomt upon which we could argue for a long time.

Meyer: 1 don’t know whether I understand you correctly. 'I'he{e
are two different problems about pol ide compleves in
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connechve tissue. The one type 15 what we should like to call
in which acid pol. 1des are more or less

loosely bound to protems, and presumably specific protems, by polar
bonds and/or van der Waals® forces. The other are the true mucoids,
as, for example, the o, serum mucoid of Winzler and of Schmid,
which contain carbohydrate and protem in covalent union The
Boston group believes that such mucoids occur in connective tissue,
1 do not believe that this has been demonstrated

Angevine: Dr. Meyer, one thing came up 1n connection with this.
Just before 1 left Madison, Dr. Deiss told me, and I believe he has
discussed this with you, that he has 1solated hyaluronic acid from
heart valves and the aorta. I asked hum his evplanation for finding
1t m view of your negative findings. Apparently there was a dif-
ference in the extraction method, which he didn’t think should
make any difference He used sodium hydroxide for etraction,
whereas you did phenol extraction Would that affect it?

Meyer. No, we did both

Angevine 1 don't believe Wisconsin cattle are supenor to New
York eattle, but he told me be went to the slaughterhouse himself,
removed the tissues immediately and transported them to the
laboratory at once I wondered if that could have been the dif-
ferentiating factor, because you don't slaughter m Manhattan,
do you?

Ragan Oh, yes, we do

Meyer: I do not know the age of the hearts I used, bnt they
were stored sometimes for quite a long time It 1s posstble that
would make a difference

Angevine We have found from our histologteal studies that of
tissues have been in the wcebox for 24 hours or more, the meta-
chromatte material dmunishes rapidly. Tissues must be fresh Frozen
materal 1s the most satisfactory When tissues are preserved in
fixative for any length of time before embedding, much acid muco-
polysacchande diffuses out of the tissues

Meyer We found some hyaluronic acid in one out of four or
five preparations of tendon, We have repeated the expeniment, and
have atain found a sigmficant, but not a large, amount

Angerine 1 suspect the amount must change from time ta time
under different conditions

Meyer: That was in pig hearts — the only tissue we took

Angevine Deiss worked on beef hearts He has since studied the
buman heart, and I believe found it there
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Meger: 1 do not know whether thiere are differences 1n spectes,
but they may exist, !

Ragan: Do you think we should add the statement that these
relationships may change?

Angevine: 1 suspect that they may. Whether or not the methods
improve, there is the possibility that some of these things we are
now accepting as basic may well be altered. This has bothered us,
because on the basis of histochemical studies we postulated that
there probably was hyaluronic acid in the heart valve, and since
there was supposed to be none, ding to Dr. Meyer, we were
somewhat worried.

Meyer am working up a new batch nght now. But there, agamn,
1 don’t know how long the hearts had been in the jcebox.

Ragan: They hadn’t been in the icebox, they had been at ~70° C.

Angevine: Frozen?

Ragan: Yes, in a deep freeze

Meyer: And then they were thawed?

Angevine: How long between removal from the animal and being
placed n the deep freeze? That, to me, 1s the thing that would
determine it

Ragan. For the time 1t takes to ride in a taxi from 40th to 168th
Streets

Angevine. That's not too long

Ragan: It might help to insert a statement at this point that the
relationships that have been found might change under certain
conditions. We don't know. We then come to the abnormal states.
Here we have marked disagreement We had no unammuty of
opimon about what fibrinoid was, even after the paper was given
by Dr Bennett at our First Conference

Bennett: That 1s correct, I led the discussion, but we know httle
about fibrinoid

Ragan. Is there any reason to change that opinion now?

Angevine: Let’s not start that again,

Holbrook: No, we belabored that.

Fremont-Smith: Several people agreed with themselves.

Dempsey: Several even agreed with each other.

Ragan. In abnormal states, whether or not collagen degenerates
is something about which there is not too much unanimity of
opinion

Dempsey Do you mean that there are people who actually
believe a collagen molecule, once formed, never disappears in
the body?
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Ragan: Oh, not

Angeving: You mean whether it fragments in the ussue itself?

Ragan. Yes. The time-honored phrase “collagen disease™ is my
particalar concern, namely, whether m a collagen disease, the
collagen degenerates.

Angevine. But T should hke to think that any tissue could
degenerate,

Travell That is an aging process

Angevme: Not necessanly

Fremont-Smith  Your question 15 whether, in collagen disease,
the collagen is diseased?

Ragan Yes The role of the ground substance in all these abnormal
states 1s a matter for discussion, and that is as far as one can go

Nest is the response to trauma. These are histologically pretty
well delineated locally, but the exact role of each component s a
bit obscure, and the evact reason for each step in the process 15
still more obscure Do you thik that s farr?

Holbrook Yes, T think o

Ragan. How about some of the pathologists? Do you thnk 2t 1s
fair, Dr Angevine, to state that the evact reason for the appearance
of each component locally mn a tissue, 1w response to trauma, i
not completely understood?

Angerme. Neo, T don't thnk 1t 15 well established,

Ragan Do you agree, Dr Bennett?

Beanett Yes, T would agree

Ragan. Under “responses to trauma, systermcally,” T put anti-
bodies This is oversimphfication, I know Again, we have a great
deal of factual knowledge, but

Fremont-Smith. Before you get to that, st seems to me that the
phrase, “responses to trauma,” needs a footnote It carries with it
the implication that there is a common response to 2 stmulus It
seems to me that we have gone beyond that now, and that there
1s no such thing, The organism’s response to a stumulus depends
upon the state of the organism and its past history, and not upon
the stmulus You can get diametrically oppostte responses to the
same stimulus if you have the appropriate past history of the
organism This is the gencral problem of a single causality against
multiple causality 1t scems to me we ought to make it clear that
we are not subsenbing here to single causahty Other things being
equal (which means the history of the argamsm wp to the time
that you traumatized it), you will get 2 common response Tt 1s
true that the only reason you get a common response to the same
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stimulus from any organism or system is because their past history,
pertinent to this exhibitional behavior, has been similar, With
appropriately different past histories or states, they will respond
differently to the same stimulus.

Holbrook If we accept that, Dr. Fremont-Smith, we must accept
the corollary that you won't like, that many different types of
stunuli can produce 1dentical results from trauma if the orgamsm
is conditioned to make them So we get nowhere,

Fre Smith. I don’t disagree with that. I think we are some-
where.

Holbrook. Likewise the same stimulus may produce a variety
of responses,

Fremont-Smith. 1 quite agree with you, and I think it 1s very
important that they be restated, becanse we fall into a very basic
error when we assume that there is such a thing as a common
response to a given stmulus e are constantly setting up experi-
ments where we put the organism under stress, and we make the
assumption that when we take fifteen gumea pigs and inject them
all with pitressin, morphine, epinephrine, or anything else, that
we are really measuring the response of the guinea pig to morphine.
But sometimes we are only measuring the response to morphine
of guinea pigs who have a partrcular history. If we set up appro-
priate conditions and the guinea pigs react in the opposite way —
that is, if they stop breathing with morphine —we can make them
overventilate with morphine, if the conditions prior to injecting
the morphine are known I am just stating this; I don’t know the
experiment in detail

Dempsey: There is a well known observation that in cats mor-
phine causes extreme excitement, whereas in other animals, it
does not

Travell- A slowmg of the respiration with morphine, or an ac-
celeration of respiration, may be produced in the dog.

Fremont-Smith. You can produce diuresis or inhibit diuresis
with pitressin

Travell: Slowing of the heart, or acceleration of the heart, may

be produced with epinephrine.

Angeomne: On the other hand, if * osc a guneap ®  t
1o @ constant temperature, or ify * ize it with ¢
e may be

o some such thing, a fairly si

wch time. -
mi‘;zmunt-Smx’lh: }?rovided the been the
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Ragan: 3 we take your attitude, Dr. Fremont-Smuth, it would
be very difficult to set np any standardized experiments.

Fremont-Smith, That is exactly the truth

Angevine: But you are just trymg to point out the awareness
that this difficulty exists and are not discouraging the setting up
of the expenment,

Fremont-Smith, The reason why experiments which look as
though they were standardized may be set up, 15 becanse nature
conveniently provides us with an environment which 1s constant
with respect to the pertinent issues for some particnlar bit of
behavior Let's take a pair of identical twins, one of them living
in Argentina and the other m Canada, who, at the age of 63,
develop diabetes 1 January Somebady wilt say, “This 1s obvi-
ously a predetermined, whented charactenstic, so strong that the
twins develop diabetes at the same tme, even though their environ-
ment is entiely different” What I am saymng 15 that that pact of
therr environment which was pertinent to the exibition of diabetes
15 not different Any scientist can set wp an environment approprate
to the development of duabetes, or on the other hand, one which 15
inappropriate, so that one twin gets diabetes and the other one
does not

Meyer But not, Dr Fi t-Smith, in 2 Hly d ined
type of diabetes

Fremont-Smith All right, how do you feel about that?

Meger: 1 don't know

Fremont-§mith 1 don't mean to get into a tong argument here,
but there 15 nio such thing as inheritance operating in the absence
of Int can be d d only m terms
of behaviar, and behavior 15 always a response of the orgamsm to
environment, yet if you put the orgamism i a different environment,
pertinent to that behavior, it 15 going to extubit different behavior
1 don’t think you can get away from that

Holbrook. You can say that heredity may hmt the potential.

Fremont-Smith Absolutely

Meger: In other words, we can make expernments at this tume
only with 2 given breed of ammal, and not with some conceptually
changed animal which does not ewst

Fremont-Smith That's nght But, for instance, if you want to
work on rats, you get pedigreed rats, and not only that but you put
them on a constant chet

Meyer- It is important that yon take htter mates
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Fremont-Smith: But you discover that it doesn’t work because
the rats all come down with chronic lung disease, and you find
yourself studymng the reaction of lung-diseased rats and not the
reaction of normal rats.

Porter. Oh, you could use enough rats so that you would be
studying rats,

Fremont-Smith: You could study a hundred rats in your experi-
ment. But 98 of the 100 may have lung disease, so you are still
studying lung-diseased rats

Porter: That would be unusual and a catastrophe,

Fremont-Smith: Yes, but it is such a common catastrophe that
rats’ lungs are not studied very often. For instance take the study
of aging rats which was made by Clive McCay at Cornell Uni-
versity. It happened that the Foundation made a grant, after the
project had been going for some years, to provide a pathologist,
and he discovered that the whole study had to be done over again
because nearly all the rats had bronchiectasis 1 am making a philo-
sophical pomt here, which 1 think needs to be made again and
again, even in a group of this sort. Our first reaction when we
encounter such difficulties is to say, “No, that can’t be so, because
1f it were so, it would make life too difficult for us.”

Ragan: It 1s very discouraging!

Fremont-Smith: But it doesn’t have to be so discouraging.

Travell: That 1s what makes esperiments on human bemgs se
exceedingly difficult.

Fremont-Smith: That is why pharmacology is i such difficulties.

Dempsey: May 1 be even more philosophical, Dr. Fremont-
Smith. That comes down to the fundamental axiom of the scientist,
that if every relevant detail is controlled, the cause-and-effect
sequence must be invariable, and that when the same stimulus is
provided, the same response will always occur.

Fremont-$mith: Your word “relevant” includes the history,
doesn’t it?

Dempsey: Certainly, and therefore whenever we do two experi-
ments, and one comes out one way and the other another, we
automatically conclude that we missed a relevant detail somewhere.

Fremont-Smith- That's right, it is very encouraging.

Dempsey: Perhaps so, if we can locate that detail.

Fremont-Smith. All truths are only relatively true within (}xf
frame of reference in which they have been studied, You wouldn't
disagree with that?

Dempsey: No
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Fremont-Smith: Because each ene has come to this table with
2 different past history with respect to these particular problems,
and that past history means that ddferent methods have been
employed I don’t mean to cast any aspersions; it 15 a good thmng
that we do have different pomts of view.

Ragan The pomt Dr Fremont-Smth mentioned was brought
out during the discussion of antthodies last year, when Dr Fischel
(10) stated that there are good antibody responders, and bad ant:-
body responders. for mstance, 1n a colony of rabhits, which are
not similar so far as their past hustory goes But I think 1t is fair to
say that m the responses to trauma, as measured systemically by
antibody production, we have data which have been confirmed in
many instances

1 put down ongmally, “as modified by adrenal hormones,” but
1 changed 1t, after Dr Fremont-Smuth’s speech, to “as modified by
various agents”

Fremont-Smith I think you have done an extraordmary job, Dr.
Ragan, i outlining this discussion

Holbrook- 1 think it was evcellent, and perhaps there have been
more areas of agreement than we have realized

Ragan We agree, then, that the connective tissues may be divided
anto three components, and that there are areas of agreement about
the physical ch 1shies, the ical position of coll
and the physicochemical composition of elastin,

Holbrook That is a good deal

Ragan What do you think we should do now? Shall we make
this mto a table, or wait and sec how the discussion goes? If 1t 1s
worth while making up the table, 1 should like everyone to make
suggestions regarding 1t

Holbrook 1 think 1t 1s worth while, for more reasons than one

Bennett 1 thunk there shauld be an outlme of this evening’s dis-
cussion m the transactions of the conference A reader of this con-
versation would have a rather bad time if he ddn’t have some sort
of outhne n front of him

Holbrook+ That's nght It js hoped also that during the course
of the conference we may pick out some vulnerable points

Porter Yes. It is good for problem definition It would be rather
interesting for the reader, particularly the graduate student, to see
the vanety of comments that a group of this sort would make on
such an outhne

Dempsey. 1 am puzzled about what purpose there would be m
publishing this discussion, or what would it be used for? I do not .
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see what a codification of what we may agree on at this hour and
minute would serve. I don’t think we would necessarily want to
use it for teaching, because it would then become a didactic state-
ment of “This is the way 1t is, boys, and you must take it.” I am not
quite sure that 1t accomplishes a purpose in the definition of prob-
lems, which rests much more upon an understanding of the detailed
experiments (our background 1n making up this outline) than it
does on a generalization, does it not? Is this not at too abstract
a level to say, “Well, I'm going to do an experiment on the orienta-
tion of the fibrillar materials in normal structure”?

Holbrook: We haven’t got to that part of it yet. I think there are
very few men who could read our discussion at this meeting and
get anything whatever out of it, unless they had a lttle outline to
look at I don’t care who they are; I think they would have a very
difficult time. If what has been said here 1s to be published, then 1t
seems to me that if 1t is to be read intelligently, it must include 2
Iittle outline. That is not to say that our assumptions would be
true or final.

Travell. An outhne for the discussion, then

Fremont-Smuth: 1 think the discussion has been a worth-while
exhibition of humility, and really does show, to some extent, the
state of knowledge in these particular areas, at least as felt by a
group of this sort.

Dempsey: 1 am puzzled about what we are going to do with it
after it is published.

Fremont-Smith: 1 assume, and I may be quite wrong, that
almost anybody interested in the topic of connective tissue diseases
would be fascinated to read what this group of people have been
saying in this meeting I think we have been very interested; other-
wise, we wouldn’t shll be puzzling about it.

Travell: It is a review of the past three years and 1t is a take-off
for the next two sessions, isn’t 1tP

Angevine: We are not much further than we were three years ago.

Travell: Oh, I think we are a lot further.

Angevine: T wouldn't say "a lot.” But it might be considered as
a sort of stock-taking, which is desirable. I think we are all ndi-
vidually further ahead because we may have looked more carefully
at the other person’s point of view.

Fremont-Smith: We are further in the sense that we know we
are not further — something we didn’t know three years ago'

Angevine: Yes, that's what I mean
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Holbrook: 1 think you will remember that we spent a fair part
of the First Conference trying to decide, first of ali, what the dis-
eases of connective tssue were, and having wholly given that up,
we decided to leave the discases out of it entirely and talk about
connective tissue alone. So we have made a httle progress.

Ragan: The way the outline was set up, there is a half page on
normal structure and four lmes on abnormal

Dempsey T am still worryng We mention subjects on which
we all agree, but what does our agreement mean? We may all agree
at the moment, and change our mmds fifteen minutes later.

Fremont-Suth- It should be made very clear that the agreement
was of this moment only, and subject to change without notice.
1 think the things on which we all agree are very ummportant
There are very few of them, and 1t may be a good thing to comment
on that fact.

Angevine: Why don’t we call that “relatnve unammity” instead
of “agreement?

Fremont-Smith. That's fine: partial conceptions

Travell, Tsn't the purpose of such an outhne merely to provide
a gmde for the reader of the discussion® We don’t have to state
ft whether we agreed ar not. They are just topics that came up for
discussion, 1n this order and sequence

Fremont-Smuth: It 1s an agenda for the discusston, that's all
Eptron’s Note It seemed to serve no g]mrpose to compile a table of agreements,

a

reached after the discussion The ongmnal table is included at the begmning of the
discussion in order to help the reader through the maze
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ISOLATION AND CHARACTERIZATION OF
MAMMALIAN STRIATED MYOFIBRILS*t

CHARLES A. ASHLEY, ARMIN F SCHICK,
ALBERT ARASIMAVICIUS, and GEORGE M. HASS
Ruth Department of Pathology

Presbytersan Hosputal, Chicago

Hass., 1 should hke to be mterrupted at any time 1 know that
many things are to be discussed m this meeting, and if you do
not interrupt me at the time the thought oceurs to you, you doubt-
less never will However, I should like to present all the material
which 1 have prepared, and I welcome eriticism and suggestions
from you.

The work which I shall report has not been done by myself
alone It has been shared by several people sorking in my labora-
tory, and in other laboratones as well, and there will be pomts
with which I am not famihar We are not physialogists or chemists,
but doctors and pathologists who have been working on a problem
which, to many of you, will doubtless appear to be beyond
our powers of solutton I wish that Dr. Ashley, Dr. Schick, Mr
Arasimavictus, and Mr Philpott were here, However, Dr Keith
Porter 1s present, and I shall ask him to discuss certan aspects
of the study

In the beginming, we thought that we might approach the prob-
lem of cardiac falure by isolating the contractile umt of the cardiac
muscle cell We believed that, once having done so, we might be
able to mvestigate it i vitro and gam a better insight into the
mechamsm of the mtact musenlar machmery About five or siv
years ago, Dr Armin Schick, who 1s by traming a chnician, came
back from the war and wished to work in the laboratory for a year
or two for purposes of reonentation before again entermg medical
practice I ashed hum what he was interested m, and he said, “the
*\We gratefully acknowledze aid by grants (H.420) from the Nationa Heart
Institute of the National Institutes of Fra-th © 1= rro-bhi @ o b Ve

A Sprgue Memorual Inshtute, o
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heart.” That was the beginning He started on the problem of
attempting to 1solate the contractile unit of the cardiac muscle cell.
He succeeded in jsolating the myofibnls (1,2). His onginal pro-
cedure involved only a few essential steps: Fresh muscle was frozen
and cut into thin sections with a cold microtome. The sections were
transferred to phosphate buffer solution, pH 7, ionic strength 0.25,
at 0° C. Commercial trypsin was added, and allowed to act for
30 to 45 mnutes on the sections at that temperature. The trypsin
seemed to act principally upon materials which bind the myofibrils
together, for when tissues so treated were lightly compressed on
a glass slide under 2 cover slip, the myofibrils separated from one
another, spilling out of the muscle cells. Figure 1 represents a frozen

lest stage of
(x 450) showing 'he'n::x,:ﬂ;. 5
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section of fresh muscle which has been squeezed under a cover slip
on a glass shde and viewed directly with the hight microscope. It
is to be noted here that there is a disintegration of cell structure
with a spiling out of the fine, delicate fibrils from the interior of
the muscle cells.
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section of fresh muscle which has been squeezed under a cover shp
on a glass shide and viewed ditectly with the Ight microscope. it
is to be noted here that there 15 a disintegration of cell structure
with a spillng out of the fine, delicate fibnils from the mtenior of
the muscle cells.
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smued myobbnb wolted by an enzymatic mathod, § Exper Mcd 91, 855 (1950)

Figure 2 illustrates the same effect It shaws sheletal muscle,
which has been stained with phosphatungstic actd — hematoxyhin
to bring out more clearly the cross-band structure of the myofibrils
during the process of mech lly induced d of the
muscle cell after treatment with trypsin
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Meyer Commercial trypsm —not crystalline — was used?

Hass: Yes. The same effect 15 obtamed with crystalline trypsin.
At this point, Dr Meyer, I should like to ask you what the action
of trypsin, kept at 0° C. for a period of 30 fo 45 minutes, is on
Protein, or a system such as we have dealt with herep

Meyer: I really don’t know and do not remember any enzyme
studies at 0° C

Porter. Might T ask what happens if you don’t use trypsin?

Hass: With cardiac muscle, the myofibrils do not separate prop-
erly unless trypsin 15 used,

Fremont-Smith: 1t doesn’t split up?

Hass: No; not with cardiac muscle, anyway. The myofibrls
break up, rather than separate as intact long structures.

Holbrook: Do you have the impression, Dr. Hass, that the tem-
perature may make the trypsin selectve, that is, by changing the
temperatures at which it acts, may it be selective at zero of the
very binding fibers that you are trying to reach?

Hass: That 1s a possibility, Dr. Holbrook, as will be brought out
later on. However, I am in agreement with Dr. Meyer about this,
because when Dr. Schick came to me and told me that he was
using trypsin at 0° C, T was surprised. He did 1t on his own
initiative

Fremont-Smith: Did he say why he did 1t?

Hass: Yes, he said that he had worked with trypsin at higher
temperatures, which I had advised, and had noted that the myo-
fibrils separated from the cells, but that the myofibril structure dis-
integrated too quickly for him to exercise proper separation methods
after they had spilled out of the muscle cell. So he used his own
good sense and reduced the system to low temperatures. Around
zero degree, he found that by limiting the time of action to 30-45
minutes he was able to induce this effect, which he viewed micro-
scopically. He then proceeded with the isolation without undue
disintegration of structure of myofibrils

Fremont-Smith: Then Dr. Holbrook’s suggestion of a differential
action of trypsin, as you lower the temperature, seems to be exactly
the point

Hass. It may be, but I think that nceds further investigation
We have not solved the problem, nor have we spent much time
trying to solve 1t, although I think st hos interesting pas‘sibxlmles»
1 say this also for another reason. The commercial trypsin which
Dr Schick used origmally was a mixture of bacteria of every
imaginable kind. The crystalline trypsin furnished by a manufac-
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turer was also contaminated with bacterra, of which we isolated
three types We found, when we attempted to convert crystalline
trypsin into a bacteria-free preparation, that the actiity of the
product was greatly dumshed T was surprised, and wrote to Dr
Northrop, asking him how to sterihze crystallme trypsm. 1 do not
recall the exact words of Ius reply, but I gathered that no special
procedure had been used for sterthzing crystalline trypsin He
suggested that we coat a Seatz filter with protein —1 believe he
sard plasma protemns ~and then filter a solution af crystolhee
trypsm through the coated filter We did this, and obtamed so far
as we know, a bactena-free preparation, but the actty of the
trypsin was greatly dimmished Therefore, to those of you wha are
working with crystalline trypem, 1 suggest that you study the
b 1 comp of the p before drawing final con-
clustons with respect to what it does and does not do.

Holbrook, Do you mind telhing us what orgamsms you found m
the crystatline trypsin, 1f you remembes? Were they always the
same?

Hass No, they were not

Holbrook They differed, and had varying flora?

Hass 1 do not recall the detals, but at least three organisms
were found. one was a small gram-positrve coceus, anather, a gram-
negative bacillus, the nature of which was never defined, and the
third was an anaerobie spore-forming microorgamsm

Holbrook. Are you mtimating that some of the action which was
assumed ta follow the use of trypsm may well have been bactenal?

Hlass Exactly I think it is important to labor the pomt becanse
1t has been 2 custom of biochenusts, by and large, to work with
preparations which they call enzymes, and many of them, I am
sure, are hardly stenle durmg the preparation or the testing of
their actions Aseptic techmques for of enzy and
the determination of enzymatic actmaty, should be a ngd require-
ment in any laboratory

Fremont-Smith This 1s compartmentalism, jyou see, where a
chemmst 15 worling vathout a bactenologist, and without a bac-
tenolopnt’s stant on what an ncubator does

Hass Yes, that's right

F Smuth It is a nosb wlogical viewpomt where it

15 needed

ass. The amounts of trypsin were rather small per mg of tissuc-
about 1/100th of a mihgram, per mg of tissue, was all that was
required
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Fremont-Smith: Is that small, enzymatically speaking?

Hass. Yes, in many mstances

Porter- The problem involved here, Dr. Hass, is one of digesting
the cytoplasm between the myofibrils and thus liberating the fibnls.
Now, might that not be just a solation of the cytoplasm, rather
than a digestion of it?

Meyer. Yes, if you mean that 1t is a purely physical effect? One
usually determines the temperature coefficient of an enzymatic re-
action starting at about 10° C. and going up by 10° C. Perhaps
it is wrong to extrapolate to 0° C. Day, in Leeds, published some
work on the effect of trypsin on the ground substances of connective
tissues and showed their very rapid removal. Unfortunately, he
does not say how much trypsin was used in the experiments (3).

Hass: The principal effect here, as illustrated in Figures 1 and 2,
was necessary in proper isolation of myofibrils from cardiac muscle
cells, but was not essential for isolation of myofibrils from skeletal
muscle Dr Schick’s original procedure involved a thorough wash-
ing of the frozen sections after treatment with trypsin, and a reduc-
tion of the hydrogen 10n concentration to 6.4, which is below the
optimum for fryptic action. This was followed by a very brief
treatment of the sections in a Waring blendor. It reguired only
a few seconds m the blendor for the myofibrils to be separated
from the structure in general and suspended in the medum The
suspension was not a pure myofibril suspension: it consisted of
nuclear fragments, whole nuclei, single myofibrils, and multiple
myofibrils, 1n conjunction with one another, By differential centrif-
ugation, at speeds varying from 400 to about 2000 rpm (revolutions
per minute), g fairly pure preparation of myofibnls was obtained.

Travell This was from skeletal muscle, not from cardiac?

Hass. The same method was used for skeletal and cardiac muscle
in the early studies. These preparations, viewed with the microscope,
are shown in Figure 3 You will note that the myofibnls are well
separated from one another They have not been stained and have
been pt phed in susp photographing i ’materia]s
is difficult with ordinary equipment. It 15 to be noted that there is
a change in the myofibril structure: the A disks are conspicuous,
a little nodose and ovoid, the I disks are narrow. Furthermore 1t
was clear, from staning methods and direct inspection, that the Z
bands were almost always absent from these preparations.

Fremont-Smith: Which is the Z band? i

Hass: The Z band is so small that it cannot be seen at !hﬁ
magnification [ shall dlustrate the bands later, Dr. Fremont-Smith
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Ficune 3 Photomtcrograph (x 750) showing cardiac mvofibrils of the rabbit
&n early stage of punficaton

Figure 4 tllustrates another preparation i whick the dark A disks
are elongated, and the intervening I disks are quite narrow Norm-
ally, the A and the I disks should be about the same length, so
that there appears to be a change in the I disk at this magnification
This 1s due to an effect of the preparative methods upon the struc-
ture of the I disk

This prelunteary method was usefu] for purposes of demonstrat-
ng that myofibrils could be isolated i reasonably intact form, but
for general purposes 1t had a number of lunitations In the frst
place, the preparation of thin frozen sections of a large quantity
of muscle was time-consuming and laborious It was also a cold
procedure, for the preparations were made i the cold room at a
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Figure 4 Photomicrograph (x 750) showmg skeletal myofibnls of the rabbit m
a e stage of punfication Reprnted, by permussion, from Schick, A F, and
Hass, G M A new method for 1solation’ and punfication of mammahan striated
myolibrils Science 109, 436 (1949), also by permission, from Schick, A F., an

ass, G M The properties of mammahan stnated myofibrls 1solated by an
enzymatic method I Exper Med 91, 655 (1950).

temperature near 0° C A second difficulty with the procedure was
1n the control of the action of trypsin There was difficulty mn obtain-
ing identical action by trypsmn in successive preparations Further-
more, as I have pointed out, the isolated myofibrils had certan
deficiencies: the I disks were very narrow, and the Z bands were
usually absent The use of other enzymes did not improve the
method Papam had effects simular to, but less satisfactory than,
those obtained with trypsin Pepsin was unsatisfactory.

For this reason, Dr. Ashley, Dr Schick and Mr. Arasimavicius
went to work to develop more standardized methods for the pio-
duction of myofbrils in large numbers (4). They found that skeletal
muscle should be frozen at the time of death, and then stored
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overnight in the cald raom. When this muscle was transferred to

an tonic

setting of

» yields of

t speaking

of Jarge yields, I mean hundreds of midhgrams, where previously

we had to work with only 15 to perhaps 50 mg. of myofibrils, dry
weight.

Ig was also desirable to work out the conditions of substrate for
proper isolation of intact structures. It was found that both potas-
sium and phosphate 1ons were advantageous, and that sodjum and
chloride jons alone, as principal components of a substrate, were
a deterrent to proper isolation Investigation was also made of the
effects of ionic strength of the different buffer solutions used Tome
strengths between 0.154, and 0 25, were found suitable for 1solation
‘There seemed to be little difference in the yrelds of the isolation
procedure in this range of ionic strength However, as the ionic
strength of the solutions used for separation was mcreased above
025, the techniques failed, so that satisfactory isolations were not
obtained when twonic strengths were above about 0.35 or 04 At
05, no success at all was realized (2)

The hydrogen ton concentration, most suitable for isolation, was
also investigated, because 1t was our desire to find the ranges within
which we could work and still preserve the structural integrity of
the myohbrils. It was found that buffered media, pH 8 1-7 4, could
be used in the isolation procedures, but that at pH 7 4-8, myofibnls
developed a blurred stracture

Meycr. Does all that you have soid apply to these salts, plus
enzyme?

Hass No, the data are concerned with the buffer media used 1
the final separation of myofibrds.

AMeyer After the enzyme action?

Hass. Yes, aftec enzymatic action the enzyme was washed away
from the preparation by multiple washing procedures and centrit-
ugation Then, the myofibrls were resuspended m an cuzyme-free
substrate which was varied in composttion, as just described, The

1solation of the myofibrils per se was of considerable mierest to us,
but a matter of greater mterest was the fact that when the isolated
myofibnls were suspended in a buffer solution to which adenosine-
triphosphate had been added, contraction of the my ofibrls occurred

Porter D Hass, before you go into that, did ye ¢ any pH’
bt you go into that, did you try any pH's
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Hass: Yes, we did, but the present comments refer to the isola-
tion procedures. When myofibrils are treated below a pH of about
51, the contractile companent of the system is mactivated. I shall
present data in a moment on the relations between solubility, con-
tractility, and structural integrity of the isolated myofbrils. Dr,
Ashley 15 conducting studies at the present time, in an effort fo
bring out the perodicity of structure below pH 5.

Fremont-Smith: In what degree was your ionic concentration
different from that used by Dr. Baird Hastings, which was equiva-
lent to intraccllular ionic concentrations? I think he had magnesium
ions, also, didn’t he?

Hass: I don't know what the mtracellular jonfc strength is, but
the physiologic onic strength, so-called, is about 0154,

Fremont-Smith: 1 mean, did you have any other jons besides
patassiom?

Hass. Not as principal cations in the buffer media, as I discussed
them a few minutes ago We used several other ions.

Fremont-Smith: That is another point. Dr. Hastings has that
pretty well detailed It js just possible that the additiona} jons that
he used, which made it possible to obtain the approximate intra-
cellular ionic concentration, might be helpfnl {

P Vo e,

adenosinetriphosphate, they were elongated structures of the type
shown in Figures 3 and 4.

Fremont-Smith: This shows contraction?

Hass- ‘The final stage of contraction; it is one of the most interest-
ing reactions that I have ever seen. T did not expect this to occur
but Dr. Schick showed it to me one day He used, in illustrating
it to me, a barium salt of adenosinetriphosphate in the form of a

Y} ion It contaned other adent leotides, but
the principai cémponent was the barfum salt of adenosinetphos-
phate.

Fr Smith: Is is an affair? .

Hass: It 1s so prompt that we have not been able to gdivide it,
50 ta speak. We added 2 drop of a dilute solution of the boriom
salt of adenosmetriphosphate to myofibnls on a glass s!lde under 2
cover ship, Under direct microscopic vision we observed in sequence:
first, the elongated structure of myofibrils; then they began to
broaden; then the band structure disappesred; and finally the
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myofibrils contracted into spherical, irregular, homogeneous masses,
usually in a second or two

Angecine. Do they relax agan, Dr. Hass?

Hass To our knowledge these fully contracted structures have
never related, nor have we been able to restore them to therr
ongnal clongated form

Angeuine Would 1t be more proper to term it syneresis rather
than mn view of T may say later on?

Ilass 1 think 1t 1s entirely proper to call this response anything
you choose It 1s a response of the isolated myofibril, under certain
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conditions, to the barum salt of adenosinetriphosphate. It is a form
of response which we have not been able to duplicate by the addi-
tion of any chemical reagent, except adenosinetriphosphate, In the
past year or two we have used the sodium salt of adenosinetnphos-
phate exclusively. The free acid is equally effective. The barium
jon has no critical role.

Bennett: With veference to Figure 5, Dr Hass, and bringing 1t
into relation to the others just shown, will you explain to us what
you are demonstrating® What are these dark dots?

Hass: The dark dots are the end-result of the action of the barium
salt of adenosinetriphosphate on the el d shown
mn the previous Figures.

Fremont-Smith. On a single fbril?

Hass: Yes. Each one of the long single fibrils is converted into
a tiny dat.

Fremont-Smith. Each one separately?

Hass* Yes, each fiber ,

Holbrook: Do you suspect they have lost mass and that this is
only compression? .

Premont-Smith. Water has mass, hasn't it?

Hass. Yes.

Holbrook+ In other words, these o not weigh as much as the
fibril did before contracting® .

Hass: T do not know.

Holbrook. 1 just wondered what your umpression was.

Meyer. The Figure shows chains

Hass. Those are structures in the background of Figure 5.

Meyer: It is just not facused?®

Hass That's right, all are not in focus, It is a photograph of 4
deep preparation under a cover slip.

Meyer And if you used the sodium salt or potassivm salt, would
they have the same effect as adenosinetriphosphate?

Hass. Yes

Meyer. 1t 1s not the barium? .

Hass: No, it is not the barum 1on We have used the free acid
and the potassinm and sodum salts of ATP { adenosinetriphosphate),
and the same efect was produced The barium fon was not neces-
sary, and we have often removed it quantitatively from ATP prepa-
rations prior to their use in bringing about the contractile reaction

of the myofibrils.
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Bennett: The dark object in the center — the banded structure —
is that related to the phenomenon of contraction?

Hass: 1 cannot recogmize that as being anything except probably
an agglutinated mass of structures They are not always as nicely
separated as we should like to have them, they overlie one another,
occur 1 hittle clumps, and are rather difficult to separate, But the
contraction i a profound effect, without any question, and an
effect which we have not been able to obtain with any reagent
other than a reagent which is supposed to be adenosinetriphosphaty

The question concerming relaxation has been brought up by Dr.
Angevine We believe that the degree of contraction, as shown
here, 1s wholly unphysiological The contraction, as shown, 1s a total
event that brings the myofibnl to a state of disorganization, as will
be demonstrated in the electron micrographs later on If we are
ever to obtan relaxation, and I am quite sure that we shall be able
to de so, it will be necessary to check the contractile event at a
stage greatly proximal to the stage shown here. Physiclogically,
muscle does not ordinanly contract more than about 30 per cent of
its length When muscle more, 1t 1s d into an
unphysiological system —a delta state

Porter As measured by what s inability to relax?

Hass Its inability to relax normally, and its inabihty, further,
to contract m a proper fashion, to develop normal tension, and to
do work normally. The ifb d degree of 1f you will
accept that term, is far beyond that which occurs n the normal
contraction of musele The physiologist would be correct 1f he were
to contend that we were dealing here with a totally unphysiological
degree of contraction.

Fremont-Smul Worse than a cramp?

Hass: This contraction is worse than a tetamic contraction In
general, one gets the 1mp that it is lagous to tetanic
contraction of the myofibnl Once this had been observed, 1t
became clear to Dr. Schick that he had a problem to solve. The
question arose as to how to study the system which had been
wsolated and made available for investigation, Tt was decided that
for general purposes st would be advisable to determine the ranges
of solubility of the isolated myofibril, and later to refer its stabihity
characteristics in terms of form to those 1n terms of contractile
function

Figure 6 illustrates the variation of solubility with pH and ionic
strength of the media used for suspending the myofibril T wish to
define the term “solubility,” as used here These experiments were
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done with small numbers of myofibrils placed under a cover shp
and viewed directly with the microscope. Under direct vision, the
isolated myofibrils presented themselves as beaded chains When
the beaded chan structure was no longer recognizable as such, we
had to say that it was soluble or that something else happened
tot Therefore, 1f you will bear with me, the term “solubility” used
here refers to an optical change, which makes the myofibrl much
less readily dist ishable, or mndist ishable when it 1s viewed
with the microscope under a cover shp. It is to be noted that the
myofibrils were not soluble at an ionic strength of 020 when the
pH range was from pH 6.0 to about pH 90. As the fome strength
of the medium was increased to 050, the beaded structure of
myofibrils entirely disappeared from the microscopic field in the
pH range indicated in Figure 6
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Meger: Is this reversible or irreversible?

Hass: 1t is an imreversible effect.

Meyer: I you wash it with lower 1onic-strength buffers, does
it come back?

Hass: There is nothing in the Figure which has been shown to
be reversible, except 11 the transition ranges,

Holbrook: It has been suggested that Dr. Hass onent some of
us with regard to the myofibnl and its parts so that we will know
what be 15 talking about

Hass. All you have seen thus far m the Sgures are two alternat-
g disks- the isotropic and the anisotropic disks The former is
the one that has the least birefringence, and the latter 1s the one
with the most birefrimgence. The isotropic, and the amsotropic,
are the hght and dark disks that you saw in the figures. A band
goes across the middle of the A, or amsotropic disk, which is the
M band, and adjacent to this 1s another band called the H band
The I-A junction is where A and I disks join, and, as Dr. Porter
will show you later these are longitudinal fibrous components which
make up the bulk of the individual myofibnls Then, passing trans-
versely through the middle of the I dusk, there is the Z band which
I pomnted out as disappearng during the action of trypsin On each
side of the Z band, several workers with the electron microscope
have described other bauds, J or N, and so on, but 1 thuk this
should suffice for general onentation The A disks are in series Are
there some things I left out, Dr Porter?

Porter There is the J or the T band?

Dempsey | 1s the same as T

Hass: These are the conspicuous bands, although there are prob-
ably a great many more yet undemonstrated

Dempsey May 1 say just one thing about that diagram some-
thing which Dr Hass mentioned but which I should Iike to under-
score. The basic terminology here, “A,” “I,” “isotropre,” and “amso-
tropse,” are terms which refer to the appearance of these bands as
seen with the polanizing microscope. Tt is also true that the A disk,
when seen in ordinary light and with the ordmary microscope, 15
a dark band, so it can be recognized even without the polanzing

microscope, It 15 also tmme that sometimes the A band will stam
dark with certain stains, whereas with other stains 1t 3s the I band
which 15 darkly colored Thercfore, 1 straightening out the ter-
minology, it is necessary to cross-check each preparation with the
polanzing microscepe in order to be sure that the bands have not
been inverted That is of considerable importance, because it is
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Ficore 7  Longitudinal section of chick sheletal muscle Myofibnls (f) run
dugonally from lower left to upper nght The four in the center are essentially m
phase The anisotropic, or A bands, ase clearly more dense to the electron beam
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badly mixed up m muny uf the standard texlbooks Of the four
standard , for ple, two of them have
the A and the I bnnds reversed.

Porter. Dr. Hass, we all came prepared to help or hinder you
and T think this is a good time to show Figure 7. The relaxed fiber
in the electron microscope appears thus Would you point the bands
out to us, Dr, Dempsey?

Dempsey: This section is staned with an eosin hematoxylin
stain T think what Dr. Porter wants me to say is that the dark band
is the A band, the hght band is the I band, and, transecting the I,
1s the Z, and on either side of the T 1s an M band, which Dr. Hass
has illustrated on the blackboard I'have my own reservations about
this particular identification because the section is so thin; you can’t
look at it with a polanzing microscope, and for some theoretical
reasons that are neither here nor there, this could just be wrong.

Fremont-Smith- 1t is either that way or the other way.

, Dempsey: Yes.

10 20304050607080 90100 110120
pH

. insoluble B Soluble Birefringence
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Hass: It was of interest to Dr. Schick to examine the relationship
between the retention of birefringence by the use of polarizing
hight microscopy and hydrogen ion concentration in the medium
T think Figure 8 will show the results in that regard,

This graph shows a close correspondence between the interpreta-

tion of nsolubility, and the p or al of birefn:
Ths indicates, again, that we have not defined solubility in chemical
termunology: our definition is strictly in terms of the appearance
of the elongated myofibrls under the microscope, Many factors, of
course, modify that appearance, but I assume that the most im-
portant modifications have come as the result of extraction of one
or more important components from the structure of the myofibril
I have recently seen some preparations that Dr. John Ayer has
made of elastic tissue. He began his study in my laboratory two
or three years ago, and 1s now working with Dr. Warren i Boston
It seems that the mitial “solubility” in his preparations of elastic
tissue means a continuous expansion of structure The transition
to true solution is not clear, or at least it is mysterious.

Meyer 1t does not indicate simply a change in refractive index?

Hass 1 have no idea myself as to when some things are, or are
not m solution

Fremont-Smith: Has anybody?

Hass. They may have, There are textbooks wntten on it! I am
expressing the viewpomnt of a pathologist but the viewpoint of a
chemist is needed. This subject has been carried further in a cor-
relation of the relationships between contractility, solubilty (in
quotation marks, if you will), ionic strength, and hydrogen ion
concentration. A companison was made between myofibrils isolated
from human muscle and rabbit skeletal muscle. Figure 9 shows
that there was no great difference in the basic properties of Qle
myofibnls isolated from the two sources. There were minor dif-
ferences at high ionic strengths, but these could be ascribed to
differences in technical manipulation.

Angevine. Dr Hass, in view of something that may come up
later, what muscle did you use from the rabbit? Was there any
specific one?

Hass: We used the anterior thigh muscles

Angevine: Regulasly?

Hass: Yes. The buffers
acid primarily. Repl
made Iittle difference in t

dp fum, phosphate and citric
of the p ium ions by sodium ions
he results There is a difference between
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rablnt and human skeletal myofibnls after isolation, but we do not
attach much sigmficance to 1t. Perhaps, a difference i the dimen-
sions of the myofibnls leads to these findings. The myofibrils 150-
lated from human muscle are usually of greater dimensions than
thosc 1solated from mblnl muscle.

Smith In all directions, both width and length?

Hass. Thats a problem which w1ll be discussed in a few moments.

Dempscy I'm sorry, Dr. Hass, but I don’t understand the com-
pauson that is made on Figure 9 The two bars go across at each
ionic strength?

Hass: The black bar mdicates the range of insolubility of rabbit
myolibnls, and along with 1t the cross-hatched, screcnlihe bar
represents msolubility of human myofibrils On the abscissa, the
hydrogen jon of the sol used, from 55 to 775,
are depicted, and on the ordirate, the ionic strengths of the solu-

ties throughout the range of pH uscd Also at an 1onte suongkh of
25, the human and rablit myofibnls have the same solubility
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properties throughout the range of hydrogen ion con i
used At an iomc strength of .5, \vhichyis atg limits of xe:::ltxx::ool;
structure of the myofibul, there 15 a little difference. As mdicated
in the diagram, the rabbit myofibrils are more soluble, At an ronic
strength of 75 the myofibrils from both sources seemed to be
soluble throughout the range of pH 5.5 to 7.75, These observations
meant that we could work with human and rabbit myofibnls inter-
changeably and with the same substrates, without encountering
difficulties from the standpoint of different solubilities

|:] Solubte mlmn fnsoludie Insolubie
ron contractite | contractite

Gaos 003

lonrc  strength

Ficure 10 The ranges of “solubility” of skeletal myofibnls of the rabbit m
potassium phosphate and eitric acid buffer solutions of various lome strength and
pH The retention or loss of contractility on addition of 0001 molar ATP 15 shown

Figure 10 1s more complicated As Dr. Holbrook sud, one should
never put more than one item on a lantern shde, but there 1s 2
Limit to one’s capacity to carry lantern shdes. Hence, 1t becomes
necessary at tunes to mclude more than one observation, Figure 10
shows the solubility of skeletal myofibnls m potassium phosphate —
citne acid buffers of different 1ome strengths and pH values, and
the limits of contractility on the addition of 1/1000th mofar adeno-
sinetniphosphate  This 1s an mteresting figure because 3t shows
that the contractility properties of the myofibril persisted at physio-
logical ranges of hydrogen 1on concentration and ionic strength
Contractility was retained between the levels of about pH 6 to
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pil 8. At lower pil values there was a retention, withit cestam
tirnuts, of contractlity in assocation with insolubibity, This was par-
ticularly apparent at relatively high and low somie strengths, The
most tnteresting part of the figure, however, 15 the central portion.
Here, there was a transiton between the myofibril with apparent
preservation of stmeture, which was contractile, and the myofibril
which, though it retained perfect presenation of structure, was
noncontractile. This transition range in the physiologieal range of
iome strength was somewbere between 2 pH of § 0 and 6.2, Actually,
st was closer to pIf 5 in many ciperuments with dafferent prepa-
rations

Dempsey Perhaps 1 am asking a question which you atend ta
discuss, but 15 1t ot mteresting that the range s preasely the ane
which you found most eflectne m preparmg your nolated myo-
fibnls that 15, between perhaps pH 85, and as lagh as 75, and
with Jow sonte strength?

Hass That 1s correct

Dempsey: 1t one removed some protein by solution at those
tonic strengthis and pil, mn the course of maling the preparation,
does this not suggest that physwlogreally the effect of that soluble
proten may have mamtamed the contractility of that fibel?

Ifass You are implymg that the supernatant soluttons m which
we detersmne he contractile properties of the myofibnls contan
protesns derived from the myofibnl sself?

Dempsey  Or peshaps surrounding the myofibnl

Hass The myofbnls are very thoroughly washed The protemn

fan 1t the fuwds 15 so low that 1t requites
Falin's protew reagent to define the amount quantatatively

Dempsey: But i life there 1 a high protein concentration sur-
sounding them This protem certainty madifies the physicochemical
natore of the mterfibridar milien For example, 1 changes the
diclectsic relationships between the fibnt and adjacent fibnls, and
between adjacent protein molecules Thus, isn't it possible that m
Ufe, m the hugh protein miliea 1n which these thmgs eust, that the
contractlity s mamtained over a somewhat different pH and ienic
strength range than you have here?

Hass § think that 15 enttrely hely

Dempsey. T am wondenng about the effect of what sou semoyved.
That is what T am trying to get at

Hass ¥ think 2t 35 entrcly Bhely, Dr Dempsey, ¥hat there are
many mochfying factors in intact muscle This is a wholly tsolated
preparation. The medim contained bitle or no protetn n the
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supernatant. The less the amount of protein in the supernatant
fluid, the happier we were in the analysis and the acceptance of
the results. Protein is an ever present disturbing factor 1n almost
any type of enzymatic or other analytical determination of bio-
logical systems.

Dempsey: Yes, but the protein 15 there, and when the thmng
works 1 Ife . . .

Hass: The protem is there in the intact cell We have not come
to the point where we can interpret these results in terms of the
lLving cell. I doubt whether it will ever be possible to do so But
I wish to emphasize again that there is an nteresting and rather
wide range of hydrogen ion concentration and ionic strength where
preservation of structure and contractihity seems to be excellent.
Once you transgress the particular Lirmting range you encounter a
stituation in which the myofibril becomes noncontractile, even
though structure is retained Furthermore, the wider the divergence
of ionic strength from the physiological range, the better the
preservation of the contractile property at low Jevels of pH.

Porter: Tt is interesting that the range coincides with the prob-
able range within the Living cell. To that extent, we can extrapolate.

Hass: Yes, it points to studies which are being conducted at the
present time These are concerned with what happens to the
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myofibril to render it non sle, under conditions indicated n
the diagram.

1f you will fix Figure 10 in your minds for a moment, I shall show
Figure 11, which represents the same type of imestigation con-
ducted on cardiac myofibrils under identical conditions. You will
notice that there is a great similanty in the responses of isolated
skeletal and cardize myofibnis. It is almost too close to be true,
Certamly, the errors imolved in the technique might account for
most of the divergence 1n the two figures

Dr. Ashley at this time became interested in the possibility of
studying the fine structure of the fibrils which had been isolated.
He felt certain that preparations could be made which would be
suitable for electron microscopy He made the preparations and
called for m electron pic work and interpreta-
tion from Dr. Keith Porter, and from Mr. Delbert E Phulpott, who
was at that time at the University of Ihnois (4) I should like to
have Dr. Porter discuss this because he is an authority on this
subject and these are, for the most part, micrographs which he
made with Dr Ashley at the Rockefeller Institute,

Porter 1 cannot agree with you, Dr Hass You had better discuss
them as you sec them

Hass You mean that there will be a discussion if I don't see
them the same way? It js very likely that we shall not mterpret
them mn the same way; I am not familiar with this type of analysis
‘These myofibnls were isolated by the colloid mill method, so that
they show preservation of structure both in the A and I disks
In Figure 12, are shown the A disk, the T disk, and the Z band. 1
thk, if you Jook closely, you will see the M and H bands n the A
disk The fittle tracks in the T disk may represent one of the N
bands desenbed by Hall, Jakus and Schmitt (5), or the collapse
of the Z band

Travell. Hasn't the I disk shrunh?

Hass Yes, the T disks invanably show shrinkage n these prepara-
tions

Bennett This is a sheletal myofibril, isn't 1t?

Hass Yes The M band Iisccts the A disk, and on each side of
the M band there is a little trough of decreased density Then there
is more laterally an area of increased electron density, the H band,
which lies on both sides of the M band The other part, which is
shown here in the figure, 1s the so-called longitudinal fibrous com-
ponent This is represented by parallel longitudinal striations, as
intheated an the figure. The Tongitndinal fibrous component, accord.
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ing to other workers, has abigned along 1, or as part of 1, a perjodic
nodosity, which 1s supposed to be at intervals of 400 Angstrom
units Drs Porter and Ashley came to the conclusion that the
nodosity along the fbrous comp ts in their preparations was
irregular and had no specific pertodic spacing (4). Another pomt
which they bring out in their paper on this subject is that there is
no apparent continuity between a fibrous component, let us say,
as 1t traverses the I disk, and a fibrous component which lies in the
A disk, Other workers have shown that there is a contmuity of
the longitudinal fibrous component throughout the length of the

myofibril.
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Fanr 13 Thin section of myohbaly from dick skeletal muscle was taken to show
leader mvoflunents which are organized 1n parallrl artay i A bands of hbnl
In tavorable specimens these fluncnts can be seun to traverse T bnd as well as
A bund They are spaced about 550 A spart and show a famt longtudinal
perduits meisanng 223 & The Gliments themsehes varv 1 width bxtween 100
and 150 & (1 47,000 ) Reprintal, by permssion, from Bennett, 11§, and Forter,
b R An electron microccope study of sectioned breaet muscle of the dmnestle,
fowl Am ] Anat 93, 61 (1953) -
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Porter: 1 am quite sure there is, Dr. Hass. Ths type of prepara-
tion doesn’t allow you to see it, but others do.

Hass: In any event, the contmuity is not shown here,

Porter. Might you not say that this 1s a partly contracted myo-
fibnl? The I band is definitely shortened, and even the thickening
along the end may represent some contraction.

Hass: Yes. It is fair to say that all myofibrils to be shown in the
electron micrographs have undergone some degree of contraction,
because of the method of preparation. The mere fact that the
muscle has been frozen and handled mn the way described previously
would indicate that some degree of contraction probably occurred
during the isolation of myofibnls.

Porter: Is this an appropriate point at which to show the fine
structure of myofibrils?

Hass. I should like you to do that for us.

Porter: Figure 13 can be easily interpreted It is a micrograph
of a thin section, through a fiber such as Dr. Hass has just shown
you. The long band 1n the center, the A band, is traversed by the
myofilaments, which are evenly spaced and arranged parallel to
one another. They are about 100 A in diameter, and 300 A from
center to center The narrower, dense bands at the upper nght,
and the lower left, represent the Z bands, with the I around them
on either side.

Fremont-Smith: Is there any periodicity?

Porter: There is some that can be detected, but it is not well
defined in this preparation

Hass: Dr. Porter has indicated that the average breadth of these
filaments is somewhere in the neighborhood of 100 to 200 Angstrom
units, which is approximately four or five times the presumed
molecular diameter of most proteins. Thus, this 1s not very far
r d from a lar d Is that correct, Dr. Porter?

Porter. That is right, and I think it is intercsting for this group
to see it in cross section while we are about it. The cross-sectional
form of the myofibril is jrregular in outhne, but you can see the
dots which represent cross sections of the filaments imbedded m
the A substance, and when these are examined at high magnifica-
tions the organization 1s found to be highly ordered (Figure 14).
The myofilaments are closely packed, you see, with the rows ar-
ranged at 60 degrees to one another.

Hass: This is the tiniest component that you resolve, and do you
believe that the myofbril is tubylar?
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Porter: I do not know. The myofilament you refer to may look
tubular there, but I doubt it.

Hass: That was your contention in the beginning.

Porter. No, we contended along with some others that the
myofibril, not the myofilament, is hollow.

Hass. Well, 1t 1s a beautiful micrograph,

Porter. 1 think it is a good time to point out, also, Dr. Hass, that
the matenal around the fibrils 1s the sarcoplasm; it has some com-
ponents which you may want me to refer to later, perhaps, in the
discussion

Hass: Yes,

Fremont-Smith  Which is the sarcoplasm here — the hght part®

Porter: Yes, the hght material between the fibrils

Dempsey: With globs of datker material over them

12,000) of a rabbit sheletal myofibnl, 1olated
wath & collod mull, fised with formalin and shadowed with chromium

Frcure 15 Electron micrograph (x
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Hass, That 15 the materal we lase for the most part when we
separate myofibnls from the other cytoplasmic components

Tracell This 15 a scction through the A disk?

Forter. Yes, in past,

Angevine, That probably ss a mitechondrion at oue o'clock?

Hass Could this be a mitochondrial structure?

Porter No, it 1sn’t bug enough, it 15 something else,

Hass When we prepare myofibrils the mtcnenmg m:\teml i
lost tn making the prep The fil and adh
are retamed i the wsolated myolibnls

Travell Where do you get the 60-degree angle you spoke of?

Porter Itis scen in the arrangement of the filaments It descnbes
the filaments as having unifosm diameters, and assoceating with the
muatersal around them, which 1s referred to as the A substance

Fremont-Snuth  Hexagonal, hke the eye of an msect?

Porter Yes, that's night.

Fremont-Smuth  Multiple eyes?

Porter: Yes. Fm sorry, Dr Hass, but I thought it w.s a good time
to clear up the morphology

Hass That s a good altustration Frgure 15 brings out the strue.
lurc of the flaments An A dssk has bcen crushed, or has partly

ted, so that the longi are sprayed out
in the field These have been shado“cd with clwomum The fila-
raents are rather straught rods with a bttle nodosity, which 1s pre-
sumably due to the absorption or the Innding of so-called “A™
substance on the clementary Blament structare The figure shows
the M band, the T dish, the A disk, and the Z band Tlis 15 2 collowd
rull preparation of a sleletsl myofibnl, Dr Meyer, without use
of trypsin,

1 thwsk. Fagure 16 15 & partestardy fine Wustration Tt was the
anie which Drs Porter and Ashley debated about at consuderable
Tength There was a thesis which was proposed, 1 beheve, by
Draper and Hodge {8}, or Pease and Baker (7), that the myofibnl
was mote 1n the nature of & tubular steucture, or perhaps a coded
nbbon The reason for Hus contention was that the myofibnils when
they were dued out on the screen and shadow cd, showed so httle
evidence of central aval elevation They seemed to be more or less
planar m configuration rather than evhindrieal This was interpreted
by them, and others, as mdicatine of something else than a sold
ovlmdsieal structare In Figure 18 one of the A disks scemed to
Bve been on end Dr Porter was of the opamon that this myght
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Ficure 16 Electron micrograph (x 21,000) of myofibnls, 1solated with trypsin,
fixed with formalin and shadowed with chrommm Reprinted, by permission, from
Ashley, C A, Porter, K R, Philpott, D E, and Hass, G M. Observations by
electron mucroscopy on contraction of skeletal myofibnls mduced with adenosinebri-
phosphate. ] Exper Med 94, 9 (1951)

represent 2 Jand of an angle photograph down into the inside of
an A disk. Is that correct, Dr. Porter?

Porter: Well, T am afraid 1n the hght of later discovenes it is not.
But that was the interpretation at the time, Dr. Hass

Hass. The interpretation was, 1 part, largely justifiable because
after all one must admit that there is a great deal of planar con-
figuration in these preparations. This would not necessanly be
expected if the myofibril were a compact cylindrical arrangement
of tiny elementary flaments or fibrous components If 1t is a sohdly
aligned structure, without any “vacuum” or hollow space in the
center, certain lines of reasoning follow. If 1t is essentially tubular
in character, with the elementary filaments aligned around a hollow
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space in the center which contams other materials, the approach
toward an explanation of the behavior of rwele would be shightly
different,

Dr. Ashley felt that it mxght e possible to male = study of the
isolated myofibnils in various stages of contrachion (4} It was
clear that this study could not be made under conditrons ordinarily
used 1n determming lhc con!rnchon of 1solated wyofibnls after the
addstron of ad As a he made a
buffer solution which contamed ghycenne and brought the myo-
fibrils, after 1eolation, to a terperature of about ~5° C. Under these
conditions fhe myofibrf did not contract on the addition of adeno-
wnctriph to a final of ¢:00235 molar, but re-
mained unchanged m 2 noncontractle state. The myofibnls were
then transferred m the glycennated buffer solution at ~5° C to a
colledion-covered swire screen maintamed in a cold yoom at §° C
As the temperature of the suspenston of myoﬁ\mh on the sereen
rose from ~5° t0 8° C, d, The cc was
slow, requiring about one minute for completion Myofibrils
successive stages af conteaction were obtamed by formahn fisation
of a semes of preparations at intenvals of fifteen seconds After
formahin fixation, the myofibrils were washed on the sereens, dued,
shadowed with chromium, and studied by electron miesoscopy

Figure 17 shows a sheletal myofibril It tustrates progressive
stages of contraction along the length of a single Tnofibril One
part has a nearly normal structure, although the 1 disks and Z
bands are missing, as in most trypsin-solated preparations The M
hand 1 quite distinet, and as you follow the contractian, which
beeomes of greater magnitude on passing to the other end of the
fibrl, 1t 35 noted that the breadth of the myofibn} mcreases Also,
the myofibri shortens, as shown by the decreased distance betsween
successive M bands There appears to he a movement of matenal
from the ¥ bands towards the A-1 junctions

Fremont-Smith. Please explain that 1 am not quite clear on it

Hass. As you mave from the kit along the long aus of the
mvofibrd, vou move ints a contractile phase Onc M band, and an
adyacent band, may be seen ‘There seems to be an acenmulation
of matenal which bies i the A-Y band remon, and not Ssrectly m
the A disk 3t hies somewhere an the neighborhood of the junction
of the A and 1 dishs Why 15 this interpreted as migration of
material? Becanse as maternal aceumulates in this aiea, there 5s 2
duminishiny density of the Intervemng zone As the degree of con-
traction inereases there §s an accumulation of more material in the
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G

ph (2 13,500) of a rabbit skeletal myofibnl, 1solated

Froure 17 Electron micrograj
with trypsin, contracted with ATP at 0° to 8° C, fixed with formalin and shadowed

with chromium

A-I-Z regon, and further on there is an accumulation of still more
matertal in the same position You can still see the faint residual
trace of the M bands. Further along the M band disappears, and
all other bands lkewise disappear All that remains are the con-
traction bands, which so far as can be determined, represent new
band structure which develops as the other bands disappear Only
the filamentous longitudinal components remamn as readily resolv-
able structures

Dempsey: May I mterject something here? I think you pointed
it our earher that this type of tion js probabl h
like the supercontracted state, or over and beyond the type of
shortening that occurs physiologically. The reason is that in the
normal light mucroscope histology of muscle, relaxed muscle has
approximately a 50-50 ratio between the A and I bands In the
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contracted mascle, most of the shortenmg occurs m the I band, so
that in such a contracted muscle the A band appears disprapaz-
tionately broad to the I band Now, 1n almost alf these preparations,
the T bant scems to be short, so at fooks as though you are starting
ot with 2 muscle that has already shortened to about sts physio-
logical limit, and there 15 something supenmposed on top of that
Would you agree with that iterpretation?

Hass, It is possible that this s, perhaps, beyond the hmit of
physiologieal shortemng of the muscle, but the ssolated myofibni
wtself has capacaties to sherten far bc)ond the so-called physiotogical
limits of intact muscle

Dempsey- Yes, this s ke the sup ion that you 1l 1
in the isolated filaments, a hitle earher.

Hass: Yes, this approximates the final supercontracted form.

Hollrook+ Except that st is not completed

Hass: It 1s not total disorganization at this stage.

Holbrook: One more question, Dr Hass If you mave it from
the --5° room mnto the 8° room and catch the earfiest phase that
you can measure of contraction and take ¢ back wto the ~ 5° room,
is it stilf not reversible?

Hass. That, Dr Hotbrook, 15 an X In other
wards, our capaaity to define the earbest shgcs of confraction 15
himited The capacity to define by this method advanced stages of
contraction 1s, as yau scc, satsfactory The very earhest stage m
contractsen has not been demonstrated m these three preparations,
unless you wish to accept the figures as iltustratne of carhest evi-
dences of eontraction As T stated before, f we ever dotermme
reverabshity of the system, we are gowng to have (o stop the system
i an ecarly stage of contraction and reverse it, | wonld say, after
1t has gone no forther than something of the magnitude shown We
have not succeeded m daing this up 1o the present time

Postes You would have to say that thas represents 4 contraction
of the A band rather than the whole sarcomere, since the T bands
have dhsappeared

Hass The I disks are almost absent. and the 7 bands are com-
plotely gone, dne largely to the mstial treatment with trvpen

Porter Docsn’t it Yook ta 1ot as 2 sart of reaction that creeps
up into the A band from the A junchon?

Hass 1 am simplv accepting ongmnal itespretahons, Dr Porter

Porter That's rishv!

Hass The interpretation nnmmﬂv nndz- hy s Ashlev and
Porter was that this represe E: of materis}
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Ficvre 18  Electron micrograph (x 13,500) of rabbit skeletal myofibnls ssolated
with cofloid mll, suspended 1 glycermated buffer solution, contracted with ATP
at 0" to 8" C, fixed with formaln and shadowed with chromwm

from the H bands away from the M bands. In going over the elec-
tron micrographs, I could not personally specify exactly what was
happenmg, I didn’t und d where this material in the contrac-
tion bands was all coming from.

Figure 18, will illustrate it further. This 15 a colloid ml prepara-
tion Trypsin was not used, and the Z bands have been retained.
This is a partly contracted preparation; the upper myofibril is in a
more advanced stage of contraction. You can see the M bands in
the lower myofibril, and somewhere in the elevations are the I
disks, or what 1s left of the T disks, plus this accumulation of
material which seems to be in the A-I-Z region.

Porter: You have to make the distinction here, though, that
trypsin was not used, and the I bands were left in place
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Hass: Yes, that's sight.

Porter: Tn other words, this is mare representative of the actual
myofibdl as it custs in the cell,

Meger But ths was also done with the same technique, using
glycerin and ATP?

Hass. Yes, all of these are adenosinetriphosphate-contracted.

Meyer: In glycerin solution?

Hass: Yes, a glycerinated buffer solution was used

Travell; Thrs is sheletal muscle?

Hass Yes Ttwas isotated wathout trypsin, but with a coffosd mill

Porter: Dr Hass, there was no indication of the density of the
A band befose you iituted contraction

Hass. We have no indication of it.

Forter: So you cannot say how much of 1t has Jost by way of
this contraction?

Hass: No This gves you an idea, though, of the remarkable
events that seem to be taling place The A disks are almost planar
between contraction bands represented by marked clevations at
the A-1 junchion, and apparently in the 1 band regron You can still
make out the M bands despsie conspicvous contraction bands

Angeusne. Have you any observations, Dr Hass, on what has
heen happening to the adenosinetriphosphate in the myofibnl as
these changes are taking place?

Hess, That will be discussed Jater. Figure 19 sflustvates the same
cffect The coardination here of a rather well-contracted myofibni
agamst a myolibril which 15 less contracted intheates spatsally,
agamn, the relationslups which exist In this preparation, there are
M hands recognizable 1n both myafibrils, and a cansprcuous senes
af clevations mn the shorter my ofibril These are contraction bands
The resideal M bands are still distmguishable between the promu-
nent contracton bands

Porter The whole thing has shufted, though, Dr Hass The M
hands are 1 between the elevations, actually

Hass Yes, they are

Farter The residual A bands

Hass Yes, they are defimtedy recognizable

Postry But take it down mto the comtracted area

Hass Tlere the M hands are i hetween the contraction hands
m both myofibrls but thev are less distinet 1 the more fulls con-
tracted shorter myofibnl

Parter Tt is o reaction that heams, undoubtedly, i the 7 band
region of the 1 and it s as thourh vou hnve procressive condensa-
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Frcore 19 Electron micrograph (x £0,000) of rabbit skeleton myofibrls 1solated
with a collatd mull, suspended m glycernated buffer soluhion, contracted at 0°
to 8° C with ATP, fived with formahn and shadowed with chrommum In the more
fully contracted myofibril the sarcomere le:g‘_gﬁh s 50 pel"ceni of that of the

ppaony ~t sha athar 1§

average uncontracted mll-sola®~
at the lower humt of the aver
Reprunted, by permission, from
Hass, G M Observations by
hbnls mduced with adenosmetr, . -

tion of material from that pomnt toward the M, with the resultng
contraction,

Hass' Foreshortening also occurred, but intact I disks and Z bands
are not required for contraction. Under these conditions an n-
creased density develops m the A-I region

Porter. Should you not point out that this 1s an isotonic contrac-
tion? If you hold a muscle at its relaxed length and then stimulate,
the A band does not disappear.

Hass: That is true. This is a shortening of the whole myofibrl
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Fioune 20 Electson micrograph (x 12,000} u}l?\:lmmhzed rabbit shelctat
n\)ob\m} wl.lth lmd bﬂ‘n !m‘pl\nd m xlylrtnmxrd but u !Olunon, contracted with
ed with formahn and shidowed with chromivm  The

Nl\(lnﬂlf kngth i nlml B0 pry cent of that of the mnuol uncontracted ymyobhnls
hmmxu! hy prm\l\s\un‘ from As‘xk‘y. C A, I'on R R, Phiipott, D E, a
oy, G by clect of skelctal rovo-
filmste hx\h\nd wm. .\dmmunphmpmm T haner Med B4, & {1951)

n its long aus, so that actually 1t 1 contracted It 15 not held
extension during stimulation

Figre 20 shows a myofibn i 2 stll more advanced stage of
contraction 1 belieye that this was caleulated as somewhat greater
than 50 per cent conteacted Al that can be distinnshed are the
contraction bands, and sunning through them are the elementary
il of the fit These httle flaments were of
such dimensions an many preparations that they could be measured
and Dr Ashley measured over a thousand of them, oltanmg ther
Tateral dinenwions 1n the vanous stages of contractian
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Frovre 19 Electron micrograph {x 20,000) of rabbt skeleton myofibrils wsolated
with a collod mull, suspended m glycermated buffer solution, contracted at 0°
to 8° C with ATP, fixed with formaln and shadowed with chrommum In the more
fully contracted myofibril the sarcomere length 1s 50 per cent of that of the
average uncontracted mll-isolated myofibnl The sarcomere length of the other 1
at the lower it of the average uncontracted myofibrit 1solated i this manner
Reprnted, by permussion, from Ashley, C A, Porter, K R, Philpott, D E, and
Hass, G M~ O by electron on of skeletal mvo-
fibrils wmduced with adenosinetniphosphate J. Exper Med 94, 9 (1951}

tion of matenal from that point toward the M, with the resulting
contraction

Hass: Foreshortening also occurred, but mtact I disks and Z bands
are not required for contraction. Under these conditions an mn-
creased density develops in the A-I region

Porter: Should you not pont out that this is an isotonic contrac-
tion? If you hold a muscle at its relaxed length and then stimulate,
the A band does not disappear

Hass: That is true. This is a shortening of the whole myofibrl
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m its long axs, so that actually it 1s contracted. It 15 not held m
extension dunng stimulation

PFigure 20 shows a myofibril 1 a still more advaneed stage of
contraction T believe that this was calonlated as somewhat greater
than 50 per cent contracted All that can be distguished are the
contruction bands, and ranmng throngh them are the elementary
2 of the myofibnl structure These little hlaments were of
such dimensions in many preparations that they could be measured.
and Dr Ashlev measured over a thousand of them, obtaming their
fateral dimensions 1 the various stages of contraction e
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Frcone 19  Electron micrograph (x 20,000) of rabbit skeleton myofibnls isolated
with a_colloid mill, suspended 1 glycennated buffer solution, contracted at 0°
to 8° C with ATP, fixed with formahn and shadowed with chromum In the more
fully contracted myofibnl the sarcomere length 1s 50 per cent of that of the
average d mll-solated myofibrl The length of the other 18
at the lower mit of the average uncontracted myofibril 1solated i this manner
Reprinted, by perrussion, from Ashley, , K R, Philpott, D E, and

as5, Observations by electron microscopy on contraction of skeletal myo-
hbrils mduced wath adenosmetnphosphate J Exper. Med 94, 9 (1951)

tion of materal from that pomnt toward the M, with the resulting
contraction,

Hass. Foreshortening also occurred, but intact I disks and Z bands
are not required for contraction. Under these conditions an -
creased density develops in the A-I region

Porter Should you not point out that this is an jsotonc contrac-
tion? If you hold a muscle at 1ts relaved length and then stimulate,

the A band does not disappear
Hass That 1s true This is a shortening of the whole myofibnl
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Mass, G M O by electron on of skeletal myo-
fibnts induced with adenosinetnphosphate | Exper Med 94, 9 (1951}

i its long axis, so that actually 1t 1s contracted It 15 not held 1
extension durng stimulation,

Frgure 20 shows a myofibnl 1 2 stll more advanced stage of
coutraction I believe that this was caleulated as somewhat greater
than 50 per cent contracted All that can be distinguished are the
contraction bands, and runming through them are the elementary
filaments of the myofibnl structure These hittle Slaments were of
such dimensions 1n many preparations that they could be measnred *
and Dr Ashley measured over a thousand of them, obtaining t
Iateral dimensions in the vanous stages of contraction, -
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Figure 21 shows a myofibril which was 70 per cent contracted,
as judged by the average measurements between the contraction
bands There is preservation of filamental structure, although 1t is
=nt anite so regular in this highly contracted stage. The contraction

. W 7t~k crass bands of the myo-

Figure 22 shows the detaileu stiuviwe of the little spheres that
1 showed you in the original illustrations. You may recall that the
elongated myofibril on the addition of adenosmetriphosphate con-
tracted down to a smaller frregular spherical mass, which was
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9 (1951}

depicted as a small dot m Figure 5. This 35 the structure of the
fully contracted myofibrdd mass as deﬁned by the electron micro-

scope It has lost all bt of and band
structure, being more or Iess amorphous, and :“us!rates the end-
stage of an wholly unp logic degree of This myo-

fibnl was probably 90 per cent comtracted.

Figure 23 shows skeletal myofibrils that were isolated by use of
trypsin There is fine detail of the structure in the A disks, but the
Z bands are missing and there is complete disorganization of the I
disks The question arises as to the significance of the attack of
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Figure 23 Electron micrograph (x 13,500) of trypsm-wsolated rabbit skeletal

myofibnls, fixed with formaln and shadowed with chrommum The I dishs are very

narrow and the Z bands are absent Repmnted, bv permussion, from Ashley, C A,

Porter, K R, Phipott, D E, and Hass, G M Obse;watwns by electron mxcr%smpy
ool 7

of skeletal fibrils nduced with xper

on
Med 94, 9 (1951)

trypsin upon the Z band and the I disk Certanly, the enzyme
etther has some selective effect, or the A disk 1s relatively resistant
to its action The M bands are shown here with the depressions
on erther side of diminishing electron density, and then a zone of
mereased electron density, which outhnes the position of the
H bands.

Figures 24 and 25 show skeletal myofibuls isolated by use of
trypsin The I disks and Z bands are practically gone. There is
ust a narrow space where the I disks should be, and there are no
: bands. Most of that which remams is a series of A disks held
ogether by, I would assume, some residual filamentous attach-
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Ficune 21 ron_micrograph (x 12,000) of lrypsm»lsohlcd Tabbit sl.eletal
myofibuls, ﬁud wllh formalin and x)ndawed w h c romium The narrow

and sbseat. Z bands were 1 m)oﬁbnlx
chnml‘d by Sermion, Trom Aoy, © A ronn K K, Prpoit, D £, snd

Hass, G elect of dcul ‘mp-
fibrils mduced wuh gdmusmetnphosphate 1 Exper .\lcd 93, g (1951)

ments These were uncontracted myofibrils In the process of
contraction, there secms to be a condensation of material which
1s largely m the A-T disk region Figure 26 shows an early stage of
contraction of a trypsinasolated myofibnl

Figure 27 1s an lustratton which shows the ck‘mcnhr) Namcnts
w3 trypsintreated p The wer
m length and breadth There were no filaments 1 lrvpsm -treated
preparations which were longer than the greatest length of an
uncontracted normal A disk ‘The Blaments vaned in drameters from
perhaps 50 or 75 up to_approvuimately 200 Angstrom umts, with
an average of about 175 A The filaments in the contracted preg
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Fiame %5 Electron micrograph (x 25000) of trypsimasolated rabbit skeletal
mn 1t

buffer” solution, fixed with formaln and

shadowed with chrommun Ooly the delicate structure of the A disks with well-
defined M bands, H bands and longitudinal fibrous components remain Reprinted,
by permission, from Ashley, C A, Porter, K R, Pilpott, D E, and Hass, G M:
Ot by electron on of skeletal myofibnls induced
with adcnosmetriphosphate ] Exper Med 94, 9 (1951)

tions — and this represents a contracted preparation — vaned from
about 125 A up to about 250 or 300 A n diameter, so that the
average diameter of the filaments in the contracted preparation
was greater than the filaments of uncontracted preparations (Figure
28). Drs. Porter and Ashley were not convinced that this increment
in diameter was due to an intrinsic change n the filament: they
believed that the increase in diameter might be due to an excessive
adsorption of A substance to the elementary fibrous structure of
the filament.

This point has signifi from the standpoint of the theory of
the orientation of the molecular chains which make up the filament.
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Ficure 28 Electron mucrograph (x 18,500} of a trypsin-isolated, rabint skeleta)
myofibnl, suspended  a glycernated bufer solution, contracted with ATP at
0" o 8 ¢ L& B e ulter sojubip teted N 3

carly sta
disks wi
position . .
Parter, K

on contra .
Med 3%, 9 (1951)

It 35 generally believed that the filament s made up of molecules
which ase polymenized 1 a long chawm, and that the lament rests
m the extended state with the chains more or less unfolded In the
contracted state, there s assumed to be foldmg of molecutar chams
in the elementary filaments This, i itself, might eause mcrement
in lateral dimensions Actually, these measurements, or some of
them, were very close to molecular dimensions, 1 believe that some
measurements were about 30 or 40 Angstrom umts and, as T smd
before, the caleulated diameters of many protem molecules in the
body are about 25 to S0 Angstrom umits
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Ficure 27 Electron micrograph (x 35,000) of the margin of a trypsin-nsolated
rabbit skeletal myofibnl, suspended m a glycerinated buffer solution, contracted
with ATP at 0° to B° C, fixed with formaln and shadowed with chromum The
sarcomere length 1s 55 per cent of the average sarcomere length of control uncon-
tracted myoftbuls The interlacing of dehcate longitudinal fibrous components
obscured only by the increased electron density of contraction bands 1s_shown.

Reprnted, by permussion, from Ashley, C A, Forter, K R, Philpott, D E, and
Hass, G M _OF by electron on of skeletal myo-
Med 94, 9 (1951)

fibnls induced with adenosinetriphosphate J Etper.

Figure 28 1s a summation of the measurements made by Dr.
Ashley, of the diameters of filaments 1n contracted and uncontracted
preparations There 1s a shift m average measurements which
mdicates some increment 1n the basic diameter of filaments during
contraction Agam, I must emphasize that the filaments have 2
slightly nregular, nodose form, so that one cannot be certan that
only the d of compact long molecular chains were measured

Porter. Would it be a good pomnt to inject the observations of
Rozsa, Szent-Gyorgyi and Wyckoff (8), that these filaments may
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dissolve out and give particles, or slightly elongated spheres, which
wll, under certam conditsons of KC concentration, then polymenze
again mto filaments and show the same penadicity as the filaments
1 the myofibril? These authors pomt out that the flaments seem
to represent the action component of the fibnl
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Hass: This will be discussed later on At this time, it might be
well to review what is known about the structure of the com-
ponents illustrated in the electron micrographs. The transverse
bands have been demonstrated with the light microscope to a
hmited degree, especially in preparations that have been properly
stained. In the resting mntact muscle, the disks and bands of mdi-
vidual myofibrils are coordinated transversely, so that they adjom
one anather. There is evidence that the coordination 15 mamtamed
structurally by continuity of Z bands from one myofibril to the
next This evidence derives additional support from the present
studies, which indicate that the separation of myofibrils from one
another 1s facilitated by destruction of Z bands by trypsin, The Z
bands, in turn, may be connected in some way to the sarcolemma.

There are other details of cytologic integration of structure which
were disturbed by the preparative methods The most important a'f
these is the relation of mitochondria to the band structure This
relation has been emphasized by Drs Harman and Feigelson, m
Dr. Angevine’s laboratory (9,10). If Dr. Angevine wishes m,'l
should like him to discuss the relationship between mutochondrial
structure and myofibrils in the intact cell,

Angevine. What T have to say will not take long to present

Holbrook- 1 have been afraid to ask this question, but I s}wuld
like to mnclude 1t 1n the record before you start, Dr. A::nggvme, if
I may I have been fascinated with the process of reversibihty. ;Ve
haven’t any answer to that as yet, but I should like to afk wh;t et
you had tried varying the concentration of adenosmemghosp ak’t
If you used one tenth as much adenosinetrighosphate, did you geu
as complete contracture of the fibril to a little round dot }a:s )Da
did with the amount you selected? In other words, is lhmé 2
variability with the amount of adenosinetriphosphate and the

ree of contraction? o
E Hass: There is a vanabihty. That is a problem on which “55::::
working, Dr Holbrook, at the present time. If we are h; rs\th .
the contraction, as illustrated here, we may have to wg! \es o
concentration of reactants which will Ieafi to Jesser egren By
contraction. We have evidence which indlcales. that we c:;fa o
control of the amount of ATP added in relatmnshq? to t{f :1:7 st
number of myofibrils, obtain a degree of contraction wht
pronounced than that shown her:: 1t oo,

Holbrook: That is what 1 wanted to know. or

Ifass: This latter approach 1s one which is clonm;ger;;;ilt’:; l]::,:_
knowledge of the amount of myofibrl material in the
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ture, The best way to obtam that knowledge 15 to bring the myo-
fbnls to a dry state and analyze quantitstwvely. Bungig the
myobbnls to dryness destroys the contractle properties, Hence,
we ate faced with the problem of approximating the miramal con-
centration of adenosmetniphosphate, which will give a contractile
sesponse of an estimated rather than an exact quantity of myafibnls
The problem of maung of reactants 1s abse wvolved, for we -
good evidence that the added adanac—-+ °

tively used up before '

time 15 bgmg conduct

stanon

cianiy enough?

eremont-Sruth  How high do you have to ga to get a contractle
temperature?

Hass: About plus 8° G s smtable Contraction probably begins
1 the neighborhood of 0° C and becomes evident in the tempera-
ture range from 07 to 8° C.

Holbrook 1t seemed a goed question for me to ask, because if
there 18 no tontracion without ATP, and the mol concentration
which 15 used squeezes everythng up wito a hitle black ball, some-
where in that range these might be a degree that could be seen and
measured if the techmque could be worked ont

Hass That 1s a entical pomnt, and 1t will mean a great deal, pro-
wvided 1t can be shown that there 1s parnal rather than all-orsnone
contraction of myofibrils I suspect that we may find that all-or-none
contraction 1s not the only posnible response of the isolated —

Rbrls In any event, observahinne - .
under gntr-? . .

15 yoqus supuunn) I dess than
this qu: Caneute, an 15 ) 1!

contraction goes to completion when additonal ‘adenosinc(riphog_
phate 15 added to the system The same rules also seem to apply
to the quantity of magneswm 100y

Meyer- The Bbnl an top of Fignre 19 appeared contracted; one
part was not Would one not expect a gradient of noncontracted
to contracted fibnils?

Holbrook. The o wide bands we saw ~the one below much

more contracted than the one above — are the ones I thought were *

not @ uypsin preparation P
Porter You are nght, that was net e

#“

/
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Meyer. In Tigure 19 you pointed out the upper fiber, I think the
other, the lower one, would best demonstrate it.

Porter One fibni] was responsive and the other was not

Meyer: That is a question m relation to adenosinetriphosphate,
Why is there no reaction whatsoever? Or do I understand 1t
correctly?

Porter But, you see, the preparation methods might have induced
contraction, and so contractility was lost in some fibnls and not
in others

Fremont-Smith Some of them have been hurt.

Meyer: That is a dufficult conception.

Hass That 1s true to some extent. We have occasional prepara-
tions in which no contraction, or only partial contraction, occurs.
However, the conditions under which we work at the present time
lead to complete contraction of essentially all myofibnls in the
mucroscopic fleld

Holbrook: With adenosinetriphosphate®

Hass Yes As I indicated before, the methods of approach to the
problem of all-or-none contraction are quite clearly outhned in so
far as ATP-induced response is concerned

Travell May 1 bnng up a point which has to do with the prepara-
tion of the cardiac and skeletal myofibril® As I understand it, the
removal of the sarcolemma by trypsin 1s necessary wn case of the
heart fiber, and not in the case of skeletal muscle, and T wondered
whether you would comment on the difference between these two
fibers, which makes trypsin necessary in one process and not in
the other

Hass. 1 am not enough of a histologist to be sure that the cardrac
muscle cell has a sarcolemma The skeletal muscle does have 2
sarcolemmal investiture, but T don’t believe that the cardiac mtxscfe
cell does It may have, but 1t seems to have a perimysium of delicate
nature,

Porter That doesn’t depnive it of a sarcolemma.

Hass. No, it does not, that is true. Dr. Porter says it has one,

so it must have. ) .

In any event, let us review the difficulties with cardiac musc) Ui
In the first place, skeletal musele is composed of long parallel cel
which contam multiple mucler. They are physically arranged in suc
2 manner that 1t is much easier to dismtegrate structure because
of the linear parallel apposition of the muscle cells

Holbrook That makes sense



Mammalian Striated Myofibrils 95

o e e A ——————7

Froum 20 Dogrammatie shetch of muscle 1o show Altmann
3 permesion from Aftmonn | Dre £k

s granules Reprinted,
s don Zellen Burhn do Groyter, 189

n und ihee




96 Connective Tissues

Hass: In the heart, there is a complex arrangement of cells which
is in the form of a continuous syncytial rather than parallel arrange-
ment. Furthermore, in cardiac muscle there 1s, per umit area of
cytoplasm, a smaller number of myofibrils than in skeletal muscle.
Also, in the cardiac muscle cell there is a larger amount of mter-
fibrillar cytoplasmic material, which may in a cohesive sense hold
the myofibrils together to a greater degree than in skeletal muscle,
I believe that trypsin acts more in disrupting the protein cohesion
of cytoplasm to myofibril than the sarcolemmal investiture That
1s just 2 guess, however. All I can say is that we can isolate, in
purified form, a great many myofibrils from skeletal muscle without
the use of trypsin. It has become routine in the laboratory, and is
a daily preparative manipulation. Dr. Schick has worked contmu-
ously at the problem of isolating myofibrils from the human and
animal myocardium The yields from cardiac muscle without using
trypsin are extremely Jow. He continues to use trypsin to get a
respectable yield of myofbrils from the heart

Holbrook: That is clear. Now would you hke Dr. Angevine to
show us those figures?

Hass: Yes, 1 should like to see them.

Angevine: We are not quite as ghly departmentalized as Dr.
Fremont-Smith led us to believe last night. About four years ago,
the enzyme chemists came to us for help Dr. Harman, a young
man in our department, who was trained in biochemistry before he
became a pathologist, was uniquely prepared to do some studies
with Dr David Green. Since that time he has been working inde-
pendently on muscle. I am just going to show rather briefly what
his approach was in relation to these studies.

Before coming, I asked Dr. Harman whether he hacli any ﬁgurr’es
in his possession that might interest this group This is Figure 29,
from Altmann’s original work (11), in which he described Altmar{n s
granules The black dots correspond to mitochondria between which
are the myofibnls, The black transverse lines connecting the mito-
chondria probably correspond to the Z lines that we hm'e b'eex;
discussing this morning. This is added more or less for .hlsmncn
interest, to show what one can do with an ordinary light microscope.

Figure 80 1s another schematic representation to show the mito-
chondria, which appearl :}xls la;]geD dot}si I am

int out one thing- although Dr Harman c
Fx:)tleres(Zed in the ac%iwity of the mitochondria, he prepares his fuss-
pensions of material in the Waring blendor, and '!‘e" h? e‘“mmed
microscopically the material that he is working with prior to, an!

showing it to you to
has been principally
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Fievpe 30 Slurch of muscle to demonstrate the velwion of mtochondm to
myofibnls Heprnted, by pernussion fram Meyer, A Mamphologische und phyno-
logrsche Analyse der Zelle der Pflunzen und Tiere Jena, Fischer, 1936

l‘:;:u&y’r 31 Dak rod shaped uutochondra with myafteds i the bikground
% 171
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after separation of, what he thinks are relatively pure mitochondria
or myofibrils. This three-dimensional picture 1s of some interest,
because 1t illustrates the mitochondria, They are in the space which
has been exaggerated, and is probably where most of the soluble
enzymes are situated.

Fremont-Smith: Where are the nuclei? On a different level
altogether?

Angevine: There are no nuclei seen here. Figure 81 shows one
of the preparations of fresh muscle m which the mitochondna, the
long, dark, ovoid structures, are prominent. In the background you
can see the myofibrils The number of mitochondria depends very
much on the type of muscle one is working with, and whether it 13
red or white muscle. The red muscle has far more mitochondna
than the white, and is the more active muscle, It vanes consider-
ably in different species, and in any individual species there 15 2
great variation 1n different muscle. For instance, the leg muscle
may have few mitochondria, The smallest number, I believe, ar¢
in the gastrocnemius or the soleus. The diaphragm 1s filled with
them, and the heart has still more, so it depends entirely on the
preparation which you are working with, Tt 1s defimtely related to
activity: that is why the enzyme chemist works so extensively with
pigeon breast muscle Now they are more mterested m fly wings
and humming bird wings and such things

Heart muscle 15 the one containing most mmtochondria, On the
basis of Harman's studies (9,10), he feels that most of the oxidative
phosphorylation is situated in these mitochondria, which are very
rich 1n both ADP (adenosinediphosphate) and ATP (adenosinetr-
phosphate). In studying his preparations, he examines bf)(h the
mitochondria and the myofibnls and finds very lttle activity m
suspensions of myofibrils I might also say that this work has been
done under a phase microscope and that Harman has also observed
the contraction and relaxation of muscle fibers under the microscope.
These studies will be published relatively soon. .

Porter. You said the cell is destroyed when the ATP level is
destroyed?

Ang);vine. I mean the myofibril is destroyed when the ATP Jevel
is depleted

Porter. Tt dismtegrates? .

Angevine: Yes, it will distegrate when the ATP disappears.
In 1ts normal state it is usually relaxed.

Porter. But what does Harman think
inject ATP into the fibrl?

— that the mutochondria
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Angcvmc They transfer this matertal. Most of jt 1s hugh-energy
whieh is bined with the hondria, and he De-
fieves that it acts m the tissue in between and that it is the tngger
that starts the myofibn] working, m other words, he feels that after
you have extracted the myofibnis from the muscle, it is more or
less incapable of much activity He has also described the changes
i the shape of the mitochondna in relation to oudative activity,
and they correlate reasonably well, T believe,

Bennett: What is the magnifi of that, app ly?

Angevine. Tt 15 about 1700 times

Bennett. Taken through a phase-contrast microscope?

Angeeine. Yes, it s a fresh fber

Travell What is the change m shape?

Angeoine: You mean of the mitochondna?

Fremont-Smith Yes, with activity,

Angecine: This is probably the normal shape When Harman
estracts them, he studies the effect of various sons, and so forth,
on them and follows the alteration 1n shape He has done a good
deal of detailed study on the various types I don’t beheve I can
answer that too well It has all been deseribed in the Iiterature

Holbrook. Thank you very much Will you proceed, Dr Hass?

Hass 1 should like Dr Angevine to say a few words about the
relationship between the transversely distributed mrtochondra and
the A disk In one of Dr Harman's recent papers, he states that
n cnrdlac muscle particularly lhete 15 an mtimate overlaying of

Iy n hip to the A disks of the
myofibril units (9) Thas rey ing spatal relati
ship between the mitochondnal fnc!ory and the contractile unit

Holbrook Yes, the assembly umt,

Angevtne: T ean't make any comment on that except, as you have
ndrcated, he has described 1t and feels there 15 some relation-
ship to st

Portcr. In our laboratory Palade (12) has notrced the same thing
n cardiae muscle that 1s, that the mitochondna are numerous and
are closely associated with the Z bands, He also points out that the
mternal ridges, or cristae, of the mutochondra are mare densely
pached m mutochondna within very active cells, such as those of
cardiae muscle 1 should hike to pomt out m Figure 32 that besides
the mitochondrix (hcre s .Anather campunenl here in the cytoplasm,
whuch rep the We have come to speak
of 1t as the endoplasmic reticulum, or in muscle the sarcoplasmic
reticutum It 1s also closely assocrated here with the Z bands and
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Fioune 32 Chick skeletal muscle 1n Jongitudinal section to show mitochondria (m)
(or sarcosomes) and elements of the sarcoplismc reticulum {st) The latter con-
stitute a Jace work of strands and vesicles which 1s wrapped loosely around the
fbnls except at the Z bands wherc 1t 1s frequently concentrated (x 16,000 }
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is promument 1 the connection between the Z bands and the sar-
colemma  Actually, in good preparations, the strands of this retie-
ulum seem to be vesicolar or canahcular structures, and sometimes
they can be seen to form rings around the fibnls at ths level This
component of the sarcoplasm was observed by the older hustolagists
in their gold impregnations, and very beaubifully prctured Some
functional relation with the Z band at this level a5 elearly sug-
geste(}r {13).
H, s

It s g, h as the Z bands are ap-
parently the first to become wdist hable when
takes place

Porter, I think everybody agrees that the contraction may have
sts meeption at the Z band. s

Dempsey: 1 am not clear as to what you said Is the black line
transecting the hight area in those fibers the Z hwe?

Porter: Yes,

Dempsey Or are you saying that this 1s another matenal that
accompanes the ZP

Porter: No, the L element jated with the Z s
here at the sarcoplasmic ends of the 2 line

Dempsey: Does that stuff penctrate nto the myofibn! along
with the Z?

Porter- No, not definstely, it seems rathers to be wrapped around
the myofibnl,

Dempsey: Then everything there 15 Z?

Porter, Yes

Dempsey. And the Z hre goes across the sarcoplasmme space
and connects with the Z disk?

Porter  No Only the sarcoplismue retreulum runs across the
sarcoplasm at that Jevel

Holbrook Dr Hass, ¥ thuh you mght as well contnue

Hass As Dr Angevine has shown, the work 1w his laboratory
1 of considerable importance because of the mterest of alt cytolo-
gists m the sigmficance of packets of actvity and thewr spatial
selationshps to one another 11 the eytoplasm of cells In this par-
fieular nstance, it would seem that the oudatne actwaty of the
mutochondna resulting wm the synthews of high-encrge phasphate

i may be a h concerned with mantenance and

function of the contrachle wmt {14) The metabobe relitions
between myofibnls and rmutochondna wonld seem to be matters
of importance m the eventual mtegration of studies of cytoplasmic
functians in general, with the contractide function m particular
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The polanzing Iight microscope has disclosed that the A and I
disks are both birefringent: the A disks more so than the I disks
(15) Durmg jsometnic contraction this property 1s not appreciably
changed, but if the muscle is allowed to shorten the distinctions
between the A and I disks disappear. It is assumed that the ani-
sotropy of both disks 1s due to the arrangement of the orented
molecules of the parallel filaments, as well as the arrangement of
the filaments themselves This alone would not allow for a distine-
tion between the A and I disks unless it is assumed that something
m the A disks contributes excessively to the anisotropic property.
It 15 believed that this is probably myosin, which, according to
present 1deas is composed of long rodlike molecules or micelles,
ortented along the filaments m the A disk The filaments themselves
are currently regarded as composed primanly of oriented molecules
of actim, another major protemn of muscle The longitudinal pero-
dicity often demonstrated along the filaments is assumed to
represent the actin molecule, or el ary packet of )
representing the actin mucelle. Upon the extractive separation of
these components, the myosin, which is presumed to be interfila-
mentous 10 position, 15 removed first, This leaves the filamentous
residue which, when dissolved, presumably breaks up in rough
accordance to the axal periodicity of 400 Angstrom umis into
G-actin or globular actm. The excess electron density m the A disk
15 also probably partly due to other constituents of muscle. Pre-
sumably, glycogen 15 localized here 1n intact muscle, but 1t is
doubtful that any remains for electron micrography, due to the
method of preparing the myofibrils.

Inorganic constituents are also concentrated in the A disk Among
these, magnestum and potassium are quantitatively most important,
with caleium and sodium in lesser amounts (16) There 1s some
theoretical evidence, based largely on the studies of the affimty o
myostn and actin for wnorganic cations, that magnesium .and pnlaii'
sum are princpally bound to myosin, and that caleium is attache
primarily to actn, or, as 1t were, to the elementary filamentous
structure (17) These 1ons are also present m the I disks Here.
there is supposed to be no over-all concentration of any xnorgzml;
10m, but all exist 1n relation to interstital fluids m accordarice wtt'
the rules which govern the Donnan equiibrium There are, how-
ever, probably some local concentrations of ions (18).. )

Recently, an ingentous use of electron beam mxcromcmeri'atwll;
within the €l dicated that the more volat!

pe has
elements, potassium and so

drun, are located in the Z and M bands,
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and in the A substance {18) The less volatile elements, magnesium
and calcium, are distributed along the fillaments with a Jong axial
periodscty of about 400 Angstrom wnits There are doubtless many
other fally so-called d proteins, in the
A and T disks, but Httle is known about them. Certamly in our
preparations, any loosely bound or loosely assuuated pmtems would
have been dussolved by the methads ol jally when
tryptic treatment was used

The Iocahon of high phosy
d with the probh f
seems qucstmnable Caspersson and Thore“ have locahzcd adeno-

ds wn the 1 band (19)
About 01 per cent of fresh muscle 1 composed of adenosinetet-
phosphate, and its exact lacation 15 a matter of considerable mterest
The reason for this 15 that ATP i resting muscle s protected,
according to some ghservers, from enzymatic attack. In this regard,
Dr. Percy has concluded that there are protem-bound nucleotsdes,
mostly ADP 1 muscle, and m this state they resst enzymatic
attack {20) The enzymatie attack on ATP 15 mitated iheorenna!)y
by the exeitatron lmpu!se, which 1s d ta act by dey
of 1ome "membranes ™ It would be conventent to have the energy
source in one compartment, let us say the I disk, and the enzymatic
contractible mechansm i 2 nesghbonng compartment, the A disk,
with a depolarizable “membrane” between them Tlas scems much
too sumple and hardly substantiated by cntical data,

Wiath respect to the compasttion of the narrow bands withn the
A and I disks, little is hnown Future studies of the relation between
composition, structure, and function of the contractile nmt, doubt-
Jess wall be concerned with them, for they represent concentrations
of matenals swhich appear to change reversibly during contraction
and relaxation Some of i)mse changes may be concemed mth mas-

1

, which nre 50

sne tome and molecular ents Over
but this contention remans to be proved
he elect pre study of myofibnls fixed with formahin

in successn e stages of contraction, mduced with adenosmetnphos-
phate, disclosed changes w structural detasd wlhich we have dis-
ewssed This dragram gnes a condensed simphfied revien of the
observed changes (Figure 333 The wicropraphs rassed several
questions It scemed clear that the pattern of structural changes,
as desertbed during confraction, resembled the prabable structural
changes which occur physialogically m the contraction of mtact
muscle (21) The degree of contrachon of the 1solated myafibnls,
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The polanzing light microscope has disclosed that the A and 1
disks are both birefringent the A disks more so than the I disks
(15) During 1sometric contraction this property is not appreciably
changed, but if the muscle is allowed to shorten the distmetions
between the A and I disks disappear. It is assumed that the ani-
sotropy of both disks 1s due to the arrangement of the oriented
molecules of the parallel filaments, as well as the arrangement of
the filaments themselves This alone would not allow for a distne-
tion between the A and I disks unless 1t 1s assumed that something
m the A disks contributes excessively to the anisotropic property.
It 1s believed that this 1s probably myosi, which, according to
present ideas is composed of long rodlike molecules or micelles,
oriented along the filaments in the A disk. The filaments themselves
are currently regarded as composed primarily of oriented molecules
of actin, another major protein of muscle The longitudinal perio-
dicsty often demonstrated along the filaments 15 assumed to
represent the actin molecule, or elementary packet of molecules
representing the actm micelle Upon the extractive separation of
these components, the myosin, which is presumed to be interfila-
mentous in position, is removed first This leaves the filamentous
residue which, when dissolved, presumably breaks up in m}_\gh
accordance to the axal periodicity of 400 Angstrom umts Into
G-actin or globular actin. The excess electron density in the A disk
1s also probably partly due to other constituents of muscle. .Pxe'-
sumably, glycogen 15 locahzed here in mtact muscle, but it is
doubtful that any remains for electron micrography, due to the
method of preparng the myofibrils

Inorganic constituents are also concentrated in the A disk. Among
these, magnesium and potassium are quanutalively most 1mporlant,
with calerum and sodwm 1n lesser amounts (16) There is some
theoretical evidence, based largely on the studies of the affimty of
myosin and actin for morgamic cations, that magnesium ‘zmd Pf"ﬂ;‘
swum are principally bound to myosin, and that calcium is attache
primarily to actin, or, as 1t were, to the elementary filamentous
structure (17) These 1ons are also present m the I dlslfs Hfff?’
there 15 supposed to be no over-all concentration of any mmgav"“;
ion, but all exist in relation to nterstitial fluds in accordance}:‘ﬂ
the rules which govern the Donnan equilibrium There are, how=
ever, probably some local concentrations of 1oms (18) ion

Recently, an mgenious use of electron beam mxcromcmer]él t";e
wathm the electron microscope has indicated that the more vll: ; :1 .
elements, potassium and sodmm, are Jocated 1n the Z and M bands,
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and in the A substance (18) The less volatile elements, magnesium
and calcium, are distnbuted along the flaments with a long axial
penodicity of about 400 Angstrom units There are doubtless many
other ponents, especiall led d proteins, in the
A and 1 disks, but little 1s known about them Certamly in our
preparations, any loosely bound or loosely associated proteins would
have been dissolved by the methods of pr b ially when
tryptic treatment was used

The location of high gy phosph pounds, which are so
mtimately connected with the problem of muscular contraction,
scems questionable Caspersson and Thorell have localized adeno-
inetriphosphate by cytop} 1c methods mn the I band (19)
About 01 per cent of fresh muscle is composed of adenosinetri-
phosphate, and 1ts exact location is a matter of considerable nterest
The reason for this is that ATP in resting muscle is protected,
according to some observers, from enzymatic attack In tlis regard,
Dr Perry bas concluded that there are protem-bound nucleotides,
mostly ADP in muscle, and in this state they resist enzymatie
attack (20) The enzymatic attack on ATP 1s imtiated theoretically
by the excrtation impulse, which is assumed to act by depolanzation
of 1ome “membranes ™ It would be convenient to have the energy
sottree m one compartment, let us say the I disk, and the enzymatic
contractible mechamsm n a neighbonng compartment, the A disk,
with a depolarizable “membrane”™ between them, This seemts much
too simple and hardly substantiated by entical data

With respect to the composttion of the narrow bands withm the
A and I disks, httle is known Future studies of the relation between
composition, structure, and function of the contractle umt, doubt-
less will be concerned with them, for they represent concentrations
of materials which appear to change reversibly during contraction
and relaxation Some of these changes may be concerned with mas-
sne 1ome and molecular movements over considerable distances,
but this contention remains to be proved,

‘The clectron-microscopie study of myofibrils fixed with formalin
in successn e stages of contraction, mnduced with adenosinetriphos-
phate, disclosed changes i structural detail which we have dis-
cussed This diagram gives a condensed stmplified review of the
obsenned changes (Figure 33) The mucrographs rmsed several
questions 1t scemed clear that the pattern of structural changes,
as described durmg contraction, resembled the probable structural
changes which occur physiologically in the contraction of intact
muscle (21) The degree of contraction of the isolated myofibnls,
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A Sarcomere

CONVENTIONAL
IBRIL  STRUCTURE

TRYPSIN |SOLATED
FIBRIL

L_I1
H{? 1
[—A“j Contractjon Band

FIRST CHANGES
IN CONTRACTION

MODERATELY ADVANCED
CONTRACTION

Contraction Bands

Ficure 33 Diagrammatie 1lustratton of the changes m the structure of myofibnls
during wsolation with trypsin, and changes occurring in_these myofibnls” during
ATP-nduced contraction Hepnnted, by permussion, from Ashley, G A, Porter, K R,
Philpott, D E, and Hass, G_M: Observations by electron mucroscopy on cmﬂﬂ;‘
tion of skeletal myofibnls induced with adenosinetnphosphate J Exper. Med 9%,
9 (1951)
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however, certainly exceeded anything which aceurs in intact muscle
under normal cxrcumstnnce: In fnet the ﬁnn) stnges of contraction
of 1solated myofib logical state of com-
plete disorgamization from which the probablhty of a relaxation-
teturn to normal structure would be very shght. In most respects,
these changes probably evceeded those which occur in permanent
contracture and the delta state of stimulated intact masele (22).

If further speculation is permitted, especially with respect to

the arrangement of elementary fibnls within the mdrvidual fibrous

ts, 3t may be d that the baste molecular arrange-
ment is more like that of a web, as suggested by the criss-cross
arrangement of filaments m the disoriented, fully contracted prepa-
rations {Figure 27). This possible arrangement of elastic proteins,
which retract after extension, has heen emphasized by Dr. John
Ayer in his studies of elastic tissue,* The extent to which the change
in structural arrangement 15 related to the mteractions 1 solution
between actm, myosin, ATP, and salts remains obscure, though there
is evidence that salts, rich 1n magreswum, are concentrated in the
contraction band (16}

The electron microscopic observations directed our attention to
the chemical aspects of the isolated myofibnl-ATP contractile sys-
tem. It seemed that some interaction of physxcal ar chemical nature

of and

oeenrred between the
phosphate i the substrate. It soon became clear that thoroughly
washed and resuspended m)oﬁbnls could finally be studied mn an

protew-free which by 1tself had no demon-
strable action on ATP However, thoroughly washed myofibrnils did
not contract m the presence of ATP unless magnesium ions were
added to the substrate T wish to emphasize that pant, Therefore,
the essential components of the system known to be nccessary for
contraction became myofibeils, magnestum 1oms, and ATP This
structura) system was therefore analogous to the soluble achin-
myasin-magnesium-ATE system wiech has been extensnely studied
by Szent-Gyorgy: and other chemmsts (17,23 24,25)

From data asaslable from numerous chemeal studies of muscle
and actomyosim by others, 1t was assumed that the contraction n
the solated myofibril system was related m some way to enzymes
which remamed in the structure of the washed myofibnls This
assumption was strengthened by the obsenvation that heatng
wolated mvofibrils at 60° C for a few mmutes, or the addition of

*Aver, § P Personal commumication
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small amounts of copper ions, which inactivate the ATPase and
also oxidize protein sulfhydryl groups, resulted 1n a loss of the con-
tractile response. The reversibility of the action of the copper ions
was not studied, although it has been shown by others that oxdized
sulfhydryl groups can be reduced and ATPase activity restored by
addition of substances such as sodium cyanide or cysteine to the
soluble myosin-ATPase systems previously inactivated with copper
10ns (26).

Dr Ashley and Mr, Arasimavicius then undertook an analysis of
the degradation of ATP by the myofibri], and its possible combina-
tion with the myofibril, using enzymatic and ultraviolet spectro-
photometric methods developed by Kalckar (27). In using these
methods, which are designed for microdetermination of the com-
position of a mixture of ATP, ADP and AMP (adenosinemonophos-
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ADENOSINEDIPHOSPHATE
(ADP} oo gH
ﬁlaos:—o—E—O-g—ON
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ADENOSINETRIPHOSPHATE
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F——o—=

ADENYLIC ACID
(ADENOSINEMONOPHOSPHATE] o1
m!os:—o—g~°"

INOSINIC ACID

qH
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Fioune 84 The conventional chemical formulas of the compounds analyzed by
use of Kalckar's enzymatic-spectrophotometric method.
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phate or adenylic acid), pyrop was ob 1 from
potatoes, myokinase from muscle :md adenyhc acid deaminase
from muscle. Two principles were involved mn this method. One
was the use of specific enzymes; the other was the measurement
of the decrease m ultraviolet absorption at 2650 Angstrom units,
as adenylic acid was converted enzymatically into mosmic acid.

This method, worked out by Dr. Kalckar, combines enzymatic
and spectrophotometric methods to make an analysis of the com-
posttion nf a mi‘((ure of lhe campounds shown m Figure 34 The
at least in theory, three
phusphonc acd groups “hnked together m a chain. These are con-
nected to mibose, and that, m tum, is connected to adenine. The
second formula 1s that of adenosimediphosphate This has the same
basic ademine and nibose structure, with only two phosphonie acd
groups in the cham The third compound, adenylic acsd, as shown
in the figure, has only one phosphate group The formula in the
lower part of the ilustration 15 that of inostme acid By deammase
activity, adenykie acid is converied into mmosmic actd Now, are the
relations hetween the compounds clear?

Figure 85 illustrates the action of the vanous enzymes which are
impheated i the analysis Through the action of adenosmetri-
phosphatase, which in this instance 1s the ATPase of muscle, ATP
is converted into ADP plus one phosphate group ADP, in tum,
through the action of myokinase, is converted into ene molecule

ADENDSINETRIPHOSIHATASE

ATR  ASUSSMEILIAOSAIS, AOP+ { PHOSPHATE
zace —-—“%——- 1ATP+1 ADENYLIG ACID
——mwmwr—
ADENYLIC AGID —2SEMILIE SE0 SEMOKASE. (NOSING ACID + KH,OH
ate ADENYLIC ATID
PYROPHOSPHATASE +2PHOSPHATE
{eqrare)
Y|
aop ADENYLIC ACID

+ IPHOSPHATE

Frovrs 35 The enrymatic regctions mvohed i aoalysis of the supematens fu
of comtractile myofbris by Kelkars method
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of ATP and one molecule of adenylic acid. That is a dismutation
reaction. The third reaction involved is the conversion of adenyhe
acid, by the action of adenylic acid deaminase, into inosinic acid,
ammonia, or ammonium hydroxide. The pyrophosphatase obtained
from potatoes acts on ADP and ATP, reducing these compounds
to adenylic acid, which, in tum, can be assayed quantitatively by
the use of adenylic acid deaminase.

The utility of the spectrophotometric analysis depends primarily
upon the conversion of adenylic acid to inosinic acid The conversion
of adenylic acid to inosime acid is measured by a decrease in the
absorption at 265 millimicrons. These effects are shown diagram-
matically in Figure 86. The upper curve is the absorption curve of

071
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061 ADENYLIC ACID
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50%
ADENYLIG ACID

50%
044 INOSINIG ACID
03
100%
INOSINIC ACID,

021

o4
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the deternupation

Ficure 86 The use of ultraviolet spectropbotometnic amalysis In e et i

of the amount of adenyhe 2cid by its conversion to nosiuc ack
amd deaminase
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adenylic acid The middle curve illustrates the nature of the curve
when adenylic acid 1s 50 per cent deaminated, leaving a mixture
of 50 per cent adenylic acid and 50 per cent inosinic acid. The
lower curve is the absorption curve of 100 per cent inosinic acid
In the analysis, the enzymes were added to different tubes
(Table 1), Adenyhic acid deaminase was used for the measurement
of adenyhe acid content. Adenylhc acid deaminase plus myokinase
were used to determine amounts of adenylic acid, plus one half of
thc adenosmedlphosphate present, because myokmase dlsmutcs
into two ¢
and (AMP) adcncsmemonophusphnte or adenylic acid 'l'he “third
system of was yhe acd d plus
myokinase and potato pyrophosphatase This gave a value repre-
senting a sum of all nucleotides in the misture

‘TABLE I
o B 'En.zy‘mnlic ‘A‘nnly!.u o‘( l!hxlu're of Adenslic Aeid
Enzymes Added Compounds Measured by —AE 263
Adenyle Acid Deaminase Adenylic Aaid
Adenylic Aaid Deanunase Adenylic Acd
+
Myolinase % Adenosinediphosphate
Adenylie Aaid Deaminase Adenyhc Acd
+ +
Mjyohnase Adenosinediphosphate
+
Potato Py hosph Ad hosph

By use of combinations of enzymes t analysis of the supernatant
Muids from several different preparations of myofibrils to which
adenosinetnphosphate had been added, the data illustrated in
Table IT were accumuhted Tl)esc were averages of a large number
of d ond It may be said at this
point that the content of ATP, ADI’ and AMP was not always the
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of ATP and one molecule of adenylic acid, That is a dismutation
reaction. The third reaction involved is the conversion of adenyhe
acid, by the action of adenylic acid deaminase, into inosinic acid,
ammonia, or ammonium hydroxide. The pyrophosphatase obtained
from potatoes acts on ADP and ATP, reducing these compounds
to adenylic acid, which, in turn, can be assayed quantitatively by
the use of adenylic acid deaminase.

The utility of the spectrop} ric analysis depends primarily
upon the conversion of adenylic acid to inosinic acid. The conversion
of adenylic acid to inosinic acid is d by 2 d in the

absorption at 265 millimicrons. These effects are shown diagram-
matically in Figure 86. The upper curve is the absorption curve of
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adenylic acid. The middle curve illustrates the nature of the curve
when adenylic acid is 50 per cent deaminated, leaving a mixture
of 50 per cent adenylic acid and 50 per cent inosinic acid. The
lower curve is the absorption curve of 100 per cent inosinic acid.
In the analysis, the enzymes were added to different tubes
(Table ). Adenylic acid deaminase was used for the measurement
of adenylic acid content. Adenylic acid d
were used to determine amounts of adenylic acid, plus one half of
the adenosmedxphosphate present, because mycklmse dlsmutes
hate 1nto two
and (AMP) adcnosmemonophospha!e or adenyhc acid The third
system of enzy was ylic acid d plus
myokmnase and pomto pyrophosphatase This gave a value repre-
senting a sum of all nucleotides wn the mixture.

TABLE 1
| Enzymatic Analysis of Micre of eid
Enzymes Added Compounds Measured by —~AE 265
Adenylic Acxd Deamnase Adenylic Acid
Adenylic Aaid Deaminase Adenylie Acid
+ +
Myokinase % Adenosmediphosphate
Adenyhe Aoid Deaminase Adenylic Acd
+
Mjohinase Adenosinediphosphate
+
Potato Pyrophosph Ad: i hosph

By use of combtnations of enzymes 1n analysis of the supernatant
fluids from scveral different preparations of myofibnls to which
adenosinetriphosphate had been added, the data illustrated in
Table I were accumulated These were averages of a large number
of determinations on dilferent preparations It may be said at this
pomt that the content of ATP, ADP and AMP was not always the
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of ATP and one molecule of adenylic acid. That is a dismutation
reaction. The third reaction mvolved is the conversion of adenyle
acid, by the action of adenylic acid deaminase, into mosmic acid,
ammonia, or ammonium hydroxide. The pyrophosphatase obtained
from potatoes acts on ADP and ATP, reducing these compounds
to adenylic acid, which, in turn, can be assayed quantitatively by
the use of adenylic acid deaminase.

The utility of the spectroph ric analysis depends primarily
upon the conversion of adenylic acid to iosinic acid. The conversion
of adenylic acid to imc acud is d by a d m the

absorption at 265 millimicrons. These effects are shown diagram-
matically in Figure 36 The upper curve is the absorption curve of
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adenylic acid. The middle curve illustrates the nature of the curve
when adenylic acid 1s 50 per cent deaminated, leaving a mixture
of 50 per cent adenylic acid and 50 per cent inosinic acid, The
lower curve is the absorption curve of 100 per cent mosinic acid
In the analysis, the enzymes were added to different tubes
(Table 1), Adenyhe acid deaminase was used for the measurement
of adenylic acid content Adenylic acid d plus
were used to determme amounts of adenyhc acid, p]us une half of
xhe ndenosmedlphospha!e present, because myokmase dxsmu!es
D into mo p
and (AMP) denosi hate or adenylic acid. The third
system of enzymatic addition was adenylic acid deaminase, plus
myokinase and potato pyrophosphatase. This gave a value repre-
senting 2 sum of all nucleotides in the micture.

TABLE I
o ‘Enzy:mnhc ‘A'nnlys'ia n:f Itﬁxlu're of Adeaylic Acid
Enzymes Added Compounds Measured by ~AE 265
Adenylic Acid Deammase Adenylie Acid
Adenylic Acid Deaminase Adenylic Acd
+ +
Myokinase % Adenosinediphosphate
Adenylic Acid Deaminase Adenylic Acid
Ayokmase Adenosinediphosphate
Potato Pyroph Adeaostnetraph ph

By use of combmations of enzymes m analysis of the supernatant
Buids from several different preg of myofibnls to which
adenosinetriphosphate had been added, the data allustrated 1
Table II were accumulated These were averages of a large number
of determinations on different preparations It may be said at this
pomt that the content of ATP, ADP and AMP was not always the
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of ATP and one molecule of adenylic acid That 15 a dismutation
reaction. The third reaction involved is the conversion of adenyhe
acid, by the action of adenylic acid deammase, into inosinic acid,
ammonia, or ammonium hydroxide The pyrophosphatase obtained
from potatoes acts on ADP and ATP, reducing these compounds
to adenylic acid, which, in turn, can be assayed quantutatively by
the use of adenylic acid deaminase.

The utility of the spectropl tr lysis depends primarily
upon the conversion of adenylic acid lo inosinic acid. The conversion
of adenylic acid to i ic acid is d by a d in the

absorption at 265 millimicrons. These effects are shown diagram-
matically in Figure 836. The upper curve is the absorption curve of
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adenylic acid. The muddle curve illustrates the nature of the curve
when adenylie acid is 50 per cent deaminated, leaving a mixture
of 50 per cent adenylic acid and 50 per cent inosme acid. The
lower curve is the absorphion curve of 100 per cent inosime acid
In the analysis, the enzymes were added to different tubes
(Table I). Adenyhc acd deamunase was used for the measurement
of adenyhic aaid content Adenylic aesd deaminase plus myokinase
were used to determine amounts of adenylic acid, plus one half of
the adenosmediphosphate present, because myokinase dismutes
denosinediphosphate into two comp denosinetriphosph
and {AMP) adenosi hosphate or adenylic acsd. The third
systern of ymatic addition was adenyhe acid & plus
k and polato pyrophosphatase This gave a value repre-
senting a sum of all nucleotides n the micture

TABLE |

Enzymatic Analysis of Mixture of
Adenosinetriphospt Adenosinediphosphate, Adenytic Acid

Enzymes Added Compounds Measured by ~4E 265

Adenyhe And Desminase

Adenylic And

Adenyhe Acid Dearmmase

Myokmase

Adenyhe Aod
% Adenosimediphosphate

Adenybe Aad Deammnase

Myokinase

Adenyhe Acid

Adenosmnediphosphate
+

TPotato Pyroph Ad Rosph

By use of combinations of enzymes i analysws of the supernatant
fmids from several dufferent preparations of myofibnls to which
adenosinetnphesphate had been added, the data fustrated in
Table I were accumalated These were averages of a large number
of determinations on different preparations 1t may be said at this
pomt that the content of ATP, ADP and AMP was not the
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TABLE IT

Averages of Several Analysca Made by Use of Kalckar's Enzymatic.
Speetrophotometric Method for the Purpose of Determining the
Effect of Myofibrils on Nucleotides Added to Supernatant Fluids

ATP ADP AA Total

ATP Stock Solution 75% % 2% 8i%

2. Supernatant of Uncontracted 78% 3% 6% 82%
with Added ATP

8. Supernatant of Fibrils 17 86% 4% 90%
Contracted with ATP

4. Supernatant of Contracted with | 42% 31% 5% 817
Added ATP

Average 2 + 8 372 45% 5% -

same in the commercial preparations because of vanable degrees
of punity. But, by and large, the composition did not depart greatly
from the figures shown in the table. Therefore, the ATP stock
solution averaged, on the whole, as determined by enzymatic
analysis, 75 per cent ATP, 7 per cent ADP, and 2 per cent adenybe
acid, leaving a total composition accounted for as 81 per cent
nucleotsde. When myofibnls were suspended in the pr ile
state, supernatant flud was taken from the myofibril suspension
and ATP was added to the supernatant fluid. This was done to
determine the effects of the supernatant fluid on adenosinetriphos-
phate. The data show that the supernatant-fhud had practically no
effect on any of the nucleotides.

The third line of the table illustrates the composttion of the
supernatant of myofibrils which had contracted upon addition of
ATP The myofibnls used in these experiments had been ettracged
previously at pH 8, which is a condition we have found effective
in removal of myckmase from the myofibuil preparations. Myokinase
1s rather intimately bound to myofibrils, but it can be sfép:ll'-"l‘e
from the myofibrils or inactivated under the conditions stipulated
Furthermore, under the same conditions, practically all adenylic
acid deamunase was inactivated or removed from the myofibrl
preparations. Adenyhc acid deaminase and myokinase seemed {o
be separable from the myofibnls, while ATPase remained strongly
bound te myofibnl structure, The data show that fnyoﬁbnlsdpre(;
pared in this way converted ATP to ADP, and this occurred, S
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far as we were aware at that time, in connection with contraction
of the myofibrils.

The fourth Line indicates that the supernatant fluid removed from
fully contracted myofibrils had no action on ATP, when it was
added ATPase remamned bound to the myefibul in the contracted
state The average of 2 and 3 1 the last hine of the table indicates
values expected if the supernatant of the contracted myofibnls
contained no ATPase. Comparison of these averages with the data
in line 4 shows that no ATPase passed from the myofibnls mnto the
suspending medmm duning or after contraction The myofibnls
have fost action attrsbutable to adenyhc acid deamunase and myoke-
nase It s of mterest that there was almost 100 per cent recorery
of the ATP as ADP, and under these concitions the myofibnls were
comractile That namrows events accompanying the contractile
response, therefore, to the conversion of ATP to ADP, m so far as
analyses of supernatant flurds of the reaction system are concerned
This was a control cxpeniment to di whether the fibril:
release an it to the su after
has oceurred The expennment has been repeated agamn and agam
We have no evidence that the fully contracted myofibnl loses to
the supernatant flmd any protemn or enzyme duning contraction

Porter Does the fully contracted myofiberl retaan the capaaty
to split ATP, after havung done it once?

Hass  We shall armve at that m just a moment, Dr. Yorter. It
ts a very g question 1n these exp , fio mestigation
was made of the possible participation of the enzyme, 5-nucleotidase,
winch s generally distnbuted m many tissues and which removes
the phosphate group from musele adenyhe acd ot an alkahne
pit (28} This enzyme has an opttmum actuity well above pH 8
These determmations were made at a shehtly acid pll, m the
nesghborhood of 61 to 64 There are other alkalne phosphatases
also in muscle We have not studied them, wheneter we tned to
study the contractsle properties of these preparations, or anything
clse about them at the lugher plf salues, we had httle success

There were three waportant questions which had to be conndered
before more concrete 1deas about the contractile response could be
formulated One guestion was sued with the mech o
the theoretieal encrpy transfer from the ademvipyrophosphate in
solution to the myofibnl Theory indicated that encrgy for contrac-
tion may be supphed by rupture of the P-O-P {pyrophosphate)
bond of ATP and, possibly under some conditions. ADP Presum-
ably, the bond energy could be supphed by direet partimpation
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of the bond in a chemical reaction which involved chemical groups
m the structure of the myofibril. Here we have the problem of
something apparently not in solution, the myofibril, which has a
profound and speedy enzymatic action on a compound in solution
It is mmpossible for me to visualize exactly how this happens.

It brings up the problem of what is in solution and what is not
Ordinarily, we think of most reactions as being conditioned by
1onic mechanisms, involving materials in solution. Here we are deal-
g, as in most cellular mechanisms, with a form of chemistry m
which the biochemist or the physical chemist has not yet exactly
formulated the nature of the reactions. Perhaps Dr, Meyer could
help us out at this juncture.

Meyer: No, 1 really do not see your dilemma We obviously have
chemical reactions going on in solid surfaces. We have 1on exchange
resins where displacement reactions take place.

Hass: A vision of the solid surfaces of the enzyme is the difficulty
for me.

Meyer: In biological systems we have sobd surfaces which are
hydrated. These surfaces allow hyd ions and dehydrog;
tions. Take platnum as a model: I assume both hydrogen, and the

! L
and not in solution. Otherwise, it would be difficult to understand
step reactions, for example, as i the various cycles The enzymes
catalyzmg these reactions presumably are arranged in sequence on
surfaces. A substrate of the Krebs cycle, for example, presumably
travels around over considerable distances i

Fremont-Smuth: Is electroplating the simplest situation? It is
1dentical, isn’t it? .

Meyer. Yes, the simplest. I should say that most of our biOIOgI.C"II
reactions take place on surfaces and not in free solution; otherwise,
you could not possibly explain any of the step reactions, such ES
the cycles The substance never loses: that is, the substance to be
transformed never gets off the surface. If it does there is some
decay: the substance 1s removed out of the cycle, and there 1s :;
certain loss It is not 100 per cent effective, but for all practical
purposes all or most of the reactions take place on surfaces, an
actually in the molecule, and since these enzymes are all Pf"‘e"‘;’
I think the whole problem of what 1s solid, what is not solid, an
what is in solution, becomes quite academic. That is why the)} are
proteins, in order to allow traveling around a surface, on a sur ace,
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or over large distances The participation and active energy are
supplied by the enzyme traveling through this large molecule with-
out any difficulty.

Hass: We must assume, then, that the energy is about 12,000
calories per mol, which 1s avarlable in the pyrophosphate bond and
cannot be transmitted across wide open space. The energy is trans-
mitted through operation of the bond in a chemical reaction, pre-
sumably involving myofibril structure

Now the second question was concerned with the timing of the
ruptuxe of the high-energy phosp}mc bond of ATP 1n relation to

The 1 relation between contraction
and dephosphorylahon of ATP seemed important Most evidence
mdicates that in intact muscle this presumably occurs during
excitatton,

The third question was concemed with the participation of

fons in the and le mecha-
nism. What was !hc xmporl:mce of catalysis by magnesium? Could
ling factor for med: of energy

transfer? It secmed that we were getting beyond our depth in a
maze of questions Nevertheless, in seeking answers, it became
necessary to resort to quantitative methods and to prepare hundreds
of milligrams of myofibrils for analysis by reproducible procedures.
The first series of anal was d with the bil
that the myofibril gamed or lost phosphorus or mtrogen during
contraction This is, 1 part, an answer to Dr Porter's question
Analys:s of the ding medium mdicated that the ni an
phosphorus content was the same before and after contraction
The only change was an increase 1n the inorganic phosphorus at
the expense of the organic phosphorus, as indicated in Table IIL
Furthermore, it was found that the myofibrils, before and after
conlnchon. contained the same amount of mitrogen, morgame
ph and orgamic phosphorus, per milligram of dry sub-
st;mcc
Table IIT will give you an idea of the quantitics involved In the
first two columns phosphorus and mitrogen values are shown in
milhgrams per milliliter of the supernatant of uncontracted myo-
fibrils This refers to the composition of the imtial supernatant flad
surrounding the suspended myofibnls The nest three columns show
the composition of ATP and the contnibution of the amount of ATP
HS(‘:!\ to the phosphorus and nitrogen content of the supematant
urds
In the following three columns the result of adding adenosine-
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of the bond in a chemical reaction which involved chemical groups
m the structure of the myofibril. Here we have the problem of
something apparently not in solution, the myofibnl, which has a
profound and speedy enzymatic action on a compound in solution
It is 1mpossible for me to visualize exactly how this happens

It brings up the problem of what is in solution and what is not,
Ordmanly, we thmk of most reactions as being conditioned by
ionic mechanisms, involving materials in solution, Here we are deal-
ing. as in most cellular mechanisms, with a form of chemustry m
which the biochemist or the physical chemist has not yet exactly
formulated the nature of the reactions. Perhaps Dr. Meyer could
help us out at this juncture.

Meyer No, 1 really do not see your dilemma We obviously have
chemical reactions gotng on in sohd surfaces We have ion exchange
resins where displacement reactions take place.

Hass: A vision of the solid surfaces of the enzyme is the difficulty
for me.

Meyer: In bological systems we have solid surfaces which are
hydrated. These surfaces allow hydrogenations and dehydrogena-
tions Take platinum as a model: I assume both hydrogen, and the

step reactions, for example, as m the various cycles The enzymes
catalyzing these reactions presumably are arranged 1n sequence 0D
surfaces A substrate of the Krebs cycle, for example, presumably
travels around over considerable distances.

Fremont-Smith. Is electroplating the simplest situation® It 15
identical, isn’t it?

Meyer- Yes, the stplest I should say that most of our biclogical
reactions take place on surfaces and not in free solution, otherwise,
you could not posstbly explam any of the step reactions, such as
the cycles The substance never loses: that is, the su'bstanc.e to be
transformed never gets off the surface If it does there is some
decay the substance is removed out of the cycle, and there s ?
certam loss It is not 100 per cent effective, but for all practica
purposes all or most of the reactions take place on surfaces, an
actually m the molecule, and since these enzymes are all protems,
1 think the whole problem of what 1s solid, what is not sohd, an
what is m solution, becomes quite academic That is why they are
proteins, in order to allow traveling around a surface, on 2 surface,
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or over large distances, The participation and active energy are
supplied by the enzyme traveling through this large molecule with.
out any difficulty.
Hass: We must assume, then, that the ener'gy is abo:xt 1‘2,000
Han PR PR RS ’

rupture of the ligh-energy phosphate bond of ATP 1 relation to
the le resp The 1 relation bet i
and dephosphorylation of ATP seemed important Most evidence
indicates that in intact muscle this presumably occurs during
excitation,

The third g was d with the participation of
ions in the ic degradative an le mecha-

nism. What was the importance of catalysis by magnesium? Could
be an tial coupling factor for med of energy

transfer? It seemed that we were getting beyond our depth m a
maze of questions Nevertheless, in seeking answers, 1t became
necessary to resort to quantitative methods and to prepare hundreds
of milligrams of myofibrils for analysis by reproducible procedures.

The first sertes of analyses was concerned with the possibility
that the myofibril gained or lost phosphorus or nitrogen during
contraction This is, in part, an answer to Dr Porter's question
Analysis of the ding medium indicated that the nitrogen and
phosphorus content was the same before and after contraction

e only change was an increase m the inorgame phosphorus at
the cxpense of the organic phosphorus, as mdicated m Table IIL
Furthermore, it was found that the myofibnils, before and after
contraction, contuned the same amount of mitrogen, morganic
phosphorus, and organic phosphorus, per milligram of dry sub-
stance,

Table I will give you an idea of the quantitics involved In the
first two columns phosphorus and mtrogen values are shown in
milligrams per milliliter of the supernatant of uncontracted myo-
fibnls This refers to the position of the initial sup fluid
surrounding the suspended myofibnls The next three columns show
the compasition of ATP and the contnibution of the amount of ATP
HSL:S to the phosphorus and nitrogen content of the superatant

uids

In the following three columns the result of adding adenosine-
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of the bond in a chemical reaction which involved chemical groups
in the structure of the myofibril. Here we have the problem of
something appatently not in solution, the myofibril, which has a
profound and speedy enzymatic action on a compound in solution
Tt is impossible for me to visualize exactly how this happens

It brings up the problem of what is mn solution and what is not
Ordinarily, we think of most reactions as bemg conditioned by
ionic mechanisms, involving materials in solutjon, Here we are deal-
ing, as e most cellular mechanisms, with a form of chemstry m
which the biochemust or the physical chemist has not yet exactly
formulated the nature of the reactions. Perhaps Dr. Meyer could
help us out at this juncture.

Meyer. No, I really do not see your dilemma. We obviously have
chemical reactions going on in solid surfaces We have ion exchange
resins where displacement reactions take place.

Hass+ A viston of the sold surfaces of the enzyme is the difficulty
for me.

Meyer: In biological systems we have solid surfaces which are
hydrated These surfaces allow hydrogenations and dehydrogena-
tions Take platmum as a model: I assume both hydrogen, and the

bst to be hydrog d, are absorbed onto the platinum sur-
face The hydrogenated compound goes back into solution I should
assume that most of the intracellular reactions take place on surfaces
and not m solution Otherwise, it would be difficult to understand
step reactions, for example, as in the various cycles The enzymes
catalyzing these reactions presumably are arranged in sequence on
surfaces A substrate of the Krebs cycle, for example, presumably
travels around over considerable distances.

Fremont-Smith. Is electroplating the simplest situation® It 15
identrcal, 1sm't it?

Meyer. Yes, the simplest I should say that most of our biological
reactions take place on surfaces and not in free solution; otherwise,
you could not possibly explain any of the step reactions, such as
the cycles The substance never loses: that 1s, the substance to be
transformed never gets off the surface If 1t does there 15 some
decay. the substance 1s removed out of the cycle, and there 15 2
certain loss It is not 100 per cent effective, but for all practical
purposes all or most of the reactions take place on surfaces, an
actually in the molecule, and since these enzymes are all p{otems,
1 think the whole problem of what is solid, what is not solid, and
what is in solution, becomes quite academmc. That is why they are
proteins, m order to allow traveling around a surface, on a surface,
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or aver large distances, The participation and active energy are
suppled by the enzyme travehng through this large molecule with-
out any difficulty.

Hass. We wmust assume, then, that the energy 1s about 12,000
calories per mol, which is available n the pyrophosphate bond and
cannot be transmitted across wide open space. The energy is trans-
mitted through operation of the bond m a chemical reaction, pre-
sumably involving myofibni structure,

Naw the secand question was concerned with the timug of the
supture of the hagh-energy phosphate bond of ATP i relaton to
the le resg The 1 zelation between contraction
and dephosphorylation of ATP seemed important Most evidence
indicates that in mtact muscle this presumably oceurs during
exeitation

The third question was concemned with the partipation of
megnestum ions in the enzymatic degradative and contractsfe mecha-
nism, What was the { of catalysis by jum? Coul

1

be an hing factor far med of energy
transfer? It seemed that we were getting beyond our depth 1n a
maze of questions, Nevertheless, m seeking answers, 3t became
necessary to resost to quantitative methods and to prepare hundreds
of milligrams of myofibuls for analysis by reproducible pracedures.
The first series of lyses was d with the il
that the myofibril gomed or lost phosphorus or nitrogen durng
contraction. This is, in part, an answer to Dr Porter’s question
Analysis of the suspendmg medwim mdicated that the nitrogen and
phosphorus content was the same before and after contraction
The only change was an increase in the worgante phosphorus at
the expense of the organic phosphorus, as indicated 1 Table HI
Furthermore, it was found that the myofibnls, before and after
contraction, contamned the same amount of mfrogen, morganic
phosphorus, and organic phosphorus, per milhgram of dry sub.
stance
Table TFE will gne you an idea of the quantities imaohed In the
first two columns phosphorus and mtrogen ralues are shown o
mitligrams per nmutliliter of the supematant of uncontracted myo-
fibrils Thus refers to the composition of the imtial supernatant find
surrounding the suspended myofibrils The next three eolumns show
the compasition of ATP and the contnbution of the amount of ATP
;!mg to the phosphorus and nitrogen content of the supernatant
wids
In the followmng three calumns the sesult of adding adenasme-
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of the bond in a chemucal reaction which involved chemical groups
in the structure of the myofibril. Here we have the problem of
something apparently not in solution, the myofibril, which has a
profound and speedy enzymatic action on a compound in solution
It 15 impossible for me to visualize exactly how this happens.

It brings up the problem of what is i solution and what is not.
Ordinarily, we think of most reactions as being conditioned by
iome mechamsms, involving materials in solution, Here we are deal-
ing, as in most cellular mechanisms, with a form of chemistry m
which the biochemist or the physical chemist has not yet exactly
formulated the nature of the reactions. Perhaps Dr. Meyer could
help us out at this juncture.

Meyer: No, I really do not see your dilemma. We obviously have
chemical reactions gong on in solid surfaces. We have ion exchange
resins where displacement reactions take place,

Hass. A wision of the solid surfaces of the enzyme is the difficulty
for me

Meyer: In biological systems we have solid surfaces which are
hydrated. These surfaces allow hydrogenations and dehydrog:
tions Take platinum as a model: I assume both hydrogen, and the

b to be hydrogenated, are absorbed onto the platinum sur-
face. The hydrogenated compound goes back into solution I should
assume that most of the intracellular reactions take place on surfaces
and pot in solution. Otherwise, it would be difficult to understand
step reactions, for example, as in the various cycles. The enzymes
catalyzing these reactions p bly are ged in seq on
surfaces A substrate of the Krebs cycle, for example, presumably
travels around over considerable distances. )

F; t-Smith: Is el plating the plest situation? It is
identical, isn’t 1t?

Meyer: Yes, the simplest, I should say that most of our biological
reactions take place on surfaces and not in free solution, otherwise,
you could not possibly explan any of the step reactions, such as
the cycles. The substance never loses: that is, the substance to be
transformed never gets off the surface. If it does there is some
decay: the substance is removed out of the cycle, and there is ?;
certain loss, It is not 100 per cent effective, but for all practic2
purposes all or most of the reactions take place on surfaces, an
actually n the molecule, and since these enzymes are all protemfi,
1 think the whole problem of what is solid, what is not solid, an
what is 1n solution, becomes quite academic. That is why they are
proteips, in order to allow traveling around a surface, on a surface,
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or over Jarge distances. The particspation and active energy are
supphed by the enzyme traveling through ths large molecule with-
out any difficnlty.

Hass, We must assume, then, that the energy is about 12,000
calories per mol, which is available 1 the pyrophosphate bond and
cannot be transnutted across wide open space The energy is trans
mitted through operation of the bond i a chemcal reaction, pre-
sumably mvolving myofibn! structure

Now the second question was concerned with the timmng of the
mpmre of the high-energy phosphate bond of ATP i refation to

The 1 relation between contraction
:md dephosphory!anon of ATP seemed important. Most evidence
indivates that in intact muscle this presumably oceurs during
excitation,

The thisd question Was mnrcmed with the partiapation of

ions in the grad and conhacule mecha-
nism, What was the ¥ af lysis by Could
tial coupling factor for mediat of energy

transfer? It seemed that we were getting beyond our depth n 2
maze of questions Nevertheless, in seeking answers, it became
necessary to resort (o quantitative methods and to prepare hundreds
of nulligrams of myofibrils for am\lysis by reproduaible procedures.

The first series of anal & with the possibili
that the myofibeil gamed or !ost phosphorus or nitrogen duning
coatraction. This 15, m part, an answer to Dr Porters qucsmm
Analysis of the ding medium ind; d that the
phosphorus content was the same before and after con!ractmn
The only change was an wnerease n the inorgame phosphorus at
the expense of the orgame phosphorus, as wdicated m Table IN
Furthermore, 1t was found that the myofibnls, before and after
contraction, contamned the same amount of mtrogen, mnorganic
p‘bosphorus and organte phosphorus, per mullgram of dry sub-
stance

Table 11 will gue you an wdea of the quantities smyolved In the
first two cofumns phesphorus and mitrogen safues are shown in
millgrams per milliliter of the supernatan? of uncontracted myo-
Bibrils This refers to the composition of the imtial supernatant flud
sutrounding the suspended myofibnls The next three columns show
the composition of ATP and the contnbution of the amount of ATP
;;R‘él ta the phosphorus and mtrogen content of the supemnatant

s

In the followng three columns the result of 2dding adenosines
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of the bond 10 a chemical reaction which mvolved chemical groups
m the structure of the myofibnil. Here we have the problem of
something apparently not m solution, the myofibnl, which has a
profound and speedy enzymatic action on a compound in solution,
It 15 impossible for me to visualize exactly how this happens

It brings up the problem of what is in solution and what 15 not.
Ordinanly, we think of most reactions as being conditioned by
1onic mechanisms, involving matenals in solution. Here we are deal-
ing, as in most cellular mechanisms, with a form of chemistry m
which the biochemist or the physical chemist has not yet exactly
formulated the nature of the reactions Perhaps Dr. Meyer could
help us out at this juncture.

Meyer: No, I really do not see your dilemma. We obviously have
chemical reactions gomng on in solid surfaces. We have 10n exchange
resins where displacement reactions take place.

Hass: A vision of the solid surfaces of the enzyme is the difficulty
for me

Meyer: In biological systems we have solid surfaces which are
hydrated. These surfaces allow hydrogenations and dehydrogena-
tions. Take platinum as a model- I assume both hydrogen, and the

1 to be hyd d, are absorbed onto the platinum sur-
face. The hydrogenated compound goes back into solution I should
assume that most of the intracellular reactions take place on surfaces
and not n solution Otherwise, it would be difficult to understand
step reactions, for example, as in the various cycles. The enzymes
catalyzing these reactions presumably are arranged in sequence on
surfaces A substrate of the Krebs cycle, for example, presumably
travels around over considerable distances. .

Fremont-Smith: Is electroplating the simplest situation? It is
identical, isn’t it?

Meyer: Yes, the simplest. I should say that most of our biological
reactions take place on surfaces and not in free solution, otherwise,
you could not possibly explam any of the step reactions, such as
the cycles. The substance never loses: that s, the substance to be
transformed never gets off the surface If 1t does there is some
decay. the substance is removed out of the cycle, and there is a
certain Joss, It 1s not 100 per cent effective, but for all practical
purposes all or most of the reactions take place on surfaces, an
actually 1 the molecule, and since these enzymes are all Pm‘e’"g’
I think the whole problem of what 15 sohd, what is not sobid, an
what is in solution, becomes quite academic. That is why they ar¢
proteins, in order to allow traveling around a surface, on a surface,
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or over large distances. The participation and active energy are
supplied by the enzyme traveling through this large molecule with-
out any difficulty.

Hass: We must assume, then, that the energy 1s about 12,000
calories per mol, which is available in the pyrophosphate bond and
cannot be transmitted across wide open space The energy 1s trans-
mtted through operation of the bond in a chemical reaction, pre-
sumably involving myofibnil structure.

Now the second question was concemned with the timing of the
rupture of the high-energy phosph:llc bond of ATP in relation to
the The temporal relation between contraction
and dephosphorylation of ATP seemed important Most evidence
mdicates that in intact muscle this presumably occurs during
excitation,

The third question was ccnccmed with the participation of

fum ions in the ic dative and le mecha-

nism. What was the of catalysis by ium? Could
ial coupling factor Ior mediation of energy

transfer? It seemed that we were gemng beyond our depth in a
maze of questions. Nevertheless, in seeking answers, it became
necessary to resort to quantitative metheds and to prepare hundreds
of milligeams of myofibrils for analysis by reproducible procedures.

The first senes of anal, was d with the possibility
that the myofibril gained or lost phosphorus or nitrogen during
contraction. This is, in part, an answer to Dr. Porter’s question,
Analysis of the suspending medium ind d that the nil and
phosphorus content was the same before and after contraction
The only change was an increase in the inorganic phosphorus at
the expense of the organic phosphorus, as indicated in Table IIL
Furthermore, it was found that the myofibnls, before and after
contraction, contained the same amount of mtrogen, norganic
phosphoms, and orgamc phosphorus, per mulligram of dry sub-
stance.

Table 111 will gine you an rdea of the quantities imvolved. In the
first two columns phosphorus and nitrogen values are shown m
milligrams per milliiter of the supernatant of uncontracted myo-
fibrils This refers to the composition of the jmtial supernatant Buid
surrounding the suspended myofibnls The next three columns show
the composition of ATP and the contnibution of the amount of ATP
;]m‘g to the phosphorus and nitrogen content of the supernatant

utds

In the following three columns the result of adding adenosine-
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triphosphate to the of 1 myofibrils may be
seen This analysis was for the purpose of demonstrating action, if
any, of the supernatant of uncontracted myofibrils when it was
mived with adenosinetriphosphate in the absence of myofibrils.
You will note that there was no change In other words, adenosine-
triphosphate was quite stable in the presence of the supernatant
removed from myofibrils. The next three columns illustrate the
compositton of the supemnatant fluid which was obtained from a
preparation of heated myofibrils to which adenosinetriphosphate
had been added This was a control system in which the myofibnls
had been rendered noncontractile as the result of heating at 60° C
for 15 or 20 minutes. The values indicate that the heated myofibnl
contributes nothing to the supernatant, and that the added adeno-
smetriphosphate, m turn, was unmodified by 1ts contact with the
heated system.

The final three columns illustrate the effect of the addition of
ATP to the suspension cf contractile myofibrils After the myofibnls
were d by the was analyzed The
supernatant fluid showed an \ncrement in the morganse phosphorus,
a deerease m the organic phosphorus, and ne net change n nitrogen

Porter: What were these fibrils suspended in?

Hass: In a succinate buffer, potassium chlonde mixture (1 to 9)
with an jonic strength of 0,154 and a pH of 61

Porter: Does that do anything morphologically to the fibnls?

Hass. No, they contract promptly n this mediam

Porter- Myosin doesn’t come oat?

Jlass. Not at all, as mdicated here. unless some has been
previously removed in the preparation and washing of the myofibrils
Myosin is basically an alkali-soluble protein, which 1s best removed
by sohents with high 1on strengths The original procedure of
Edsall {23) for recovery of myosin, mohed the use of sodum
bicarhonate in a s)al(‘m with Tngh tonic strength so that myosm
1 for all 1 purposes 1 luble in the medium
used Towever, other data have indicated that myosin may be
removed from our myofibnl preparation withont having to use
strongly alkaline media or solubions saith extremely lugh ionic
strengths

Angetine: Dr Hass, I should like to ask one question that may
be r1lhz~r stupid, but i the columns showmng a companison of the
ATP and the uncontracted my ofibrils with the ATP plus the heated
myofibnls, 1t doesn't seem to me that the heating has altered 1t
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very much. Would that suggest to you that perhaps they were in
a bad way before they were heated?

Hass. Well, this is an analysis , . .

Angevine: 1 should think that heating would produce some
change in normal fibrils. You see the point I make? These three
columns do not seem to be too different, and 1 wonder whether
the fact that heating didn’t produce any change might suggest that
there had been some degeneration or degradation before you started
to work with them.

Hass: The point 1s illustrated in the last three columns where
1t is demonstrated that the myofibnls are contractile if unheated.
Heating destroys the contractility and ATPase action {Table III),

Angevine: Yes, that js true

Hass: Table IV shows data obtained by analysis of the myofibril
part of the system. The supernatant fiuids were removed and
analyzed, as shown in Table IIl. The myofibril suspensions were
removed by centrifugation and then washed four times by centri-
fugation to remove any contaminating materials which might have
been carried along with them. Having to wash materials in this
fashion introduced a difficulty, from an analytical point of view,
mn understanding the effects of ATP, ADP and phosphate on the
system. Nevertheless, for purposes of standardized analysis it
seemed necessary to resort to this method. This table represents the
analysis of the uncontracted myofibrils and the contracted myofibrls.
You will notice that they were treated in two ways: We washed
them with buffer and then, not being satisfied entirely with that,
we followed that washing with an alcohol-ether treatment for pur-
poses of removing as much salt and lipid as possible m brnging
the material to a dard state for chemical analysi

car T . . )
aMount wa " , . .

myofibrils under ordinary conditions. There was always a residual
content of phosphorus, The ratio between the nitrogen and the
phosphorus is shown. After washing with alcohol-ether there was
an elevation in the nitrogen value, presumably due to removal of
Tipids and salts from the preparation. The phosphorus value was
reduced very little and there was always a small residual amount
The contracted preparations show approxi ly the same values
as those obtained for uncontracted preparations. I should lke to
emphasize that these analyses were made on quantities of myofibrils
which were about 30 to 40 mg. (dry). That means that a small
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change in composition might not be detected in this analysis. Had
we used tenfold this quantity of myofibrils, the results might have
been differeat, but in deahng with the quanities which we had
available, these results were obtained.

Several possibilities were considered in the light of these data:
Furst, the contracting myofibril might have bound phosphorus com-
pounds temporarily on an enzymatic basis, as suggested by Dr.
Meyer, and promptly released them, borrowing energy in the
bargain, Second, phosphorus compounds might have been hound
loosely durmg contraction and washed away in the preparation
of myofibrils for analysis. We thought this rather unlikely because
of our recovery figures on analysis of supemnatant fluds. Third,
phosphorus compounds mught have been bound during contraction,

and enzymatically degraded during the p ractile period re-
quired for centrifugation and separation of the myofibrils from the
supernatant.

Hotbrock Did the findings of the i in inorganic phos-

phorus, and the drop in the organic, make that pomnt for you?

Hass: We bave, as I shall illustrate later, mvestigated this prob-
lem Fourth, phosphorus might bave been transferred by an ex-
change reaction between muscle and the supernatant. We discarded
this as a hkely possibility because there didn't seem to be enaugh
phosphorus available in the myoBbsil preparations to make much
of an exchang tion T is, h , stifl possible, because
despite prolonged washing and dialysis, the isolated myoRbrils
retamed about 10 per cent of the total phospharus found in fresh
muscle, as shown by these figures,

Among these possibilities, it seemed lkely that if phosphorus
in any form were acquired by the myofibrl, it was promptly re-
feased. On further study of this problem, st was found, much to
our surprise, that the fully contracted myofibrils split ATP at about
the same rate as the contracting myofibrils {Table V). The con-
tinued postcontractile degradation of AP was nat accompasied by

ble further jon, for ¢ fon had long since been
completed. This p tile ATPase action seemed meaningless,
thnu‘gh it may have significance in the eventual analysis of the re-
covery relaxation phase of muscular activity, ’{'hz’s finding plac‘ed -

Porter: Why is it meaningless? Doesn’t it mean that we myosit
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(or ATPase) 15 still there, acting as an enzyme, and will continue
te act as an enzyme until it is denatured, or washed out?

Hass: May I say that our oversimplified structural mode} of the
reactive state of ATPase was conditioned by enthusiasm for the
idea that ATPase action might be restncted to a certain phase of

£ of the lar chains, either the fully extended
form or the contracting form, and that the action might cease at
the end of the contraction cycle, permitting restoration of ATP to
develop thereafter, unimpeded. This is the viewpoint which we had
in mind. T built a molecular model which showed the ATPase
sticking its reactive center out to attack the ATP when the myofibnl
was in the extended state, and pulling its reactive center in 50 as 10
be blocked spatially as a center of activity in the fully contracted
form. In this model the magnesium ion was related nearby to the
hemical groups responsible for o rather than ATPase
action,

Porter, Why couldn't it normally be just an exhaustion of ATP
followed by a resynthesis?

Meyer You see, this is without intermediate relaxation What
they tried to do was to transfer the chemucal energy of the phos-
phate bond to the $brit directly in order to cause contraction

Hass: Yes, that's nght.

Meyer: As I see it if you have a magnesium group, it hooks onto
ATP, the protern on one side, and the ATP on the other Now, the
ATP hooks up to an amide group, the phosphate of this hooks up
to an amide group, and this makes—what is the name of that instru-
ment: the harmonica?

Porter; Accordion,

Meyer- Yes, it collapses and goes together: this would be the con-
tracted stage VVhen that 1s reached it would cause the hydrolysis
of ATP v1a the magnesium, which now goes as a chelate compu?nd
to where the phosphorus was originally, and forms a very sensible
chemical bond. Naturally, this would not explain the excess forma-
tion. The machme would be dead, after this happened, l‘mk‘ss
energy were put in to open it up again, which is what obviously
happens 1 cive, but not in this situation. This would not happen,

unless you now made the additional assumption about the ATPase
action, which would be totally uncorrelated with the energy -
change. Tf one assumes that there are different proteins which ncg
but do not move directly, as we visualze it, but indirectly via a thir f
compound which interacts, then there would be no conceptua!
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difficulty about the coupling of energy transfer and hydrolysis The
hydrolysis is hiberation of heat.

Porter: From the pictures of the fibnl, it would almost seem that
the ATP being added was mugrating nto the A band, as though it
were going along the myofilaments and affecting the contraction
that way.

Hass: But 1t 1s0't there, when we analyze for it.

Porter. No, possibly because it is destroyed by the myosin

Meyer. It has to come up agam, but then the diffusion of such
a large molecule, I think, 1s highly unlikely. It does take place on
the surface. I mean, 1t is then a question of how far 1n do you
call “in"?

Hass* This is a very rapid reaction as well.

Meyer: Oh, yes; it is almost like an 10n1c reaction

Hass. You tum around and it s all over. There 15 @ ligh velocity
reaction involved here. In turmng back to consider the postcontrac-
tile ATPase action, Table V illustrates the data These are two
esperiments. Others have been done, and show the same results,
which indicate that the fully contracted myofibnls continue to
split ATP. This obser\z\hon mtmduccs difficulties which arise as the
result of a i¢ of ATP in this
system The experiments show the same successive sphitting of ATP
by myofibrls in the contractile and contracted state. The myofibnls
were thoroughly washed between successtve additions of ATP, and
contracted fully on the first addition of ATI’ But lhc ATPase
activity, as shown by the i of i was
approumately the same on successive additions (Tablc V) We
could have conhnucd this indcl’mlcly of lhe m)oﬁbnls had stood up
under the and

The only clear result at this llme was lhal inurgamc phosphoms
was not Liberated from ATP 1n G unless
was oceurring or had occurred, and that the degree of contraction
was apparently related at imes to the increment of organte phos.
phorus at the cxpense of the organic phosphorus in the medium
The degree of contraction, 1n tumn, was also refated 1n some way to
the avalability of magnestum 1ons, as well as the amounts of ATP
added to the systemn Attention was therefore dirccted to magnesium

It was found that prolonged washing and dialysis of myofibnls
&id not remose a residual amount of magnestum and phosphons,
which persisted in quantitics of about one-tenth of those present
m whole muscle on a dry fat-free basis However, the washed
myofibnls did not contract at all 1 the presence of ordnanly
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adequate amounts of ATP unless magnesium 1ons were added to the
system This consistent observation gave us the opportumty to
imestigate the role of magnesium n relation to contraction and
ATPase action of myofibuls (Table V1.)

First, it was found that contraction occurred in the usual prompt
fashion 1f magnesium ions were added before ATP, or at the same
time as ATP If magnesium 1ons were added shortly after the add-
tion of ATP, no contraction oceurred. This was a surpuise to us,
Furthermore, the supernatant separated from this Jatter system had
no effect on a fresh preparation of myofibrils unless more ATP was
added ATP also induced complete contraction when 1t was added

ions, or it was rendered nert in some other way

Freme - * ' .
not bele
tians, 1
glycogenesis in tive, or m hiver sections only, when he suspended
them in a flmd contaning magnesium 1ons I just wondered whether
there wasn't a potential relationship there to the present discussion

flass 1 think very likely, because certamly ATP is important, of
not essential, m glycolysis and perhaps 1n glycogenesis High-
energy phosphate passes from ATP to glycogen as a step in the
process of rendering 1t susceptible to enzymatic breakdown ATP
15 an mportant donor of high-energy phosphate to a great many
energy-yicldmg comp Is prel y to di dation or synthess,
so that the magnesium fon in the system on which he worked may
have had a function related in some way to its fnnction in the
system with which we are dealing here The relation, if any, is how-
ever, not ¢lear to me

Fre Smith. The Ity of muscle 1s, of course. a very
special case, and yet it must belong to the general phase of ecllular
metabolism. Therefore, through this magnesium analogy, we may
perhaps relate muscle contraction to general cellular metabolism

Angedine In this connechion, magnesium also activates the
ATPasc 1n the mitochondria verv strongly

Hass T am not implying that adding magnesitm 1ons actisates
ATTase 1 am going to illustrate that it docs not, at least withm the
linuts of the time intenals imvolved in these experiments

Angedine 1 thought you indicated that st did.

Hass {1 shall sihustrate that added magnesium jons influence con-
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traction, but not ATPase action as measured over time intervals of
a few minutes. We must be careful to distmguish between the
enzymatic and contractile properties of myofibrls; they are not
necessarily interdependent.

Table VI, with apologes to Dr. Holbrook, is one that has too much
data on it, but I shall try to explain it and point out the results of
experiments which are being done at the present time. I have
selected our last two experiments. The second experiment is not

pleted from the standpoint of magnesium analyses of the con-
tractile myofibrals, or at least it was not completed when I left. The
first series of col refer to the seq of addition of elements

to the system For mnstance, 1 means that it was added first; 2 means
that it was the second component added; 8 indicates it was the
third component; and 4 indicates that it was the fourth component
added to the system The approximate amounts of materials in
milligrams per milliliter, which were added to the system, are
shown at the head of each column: for instance, the concentration
of myofibrils 1n suspension in mulligrams per milliliter was 5 to 10
mg ; the concentration of ATP was 04 mg per milliliter, the con-
centration of calcium 1ons was 0075 mg. per milliliter, and the
concentration of magnesium jons was about the same as that of
calcium in Experiment D, and about one-fifth as great in Experiment
E, although the latter figure 15 omutted from the table.

The data 1n the first Iine show that the supernatant fluds from
the myofibrils alone contamed very little norganic and organic
phosphorus in either expennment. The second line shows that after
addition of the myofibrils to the system, calcium was added. The
addition of caleim did not matenally change the composition of
the supernatant fluid from the standpoint of inorganic and organic
phosphorus The third Iine indicates the sequence of addition with
myofibrils, first, and magnesium, second. This combination caused
no appreciable change in the phosphorus partition in the super-
natant fluid. Under these conditions, as indicated in the last column,
there was no contraction of the myofibrils. The fourth Ime shows the
sequence of addition. first, myofibrils; second, magnesium, and
third, calcfum Analytical values, again, did not change appreciably,
and again there was no contraction of myofibrils

The fifth hine shows the morganic and organic phosphorus con-
tent of the ATP, added in milligrams per milliliter in the two suc-
was little difference in the composition
used The sixth line is important. Myo-
d then ATP was added to the system

cesswve cxpenments There
of the two samples of ATP
fbrils were added first, an
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The change n the inorganic :md orgnmc phosphoms mdlcales
that ATP was spht, that [ié bt us ac m thc
supernatant, and that organie phosphorus was 7

reduced in both expeniments. Despite this change no contraction
occurred In other words, we have a system in which the myofibril
will split inorgame phosphorus from ATE, whether it 1s i the vn-
contracted state as shown here, or whether it is in the fully con-
tracted state, as shown by data presented a few minutes ago We
B PR} " Vel o ot ooate .

we have no data on the sphitting of ATP by the contracting myo-
fibnie

Fremont-Smuth: When you say “contraction,” do you mean con-
traction Iting from the add, or previous to the
addition?

Hass: Contraction resulted from the addition or the sequential
addition In all expenments myofibrils were added first, as the table
indicates. The seventh lme shows the sequence of addition mjyo-
ﬁbnls, first, ATP, scmnd caleiem, third. The amount of sphttmg of

was apf ly the same as before No
contraction occurred. In the eighth hne, the myofibnl was added
first, the calcium second, before the AT m this line, and aftes the
ATP 1n the Ime abave it. We permuted vanous components to find
rclationships between their so-called actinating cffects on ATPase
and upon contraction. It did not make any difference whether cal-
cium was added before or after ATP, or whether 1t was added at
all. The effects were the same Therefore, we have no esidence that
calerum jons in the concentrations used have any effect on ATPase,
as judged by the amount of phosphate hberation from ATP durmg
a penod of a few minutes Whatever the effect upon the rate of
ATFase action meght have been, the contractile reaction of the
myofibnls did not occur when calerum was added

These next two hines are important. In the mnth line the myo-
fibnls were added first Then ATP was added The tube was then
shaken thoroughly to get a complete mixture, and within a few
seconds, magnesium tons v ere added Inorganse phosphorus -
creased and organic phosphorus correspondingly  deereased pre-
sttmably as the result of degradation of ATP. 1 both experiments
and an approumately cqnal amounts There was no contraction. We
therefore concluded that magnesuun dons alone in the system, in
the presence of whatever happened to the ATP just before their
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addstion, were not sufficient to induce contraction of the myofibnls.
Had the magnesium been added at the same time as the ATP, as
we have done often 1n the past, or added as the magnesium salt
of ATP, contraction would have been prompt. The tenth line
ilustrates that if magnestum were added to the myofibrils before
the ATP, the same amount of sphtting of ATP occurred, but 1 this
instance there was complete contraction of the myofibrils.

F Smith. You get complete contraction?

Hass: Yes, there was complete contraction. In the lower remamn-
ing lnes, results of other permutations of these vanious components
are shown We were trymg to determine whether there was any
antagonistic effect between calcium jons and magnesium jons. The
physiologists have shown that in ordinary muscular activity there is
an mmportant role in the balance or the ratios among the vartous
ions in muscle These ratios have an influence upon excitability and
contractility of muscle From the standpoint of the amount of
splitting of the ATP, the 10nic ratios did not seem to be important
m this 1solated system Calcium did not seem to add or detract from
the system 1n any way The three lower lines indicate complete con-
traction, but in each nstance in wich complete contrachon
occurred, magnesium was added prior to the addition of ATP. The
data indicate further that calcium ions did not prevent contraction
1n the presence of a similar concentration of magnesium ions.

In conclusion, with respect to action of magnesium ions, this 1s
where we stand at the present time: The increase in inorganic
phosphorus as the result of splitting of ATP was about the same in
the noncontracted and contracted systems So far as ATP was con-
cerned, the chemical end-result was apparently the same whether
magnesiam was added before or after ATP. 5o far as the myofibrils

were concerned, .
added, together i i
was added after o .
was added These observations were suggestive of jonic regulation
of contraction with magnesium as an essential link in the mechano-
chemical coupling reaction between ATP and the myolbril. The
actual chemical role of mag ho ined obscure

Though magnesium ions may be concerned only with acceleration
s ¥ arP-LYe e sbancive that magnesium,

as ATP, and for
TUYQSLL 25 WELL LLdY HalL Uit won anss R _'ropr‘iately spaced
topochemical reactive centers in the contractile protein, and acted
as a carrier of the bond energy to the contractile protein molecule,
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as ATPase spht the fuch epore 7 7 1 refeasing ADP
and innmes T ' What a temnble

> 1w s sery beantiful,

crass: Althaugh we have not been able to demonstrate any antag-
oustic action hetween magnesium and caloum, as we had hoped
to do, 1t may be that the rato between potassium, magnesium and
calerum 13 more 1mp than the absolute molar
m influencing the contractile system. In future evpenments, we
expect to increase the molar ealeium concentrations approumately
tenfold and determine agan the eflect on this system 1 suspeet
that if we use the proper molar ratios of potassium, caletnm, magne-
sim and ATP, we shall be able to regulate and control the magm-
tude of contraction and the rate of degradation of ATP, as well

Angevine Harman feels, as 1 said before, that magnesium acti-
vates the ATPase in the mutochondra, hut he has found that cal
cm apparently actuates the ATPase n the myofibnt e has not
published t, but has smd that i his expenence he has seen 1t
happen nnder the phase microscope, and that 1 evacthy what yon
say happens if you get the proper ratio But he s usimg the untreated
myofibnil,

Trarell Contaming magnesnim?

Angevine Yes

Meyer 1 note, i all your expessments, that calewm can netther
replace nor displace magneswim from the seaction

Hass 1t had no wiluence 1 the molar concentrations used over
the tme mterval cuplayed

Meger 1 should predict, no matter what cancentration sou tse,
that you will nat succeed, because thunking of the chlorophn it
molecule, the affunty of the magpestum s to a pyrrole ong or
pyreolidime nng, by means of your protew Thas cffect s absent
with ealerum, and I do not know enough abont the atome relation-
ship between caleowm and magnessmm Mazbe some morgame
chemsst conld tell us why that 15 5o Obviousls, we do not know

Hass Well Jam glad to hear that, hecanse the hicrature 15 full
af references to the antagonsstic action of calesum and magnesmm
{ons i vanous soluble myosin systems We have been driven to thas
conclusian an the bass of the evpeniments shown It may be that
our swstem behaves differently from the myoun and actomyasin
ssstems which have been worled with by other people T thad 2t
sould be worth while to studs reaction Tates with the possibality
in mind that wetisation of ATTase action By 10ms 1% 1ot necessanhy
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connected in a quantitative way, or 1 any specific way, with the
activation of the contractile response. Our current experiments are
concerned with this matter, and may provide more intelligent in-
terpretations of the results

It may be worth while to review briefly a few well-established
physiological and chemical observations on muscular actwity
(29, 30) Physiologic studies of intact muscle have shown that there
1s a latent period between stimulus and contraction. Heat produc-
tion begins in the middle of the latent period Relaxation is passive,
without significant hiberation of heat. The heat hberated in contrac-
tion 15 exactly proportional to the distance of shortening, but is
independent of the speed of shortening, the latter being inversely
proportional to the load The heat which is liberated is independent
of the amount of work done. In reviewing these matters, A V. Hill
concluded that the contractile element of muscle must be coupled
mechanically with reversible chemical processes by which energy
is supphed 1 shortening, or absorbed in lengthening (29). The
rate at which energy is supplied 1n intact muscle is controlled by
tension 1n the muscle itself, which I think is interesting. I presume
that this kind of mechanical coupling to 2 source of* chemical
energy may be generally important in some biological activities
other than muscular motion.

Meyerhof has summanzed his views concemning chemical activity
1n muscle (80) Among other things, he has concluded that the
intial heat of contraction 1s schematically due to the sphtting of
ATP, and that the second period of uncompensated positive heat
occurs during the delayed oxidative recovery period.

Meyer- Which you have nothing to do with here, in your system.

Hass: Our system shows no mechanical recovery. Meyeshof stated
that the chemical phase which utilizes the high energy of the phos-
phate bond must coincide with, or precede, the onset of contraction.
Our present studies are partly concerned with this matter, for 1t is
clear that the energy liberated by the enzymatic sphtting of ATP
in the 1solated myofibril system must either be dissipated as heat,
or converted to other uses by the myofibnl Thus, the rate and
quantity of chemcal interaction between the high energy bond and
the contractile elements of the myofibn! assume first 1mportance.
There seems to be a common ground here between biokinetics and
chemistry, which may ultimately bear upon such remote problems
as the movement of chromosomes 1n mutotic division

Sandow has stated that the problem of whether the mechano-
chemical coupling of ATP and myosmn occurs before, during, or
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after shortening is of immediate significance (81). The heat of
shartenung, the Fenn effect, indicates 2 contraction coupling, but
other studies (ndicate a relaxation couphng. It seems npparent to
Sandow that of the key are coupled ct 1y, s which
the reactive group of the contractile protein is bound in a fixed posi-
tion in a chain molecule, we may have either activity or recovery
coupling with ATP. In any case, there must be some mechanism
which brings the contractile protein and ATP together. If activity
enesgization is the real process, the mechamism would tcmpomlly
operate following exertation, and prior to contraction ¥ the conpling
oceurs dunng the recovery period, it 1s a form of coupling which s
only shghtly exergonic, there bemg htl]c heat uf rc].nauan This
would stll pernut the re-
actions of the myohmase type, or phosphorylase
creatine phosphate and adenine nucleotides.

In regard to the precedmg comments of Sandow, our studies cer-
tanly do not define the temporal relatronshups between the sphtting
of ATP, and excestation or contraction of solated myofibnls They do
indicate that the sphtting of ATP 15 not a sufficsent chemical event
mn contraction, and that the uncontracted, or fully contracted myo-
fibnls, are equally effectis e in hiberating morganse phosphorus from
ATP over (hc tume mtenal vsed Thc) abo ndicate that the

of of mags w and ATP are neces-
s1ry for excitation and conlnchon of the isolated myofibnls
Whether sphtting of ATP 1s a necessary condition remams to be
proved, even though every experiment mdicates that contraction
will not occur unless ATP 1s split Actually the possible range of
conditions for contraction may be sery great. imohung rates of
seaction, moleeular arrangements, and interactions {ar beyond our
present mmprclwmmn However, for the purpose uf gmdum, a
study of the phase of the mech ¥ al re-
action, the magnesium 10n seems to lic as an uncrmrdmtc betw cen
the contractile elements in the myofibril and the energy supply
created by enzvinatic splitting of ATP by the myofibril

As we pass from hrief physiological considerations of exaitation, ten-
sion, worh and heat through bnefer considerations of intermedsary,
acrobie and anacrobsc metabohism resulting 1 generation of high.
crergy phosphate, 1o an imestigation of the more distal events in
muscular activity, the chemical concepts of Straub, Szent- (‘\urzu
Mommaerts and others should be rev tew od and examined (17.24,93)
These concepts invalve the teraction of extractines of muscle.
At this time, the important extractines are actin, myoan, ATP,

inval
invalving
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magnesium, and other jons. When these extractives are praperly
added together in solution, a product which undergoes superprecipi-
tation is formed. Deductions concerning the mechanism of contrac-
tion have becn drawn from a study of the components of this prod-
uct and the kinetics of its formation and dissociation.

Briefly, and with considerable simplification, there is evidence
that the protem, myosin, in its present state of purification, has a
molecular weight of about 840,000. The molecules are rod-shaped,
being about 1500 A i length, and 30 to 35 A in breadth (25). This
protemn possesses ATPase activity, either intrinsically or by adsorp-
tion of the enzyme The myosin is first ssolated from the myofibnl
structure by the use of concentrated salt solutions, at a slightly
atkahne hydrogen jon concentration. This leaves a residue of mate-
rial from which actin is prepared. After complete removal of myosin
with the associated ATPase activity, the residue is extracted and a
protem, which is known as G-actin, is ssolated. This is called G-actin
because the molecule apparently is in globular form When G-actin
is placed m combrnation with adenosinetriphosphate, it undergoes,
in the presence of jum ions, a pol ization into a form
which is known as F-actin, or fibrous actin. Fibrous actin, in turn,
reacts with myosin to produce a complex which is known as the
actomyosin reaction plex. G-actin, in bination with myosin,
1s formative of only an inert system. F-actin must be the form in
which actin is used if it is to produce a system which undergoes
the superprecip b 1t is to be recalled that in order
to form F-actn m its reactive form, ATP is involved, and that pre-
sumably one mol of ATP, per 60,000 grams of actin, is incorporated
in the actin during the period of polymerization. At the same time,
one mol of ATP is transformed from ATP to ADP. There is one
mol of actin with 2 molecular weight of about 60,000, and one
mol of ATP is mcorporated m the polymerization reaction by which
G-actin is transformed into F-actin, mol for mol, as I tunderstand it.

Meyer Tt would be 800,000 divided by 18,0007

Hass: No, 810,000 1s the molecular weight of myosin, not actin.

Porter There is a little confusion these, because the G-actin is
a very sizable molecule. How dsd they asrive at a molecular weight
of 18,0007 .

Hass. Tt occurs ta me that there is some discrepancy in opinions
wath respect to the molecular weights Of, the products involved
Szent-Gyorgyi gives one set of figures with respect to {"019“3;""
weight of the components used 7n his tre:x.tme_nt of the subject {1 )f
As T recall, Mommaerts, in his last publication, gave the figure o
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about 810,000 as the molecular weight of myosin, and he did not
gue a definite molecular weight of actin, indicating that it may be
a mixed species (23).

These isolated systems, which operate in solution and which gne
i ing I i reacti or which, when drawn out into
2 thread, gne certain contractile rections on the addition of ATP,
are of great interest, but there still scems to be some difference of
opinion as to the action of ATF on the actomyosin complex, There
is one school of thought that believes that actin and myostn become
associated in the presence of ATP. The last interpretation which
Is given by Mommaerts is that ATP produces a dissociation of
actin and myosin (23).

Fremont-Smith. What was Szent-Gyorgyi’s viewpoint?

Hass. I believe he favored the association theory Mommaerts
now believes that ATP produces a dissociation of actomyosm mto
actin and myosnin,

Meyer: That means it would not be connected with the con-
traction,

Hass+ 1 da not believe there is any spectfic statement m lus most
recent paper that defines exactly the relationship between the ATP,

tomyosin, and the le reaction

Fremont-Smith  Szent-Gyorgyr did have a relationship in Ius
theory, didn’t he?

Hass Szent-Gyorgy: has apparently established a relationship
in hes system. There can be no question that the products which
have been obtained, and which they have studied 1n solution, are
very useful from the standpoint of building a concept of the chem-
cal phases of contraction

Fremont-Smith: By “they” you mean whom®

Hass. 1 refer to Szent-Gyorgyi, Ins pupils. and many others who
have worked sith the soluble system of muscle proteins However,
experiencee, by and large, has indicated that most sy nthetsc products
which become integrated agam artificially after a solution of the
natural structure, do not behave m the same wayv as the ongnal
natural integrated systems, That has been the experience with
collagenous products that have been reconstituted. especially in
Dr. Schtt's laboratory It has been a more immediate experience
in the reconstitution of clastic fibmils, as camed out hy Dr John
Aver for a time 1n our laboratory  Whether these products are
“natural” ar near natural, perhaps, 1s not important Certainly, they
proside a better opportumity to gun ansight inta the posable
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chemical behavior of the natural products. Actually, the isolated
myofibnl system 1s not, by far, a natural system.

In concluston, some unduly premature speculation about the
possible nature of mechanochemical couplng of ATP and con-
tractile elements of the myofibril, may be permissible, Some im-
aginary structural model 1s usually helpful, if it serves only to assist
in the design of future experiments. A model useful to us shows
the contractile protems, with at least two essential templates of
reactive groups One 1s the phosphatase template, and this template
fits the ATP molecule, 1rrespective of the stage of contraction It
provides contmuous ATPase activity in the precontractile, con-
tractile, postcontractile, and presumably relaxation-recovery phases,
though nothing 1s vet known about the last. The second template
fits the magnesium salt of ATP, presumably equally well throughout
all stages of muscular activity This template, however, provides
in some form a firm adsorption, or bonding, by virtue of coordinated
relations between ATP and the contractile protein Presumably,
this 1s the nature of the precontractile union, and magnesium poly-
nucleotide relations may be blished there with i as
the coupling 1on, between adjacent molecules of ATP, and the
special template of the contractile protein. After this union is
formed, ATPase acts, and the energy of the terminal bond of ATP

PR . A . " bond
wsuited
) " wm is

likewise set free 15 a matter now under investigation.

This 1s a crude model, which must seem particularly unscrentific
to chemists and physiologists It may, however, lead to a better one,
and 1 should ke at this time to show a schematic illustration which
should draw together for us many of the things which we have
talked about today Figure 37 created a great deal of amnsement
m my laboratory, which was justifiable and I hold no resentment,
This 15 the view which may be gained from a large number of
studtes of the elementary myofilament reaction system. One part
of the structure rep s one longitudmal fibrous by t ol
the myofibnl which was illustrated n the electron micrographs.
1t shows just one of the little filaments, which is about 150 or 200 A
m diameter

I have drawn only a part of the A disk length, indicating the
nodose penodicity along filaments which 1s appro“mase]y 400
from peak to peak, as was demonstrated in the electron micrographs.
This drawing has been condensed so as to show the M band 1t has
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also been condensed to show the A-I junction, and the Z band has
been drawn i close to the A-I junction so that it can be placed
on the same figure, The H band is depicted to one side of the
M band, and there is a dep of an event
proceeding toward the A-T junction {rom the margin of the H band

The matenal, which hes outside and which occurred as nodosmcs
along the course of the fibrous T has been
as myosin. The matersal which 1s designated awally and \\hlch
appears as a nearly Inear component of uniform diameter, after
myosin has been extracted, has been destgnated as actn, the internal
fibrous molecular chain of the longitudmal fibrous component 1
cannot say exactly why the nternal molecular chams were drawn
n this way except that it scemed reasonable that the molecule should
be capable of folding in the manner shown The armangement may
be regarded as double helices, or as a meshwork The spacimg of
the angles along the chams s approumately the ealeulated length
of the actin molecule, about 400 A Spacing which 1s ndicated
above is the approumate length of the myosin molecule, or 1600 A

The distribution of the electrolytes i this system s roughly
shown m Figure 37 The data gnven by Draper “amd Hodge, asa .,
result of micromcineration studies, indicate that the Z band is irgely  **
composed of the more volatile tons — potasstum and sodim (18),
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The M band also contamns potassium and sodium in considerable
amounts, but there is, apparently in the myosin, a concentration
of magnesium jons According to Szent-Gyorgyi the calcium 1ons
are more intimately connected with the actin framework of the
myofibnl structure, but I have indicated some general partition
of 10ns along the way without gwing them any specific compart-
mentalization, simply to indicate that there is apparently a high
concentration in myosm of magnesium ions,

The part of the structure which is shown below the actomyosin
complex is the A substance area between the myofilaments This 1s
the area in which there are apparently many enzymes, associated
protems and other materials. Then, outside the A substance area of
myofibril structure, we have drawn the mitochondria which were
discussed by Dr Angevine. These lie between myofibnls. The
mitochondnia are engaged here i the synthesis of high-energy
phosphate compounds, and utilize many materials, especially phos-
phate, glycogen, and oxygen in the synthesis Anaerobic synthesis
may also occur, I suppose, at times. The high-energy phosphate
compounds which are generated by activity of the mitochondria,
or perhaps other activities with which we are not entirely familar
in muscle, are illustrated here as creatine phosphate, adenosine-
diphosphate, and ad riphosphate. Adenosi phosphat
which in itself has no available high-energy phosphorus, is also
shown Creatine phosphate carries a hig] phosphate. Through
the action of phosphorylase , the high gy phosphat
of creatine phosphate can be transmitted, as shown, to convert
adenosinemonophosphate nto a diphosphate or triphosphate, Thus,
creatine phosphate becomes ymportant in muscular activity, espe-
cially in the synthesis of the high-energy phosphate compounds
which are illustrated to the left In the figure the high-energy
phosphate compounds are built up in one direction, and degraded
m the opposite drrection

ATPase is firmly bound to myosin as indicated. There is a ques-
tion as to whether ATPase is actually a part of the myosin molecule.
That question has been raised particularly by Meyerhof, who re-
cently ‘stated that there was some evidence that ATPase of muscle
had been partly separated from myosin There is another observa-
ton which indicates that ATPase might not be mtimately connected
to myosin. It has been shown that myaesin will adsorb potato pyro-
phosphatase very strongly Hence, there may be no intrinsic mO}eC-
ular composition of myosin related specifically to ATPase furfctlm

Myokinase is another enzyme which hes in close relation to




Mamimalian Striated Myofibrils 135

myolibnls, presumably in the A substance. Myokimase can be re-
moved from myofibrils by contmuous dialysis, and by treatment
at pH 8. Myokmase is concerned 1n the dismutation reaction by
which 2 mols of ADP arc comverted to onc mol of ATP and one
mol of AMP, as mdicated Adenyhie acid dearmnase 1s a more
soluble enzyme of muscle and presumably hes somewhere i the
same interfilamentous substance It is concerned with the deamina-
tion of AMP, yielding inosine monophosphate, whrch 15 an mert
compound for our purposes here Inosmetriphosphate 1s also ert
in tus system though there 1s evidence that 1t s degraded by
ATPase,

Tl figure shows that magnesutm joins Jugh energy phosphate
to the contractile substance ADP s released at this pomt, as
cxatation and contraction are imtiated. Just what the nature of
this magnesium bond might be 1s speculatne There may be many
mtermedrary actiaties between the pomt of action shown, and the
actual contractile reachion Data, thus far, indicate that the con-
tracting myofibrls do not permanently bind any products dernved
from the degradation of ATP The figure illustrates most of the
points winch have heen discussed today, The aceuracy of the model
ts not as great as most madels Certwnly, it does not depict the
true situation, but it may sere a useful purpose to the memory.

In conclusion, I should Iike to say that the exeurstons which we
have made hase not per ly diverted our from the
ongmal objeetine, namely, the stndy of myvolibnls 1solated from
normal and abnormal hearts In recent months, Dr Schick has
improved the methods for ssolating cardiae myofibrls The yields
are sl too small to permit all the types of study which have been
discussed However, they are adequate for the appheation of some
anaby tieal mathods worked out with skeleta) myofibril preparations
A matter of greater sigmficance is the proof that human cardiac
mvofibnb, even though they are not solated until several hours
after the death of the patient, contract completely under the same
conditions as myofibnls 1solated immediatels after death Thas will,
m the future, provide an opportunity for mvestigating the ele-
mentary contractile nmts of the normal and the fathng my ocardium
As won oy 2 better inaght o the rales wheeh gonemn the el or
of the sheletal myofibnlnngnesim-ATP contractile system is
gamed a study of the cardtic imofibn! may be undertaken

Tratell Tlow abont ngor mortss of the sheleta) muscle, and what
stage of contraction does that represent®

Hass 1t has not been anabvzed B us We have attempted to
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work with skeletal muscle in the freshest possible condition, The
muscle has at times been frozen in situ, and at other times im-
meduately after sacrificing the amimal. The problem of rigor mortis
in cardiac muscle has not been studied. I am sure that you are
conversant with the fact that isolated heart preparations have been
made and contraction has been reestablished in the hearts of ammals
which have been dead for several hours. Continued rhythmic
activity has been carried on for several days under these conditions.
We have no reason for believing that simply because a patient
stops breathmg, his heart muscle is dead.

If you are interested in the ideas of Lindberg and Emster, it
mught be worth wlile to constder the mitochondria agan for just
a moment (14). Figure 38 was borrowed from a recent article

Ficure 38 This diagram, according to Lindberg and Emster, illustrates reaction
pathways 1n the cyclophorase-hexokinase system mvolving smtochondrial actvity.
Reprinted, by permission, from Lindberg, O, and Lmster, L  On the mechamsm
?f phosphorylative energy transfer :n mitochondra, Exper Cell Research 3, 2
'1952)

concerned with the activity of the mitochondria This 15 the system
which they have evolved in explaining analytical findings They
believe that phosphorus is incorporated by reaction 1 through a
process of oxidation which permanently binds oxygen and hydrogen,
and is wreversible to form a so-called primary ester. The primary
ester, on acid hydrolysss, yields ATP. Apparently very little is known
about 1t — perhaps there are many primary esters — and it may pass
a high-energy phosphate to ADP by reaction 2, so that ATP is
formed, as shown That is one possibility. The second possibility
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by which ATP may be formed {s by splitting the primary ester and
ditectly comserting this spht product into ATP by reaction § The
third possiabity 15 through an inorganic pyrophosphate compound,
which apparently, by reaction 5, reacts with dmucleotide, and ATP
is the product. ATP is degraded enzymatically in reaction 8 and,
in the presence of a hesolinase system, phosphate is trapped by
hevose. Hevose phosphate s formed as a product of the reaction.
ADP, 1n tum, through myokinase reaction §, is conserted into a mol
of ATP, and a mol of adenyhe acid. Adenylic acid, by a reaction
which fs apparently unknown, 1s used i the reformation of the
primary ester by veaction 6

The steps in the eyclophorase-hevolinase system are discussed
by !‘indb(-rg and Ernster and therr paper makes very interesting
) . RS SR L e e

"
«

Angecine: T should hie to ask Dr Hass one final question When
1 first ashed whether this was contraction or not. there was lttle
comment, \What would your reaction be to the following statement?
“Nothing has happened here, but yon have evhausted the ATP
in the myofibril, and 1t has gone into a state of rigor.”

Hass: Tt is always didficult to put expenmental data obtained by
study of an isolated system bach into the integrated pattern of
normal ccllular function In any hwolomeal experiment, one seems
ta he confronted with the dilemma of attempting to analyze the
hopelessly complet integrated system, or to take it apart shghtly
and to analyze the actwity of its parts I thind, howeser, that in
taking it apart, one should do so gently, i possible, because the
tikehhood of the experimental results hasing some meaming in
terms of inteprated cell achinaty 18 somewhat greater than of ene
takes ot apart in @ rough fashion 1 am, however, entirely convineed
on the basts of what has been learned from all the phy silegical
and chemical work wiich has been done on muscular actinity and
metabolism, that the data presented here have a semblance of
meaning {n relation to physwological reactivity of the intact eell

Holbrook: D Hass is carefully avnding saying that thus s a
physiological process which oceurs

Meyer Tt would be 1 don't know whether T understand you
anght. In preparing your fibnls and washing them with this buffer
and 30 on, how many of the proteins tsolated i solution by Szent- ;
Gyorgyt and tus school, Mommaerts and others, have been 1o
ant? 1o yon know that?
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Hass: 1 should say, if T understand their methods or procedure
of isolation, that very lttle, 1f any, myosin or actm has been re-
moved by the preparative methods. I say this because removal of
myosin 15 usually done by extraction with solutions of high iomc
strength Ordimanly, 1omic strengths of 04 and 05, or even greater,
are used in the separation of myosin from whole muscle, Further-
more, as a rule, as outlined ongmally by Edsall in his studies,
alkaline solutions were routinely used 1n the preparation of myosin
Actin, on the other hand, is a product which apparently cannot be
wsolated 1n a satisfactory way, until myosin has been removed by
the preparative method which I have outlmed Then actin 1s re-
moved as a water-soluble product from the residue, which has been
treated with acetone. 1 suspect that the associated protems—a
great deal of magnesium and phosphorus, the phosphorylase enzyme
systems, adenylic acid deaminase, and in the later preparations,
myokimase — whatever their function may be, have been removed
by our preparative methods. Mitochondria, of course, are removed
very early 1n the 1solation procedure, or are destroyed by the pro-
cedure I have hopes that with a httle attention to detail, relaxation
of contracted myofibnls may be induced I have a feelng that the
relaxation phenomenon m muscle 1s primanly a passive event, and
that we may be able to produce a passive relaxation of partly
contracted myofibrils if we can obtam a degree of partial contrac-
tion which may be reasonably susceptible to reversibility.

Fremont-Smath. Do you have to have physical tension on it to
get relaxation, and would you be able to demonstrate relaxation?

Hass+ The problem of the actual influence of deformed tissue
structure on the relaxation phase of muscle has often been debated
However, we think that in view of the organization retamed in the
structure of partly contracted isolated myofibrils, the possibility of
obtaining a return to normal configuration 1s not entirely imagina-
tive It is to be remembered that the pattern of structural change
accompanymg ATP-induced contraction is very sumlar to that
oceurring 1n muscle which has been normally stimulated to contract.

As was perfectly clear from our experiences with the uncon-
tracted fibnil, there 15 plenty of opportumty for ATPase actwity to
provide energy from available ATP mn the fully contracted state, or
1n the uncontracted state. The question of coupling energy released
by ATPase action on ATP to the partly contracted myofibnl 15
somethmg, again, which has to be taken into consideration In o.ther
words, let us take this view Let us say that at might be possible,
in the resting muscle, that ATP is not protected against ATPase
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action, that ATPase acts continnously, and that we have a constant
degradation and resynthes:s of ATP, That is the machinery, the
power supply, which may not necessanly be contraction-coupled

Torter: But the heat released should become apparent, physio-
Togically, shouldnt 1?

Iess, 1f you deal with dismutation reactions centirely, that is
apparently not 2 matter of very great importance, Likewise, there
15 a continuons resting metabolsm  In yesting muscle, there 35
contimons oudatne activity concerned mn part with supplying
energy for the synthesis of lugh-energy phosphate compounds In
an anacrobie situation, susenlar activity is hmted to the number
of contractions which can be made under those conditions wnti}
ATP is exhovsted With the acrobic situation, there 1s normally a
conhinnous eudative actinty, se that determnations af heat hhera-
tion on contraction should be done with a contral of resting mwscle,
and an active muscle 1 the same calenmeler In all normal eeth
ander phiystotogae conditions, there 15 a continnous oxidative actinty
which 15 concerned with somethung, but what that 1s remains a
matter of doubt Certanly, replenishment of ATP 1s one of the
concems

How can ATP be added 10 2 partly contracted myofibn} under
appropriate conditions, and have at react with a template system
which extends the moleevlar chans rather than contracts them?
The encrgy supply can be put in the system ut of a test tube The
energy i continnowsly released from ATP, according to our figres,
by a contimions ATPase action wrespeetn ¢ of the state of contrac.
tian of the myofibnl, so that we can always add the energy supply
10 the test tabe If the energy supply 1s ATP, the achion of ATPase
shonld make some of 1t avatlable for contraction wunder one set of
conditions, and perhaps for relaxation under another set

Meyer Bot, vou see, you just degrade ATP and nothmg happens

Hass- Uuless we gear it to the myofibnl with magnesium, then
there 1s coutraction,

Meyer No, yau hase magnesium added aud you add more ATD
Sull, the state of contraction does not change You degrade sour
ATE Thit means yon have added new evergy, bt nothmg hap-
peoed You don't ymlt the machme apant

Hass 1 am not sure. Dr Mever, that we cant remove the
mapnesim from the svatemn and 1 am not entively sure that some.
thng wouldu t take ats place in the relaxation reaction There §s no
har i trang

Meyer. Ta remone magnesmm?
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Hass 1 should say, 1f I understand their methods or procedure
of isolation, that very lttle, 1f any, myosin or actin has been re-
moved by the preparative methods. I say this because removal of
myosin 15 usually done by extraction with solutions of high fonte
strength Ordinanly, jonic strengths of 0.4 and 05, or even greater,
are used m the separation of myosin from whole muscle Further-
more, as a rule, as outlined ongmally by Edsall in Ius stodies,
alkaline solutions were routinely used mn the preparation of myosin.
Actin, on the other hand, is a product which apparently cannot be
wsolated in a satisfactory way, until myosin has been removed by
the preparative method which I have outlined. Then actm is re-
moved as a water-soluble product from the residue, which has been
treated with acetone. 1 suspect that the associated protemns—a
great deal of magnesium and phosphorus, the phosphorylase enzyme
systems, adenylic acid deaminase, and in the later preparations,
myokinase — whatever their function may be, have been removed
by our preparative methods. Mitochondria, of course, are removed
very early m the 1solation procedure, or are destroyed by the pro-
cedure I have hopes that with a hittle attention to detail, relaxation
of contracted myofibnls may be induced. I have a feehng that the
relaxation phenomenon m muscle is primanly a passive event, and
that we may be able to produce a passive relaxation of partly
contracted myofibrils if we can obtain a degree of partial contrac-
tion which may be reasonably susceptible to reversibility.

Fremont-Smith: Do you have to have physical tension on 1t to
get relaxation, and would you be able to demonstrate relaxation?

Hass. The problem of the actual influence of deformed tissue
structure on the relaxation phase of muscle has often been debated.
However, we think that in view of the organization retained m the
structure of partly contracted isolated myofibrils, the possibility of
obtaming a return to normal configuration 15 not entirely imagina-
tive. It 15 to be remembered that the pattern of structural change
accompanying ATP-induced contraction is very similar to that
occurrning in muscle which has been normally stimulated to contract

As was perfectly clear from our experiences with the uncon-
tracted fibnl, there is plenty of opportunity for ATPase activity to
provide energy from available ATP in the fully contracted state, or
in the uncontracted state. The question of coupling energy rcle‘?se.d
by ATPase action on ATP to the partly contracted .mYOHb"l 1s
something, agam, which has to be taken into consideration In o.thel'
words, let us take this view: Let us say that it might .bc possible,
in the resting muscle, that ATP 1s not protected against ATPase
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achion, that ATPase acts continuonsly, and that we have a constant
degradation and resynthesss of ATP. Tl\nl is the machinery, !hc
power supply, which may not ntra

Torter: But the heat released should bcmmc apparent, ph\slm
logically, shouldnt #t*

Hass. If you deal with dismutahion reactions entirely. that s
:\ppm‘nll) nat a matter of very great importance. Likewise, there
isa resting bolism. In resting muscle, there s
contmuons oudative actinity concerned i part wath supplying
encrgy for the synthesis of hugh-energy phosphate compounds in
an anaerobne situation, muscular actnaty 1s hnuted to the number
of contractions winch can be made wnder those conditions until
ATP i exhansted. With the acrobie situation, there s normalh a
contimtions oxidative activity, so that detenminations of heat Ithera-
tion on contraction should be done with o control of resting munscle,
and an actine musele i the same calonmeter o alf normal cells
under physiologie conditions, there 15 a continuous ovidative activity
which 15 concerned with something, but what that s remams @
matter of doubt Certainly, replemshinent of AT 1s one of the
concems

Tow can ATP be added 10 a partly contracted myofibeil under
appropriate conditions, and have it react wath a template sustem
which extends the molecular chans rather than contracts them?
The energy supph can be put i the svstem out of a test tube The
encrgy iy contmuowsly released from ATP, according to aur figures,
by a contimious ATPase action wrvespective of the state of contrae-
tion of the myafibnd, so that we can atwavs add the enevgy supphy
to the test tube If the energy supply 1 ATP, the action of AT ase
shovld make same of it avulable for contraction under one set of
conditions, and perhaps for relaxation under another set

Meger, But you see, sou st degrade ATP and nothing happens.

Hass Unless we gear it to the myofibnl with magnesinm, then
there 15 contraction

Meyer No, you have magnesium added and san add mare ATP
Sull the state of contraction does vot change Yau degrade vour
ATP That means you have added new energy, but nothing bap-
poncd Yo dont pull the miclune apart

Hass 1 am not sure, D Aever, that we cant remove the
magnesiim from the system and T am not entirels stire that some-
Unng wouldn't take wts place 1 the relication seactian Theee s no !
hamn in tong

Meyer To remove magnesm®
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Hass: Yes. It may not be so simple, but nevertheless we shall try
to reverse the contraction

Meyer: Have you added versene?

Fremont-Smith: Added what?

Meyer: Ethylenediammetetraacetic acid. It 15 called “versene”

Hass Tetraacetate?

Meyer: Yes, which binds calcjum and so on. .

Hass. No, we have not, but we shall consider using 1t, if you
think it advisable.
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THE EFFECT OF VITAMIN A
ON ORGAN CULTURES OF SKELETAL
AND OTHER TISSUES

HONOR B. FELL

Strangeways Research Laboratary
Cambridge, England

Tue experiMENTS* 1 should hke to discuss this morning were done
1n collaboration with Sir Edward Mellanby, of the National Research
Institute .n London For many years, Sir Edward has been interested
m the action of vitamin A on the skeleton in animals, and he thought
that the organ culture methods that we had developed at the
Strangeways Laboratory might be apphcable to the eluaidation of
some of these problems; so at his suggestion, we entered into 2
collaboration We began by studymg the effect of the vitamm on
explants of skeletal tissue (1), and having obtained some rather
striking results with this matenal, we have recently transferred our
attention to 1ts action on epithelia, particulasly the ectoderm (2).
I venture to include the account of these experiments on epithelia,
even though they are not directly concerned with connective tissue,
becanse T think one should take these results into account when
trying to evaluate the effect of vitammn A on the skeletal material.
First, perhaps 1 had better say a word about the methods, because
the kind of tissue culture that we used may not be familiar to
people here Figure 39 shows the skeletal explants; some of the
epithelial tissues were grown by this method. It is what we call
the “watch glass” technique The vessel consists of a Petrie dish,
carpeted with wet cotton wool There is a hole i the center of
the cotton wool to permit transillumination, and over the hole is
laid a watch glass The culture medum 1s deposited in the watch
glass and allowed to clot, and the explant 1s laid on top of the clot
Then, every two or three days, the tissue is removed from the clot
and transplanted to a freshly prepared vessel The culture medum

*These_mvestigations were supported by the Medical Research Council and the
Nuffeld Foundation
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om0 fop suw and seton of watch gha subor

ne wedd far these explermmicuts was o mittore of three parts of fow]
plasnna, to one past of vern concentratid extrut of turteen- to
foarternaday cieh, cinbines Some of e San enplaots we gres by
ordinan hangma-drop methatds aang 4 large oneanch cover shp
and Gabang Care not I disturds the imtenor of the tivue

The cotton wonl way saturated with stende dubliad water We
put b 10 mt uf water mto the dulr The sitiun A was added
to the ploma in gn aleohol solutim of ather the atetare or the
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alcohol, and the exact amount of the vitamin present 1n the plasma
after this addition was estimated. OF course, the same quantity of
ethanol, without the vitamin, was added to the normal control
plasma. In all our experiments, the explants from one side of the
chick were put into the plus A medium, and the explants from the
opposite side of the same embryo were put into the normal medium

I shall deal first with the experiments on skeletal rudiments
‘When a young animal is fed on an excess of vitamin A, very pro-
nounced changes are produced in the skeleton. These have been
described by Collazo and Rodriguez (3), and many others, while
the histopathology of the changes have been well described by
Wolbach (4). The cart:lage in the bones is very rapidly consumed,
there is extensive absorption of the bone, and spontaneous frac-
tures appear. It was uncertain for a long time whether this effect
of the high vitamm on the skeleton, and the opposite effect of the
subnormal amounts of vitamin A on periosteal growth (5) were
directly on the skeletal tissue or whether they were mediated
through, perhaps, an endocrine gland. One of the objects of our
investigation was to see whether vitamin A did have an effect on
the skeletal tissue explanted in culture, because, under those condi-
tions, the sy ic infl are pletely elimi d

Holbrook. Dr. Fell, may I ask something about the magnitude
of the dose of vitamin A that will produce this sort of thing? Is it
roughly huge amounts per unit of body weight? I ask because it
has a very pertinent relationship to certain stock practices in ths
country.

Fremont-Smith: You mean for cattle?

Holbrook: Yes

Fell. Each day the rat in our expeniment was fed by mouth, rat
cubes plus 40,000 IU (International umts) of vitarmm A aleohol in
avoleum, a commercial liver preparation.

Holbrook: 40,000 units is not a huge amount.

Travell” For how long?

Fell. For 37 days.

Holbrook That is a daily requirement for one cow?

Dempsey: But this is a little rat.

Holbrook: Yes, 1 know.

Travell: ‘This is half a kilo

Fremont-Smith. Were they young rats? 3

Fell: Yes, they were young rats: 4% weceks old at the beginning
of feeding

Holbrook. 40,000 units will do that?
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Fremont-Smith: Was this a vitamin A mixture?

Foll: Yes, a preparation rich in vitamin A,

Fremont-Smith: 1t wasn't a single purified A?

Fell. Not {or this purpose, no,

Iolbrook: This is not synthetic vitamin A, then Was st natnral-
souree vitamin?

Fell: Yes, but it has been produced by the punfied sitamin A,
by other workers.

Meyer: It §s not a mixture of A and D?

Fell. No, 1 believe not. But that is a standard effect 1 just dis-
cussed it to iflustrate what yon obtain in animal cxpenments with
sitamn A, In our in vifro work, we did two groups of experiments:
The first was 1o study the cffect of the vitamin on the differentia-
tion of the skeletal rmdiments, and the sccond the effect of the
vitamin on bones that were already at an sdvanced stage of
development when they were explanted 1 shall deal first wath the
experiments on the effect of vitamin A on the differentiation of
the bones

s
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alcohol, and the exact amount of the vitamin present 1n the plasma
after this addition was estimated. Of course, the same quantity of
ethanol, without the vitamin, was added to the normal control
plasma. In all our experiments, the explants from one side of the
chick were put into the plus A medium, and the explants from the
opposite side of the same embryo were put into the normal medium.

1 shall deal first with the experiments on skeletal rudiments.
When a young anmal 1s fed on an excess of vitamin A, very pro-
nounced changes are produced in the skeleton. These have been
described by Collazo and Rodriguez (3), and many others, while
the histopathology of the changes have been well described by
Wolbach (4). The cartilage in the bones is very rapidly consumed,
there is extensive absorption of the bone, and spontaneous frac-
tures appear It was uncertamn for a long time whether this effect
of the high vitamin on the skeleton, and the opposite effect of the
subnormal amounts of vitamin A on periosteal growth (5) were
directly on the skeletal tissue or whether they were medated
through, perhaps, an endocrine gland. One of the objects of our
mvestigation was to see whether vitamin A did have an effect on
the skeletal tissue explanted in culture, because, under those condi-
tions, the systemic infl are pletely eliminated

Holbrook Dr Fell, may I ask something about the magnitude
of the dose of vitamin A that will produce this sort of thing? Is it
roughly huge amounts per unit of body weight? I ask because it
has a very pertinent relationship to certain stock practices in this
country

Fremont-Smith: You mean for cattle?

Holbrook: Yes

Fell. Each day the rat in our experiment was fed by mouth, rat
cubes plus 40,000 IU (International units) of vitamin A alcohol in
avoleum, a commercial hver preparation

Holbrook. 40,000 umts is not a huge amount.

Travell: For how long?

Fell: For 87 days.

Holbrook: That 1s a daily requirement for one cow?

Dempsey: But this 1s a hittle rat.

Holbrook. Yes, 1 know.

Travell: This is half a kilo

Fremont-Smith: Were they young rats? .

Fell: Yes, they were young rats. 4% weeks old at the beginning
of feeding.

Holbrook: 40,000 umts will do that?




Vitamin A and Qrgan Cullures 143

Fremont-Smith: Was this a sitanun A mature?

Fell: Yes, 2 preparation rich 1o vstamin A

Fremont-Smith: §t wast't a single purificd A?

Fell: Not ot this purpose, no

Hollirook: This {s not ssnthetie vitamin A, then Was o naturaf.
sourer vitamin?

Fell: Yes, but #t has been produced by the punfed sitamun A,
by other worlers,

Meyer. 1t not a snture of A and D?

Fell: No, { beheve not But that v a standand effect T pust dise
cussed it to illustrate what vou oltain 1 anuwal eapenments with
vitamin A In our i1 cftro work, we did two groups of expenmrnts
The first wos {0 study the effect of the satanin on the differentu.
tion of the sheletal rudiments, and the <«ccomd the effect of the
sitssmn o bones that were already at an adsanced stage of
deseloprment when they were exptmted 1 ahall deal fisst wieh the
oxpenments o the offeet of vitamn A on the differentistion of
the hones

Erore 83 Foonct fres & Bulis sha b cxders Shpmnegdy of te vardage 10%
e Bepioing i e et e scpaect of fe o o8, Tt tes bewes Yty Lowend 3 380
SBIAL beeatosdha, Grrptng  fegaricd bn gewnin, bom PoU BB,
ed Witide 1 The ofut of Brpmatemenn s A pn tesbear s Bodevard ead
LRI R Y N I T
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For this work, we used the long bone rudiments from six-day
chick embryos Figure 40 shows the femur of a six-day embryo
Hypertrophy 1s just beginning in the mddle of the shaft, but not to
any extent There 15 no ossification at present, and it is very undif-
ferentiated. We 1solated 1t from the surrounding tissue, leaving a
Itttle attached, and explanted it by the watch glass method When
that 1s done, the bone grows m normal medium to, perhaps, four
times 1ts ongmal length, 1t differentiates histologically and ossifies,
and even acquures, to a considerable degree, its normal shape.

Fremont-Smuth Over how long a period?

Fell. T have grown them for three weeks. By then, they usually
begmn to get rather necrotic in the interior, but it will become quite

- 4 deys -

- 7 days -

- 9 days -

normal + vitenin A

Ficrre 41 Camera lueida drawings of a pair of Iving femora from a 6-day chick
cmbryo one grown m normal and the other m -4 medium Durmg 9 days® cultnva-
tion the femur i normal medmm elongated from 16 ta 52 mm and showed no
ditortion That 1n +A medum grew normally for the first 2 days, then growth
rapdly declined, a constniction appeared i the distal part of the shafr, and by
the th day the condylar end was nearly detached fram the diaphysis and the
rudiment was shrunken and bent Reprinted, by permission, from Fell, H B, a‘;:i(
Mellanby, E . The effect of h Aon emb imb-bones eultivat
n titro § Physol 116, 820 (1952)
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a highty developed thinz in alint ten days Now, when the kind
of matenal p phinted in the yper8 medinm, a sery hiffesent
pleture bs obtained, In the fint two dus, there 15 90 difference
tetwern the control and the hyper-A cxplant, fust then the gromth
Begna 0 fall off, and st the same Gme the conssteney of the Tame
begin $o dhange Tastead of being a6l and hard ble the conteat,
it breeomses soft and gdatmom, and fioslly t adtually begins to
shank

Tigure §] shows the W senes of canera Tucichs deawangs of the
two fonor from a sialay embino That on the teft o5 grown
normal mediun, and thit on the aght o the byper A ssebum Yoo
see that for the fist two dns there s practicalls ne diffesoice
tetseen the two Then the gromtd rate begons o fall off as com.
pared suath the control This becomes mare prosousced, and, at
nne dayy at has actindly begun to dunnul mosee

In same cxplmts, sapevialls i thase of the hamerus, 3 spon
Laneous fractire mny ocenr and the brad beaney complitely
detachied from the shaft

Tratell, The bead contimues to grow doesnt o2

Tell It contmoen to grow and as we shall see 5 3 moment
aaification takes place goste astivedy n the phay A medinn

Fremont-Smith On the sstamn 4 ude, the hrad sremed 10 be
gros i more than the teat of gt

Fell Yes, 2t b the ahaft that weemy th be putcalatly affeeted
Tientindly, thongh @ 6 the whote eaplant In <rcions ¢f cnntroh
geom in normal mediom s Liver of bone ts seen 9 have develaped
in cultate, while the cartibine has differentiated into a hyprrtroplue
#ome, fattsned pones, and smaft oelfled epplinie as in the pormal
chick The mutns staim veny dephy soth Deleficlds Brmatonhn
The comespording nuhmenty grown i+ A mediem owly bt
altwnch the cutilize celly diflerrntiate  the cartdage mnati
hardh ataios ot ol That s u vern ehvactomts fenuse

Fremont Smah B there more « dofianns ot that staze under
the & than there i swsthont at?

Tell Pdontdhink s vn Yous will ace o anbing sherrnce i the
MatrfA 1o a peeparation 3 bl shise von noa unnte stamed with
tdatdine hitoe

Traeell Is the bone Land down abomg the shaft?

Fell Ve that o the carthagmern sywded sud avoim oowmat de
selogrannt the bone i Lakd dinan on the sifaie where there 6 2
seeitaneons fracture the perintoen may be duppted amd do
wagseired amd ene elbstes a dTers onefeats e apreadins oot puta
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b

Fioure 42 Ulna from a 6-day chick, embryo, grown m normal medum for 11
days Note the intense metachromatic coloration of the cartlage matrix. x 21
(Toludme blue).

Fictre 43 Uloa from the gposnle side of the same embryo as m Figure 42,
cultivated for 11 days in medium contamng about 1200 IU of vitammn A per
ml_Note the complete dusappearance of the metachromasia from the shaft. x 2L

b
{Tolmdine blue)

the connective tissue Now, if you stain such preparations with
tolmdine blue, the difference 1n the reaction of the matrix is very

obvious.
Figure 42 shows a control stamed by toluidine blue. This is an

ulna grown m normal medium for eleven days, and the intense
metachromatic staming of the matrix may be seen.
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Figure 43 shows the ulna from the oppoute side of the same
chick embryo after cleven days enftss ation fn 2 medmm containing
abomt 1,200 1U of vitaman A per 100 ml You see thut the meta-
chrumasia has eompletely drcippeared from the shaft

Meyer, Does the hematog hin atain the coffagen®

Fell: We wied Delafields hematonyIm, shuch gives what appars.
to be almnst a metachromati stain with cartibize av 3t doed wath
mncus

Aeyer, So st stamu the same puatenal?

Fell: 3 think 50, yes

Meyer. The same matenal &y the toludine bloe?

Demprey 1t probably does It s an son hematovnhn nustose
and ft profubly stains acd matenals but the demistny of the
hematosyhn stain i even Jess well known G the cherntn of
the hasic dyes

Fell. 1 deaw no conchisions about what chemic it change w pro-
duced Paneteh rreond the Fact tha the staumg seaction diapprars
under the influence of vtanun 4 3 2 cunous tang tht different
rudunents react fn different degrees to the vtamm A Be hine
always fowad that the femor gees the eathest sad mest artere
resetion, the humenus 15 next then the G and Lastls the alna and
aading You see the ulia i Figure 135 quite « Ing mucdiment snd
it shows the chiractetntic Iy of smetachrom i

Dreospsry §s the stamng m the tan essds of the bone stsl) present
and i It sl rednced an amoung?

Fell, Foentadlv, most of ot g if son cun ot Ionges or o vom
ke, peehiape, o rather heghes cutcenitration

Demprey Mot of 11 m the sdaft and ot spreads

Fell. ftspreads vev Esentuath one will be Jeft with p a htth
Bl patch ot other eod of the Tone Tt is rather carms ot
drentalls, bhow thit congrives sath van Loewrs stamng becase
sommath the cartilige scareeh takes up the el ot s m van Giewms
sam In these Tnper A coltures the « nthige tdey at op seny
weonrh, ererpt where the metachnvmat staning remam

Prater That wouhd mean then that the coflazrn aas there bnnt
that the rutese «of the cartitsgr had et been gt o con®

Cell That 6 what we smpent

Dympsry Or a dfferent matns 1 hase boen watidums for ko

Fell Wnctudiv presents the matne from feosne bt b abn
# e 1t Becomes metacdhmstic and then the eetact romany do
MPrary again
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Ficune 42 Ulna from a 6-day chick, embryo, grown in normal mediem for 11
days Note the intense metachromatic coloration of the cartilage matnx x 2L
(Telmdme blue).

. -

Iy

o

Ficure 43 Ulna from the oppostte side of the same embryo as m Figure 42,
cultivated for 11 days i medium contaming about 1200 IU of witamin A per
100 m!Note the complete disappearance of the metachromasia from the shaft x 21
{Tolmdme blue)

the connective tissue Now, if you stamn such preparations with
tolmdine blue, the difference in the reaction of the matrix is very
obvious

Figure 42 shows a control stained by toluidine blue This 15 an
ulna grown m normal medium for eleven days, and the intense
metachromatic staining of the matrix may be seen.
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figure 43 shows the ulna from the oppasite side of the same
chieh embry o after eleven days’ cultnnation 1 3 medium contamag
abemt 1,200 11 of vitammin A per 100 m} You see that the meta.
chromatia has completely disappesred from the shaft

Meyer: Pory the hematovybin stara the collagen?

Fril, We vsed Delafield’s hemnaton bin, which gives what appeans
10 be almost a metachromatie stamn with cartilage ax it does with
mens.

Meyer Sa i stams the same mutenal®

Fell 1 think. 50, ses

Meger The sumie matenal as the tolndime bine?

Demprey. 1t probubly docs §t 15 an won bematosn e mnture
and it probably stens acid matenab but the chemistn of the
hematotslin stan ds esen dss well Loown than the chemning of
the basie dyes

Tell. 1 draw no conchisiony shout what chemnead change o pro.
duced 1 merely record the £ac8 ot the starmng reattion diappears
under the influence of sstanun & 1 a conons thng that different
rodinents teact s dfferont dewrens fo ghe vitamin A We hae
always found dit the femur gne the carliest and mmt serere
reactiont, the humeras s neat then the tils e and Tatls the ulna and
radins You see the wlna dn Pigare 13 w quite a b eadument and
it shows the ehiracteritic T of im tachitomasa

Bemprey Ts the stamitng i the tan endh of the booe stilf present
and s jt aho redaced mamount?

Fell Exentualls smont of g1 goes of vons yon o lmger or of vom
have, petliaps e ethes bighes cmoentsation

Peaipaey Mot of 1 ss m the shft and st apreads

Fell Wapreads ses Pt one soll be bt wath ot a hke
Hloe patedi at ather end of the bame 11 o nathes cunmn o
deatally, how thut compares with van Caeon s Matnmzs Decane
novmallt the Cartad ize scarce s tabes ap the ged at allan can Gomon g,
sam I Ahese Roper A cultares the castitage taden gt oap ven
stivashy eveept where the metscbvtmate sty reeams

Prster That weuld mean then that the collaprn was there bt

hat the matree of the et e bad vt feen pat Jan?
Fell That o what we vt
Demprey O a dPeeent mutine e been wstchung for ot
Fell 1t sctualle prevents the st et formmg Test 2 6 ala
a kw3 Decomies metacbrotate and then the metzed somnse «h-;

Appeaty avan .
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Meyer: From the experiments with radiwactive sulfate by Layton
and Gardell, the tumover rate of sulfate 1n embryos seems to be
very great Maybe some polysaccharide is desulfated without the
sulfate group being removed, for example, by a process of trans-
sulfation,

Dempsey  Everything else may go except the sulfuric acid.

Meyer: From the experiments on the uptake of radioactive sulfur,
we know that at this stage 1n embryos the turnover 1s really terrific.
It may be that the sulfate groups are taken off but not put on agan

Fell You mean that the tumover 1s expedited by the vitamm A?

Meyer: That would be very interesting. One might be able to
determine total hexosamine, or hexuronic acid and sulfate, to find
out whether vitamin A interferes with sulfate metabolism

Fell: That just indicates what we obtained with the very early,
relatively undifferentiated skeletal rudiments. The effect on the
well-developed bones was even more spectacular, For this work,
we used the imb bones of late fetal mice, because they were so
small, and of course when you want to grow n vitro a very hard,
highly-developed structure, you have no vascular system, so you
have to select something which is sufficiently small to survive with
feeding entirely from the outside. In a normal limb bone of a mouse
fetus near term, there is a well-developed bony shaft, a marrow
cavity, and large cartilaginous ends. We used the radius, ulna and
tibia from such fetuses They were of smtable size, and they re-
mained, rather to our surprise, in a remarkably healthy state for
as many as twelve days, which was as long as we had occasion
to keep them.

Dempsey- Did you use the same medium, or 1s it a modified one?

Fell: We used the same medium; they did quite well on that.

Fremont-Smith  You used the fowl?

Fell Yes

Dempsey- The fowl plasma?

Fell When we explant a bone of that sort in normal medium,
it enlarges to some extent, but nothing lke the rapidly growing
chick rudiments As I say, it remains m a surprisingly healthy state
for as long as twelve days. But the effect of the vitamin A on these
explants was really quite spectacular. As before, there was almost
no effect for the first two days and then suddenly, within twenty-
four hours, the termmnal cartilage began to shrink and the bone
became rarefied. At the same time, the surrounding soft tissue grew
very profusely, perhaps better than in the controls, and if growth
continued long enough, eventually nothing remained 1n the hyper-A
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Meyer From the experiments with radioactive sulfate by Layton
and Gardell, the turnover rate of sulfate in embryos seems to be
very great. Maybe some polysaccharide is desulfated without the
sulfate group being removed, for example, by a process of trans-
sulfation

Dempsey: Everything else may go except the sulfuric acid,

Meyer. From the experniments on the uptake of radioactive sulfur,
we know that at this stage in embryos the turnover is really ternfic
1t may be that the sulfate groups are taken off but not put on again

Fell. You mean that the turnover is expedited by the vitamin AP

Meyer That would be very mteresting. One might be able to
determine total hexosamine, or hexuronic acid and sulfate, to find
out whether vitamm A interferes with sulfate metabohsm.

Fell: That just indicates what we obtained with the very eatly,
relatively undifferentiated skeletal rudiments. The effect on ibe
well-developed bones was even more spectacular. For this work,
we used the lmb bones of late fetal mice, because they were 50
small, and of course when you want to grow in vitro a very hard,
highly-developed structure, you have no vascular system, so yot
have to select something which is sufficiently small to survive with
feeding entirely from the outside. In a normal limb bone of a mousé
fetus pear term, there 1s a well-developed bony shaft, 2 marsow
cavity, and large cartilaginous ends We used the radius, uln2 and
tibia from such fetuses. They were of suitable size, and they 18-
mained, rather to our surprise, in a remarkably healthy state fos
as many as twelve days, which was as long as we had occasion
to keep them

Dempsey: Did you use the same medium, or isit a modified one®

Fell. We used the same medjum; they did quite well on that

Fremont-Smith: You used the fowl?

Fell: Yes

Dempsey. The fowl plasma?

. Fell: When we explant a bone of that sort i normal medium,
it enlarges to some extent, but nothing like the rapidly growing
chick rudiments As I say, it remains in a surprisingly healthy state
for as long as twelve days But the effect of the vitamin A on thesé
explants was really quite spectacular. As before, there was almost
no effect for the first two days and then suddenly, within twenty-
four hours, the terminal cartilage began to shrink and the bose
became rarcfied. At the same time, the surrounding soft tissue B1E¥
very profusely, perhaps better than in the controls, and if growtt
continued long enough, eventually nothug remained in the hyper-4



[ u

Vitamin A and Orpan Culfures

B fuxs @ peess Vane et
P P R
Lorvein e Ao §rid] e Taven «

Taw Eet Mol } o2 %8 g

T et

" aat Uy e l



152 Connective Tissucs

medmm but a sheet of ameboid cells, with a few crumbs of cartilage
and bone lymg about m it

Figure 44 shows a control tibia grown in normal medium for
seven days You can see the bony shaft, the marrow cavity, and the
large basophilic cartilage ends, which have been enlarged and have
become denser than they were at the time of explantation,

In Figure 45 we see the opposite tibia from the same fetus, after
seven days’ growth in a medusn containing about 3,000 Inter-

ey t

W,
Ficune 45 ,Tiba fram the sde of the same fetus 23 n F'S“re 4,
fter 7 days’ cultivation eontsin 3,000 f tamin & pE7
$00 e, Viory Jittl casclage o ki 5 {",,J'.’nf,i’,‘,'m. tom

BT B T Mt e s oy o X 25, Repetues mosse
c\:l‘tl;v:m\ in vitro, preliminary cosumemicaton. Bre Mad, ) R‘ 535 {1950}
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national units of sitamin A per 100 mi, which 13 nat & veny luge
amount as compared with what may be produced in the blaad
stream of an anfmal fed on a high A diet. You see how the cartilaze
has almest disappeared, this is a very charactenstic effect. 1t shrank
0 that ftis sery smnch narson or than the bony shaft. #t has a cunow
effect in dife, Bike 2 Wittle head and neck coming omt of ton barge a
collar. At this end, the rastilage is almost gone, These changes are
ot avsociated with necroas, and the olls merely brevme more and
more closely packedd together as the matnx dusappears They quite
oftes undergo mitotic cefl division, and eventunlly afl that 5 left
15 a compict mass of chondroblasts £ there 1s not toa smuch extrane.
ons tissue, eventually they seem simply to wander off fnto the
cultare medivm and disappear altogether

Figure 40 shows a hugh-pover view of the cartilage from the
hypee-A b grown s mediom containing about 3000 10 of
aitamin A per 108 md You see, they are qute good cells, It all
you have feft of the matnx are these very thin capsnles which
have Int theie basophufie altozether They stam wath conn at this
stage, hut othersane there 1 nothing wrong wath the cells Then,
as | said, the bones eventnally diappear almost completely Tor
erample, all that ecmatne of 2 radins grown for ten days i medim
containing 3000 1 per 100 m) i conpectine tinsoe, and often a
Tl nodule of necrotie cartihige at the end Such a title pedule
v quite cnumon dn these explints, and it has a rather cunoms
fistory We traced @t hack to eachier stages and fonmnd that itc engn
was fromn the superficnd cantihige ot the asticulation. When thee
little bones ate duarticulated they are very tmshl attached tn
each other, and the jomt Capside ts quite stiong, bt the atieslar
aartihiges are very fragle, and when the brafe iomterted to separate
them, the surface 18 wualh shelth tranmatized The damazed
carblaze in the comtrols 1 not onticeable anfess |t 1y vy el
euamined becase it i a neglinhile patt of the whate, but i these
haper A enltanes 1t beconies mate and more olnaens, becanse 1t (s
the only gt of the structure that does pot sl the haper &
changer In general, the Lealthier the tiune and the ware actineb
W groming the more profound is the #ffeet of the sitamin A

Forter Dt Tell would vou san that theee 13 a devtease m sl
ol population?

Tell 1 hehieve ot € course, otie Tnen 3 Daeze ammand of the
ol popabition at trander, beeame they gt ctand ont (o te
antiim 1 thinl of the pormal amonst of matris wres in between
taw ol Pigeee $h), 1t wonld prohable be forewd that the
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medium but a sheet of ameboid cells, with a few crumbs of cartilage
and bone lymg about in it.

Figure 44 shows a control tiba grown in normal medium for
seven days. You can see the bony shaft, the marrow cavity, and the
large basophilic cartilage ends, which have been enlarged and have
become denser than they were at the time of explantation,

In Figure 45 we sec the opposite tibia from the same fetus, after
seven days” growth 1 a medium containing about 3,000 Inter.

!
t
'

Fioure 45 Tibia from the opposit } ¢ fetus as wn Figue 44
cr 7 dags’ cultivation 10 medons ooty sbeut 5000 10 of tamin 4 PO

g)%'n}lg Yoy bitle sartilage or bone remains x 25. Reprinted, by permission,

el » and Mellanby, Eff A tal Mot
ltvated fn citro, prebminary commumni Bt Fied 1 % 599 (1550)
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natwonal units of vitamin A per 100 ml, which is not a very large
amount as compared with what may be produced in the blood
stream of an animal fed on 2 high A dict, You see how the cartilage
has almost disappeared, this 1s a very characteristic effect. It shrank
so that it is very much narrower than the bony shaft It has a curious
effect in life, Ithe a httle head and neck coming out of too large a
collar. At ths end, the eartilage 1s almost gone These changes are
not associated with necrosis, and the cells merely become more and
more closely pached together as the matnx disappears They quite
often undergo mtotic cell division, and eventually all that is Jeft
is a compact mass of chondroblasts. If there is not too much estrane-
ous tissue, eventually they seem simply to wander off into the
culture medim and disappear altogether

Figure 46 shows a high-power view of the cartilage from the
hyper-A tbia grown i medium containing about 3,000 IU of
vitammn A per 100 ml. You sce, they are quite good cells, but all
you have left of the matrix are these very thin capsules which now
have lost their basophihia altogether They stam with eosin at this
stage, but otherwise there 1s nothing wrong with the cells Then,
as I said, the bones eventually disappear almost completely. For
example, all that remauns of 2 radws grown for ten days i mediom
containing 3,000 IU per 100 ml is connective tssue, and often a
hittle nodule of necrotic cartilage at the end Such a hntle nodule
1s quite common in these explants, and it has a rather cunous
lustory We traced 1t back to earlier stages and found that jts origin
was fram the superfienal cartilage at the articulatian When these
httle bones are disarticulated they are very toughly attached to
each other, and the jomt capsule 1s quite strong, but the articular
cartilages are very fragrle, and when the knife is mserted to separate
them, the surface 1s usually shghtly traumatized. The damaged
cartilage tu the contrals is not noticeable unless it 15 very closely
examuned bhecause 1t 1s a negligible part of the whole, but i these
hyper-A cultures it hecomes more and more obvions, because it 1s
the only part of the structure that does not show the hyper-A
changes. In general, the healthier the tissue and the more actively
it is growing, the more profound s the effect of the vitamin A

Porter Dr. Fell, would you say that there is a decrease in total
cell population?

Fell 1 believe not Of course, one loses a large amount of the
cell population at transfer, because they just crawl out into the
medium_ T think 1f the narmal amount of matnis were fn between
those cells (Figure 46), 1t would probabh be found that the mass
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Fiotne 46  Area of termmal cartilaige from the evperimental tibia shown 2

Figwe 45 Note the healthy appearance of the cartilage cells, which are €W
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was much the same. The diminution 1s at least due to the disappear-
ance of the ntercellular substance.

Travell. The httle nodule of cartilage that remains represents an
area of trauma?

Fell: Yes. And we have found 1n other experiments, too, that if
you heat the bones to 45 degrees, for one-quaster hour, that pre-
vents them from growing, and it also prevents any effect of the
sitamun A appeanng.

Tracell. Are they vable®

Fell- No, they are not. Unless they are viable, the vitamun doesn’t
act, It acts through cell activity, apparently, and not directly on
mtercellular matenals e have also found that a more prononnced
effect is obtained with 2 moderate dose of vitamm A than with a
very high dose, above a touc level

Holbrook: Yet you just showed us one with 3,000 umts that
almost disappeared.

Fell: Well, 3,000 is well withmn the amount that may be obtamed
in tivo m the blood stream But 1f it 1s ncreased to about 8,000,
there will not be a better, but a rather wferior effect

Holbrook: 1 understand.

Dempsey. So the remaval of the cartilage matny 1 a true meta-
bolic effect?

Fell: Yes,

Dempsey: 1t 1s not a chemical evchange reaction that goes on?

Fell. No.

Dempsey: ‘The vital actisity of the cells particrpates m, and 1
necessary for, the remoral of the matrix There 1sn't just a sunple
solubility of the materal ta the medum, by any means If a shee
of fresh hyaline cartilage is placed m 2 dilute solution of tolurdme
blue, one ‘may observe a streanung out from the cartilage of a
material which tums the dye pink, and causes s metachromatic
reaction 1n the surrounding dye That must be a very rapid affair,
it must be a simple dilfusion of soluble materials from the cartilage
malnxanto the dye That kind of effect, howeser, cannot explain
these results that D Fell has been showng

Torter- No, but Dr Fell conld test 1t by putting ler explants i
@ maintenance medm, rather than a growth-shimnlating medim,
1o see whether in the absence of vitamin A the amount of cartilige
was reduced

Tell: Yes, Ishould thunk st nught be. but that is only my guess
But we da knaw, as [ mentioued before that merely heating 1t to
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45 degrees, which just prevents growth, also completely hibits
the vitamin A effect

Angevine. What happens to the cartilage that is stored in banks?
Plastic surgeons use 1t quite frequently just as they do bone Have
you any idea?

Fell: No, I am afrard I don’t know. I have no information about 1t
hFremont-Smith But your work here should have a bearng on
that,

Dempsey. The bank cartilage is kept in the frozen state, is 1t
not, 50 1t 15 1 a state of suspended animation?

Angevine. 1 just mentioned 1t in relation to what you sad, Dr.
Porter, about the stability of the material,

Fell In all these experiments, we were working with what we
called artificial hypervitaminosis, that is to say, we were taking
normal plasma and adding to 1t vitamin A acetate, or alcohol We
thought 1t would be mteresting to find out how ths effect com-
pared with that which we might call the natural hypervitaminosis,
1€, plasma contamnmng excess vitamin A introduced mto it by feed-
ing the donor fow] Sir Edward put a number of fowl on a high A
diet, then drew the plasma, estimated the amount of vitamm A
present, and added the same quantity of the alcohol or the acetate
to normal medium, and then we compared the effects. We found
they were very different Qualitatively, they were the same wWith
the natural hyper-A medium 1ncreased absorption of bone and
cartilage, and a gradual loss of metachromasia are obtained, but the
whole thing took place far more slowly than it did in controls grown
m the artificral hyper-A medum I think this may be associated
with the avarlability of the vitamin, because Sir Edward then made
some extraction experiments with the two sets of plasma and foun
that in the artificial hyper-A all the vitamin could be extracted,
with petrol ether, but that 1t could not be done with the natural
hyper-A plasma unless the proteins were first denatured with 50
per cent alcohol Possibly the active bond is associated with the
protein. I think there 1s some evidence for it in the literature.

Fremont-Smith. That 1s, protein in the plasma?

Fell: Yes

Porter. The anmals, in a sense, are storing it or controlling the
amount available?

Fell Yes Not only has the vitamin done something to the
orgamsm, but the organism has done something to the vitamin

Meyer: That means it is in coupled form, whatever that may be
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Porter: Yes, The organism is attempting to regulate the amount
of vitamin made available

Meger: 1 should think it is the same problem. The transport
form of that, by h b more wat luble.

Holbrook: There is evidently an attempt on the part of the animat
1o regulate its cireulating vitamun A, t can store huge amounts of
1t in the liver for long periods, without altering sts blood level

Meyer Yes, that's right.

Fell, To summarize our results, 1t seemed quite elear that vitamin
A, in concentrations i which 1t occurs in the bleod stream of an
animal, does act directly on skeletal tissue, and its action 15 not

inted with cell d jon 1t also seemed clear that the
effect of the A was mamfested mamly on the mtercellular matenal,
causing rapid shrinkage and the loss of metachromasia  the car-
tlage matnx and absorption of the bone The action of the vitamin
m titro was in many sespects similar to ifs action i the young
ammal, but on the whole was morte drastic Even in the case of the
natural hypervitarmaosis in vifro, 1t was more drastie and more
rapid than m the young ammal, and I think this effect 15 due to
the fact that we were using younger tissue In general, we have
faund that the younger and more cellular the material, the more
ramd and drastic 1s the effect of the vitamumn, whieh agam mdicates
that the vitamin 15 acting through celiular actinity At present, we
have no wdea what the metabakic pracesses are which are imohed
in these changes

We were pl 1o undertake some b my
of this ph non and, in our sunphaty, we thought that we
might be able to restrict the field of our mguiry »f xse could produce
another completely dufferent effect of vitamin A i itro, and so get
2 land of cross-beanng on the problem It has been known for a
rery long tume that 1 A deficsency, one of the most conspicuous
effects 15 on certain mucous membranes, and Mon (6), and later
Wolliach and Howe {7,8), have shown that strabified keratimaing
epithelim replaces the normal epithchium m the respiratory tract,
the gento-unnary tract, the salovary glands, and abo i the nasal
epthelrom Sir Edward and 1 thonght st scould be interesting to
see whether the comverse effect could he abtumed m cetro, that s
fa say, +f the ectoderm wese planted i a hyper-4 mediom, whether
L coukd he inhibated

1t has long been hnown that when cultivated 10 normal medium,
the unddfferentiated ectoderm detelops e a stratified epithehum
and heratimizes quite profusely, so we prepared evplants from the

1
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45 degrees, which just prevents growth, also completely inhibits
the vitamin A effect.

Angevine: What happens to the cartilage that is stored in banks®
Plastic surgeons use 1t quite frequently just as they do bone. Have
you any 1dea?

Fell: No, I am afraid I den’t know. I have no information about 1t

Fremont-Smith. But your work here should have a bearing on
that.

Dempsey: The bank cartilage is kept in the frozen state, 1s 1t
not, so 1t is m a state of suspended animation?

Angeuine. [ just mentioned it in relation to what you said, Dr.
Porter, about the stability of the material.

Fell In all these expeniments, we were working with what we
called artificial hypervitaminosis; that is to say, we were taking
normal plasma and adding to 1t vitamin A acetate, or alcohol. We
thought 1t would be interesting to find out how this effect com-
pared with that which we might call the natural hypervitaminosis;
1e,, plasma contaming excess vitamin A introduced into 1t by feed-
ing the donor fowl Sir Edward put 2 number of fowl on a high A
dret, then drew the plasma, estimated the amount of vitamin A
present, and added the same quantity of the alcohol or the acetate
to normal medium, and then we compared the effects We found
they were very different. Qualitatively, they were the same. With
the natural hyper-A medium increased absorption of bone and
cartilage, and a gradual loss of metachromasia are obtained, but the
whole thing took place far more slowly than 1t did in controls grown
in the artifical hyper-A medium. 1 think this may be associated
with the availability of the vitamin, because Sir Edward then made
some extraction expeniments with the two sets of plasma and found
that in the artificial hyper-A all the vitamin could be extracted,
with petrol ether, but that 1t could not be done wath the natural
hyper-A plasma unless the proteins were first denatured with 50
per cent alcohol Possibly the active bond is associated with the
protein. I think there is some evidence for 1t in the hterature.

Fremont-Smith. That is, protein n the plasma?

Fell: Yes.

Porter. The animals, in a sense, are storing 1t or controlling the
amount available?

Fell: Yes. Not only has the vitamin done something to the
erganism, but the organism has done something to the vitamin.

Meyer: That means 1t is in coupled form, whatever that may be.
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Porter. Yes. The organism s attempting to regulate the amount
of vitamm made available.

Meyer: 1 should think it is the same problem The transport
form of that, by coupling, b more water-soluble,

Holbrook: There is evidently an attempt on the part of the ammal
to regulate 1ts crreulating vitamin A; it can store hugc amounts of
it in the liver for long peniods, without altermg 1ts blood level,

Meyer: Yes, that’s right,

Fell: To summanze our results. 1t seemed quite clear that vitamin
A, 1n concentrations in which it occurs in the blood stream of an
ammal, does act directly on skeletal tissue, and its action 1s not

iated with cell d ation It also seemed clear that the
effect of the A was manifested mainly on the intercellular materzal,
causing rapid shrinkage and the loss of metachromasia n the car-
tilage matrix and absorption of the bone The action of the vitanun
in titro was in many respects simlar to its action 1n the young
animal, but on the whole was more drastic. Even 1n the case of the
natural hypervitaminosis in vitro, 1t was more drastic and more
rapid than in the young antmal, and I think this effect 15 due to
the fact that we were using younger tissue In general, we have
found that the younger and more cellular the matenal, the more
rapid and drastic 15 the effect of the vitamin, which again imdicates
that the vitamin 15 acting through cellular activity At present, we
have no idea what the metabolic processes are which are involved
in these changes.

We were planning to undertake some biochemical investigations
of this phenomenon and, 1 our simpheity, we thought that we
might be able to restrict the field of our inquiry 1f we could produce
another completely different effect of vitamin A m utro, and so get
a lind of cross-bearing on the problem It has been known for a
rery long time that i A deficiency, one of the most conspicuous
effects 15 on certain mucous membranes, and Mon (6), and later
Wolbach and Howe (7,8), have shown that stratfied heratimzing
epithelium replaces the normal epithelum 1 the respiratory tract,
the gentto-uninary tract, the salnary glands, and also in the nasal
epithclum, Sir Edward and T thought 1t would be imnteresting to
sce whether the converse effect could be obtaned in citro, that 1s
tosay, if the ectoderm were planted 1n a hyper-A medinm, whether
kerat 1on could be mhinted

Tt has Jong been known that when cultnated i normal medium,
the undifferentiated ectoderm develops nto a stratified epithehum
and keratinizes quite profuscly, so we prepared cyplants from the
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45 degrees, which just prevents growth, also completely inhibits
the vitamin A effect.

Angeving: What happens to the cartilage that is stored in banks?
Plastic surgeons use it quite frequently just as they do bone. Have
you any idea?

Fell. No, I am afraid I don’t know. I have no information about it.

Fremont-Smith: But your work here should have a bearing on

at,

Dempsey: The bank cartilage is kept in the frozen state, 15 1t
not, so it is m a state of suspended animation?

Angevine. 1 just mentioned it in relation to what you sad, Dr
Porter, about the stability of the material.

Fell. In all these experiments, we were working with what we
called artificial hypervitaminos:s; that is to say, we were taking
normal plasma and adding to 1t vitamin A acetate, or alcohol We
thought 1t would be interesting to find out how this effect com-
pared with that which we m, ~ e .t v
ie., plasma contaiming excess -
mg the donor fowl. Sir Edwar | .
diet, then drew the plasma, estimated the amount of vitamin A
present, and added the same quantity of the alcohol or the acetaté
to normal medium, and then we compared the effects. We fmfnd
they were very different. Qualitatively, they were the same W ith

tural hyper-A medwm increased absorption of bone an

and a gradual oss of metachromasia are obtained, but the

ing took place far more slowly than it did in controls grown
e artificial hyper-A medim I think this may be associat
with the availability of the vitamin, because Sir Edward then mad;
some extraction experiments with the two sets of plasma and foun!
that in the artificial hyper-A all the vitamin could be extracted,
with petrol ether, but that it could not be done with the r{afﬂfﬂl
hyper-A plasma unless the protems were first denatured with 50
per cent alcohol Possibly the active bond is associated wath the
protein I think there is some evidence for it in the literature.

Fremont-Smuth. That 1s, protein in the plasma?

Fell: Yes b

Porter: The amimals, mn a sense, are storing it or controlling the
amount avalable? . "

Fell: Yes. Not only has the vitamin done something to the
organism, but the organism has done something to the vitamin be.

Meyer: That means it is 1n coupled form, whatever that may bé.

-
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Porter: Yes. The ism is attempting to regulate the amount
of vitammn made available.

Meyer: 1 should think it is the same problem The transport
form of that, by coupling, becomes more water-soluble,

Holbrook: There is evidently an attempt on the part of the animal
to regulate 1ts circulating vitarmn A, jt can store huge amounts of
it in the Iiver for long periods, without altering its blood level

Meyer: Yes, that's right.

Fell. To summanze our results* 1t seemed quite clear that vitamin
A, in concentrations in which 1t occurs in the blood stream of an
animal, does act directly on sheletal tissue, and its action 1s not
associated with cell degeneration It also scemed clear that the
effect of the A was manifested mainly on the intercellular matenial,
causing rapid shrinkage and the loss of metachromasia n the car-
tilage matrix and absorption of the bone The action of the vitamin
fn ¢itro was 1 many respects similar to its action in the young
animal, but on the whole was more drastic. Even in the case of the
natural hypervitamunosis in titro, 1t was more drastic and more
rapid than in the young animal, and I think this effect 15 due to
the fact that we were using younger tissue In general, we have
found that the younger and more cellular the matenal, the more
rapid and drastic 1s the effect of the vitamin, which again indicates
that the vitamm is acting through cellular activity, At present, we
have no idea what the metabolic processes are which are mvolied
in these changes.

We were planning to undertake some hiochemical investigations
of this ph and, m our sunphaty, we thought that we
might be able to restrict the field of our mquiry if we could produce
another completely different effect af vitamin A in vitro, and so get
a \ind of cross-bearing on the problem, It has been known for a
very long time that n A deficiency, one of the most conspicuous
effects 15 on certain mucous membranes, and Mori (6), and later
Wotbach and Howe (7.8), have shown that stratified keratimzing
epithehum replaces the normal epithelium 1n the respiratory tract,
the genito-urinary tract, the salvary glands, and also in the nasal
epithelivm Sie Edward and 1 thought 1t would be interesting to
see whether the converse effect could be obtained in ritro, that 1s
tosay, if the cctoderm were planted m a hyper-A medim, whether
enatinization could be infubited

Itheetoat - 1 o 0 ey cultivated in normal medsum,

clops into a stratified epithchum
3 we prepared explants from the
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45 degrees, which just prevents growth, also completely inhibits
the vitamin A effect

Angevine: What happens to the cartilage that is stored in banks?
Plastic surgeons use 1t quite frequently just as they do bone, Have
you any idea?

Fell: No, L am afraxd I don’t know. I hase no information about 1t
mFremant-Smit/z: But your work here should have a bearing on

at,

Dempsey: The bank cartilage is kept in the frozen state, 1s it
not, so it is m a state of suspended animation?

Angevine: 1 just mentioned 1t in relation to what you said, Dr.
FPorter, about the stability of the material

Fell: In all these experiments, we were working with what we
called artificial hypervitaminosis; that is to say, we were taking
normal plasma and adding to it vitamin A acctate, or alcohol. We
thought 1t would be interesting to find out how this effect com-
pared with that which we might call the natural hypervitammosis;
i.e, plasma containing escess vitamin A introduced into 1t by feed-
ing the donor fowl, Sir Edward put a number of fowl on a ligh A
diet, then drew the plasma, eshimated the amount of vitamin A
present, and added the same quantity of the alcohol or the acetate
to normal medium, and then we compared the effects. We found
they were very different. Qualitatively, they were the same. With
the natural hyper-A medium increased absorption of bone an
cartilage, and a gradual loss of metachromasia are obtaned, but the
whole thing took place far more slowly than 1t did i controls grown
in the artificial hyper-A medium 1 think this may be associated
with the availability of the vitamin, because Sir Edward then made
some extraction experiments with the two sets of plasma and found
that in the artificial hyper-A all the vitamin could be extracted,
with petrol ether, but that it could not be done with the natural
hyper-A plasma unless the proteins were first denatured with 50
per cent alcohol. Possibly the active bond is associated with the
protemn I think therc 15 some evidence for it in the literature

Fremont-Snuth: That is, protein in the plasma?

Fell. Yes

Porter The animals, in a sense, are storing it or control
amount available? . the

Fell: Yes. Not only has the vitamin do!'le something to th
organism, but the orgamsm has done something to the vitamin be

Meyer: That means 1t is i coupled form, whatever that may

ling the
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Ficune 50 Skin explant grown in +A medum for 14 days, watch gliss Note the
single layer of actively secreting columnar epithelm’ 850 (Azan)

Ficune 51  Control skin explant grown in normal medrm for 11 days, part of
an epithelial cyst i a hanging-drop culture The ectoderm has differentiated into
squamous keratimzing epithelum x 380 (PAS, Mayer's hemalum).

Ficune 52 Skin explant from the opposite side of the same embryo as that shown
n Figure 51, after 11 days’ growth m -+A medium The ectoderm has differentiated
mto a secretory epithchum and the cavity of the cyst s filled with mucus ¢ 380
{PAS, Mayer's hemalum)

Fioure 53 Skin explant grown in +A medium for 11 days, hanging-drop culture
from the same experiment as for Figure 60, showmg feather germ covered by
secretory epithelum % 180 (PAS, Mayers hemalum)

Ficure 54 Skin explant after 14 days’ growth in A medtum, another section
of theysame hanging-drop culture as that shown in monochrome Figure 48 Note
the secretorv epithelium Lining the cyst which 15 filled with mucus Tlus epithehum
15 cilated x 150 (PAS, Mayer's hemalum)

Ficure 57 Normal nasal mucosa from the septum of an 18.day embryo, showing
a mucous gland and ciliated cells x 470 (PAS, Mayer's hemalam).

Fiurt 59 Skin explant grown w +A medwm for 7 days and then transferred
to normal medum for 4 days, watch gliss culture Note the squamous epithelium
developing benecath the sccretory, cihated lager. ¥ 600 (PAS, Mayer’s hemalum).

Ficure 60 Skin explant grown i +-A medum for 11 days and then transferred
to normal medium for 7 days, hanging-drop culture Note the squamous epithelum
which 15 beng formed beneath the goblet cells, the latter are bunched together
and some are beng shed « 250 (Azan)
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one thing, and that was mucus; so I made sections of these explants,
stained them by vanous stains that demonstrate mucus, and sure
enough we had obtaned the reverse condition of the deficiency
in tivo; that 1s to say, we had a mucous metaplasia in response to
the hypersitaminosis I shall show you one or two figures to
illustrate that:

Figure 50 shows an azan preparation of a watch glass eulture
grown for fourtcen days n plus-A medium The control, I should
say, was completely keratinized at this stage, and was degenerate
because it could no longer feed itself The columnar cells with the
secretory vacuoles may be seen. Here 15 a sort of httle glandular
structure, such as appears quite commonly n the young nasal
mueosa.

Bennett: Are they cihated, too?

Fell. We shall come to that 1 a mimute,

Fremont-Smuth. This 1s surface epithelum, 1sn’t at?

Fell; Yes; the seven-day ectoderm from the trunk or Imb region
~I don’t hnow which — grown for fourteen days in a hyper-A
medirm

Figure 51 shows the control grown for eleven days w normal
medium, in which the cctoderm has formed a complete cyst, this
is just the wall of it.

In Figure 52 the opposite side of the same embryo appears grown
m the hyper-A medium for eleven days Feather germs form quite
teahly, both in the normal and mn the hyper-A ectoderm, but m
the hyper-A cultures they are covered, not by keratimzed ecpr-
thelium, hut by seeretory epithehum

Dempsey. 1t seems to me that there s less collagen appeanng
in these hyper-A cultures than s the normal ones The basement
membranc 15 less evident here than it was in the keratimzed one
¥s that a correct impression?

Tell 1t could be, but the matenal was not sufficently standard
f{om that point of view for me to gnve a really entical answer In
Figure 51 I should rather suspect the connective tissue to be
affeeted, but T ean not definitely answer that 1t 1s There in't a great
deal in that particular field

Dempsey: In one of the previous figures there was more sull,
there 15 a Iine underneath the cell, and it ginves the reticulum stain
of tis reaction

Fell: It certainly has an cffect on comea, which 15 what we are
working on at the moment, so I suspect vitamin A does have an
effect, however, T can not sav that we have proved it
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Porter. An interesting thing to me is that a cell which normally
develops keratin intracellularly in the form of fine fibrils, now pro-
duces droplets of mucin, whicl are discharged from the cell surface.

Dempsey: 1 do not think that is surprising, though It occurs in
certain of these epithelia, does 1t not? For example, in the vaginal
mucosa of the rodent, there is, at one stage of the estrous cycle,
a mucification of the surface epithelium, and in another stage they
pile layer on layer and become comified, so here the same cell
layer goes through a physiological cycle of exactly this kind.

Fell. 1 have seen 2 number of pathological preparations of the
human genital tract made by my colleague, Dr. Glucksmann, and
some of the pictures are almost indistinguishable from what we
obtained. The ph from the histological point of view,
seems very closely related.

Dempsey: The paradoxical effect that Dr. Fell mentioned ap-
pears in the mucous epithehum of many of the mucous surfaces
in hypervitaminosis m the entire organism, which transform them-
selves 1nto stratified squamous keratinized epithelam.

Fell. In the deficiency.

Dempsey: Yes, I'm sorry; in the deficiency. I got it back

Fremont-Smith: But this gives, at least to me, a further fillip to
the idea of predestination, which depends upon the appropriate
environment. When the envi is ch d, the infl of
heredity is also altered.

Dempsey. I think Dr Fremont-Smith believes in free will, to
a limited degree

Travell: These cells couldn’t change themselves into 2 mascle
cell, or a neuron

Fremont-Smith: I agree, but we forget that all cells have the
capacity to change, and what heredity will manifest at any time is
always dependent upon the environment, I am going to run that
in at every conference as long as I live. I think it is vald.

Travell. But these cells couldn’t change themselves into mucous
cells or neurens

Fremont-Smith: I don’t want to predict negatively.

Dempsey: 1 wouldn't bet on jt.

Fell: T'd bet a little, but no fortune.

d

Dempsey: Somebody is g another v e dn).v.

Fremont-Snuth: Abont all s that whe mani-

fest normally, and in a pred -y, they hf?ed

But I do not say how far modifie riate
influences

environ
3



Vitamin A and Organ Cultures 167

Fell: Shall we go on to Figure 53. Tius 1s a feather germ The
pigment cells dey eloped quite well in the culture and they migrated
up into the cpithelium in the usual way, but they must have been
rather surpnsed at what they found there.

Fremont-Smith: You see, the environment has changed

Dempsey: There is pigmented mucus,

Angetine: As devel ds, 1s there a mucinous strue-
ture, or anything of that sort, as far as the surface of the chick 1s
concerned. It docsn’t have mucous glands, but does it have anything
that 1s analogous? A frog does have mucous glands mn the sk, and
secretes mucus

Fell. Yes, and fish also

Angevine: Yes, fish have plenty of mucous glands

Holbrook. Dr. Fell, are you planning to discuss the effects on
older tisste?

Fell: No, so far we have only worked on the vounger tissue,
which has taken all of our time

Fremont-Smith No senile chichs?

Fell. Not so far.

Porter: It would probably work the same way on older sk, since
the skin in one sense remains an embryome tissue

Fell. T don't know whether 1t will, That 1s something T have on
my slate when I return.

Tratell: Do you have a picture of a normal feather germ®

Tell: ¥ am afraid 1 havent They have the same appearance,
with a layer of Leratin over the surface, too

IIl"r’:‘monl-Smilh A thick layer of keratin mstead of the mucous
celly?

Tracell, And pigment cells®

Tell, Yes

Porter: Is there any equnalent et of observations on the whale
animal, when vitamin A 1s gnen®

Tremont-Smith- By using the egg, you mean?

FPorter. Not necessanly the egg, but any animal after hyper doses

Fell A Jocal effect has been deseribed, bt that was in mammals,
which is not the same story We have done some prelimnany ex-
Periments with mouse ectoderm, and <o far we have not produced
this effect. The cctoderm 15 ether very much less sensitne to
Yitamin A 1 the mammal, or clse the vitamin A doesnt get m 1

don't know which it is. We are hoping to do some fluorescent studies

9 seetf we can find 2 clue to that point In mouse explants one

teeds a far higher dose to retard heratimzation 1 have never com-
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pletely inhibited it in the mouse, but hair formation may be in-
hibited. So far we have not obtained any metaplastic change,

Fremont-Smith: You haven't injected it into an egg and ncubated
the whole egg?

Fell: No, I haven't. Of course, it is a nice point as to how much
of the vitamin will actually get into the chick. I don't know,

Fremont-Smith: 1t is an experiment that could be tried, is it not?

Fell: Yes; somebody did do some work on injecting vitanmn A
into eggs, but unfortunately did no histology on it, so one doesnt
quite know what happened But it could be done.

Fremont-Smith: It would be lovely to see whether the chick
could produce feathers,

Dempsey: Do you have comparable observations for the epi-
thelium, when feather germs made in media that have been derived
from high vitamin A donors are used?

Fell: No, we haven’t. We should have, but we haven't

Dempsey: Is it possible that the increased effect in this case,
as compared with the normal animal, 1s due to the conjugation of
vitamin A; m other words, is it possible to obtain a higher concen-
tration with free alcohol in the preparations?

Fell: T think that is very possible, I do not know whether it
could be produced in vivo at all, or whether the bonding, or what-
ever it is that occurs wath the use of vitamn A, would prevent this
from happening.

Dempsey. The free vitamin 1n the blood just cannot go {ha'
high as long as the animal is alive. It is possible, I shuul§ think,

Fell. Yes, quite possible. This, of course, was a cansndert'tble
shock to us, but one day I was looking through a set of hanging-
drop cultures, just in a routine way, and I noticed a loose ce"' in
one of the cysts spinning around Iike a top. I looked under a hig
power, and there I saw two ciliating cells in the epithelial wall
which were responsible for the motion of the loose cell, and :}fter
that, T repeatedly got ciliary movement 1n these things, Sometimes
there is a feather germ, and cilia beating near its base —a most
fantastic picture,

Figure 54 shows a little cyst in a l4-day culture, full of mu'cu:i
In Figure 55 we see another section of the same cyst, Slﬂ;}“
with azan, and the fringe of cilia. I can absolq!e]y swear to L 555
cilia because they were beating vigorously in life. My collaborato
came up from London on purpose to see them )

Porter: Is the ectoderm of the young embryo c’]‘““’d?‘

Fell- Not in the chick, but 1t seems to know how to da it.
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pletely inhibited it in the mouse, but hair formation may be in-
hilated. So far we have not obtained any metaplastic change.

Fremont-Smith: You haven’t injected it into an egg and incubated
the whole egg?

Fell: No, I haven't. Of course, it is a nice point as to how much
of the vitamin will actually get into the chick. I don’t kuow.

Fremont-Smuth: It is an experiment that could be tried, is it not?

Pell: Yes; somebody did do some work on injecting vitamin A
into eggs, but unfortunately did no histology on it, so one doesn't
quite know what happened But it could be done.

Fremont-Smith: It would be lovely to see whether the chick
could produce feathers.

Dempsey: Do you have comparable observations for the epi-
thelium, when feather germs made in media that have been derived
from high vitamin A donors are used?

Fell: No, we haven’t. We should have, but we haven't.

Dempsey. Is it possible that the increased effect in this case,
as compared with the normal animal, 15 due to the conjugation of
vitamin A; in other words, is it possible to obtain a higher concen-
tration with free alcohol in the preparations?

Pell- 1 think that is very possible. I do not know whether it
could be produced in civo at all, or whether the bonding, or what-
ever it is that occurs with the use of vitamn A, would prevent this
from happening.

Dempsey. The free vitamin in the blood just cannot go that
Iigh as long as the anumal is alive. It 15 possible, I should thmk,

Fell: Yes, quite possible This, of course, was a considerable
shock to us, but one day I was looking through a set of hanging-

drop cultures, just in a routine way, and I noticed a loose cell 1n
one of the cysts spnning around like a top. I Jooked under a high
power, and there I saw two ciliating cells in the epithelial wall
which were responsible for the motion of the loose cell, and after
that, T repeatedly got ciliary movement in these things. Sometimes
there 15 a feather germ, and ciha beating near its base —a most
fantastic picture.

Figure 54 shows a little cyst in 2 14-day culture, full of mucas
In Figure 55 we see another section of the same cyst, stained
“with azan, and the fringe of cilia. I can absolutely swear to these

cilia because they were beating vig 1y in bfe. My collaborat
came up from London on purpose to see them.

Porter: Is the ectoderm of the young embryo ciliated?

Fell: Not n the chick, but it seems to know how to do it.
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Ficune 85, Skin explant grown i +A medium for 14 days, showing part of an
epthelal vescle, hanging-drop culture Note the oha, which n Iie were seen
sctvely beating” Another section of this explant is shown in the color plate,
Figure 54 2 950 (Azan) Reprinted, by permistion, from Fell, H B, and Mellanby,
E - Metaplasia produced in cultures of chick ectoderm by high vitamin A J Phystol.
119, 470 (1953}

Torter. It is reverting to an amphibian

Dempsey: Here 15 another Lind of protemn that these cells change
over to,

Angevine: In tumors we occastonally sce mucus m cells that are
not normally concerned with the production of muem In fibro-
<ystic disease of the pancreas, i some way assoctated with vitamun
A defieiency, there is an eveessise secrction of mucin m certan
decets 5o that there s a tendency to eall it muomosis One sees
muem an small bele ducts in this disease, whereas one does not see
ft n these structures under normal conditions 1t would seem that
there are conditions in man where somewhat analagaus conditions
may oceur,

Fell Having produced these changes, we deerded that the next
obvious thing to do was to put the enltures back 1 normil medium
and see what happened  Here agam we did not get evacth what



170 Connective Tissues

Freure 56 'Sl(m ,:tpl.m! grown m 4A m'edlum for 7 days and then transferred
PRERES A S A P2 B St At S s e T b

we had expected The first result was that the secretory tissue
already formed underwent a sudden spurt in development, and we
obtained beautiful tracts of ciliated epithelium, and huge goblet
cells The general histology was very similar to that of the normal
nasal epithelium,

Figure 56 shows a watch glass culture that had been grown for
seven days in plus-A medium, and four days in normal medium
You see the whole surface is cilated. This loose structure is quite
characteristic, as the epithehum is very readily detached. But there
is a layer of basal cells I should like to draw to your attention,
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frmly attached to the connective tissue I shall have more to say
about those in 2 moment.

Angevine: Dr. Fell, is there any alteration in polanty in these
cells? Apparently, there was 1 the cartilage, and { just wondered
of there would be in the epithehal cells

Felt; ¥ don’t quite understand your question

Angecine: Is there loss of polarity? In other words, s these
normal erientation of one cell to another, that 15, 1 relation to s
neighbor? You would say “loss of normal organization,” T assume

Fell. Meaning that they form these folds which seem very hghthy
stuck together?

Angeving: Yes, and 1s there an alteration in the norma)l relation-
ship of one cell to anothes?

Fell, As compared with the epdermis, T think that 15 so, but what
they, and the epithelium, most resemble, 15 the normal nasal
epithelmm

Figwre 57 {page 161) shows the normal nasal raucosa of an 18-day
chick embryo, and s you can see the general streture of the
epithehum 15 very simifar Here we have the eilia, and there 1 very
much the same type of secretory structure

Travell, No basement membranc®

Meyer. That wouldn't be stamed

Tell. 1t 1s not staned for that

Dempsey: What stn is used?

Fell: PAS {Periodic ~ Acid - Schiff)

Dempseys How about your counterstan?

Fell The 15 Mayer's b 1

Fremont-Smith: Asent there expensments on transplants from
ore part of a growing embryo to another which show that <clls
which were normally predestined to form retma, or what not put
in another part of the body wilt form the cells approprate for
that part of the body? We have gmte a it of evidence of that sort
It nupht be that alf cells of the body could become nasal mucous
membrane cells 1f they were stunufated 1n the appropnate way

Fell: ¥ think you woukt have to go back ven carh 1 develop-
ment hefore determination had taken plice

Fremont.Smith  Yes, very eaely

Tell Much earhier than thes It 15 astonnbine, realh  that we
Fet 2 metaplastic change as late as seven davs, when ol the
g imzers, you wonld suppose. had wrevocabh acted

Eremont-Smth But the privep'e 1 the <ame 1 shoutd ble ta

chalienge the jies of wresoealshts
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Holbrook: We are about to be told that all epithelia are poten-
tially “nasaloid.”

Dempsey: For the purpose of these conferences, which are for our
self-education, what about the phenomenon of dedifferentiation?
Is that in disrepute now? Is it possible for a cell, once 1t has dif-
ferentiated, to revert to 2 more primitive condition and then redif.
ferentiate in a different direction?

Fremont-Smith: This proves it isn’t.

Dempsey: Not necessanly, There may be rests that have not yet
differentiated.

Fell. But you have your basal cells there which are formative, as
you say, and 1t is those which appear to be influenced.

For a hanging-drop preparation that has been grown in plus-A
medium for eleven days, and in normal medium for seven days;
there is a temrific outpouring of secretion I am astonished that
under any circumstances, so much secretion can be obtained in a
culture.

The next thing we noticed was that although the mucus-secreting
tissue already formed had developed so well in normal medium,
no new mucus-secreting cells differentiated, and instead the basal
cells proliferated. The basal cells formed a squamous Jayer under-
neath the secretory cells, and eventually that keratmized and so
reverted to the normal development of the trunk ectoderm.

B : That s isely what hap in the intact animal,

P
st jit?

Fell. Tt1s. L had a delightful session with Dr. § B, Wolbach before
I came here, and examined his figures of squamous metaplasia of
mucons membranes in vitamin A deficiency. The histogenesis is
identical with this recovery process It was most stnking and very
interesting.

Dempsey. You may be interested in another place where cxacfly
this sequence 1s obtained: In the vagmal mucosa of the guinea pig,
at estrus, you have a y-celled layer of k ized, corr'uﬁed
emthelium, squamous on top, a basal Jayer below, and spinous
cells 1n between After estrus, as soon as progesterone begins to
act in the ammal, the cornified layer is shed At about the third or
fourth cell Jayer up from the basal cells it becomes mucified, and
prior to mucification, these cells develop 2 considerable amount of
glycogen The cell then turns into a mucous cell, and persists fsyr
2 penod of time until the next estrous cycle, when estrogen again
stimulates the uterus, these cells are sloughed, and the Jayer comni-
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fies from undemeath and pushes up, so 1t 15 almost an exact parallel
In this case it is maintamed with a set of physiologically actmg
hormones rather than with the vitamms.

Fremont-Smith: Would it be sensible even to think about playing
estragen agamst progesterone m this land of preparation®

Fell. 1 think it would, and that 1s one of the things we have n
mind to do. One’s progress is so slow

R e e

l"lu‘m: 58 Skin explant grown for 11 days in +A medium and then lnml'm‘ed

-t cells,

sograph

0 . = = = whith
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Figure 58 shows an azmn preparation of a hanzing-drop calture,
grown for eleven days in hyper-A. and for four duys i normal
medium Here, you see the goblet cells with flattened basal nucler,
and here the basal Tayer 15 just begmning to acquire the squamons
structure

Tigure 59 {page 164) shows a watch glass culture, grown in
blus-A medim for seven d1ys, and normal medum for four davs.
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Holbrook: We are about to be told that all epithelia are poten-
tially “nasalord.”

Dempsey. For the purpose of these conferences, which are for our
self-education, what about the ph of dedifferentiation?
Is that in disrepute now? Is it possible for a cell, once it has &f-
ferentiated, to revert to a more primitive condition and then redif-
ferentiate in a different direction?

Fremont-Smith: This proves it isn't,

Dempsey: Not necessarily, There may be rests that have not yet
differentiated.

Fell: But you have your basal cells there which are formative, as
you say, and it is those which appear to be influenced.

For a hangng-drop preparation that has been grown in plus-A
medium for eleven days, and in normal medwm for seven days;
there is a ternfic outpourmg of secretion. I am astomshed that
under any circumstances, so much secretion can be obtained in 2
culture

The next thing we noticed was that although the mucus-secreting
tissue already formed bhad developed so well in normal medium,
no new mucus-secreting cells differentiated, and instead the basal
cells prohferated. The basal cells formed a squamons Inyer under-
neath the secretory cells, and eventually that keratinized and so
reverted to the normal development of the trunk ectoderm.

B : That is precisely what hapg in the intact animal,
isn't it?

Fell. It1s. T had 2 delightful session with Dr. S, B. Wolbach before
I came here, and evamined his figures of squamous metaplasia qf
mucons membranes in vitamin A deficiency. The histogenesis is
identical with this recovery process, It was most stuking and very
interesting

Dempsey: You may be interested in another place where exactly
this sequence is obtained. In the vaginal mucosa of the guines pig,
at estrus, you have a many-celled layer of keratinized, COH}XﬁCd
epitheltum, squamous on top, a basal layer below, and Spinous
cells in between. After estrus, as soon as progesterone begl.ns to
act in the ammal, the comified layer is shed. At about the third or
fourth cell layer up from the basal cells it becomes mucified, an(}
prior to mucification, these cells develop 2 considerable nm?\xntio

glycogen, The cell then tumns mto a mucous cell, and persists for
a period of time until the next estrous cycle, when estrogen again
stimulates the uterus, these cells are sloughed, and the layer comni-




Vitamin A and Organ Culturcs 173

fies from underneath and pushes up, so 1t 1s almost an exact parallel
In this case 1t 1s maintamed with a set of physiologically acting
hormones rather than with the vitamins

Fremont-Smith: Would 1t be sensible even to think about playmg
estrogen against progesterone in this hind of preparation?

Fell. 1 think it would, and that 15 onc of the things we have m
mind to do Onc's progress is so slow.

—~
IS
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bicwne 53 siyn explint grown for 11 diys in +A medium and then transferred
to normal medim for 4 days, hanging-drop culture Note the typacal goblet cclls,
distended with mucus and with fattened basal nuclet On the kIt of the photogeiph
Framous epithelium is beginmng to form beneath the goblet cells, a procrss which
Fowell advanced in other parts of the sevicle x S00 (Azan) Reprinted by permls.
#on, from Fell, 1T B, and Mcllinbv E Mctaplisa produced in cultares of chick
etoderm by Tugh vitamin A J Phytiol 119, 470 (1953)

Figure 55 shows an azan preparation of & hanzme-drop culture,
frown for eleven days i hyper-A, and for four davs wm normal
medium Nere, you see the goblet cells with flattened basal nnclen,
and here the basal hyer 15 just begmning to acqure the sguamous
structure, y

Figure 59 (page 161) shows a watch glass cultare, grown in
Plus-A medim for seven days, and normal medium for four dus
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You can see a very nice little squamous epithelium sharply de-
marcated from the secretory ciliated layer, but you cannot see the
alia very clearly in this preparation. This figure is almost indis-
tingmshable from some of Dr. Wolbach’s preparations of squamous
metaplasia 1 mucous membranes, in vitamin A-deficient animals
(7). As these secretory cells are not replaced. w due course they
degenerate and are shed

In Figure 60 (page 164) there is the beginning of that process.
This preparatton has been grown i plus-A medium for eleven days,
and in normal medium for seven days, and here the secretory cells
are being bunched together, beginning to get necrotic. You can see
the squamous epithelivm developing underneath

i keratin, squam-
Fugure 61 shows the last stage. Here is a mass of keratin,
ous gpilheh‘um; 2 few mucus-secreting cells are left, and there is

still some mucts i the cavity This recavery process takes place
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at diferent rates in different parts of the culture It can wsually
be found in all stages in the same explant

IHolbrook: 1 should Like to ash Dr Fell if, having shown us what
can be done with a nonsecretory cell to make 1t sceretonry, she 1s
going to talk to us about what can be done with a pnmary secretory
cell in relation to its seerction?

Fell- Yes, I have some snformation about that Of course the
mterpretation of these results 1s extremely difficult, but certam
things seem o emerge T think our results serve to emphusize what
has already been shown in anunals, that vitamin A s an essentia)
factor in the control of heratinization. It seems that m the wtact
?nimal. a certain amount of the vitanun 1 required to suppress

and that the level varres ven widelhy for
different cpithelia Thus the lesel normally present in the blood 1
suflicient to supp k i for example, m the normal
nasal epithel but of the jon falls below the fevel as

m A deficiency, then keratinization tahes place

Now with these chick ectoderm cultures, the same primap'e
seems to hold, except that the threshold 15 very much higher 1f
there is a sery high level of vitamin A, the squamots dufferentiation
and the keratinization may be suppressed, but af the level falls to
that normally present in the body, then heratimzation takes place
Of conrse, we are faced with this extraordinary metaplastic change
in the cultures. One thing we can say about it 1s that the vitamm
seems to act entirelv on the basal cells, and then toa it s 2 quahta-
tive cffect, that is to say, it causes the transformation of the basal
cells into the mucous epithelum, but we have no evdence that #t
affects mucus secretion. Recently, we have done & number of
experiments in wlich we have made organ cultures of ranous
sccretory tissues, such as the pacal epithehum and gut, and they
secrete profusely both m the normal and in the hyper-A medinm
Personally T can sce no dfference whoteses hetween the two
explants fn the two media There 1s no evidence that vitamin A
promotes secretion in what 1s noraually a scerctory tissue. and §
beheve that that ¢ the cxpenence of people who work with byper-
avitamunasis in animals
. Torter: 1 wonder shat heratm and the muctn meaked keee bate
in common?

Meyer: 1 don’t know of any similants It seems to me that the
explanation could lie in whether the manufacturing plant of the
cell is determined by the amount of vitamin A It has potentrally
the system erther to produce heratin, or ctha and muen IF it
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is under the influence of an oversupply of vitamin A, the keratin-
produaing facility 15 switched over o that of a mucin-producing
facility, and once that 1s established that cell cannot be changed, so
presumably 1t ought to influence the suppression of the genetically
present potential of the cell

Fell: We have no evidence that when a cell is differentiated —
for example, for mucus secretion — it can then be transformed mto
a keratimzing cell It just degenerates.

Dempsey: One thng both substances have in common is a hgh
sulfur content, but i a very different form. One has a sulfate and
the other has a sulfhydryl disulfide. As 2 rule, mucins produced by
ectodermal structures do not contain sulfate. The only exception
1 know is the mucoitin sulfate produced by some cells of the gastric
mucosa (9). It has been shown by a number of workers that this
sulfated mucopolysaccharide occurs in the gastric secretion.

Porter: The polysaccharide component is the thing that 1s being
produced here in the mucin cells, and not in the keratin cells.

Meyer. Yes, though I doubt it contains sulfate.

Dempsey: How about the mucus of the cervix? Does it not have
sulfuric acid in it?

Meyer: Cervical mucus has been studied by Shettles, Dische and
Osnos (10) and also by Werner (9) with colonmetric methods.
They found blood group mucoids in this secretion The carbohydrate
moiety app Iy ined b i Tact fucose and,
according to Werner, a mucoid called sialic acid, but no sulfate,

Dempscy. Histologically that doesn’t fit very well, Dr. Meyer.
The epithelial mucus found in goblet cells in the surface epithelia
of lower ammals, in the nasal mucus, in the uterine cerviy, and in
other places, is an extraordinanly basophilic substance, perhaps the
strongest basophilic material anywhere in the body. On the other
hand, the mucus of the gastromtestnal tract, and of the stomach
mucosa, 1 which neutral polysaccharides have been identified, is
scarcely basophilic at all, which it should not be, It is also perhaps
one of the most strongly metachromatic substances to be found
anywhere 1n the body- as strong or stronger than cartilage.

Meyer: There 15 a strongly sulfated polysaccharide in the mucus
and in the mucosa.

Dempsey: Nevertheless, there are mucous cells which are not
basophilic. They are both there, which is my point, so I should
certainly suspect that these things are strongly acid, whether or
not they contain a sulfuric acid group. I thought the uterine cervical
mucus had been found to contam sulfuric acid, but T do not know.
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Meyer: The work 1 quoted ts on human wtnucus 1 do nat know
of any other work, 1 do not believe T should dare to make any
prediction as to what the nature of this matenal 15 1 the lower
species, or in the vaginal mucus Did you test it Dr, Tell? Was it
metachromatic?

Fell: Yes, it was metachromatic with toluidme blue

Meyer: Strongly metachromatic?

Tell: No, not very, 1 think, but T speak very doubtfully about 1t
beeause I have not properly gone nto the matter

Porter: Dr, Fell, T think it mght be pointed out. too, that mucin
is not seen in the mbiated cells, 1t is rather m the adjacent cells
This development of ciliated cells may be considered a secondan
response to the p of a forming b

Dempsey: At one point you asked whether or nat the mucous
cefls that had hittie whiskers on the top were ailan

Fell: Yes, I thought there were 1 normal nasal mucosa

Porter: 1 don't think so

Dempsey: They were side by side 1 thank Dr Porter 15 nght
You find a ciliary cell and a mucous cell next to at, but never the
two sharing the same cell

Bennett. The cilated cell appeared later 1n your cultures

Fremont-Smith; When you obsenved it m hfe did you get eni
dence of mucus seerction by cibiated cells?

Fell. No, 1 can’t say from Ufe. 1 certamh dnow that by far the
greater part of the mucus secretion is nat in the cliated cells That
I am quite certan about But T am not quite so sure whether the
ciliated cells secrete nothing,

Torter, 1 think not,

Tefl: You may be right, T am not sure, They have a good deal
of gadgetry faside. T dare say there 15 a Tot of PAS-positne mtend
in the erlated cells which is not mucus

Dempsey, The Fallopan tube 15 cihated, but not any organs
fotind fower than that in the body.

Tell: The esophagus has a transitory cihated stage there 15 a
very miee paper about that,

Dempsey: 1 should ke to avord this argument about whether
or not the mucus contains sulfate, but 1 should still bhe to come
back ta the problem and ash Dr Meser of there 1s amy Inochemsesl
mechanism he hnows of wherelyy a sulfurcontaunng precursor
might be diverted By one set of macluners wto formmyg something
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like keratin, and by another set of machinery into forming a sul-
fated mucopolysacchande. Is it conceivable that a single precursor
would come to the cells and might manage to . . .

Meyer: The origm of ester sulfate apparently is morganic sulfate,
while that of the SH and SCHs groups is organic dietary sulfur.

Dempsey: But isn’t the converse also true, that the SH and $S
which we mgest may be oxidized to sulfate and excreted as sulfate?

Meyer. I think most of the cystine-S is excreted as sulfonic acid
in taurine. I think the C-S bond in sulfonic acid is split only to a
slight degree

Dempsey: There is sulfate, though, that is excreted in the unne?

Meyer: Oh, yes, there is plenty of it.

Dempsey: Now, is the ongin of that sulfate exclusively ingested
sulfate?

Meyer: No, the ongin of excreted sulfate is partly derived from
oxidation of organic sulfur.

Dempsey: So 1t is possible, it seems to me, for a sulfur-contaimng
precursor to be routed, by these cells, from either one of these
directions?

Meyer: 1 should stll assume that the amino acid composition
of the keratin ought to be quite different from that of these mucins,
but we do not know the nature of it

Porter: Maybe the protein portion is quite similar.

Meyer That is possible

Fell: Looking at it as an embryologist, I couldn’t help but wonder
whether all the vitamin A did was to suppress the keratimzation

Porter. To suppress one set of plasmagenes and encourage
another?

Fell- Yes; the ectoderm pursues a route which, m ordmary
development, 1t follows in the nasal region, That is just a guess,
though

Dempsey. Isn’t there another set of experimental conditions m
which the same kind of change can occur? For example, in
tracheotomy, does the tracheal epithelium frequently keratunze
around the exposed edge of the wound?

Bennett That happens in situations where there is long con-
tinued irritation, but where there is no evidence to suggest the
presence of vitammn A deficiency. Recovery takes place after the
irntative phenomena have been removed. We do not know w hether
there is interference with the utilization of vitamin A locally or
not, but we do see this metaplastic change in association with
numerous pathologre situations.
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Portes: There is possibly a space relationship there, too The
mueus-formung cells are not as far removed from the dernus as the
keratin-forming cells, are they?

Dempsey. No, and there fs another space relatronship which
15 one [ was trying to get to These cpithelia are onented, on the
surface of the body, with respect to air on one side, and mterstiial
fluid and the blood stream on the other. At the base of the cell,
there is an i {lul i 1 d by the blood
stream and tissue fluids At the surface, there 15 an entironment
which is dominated by atmosphenc otygen. In between ane has
all transitions. In the tracheotomy experiment which I mentioned,
and in many other pathological situations when a mucous mem-
brane is exposed to dry air, 1t keratimzes If the ar 1s made moist
agan, as it normally is in the trachea, 1t 15 mucified If one alters
the relations between atmosphenic ovygen, moisture, and the ovida-
tive mechanisms of the blood stream of the ordinary growing cell
isolated from there, one may obtain any transition It seems to me
that somewhere among these parameters there 15 the mechantsm
which induces these changes

Meyer. Isn't the comeal type of epitheltum, especally. one which
is heratimized very readily if exposed to the air, for example, if
1tis dried out?

Dempsey+ Yes.

Meyer. The comea heratimzes very readily m vitamin A deficiency
and 1 many pathological conditions

Fremont-Smith: But vitamin A deficiency would accentuate at,
wouldn't jt?

Meyer: 1t should accentuate the heratimzation. and this 1s not
2 matter of fluid. I do not believe there 1s any thing known about
the tear gland secretion dropping 10 vitamm A deficieney  Does
it do so?

Fell: 1 have no idea

Iolbrook: There has been some discussion about that Dr Mever
There is a syndrome known as Sjogren’s syndrome, 1 which the eves
are dry and there is a dry mucous membrane

Meger, Conjunctivitss sicea.

Hollirook: That's right, which 1s onc phase of the syndrome It
is not too common a condition, but cunously cnough, there have
been some reports of those indirduals having vitamin A deficiency
1 have tred modest amounts of vitamn A with them, wathout am
Improvement at all,
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tike keratin, and by another set of machinery into forming a sul-
fated mucopolysaccharide. Is it conceivable that a single precursor
would come to the cells and might manage to . . .

Meyer: The ongn of ester sulfate apparently is inorganic sulfate,
while that of the SH and SCH; groups is organic dietary sulfur.

Dempsey- But is’t the converse also true, that the SH and 58
which we ingest may be oxidized to sulfate and excreted as sulfate?

Meyer: 1 think most of the cystine-S is excreted as sulfome acid
in taurine, I think the C-S bond in sulfonic acid is split only to 2
slight degree.

Dempsey: There is sulfate, though, that is excreted in the urine?

Meyer: Oh, yes, there is plenty of it.

Dempsey: Now, is the ongin of that sulfate exclusively ingested
sulfate?

Meyer: No, the origin of excreted sulfate is partly derived from
oxidation of organic sulfur.

Dempsey. So it is possible, it seems to me, for a sulfur-containing
precursor to be routed, by these cells, from ecither one of these
directions?

Meyer. 1 should stll assume that the amino acid composttion
of the keratin ought to be quite different from that of these mucins,
but we do not know the nature of it

Porter- Maybe the protein portion 15 quite similar

Meycr: That is possible.

Fell Looking at it as an embryologist, I couldn’t help but wonder
whether all the vitamin A did was to suppress the keratinization

Porter: To suppress one set of plasmagenes and encourage
another?

Fell Yes, the ectoderm pursues a route which, in ordmary
development, 1t follows in the nasal region. That is just a guess,
though

Dempsey: Isn't there another set of experimental conditions in
which the same kind of change can occur? For example, in
tracheotomy, does the tracheal epithelium frequently keratinize
around the exposed edge of the wound?

Bennett. That happens in situations where there is long con-
tinued irritation, but where there is no evidence to suggest the
presence of vitamin A deficiency. Recovery takes place after the
irmtative ph have been r d. We do not know whether
there is mterference with the utilization of vitamin A locally or
not, but we do see this metaplastic change in association with
numerous pathologic situations
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Porter. There is possibly a space relationship there, too. The
mucus-forming cells are not as far removed from the dermis as the
Yeratinforming cells, are they?

Dempsey. No, and there is another space relationship which
15 one 1 was trymg to get to These epithelia are onented, on the
surface of the body, with respect to air on one side, and mterstitial
fluid and the blood stream on the other. At the base of the cell,
there 15 an lul d d by the blood
stream and tissue fluids. At the surface, there 15 an environment
which is dominated by atmosphenc oxygen. In between one has
all transitions. In the tracheotomy experiment which I mentioned,
and in many other pathological situations when a mucous mem-
brane is exposed to dry air, 1t keratimzes If the mr is made moist
again, as it normally is in the trachea, it 1s muafied f onc alters
the relations between atmospheric ovygen, morsture, and the ouda-
the mechanisms of the blood stream of the ordmary growmg cell
isolated from there, one may obtain any transition. It seems to me
that somewhere among these parameters there is the mechanism
which induces these changes

Meyer: Tsn't the corneal type of epithelum, especally, onc winch
is keratinized very readily if cxposed to the aw, for example, if
1t s dried out?

Dempsey: Yes.

Meyer: The cornea heratimzes very readily in vitamun A deficiency
and in many pathological conditions

Fremont-Smith- But vitamn A deficiency would accentuate at,
wouldn’t jt?

Meyer, Tt should accentuate the heratimzation, and this 1s not
& matter of fluid 1 do not believe there is anything nown about
the tear gland secretion droppme m sitamin A deficieney. Does
it do so?

Fell. 1 have no idea

Holbrooh There has been some dieussion about that, Dr, Meyer,
There 15 a syndrome known as Sparen’s svndrome, in which the eyes
are dry and there 15 a dry nweous membrane,

Meyer. Conjunctivitis sicca

Holbrook That's nght, which 1s one phase of the syndrome. It
i not too common a condition, but curiously enough, there have
been some reports of these indn 1dnals havng vitamin A deficiency.
Thave tricd modest amounts of vitamin A with them, withowt 5h,

-

tmprovement at afl -
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Meger In this disease the conjunctival epithelium 1 pantly
replaced by a mass of goblet cells,

Angeving ¥t would be rather interesting, in view of the discus-
sion here, to examine some of the organs from X disease in cattle,
which 15 apparently associated with destruction of the ability to
utilize vitamin A There 15 keratmization of the nose m affected
ammals, and there 1s a high mortality among them, If one could get
some of ther offspring, perhaps very early, they might be a very
nteresting group to look at from this standpoint.

Holbrook. The calves die if the cow has the disease.

Angevine: Therefore, 1t should be possible to obtain a calf.

Fremont-Smith- The embryos might be interesting.

Angevme  Yes.

Fremont-Smith What is the name of the disease?

Angevine: X disease in eattle,

F Smith. “X* i k n?

Angevine Yes, They thought for a long time st was a virus, but
they can mamtain these cattle falilly well by giving them large
doses of vitamin A. They cannot reverse the proeess once it gels
started

Holbrook: ‘The calves will live if the mother is given vitamn A

Fell* Thexe 15 nothing known about the pathology of it?

Holbrook Nothing.

Anvegine. I wouldn't say that, I don’t know.

Fremont-Snuth: But the embryonic pathology has not been
determmned?®

Angevine No, 1t has never been touched so far as I know, I shall
@y to obtam tissues to see what we can find, 1 should have an
excellent source of matenal for it

FPell 1Is it possible that in some condtions the mdwidual is not
suffering from A deficiency ag, for some reason, an inability of
the tissues to metabolize vitamin A?

Angevine Yes, | think se,

Travell Dr Dempsey spoke about changes in the environment
at the surface of the skin: the amount of moisture, and the amount
of oxygen domnating What effect do these amounts of vitamin 4
have on the oudative processes of the explant?

Fell- 1 have no idea.

Holbrook: Dx Fell, you told us that this dida’t work so well in
mammals, and yet you showed vs # young rat that had spontaseous
fractuses
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Fell. Oh, yes. It works extremely well on the skeleton of mam-
mals, but we haven't got the metaplistic change to mammalin sk

Iiolbrook: Then my next question is, hne you any mformition
about what happens in the skeleton of old rats. with the same or
Larger doses of vitamin A?

Fell. 1 behere not very much It is a change peculiar to the
growing sheleton. That ties in with our findings that the vourzer,
the more cellular the tissue, the more pronounced s the effect We
did some experiments with newbom rat or mouse bores and the
effect was very much slower, and less drastic. than it was with the
younger fetuses.

Dempsey: There is an argument that one is dealing here with
a change in sulfur metabolism, which, I think, can be ettended to
the observations you made on cartilage matrx, 1sn't that 50 One
starts out with a situation in which there is plasma as a nutnent
materisl, and from which the explant normally synthesizes cartilaze
matrix, which contains sulfate. Now, in the hypentanunons A.
the explint cannot synthesize the sulfur-contaming matnx and
indecd it Joses what it already has, and so somewhere there 1» 2
block in the formation of the sulfate that goes into the cartlaze
mutrix from the precursors of the plasma, just as we seem to have
a similar mechanism tuming up in the epithehum.

May 1 ask a general jon. docs hypers A produce
any changes in places Like the chief cells of the gastnic mucosa or
in plices where one obtains mucoid materials other than the sul-
fated encs? In other words. 1 wonder if there is anv alteration in
the formation of any of the neutral polysacchandes?

Bennett: In so far as 1 know, the onl plices where these meta-
plastic changes occur are the sites referred to by Dr Fell the
fespiratory tract including the bronchy, the unnary tract including
the cenal pelsis, the ureters and bladder. T do not know of am
plices along the gastrointestinal tract where the lesion occurs Do
You know of any, Dr. Angevine?

Ancerine: No,

Fell. I believe it s sinqularly free from the effects for reasons
which are quite unknown. It is probably a very sizmEcant difference

Bennett: The wterus, of course, is very profoundly afected.

Dempscy: The snail would be a good animal to use It leases a
track of mucus behind it.

Hellrook: Are there any further questions or discussian® It was
A\en interesting story, Dr. Fell, T think you ought to tell us what
¥ou prepose to do next.
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Meyer: Tn this disease the conjunctival epithelium is partly
replaced by a mass of goblet cells

Angevine: It would be rather interesting, in view of the discus-
sion here, to examine some of the organs from X disease in cattle,
which is apparently associated with destruction of the ability to
utilize vitarmn A. There 15 keratinization of the nose i affected
animals, and there js a high mortality among them. If one could get
some of thew offspning, perhaps very early, they might be a very
interesting group to Jook at from this standpoint,

Holbrook: The calves die if the cow has the disease,

Angevine: Therefore, 1t should be possible to obtain a calf.

Fremont-Smith: The embryos might be interesting,

Angeuine Yes.

Fremont-Smith. What is the name of the disease?

Angevine- X disease in cattle

Fremont-Smih: "X" meaning unknown?

Angevine Yes They thought for a long time st was a virus, but
they can mamtain these cattle fairly well by giving them large
doses of vitamm A. They cannot reverse the process once it gets
started

Holbrook The calves will hve if the mother is given vitamin A.

Fell. There is nothing known about the pathology of it?

Holbrook, Nothing

Anvegine, I wouldn't say that; I don’t know.

Fremont-Smith  But the embryonic pathology has not been
determined?

Angevine No, 1t has never been touched so far as I know. T shall
try to obtam tissues to see what we can find. I should have an
excellent source of material for it.

Fell: Is it possible that in some conditions the indwidual is not
suffering from A deficiency but, for some reason, an inability of
the tissues to metabolize vitamin AP

Angevine. Yes, I think so.

Travell Dr Dempsey spoke about changes in the environment
at the surface of the skin: the amount of moisture, and the amount
of oxygen domumating What effect do these amounts of vitamin A
have on the oudative processes of the explant?

Fell. 1 have no idea.

Holbrook, Dr Fell, you told us that this dida't work so well in
mammals, and yet you showed us a young rat that had spontaneous
fractures,
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Fell. Oh, yes. It works extremely well on the skeleton of mam-
mals, but we havent got the lastic change in han skin

Holbrook: Then my next question 15, have you any mformation
about what happens in the skeleton of old rats, with the same or
Targer doses of vitamin A?

Fell- 1 beleve not very much It s a change pecubar to the
growing skeleton That ties in with our findings that the younger,
the more cellular the tissue, the more pronounced 15 the effect We
did some experiments with newbom rat or mouse hones, and the
effect was very much slower, and less drastie, than it was with the
younger fetuses

Dempsey: There is an arg that one is deahng here with
a change i sulfuy metabolism, which, I think, can be extended to
the cbservations you made on cartilage matniy, 150t that so? One
starts out with a situation in which there 15 nlisma ac a2 o0
matessel -3 F T
wat N s
the e Symwisize tne suibur-contmmng matry, and
indeed it Joses what it already has, and so somewhere there 1s 2
block in the formation of the sulfate that goes mto the cartlage
matrix from the precursors of the plasma, just as we seem to have
 similar mechamsm turning up i the epsthelhum

May 1 ask a general g does hyperv: i A produce
any changes in places ke the chief cells of the gastne mucosa, ar
in places where one obtains mucod matenals other than the sul-
fated ones? In other wosds, I wonder if there 1s any alteration
the formation of any of the neutral polysacchandes?

Bennett, In so far as 1 koow, the only places where these meta-
plastic changes occur are the sites referred to by Dr Fell the
respuratory tract including the bronchy, the wrmary tract, ncluding
the renal pelvis, the ureters and bladder I do nat know of any
Places along the gastrointestinal tract where the Jeston occurs Do
you hnow of any, Dr. Angevine?

Angevine: No

Fell: T beheve it 1s singularly free from the effects, for reasons
which are quite unk 1t 1s probably a very sigmficant diff

Bennett; The utenus, of course, is very profoundly affected

Dempsey: The snail would be a good animal to use It feaves a
track of mucus behind it.

Holbrook, Are there any further questions or discussion? It was
avery interesting story, Dr. Fell, T think you ought to tell us what
ou propose to do next.
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Fell: There are many things we propose to do. We should hke
to try the effects on older epithehum, and also go properly into
the maramalian guestion to see whether there is 2 difference, and
whether the mucous change can be produced with varying condi-
tions I should alsg kike to know whether the vitamin gets into the
epithehum of the mammal, and if so, whether that can be the
explanation for the difference. I do not know. It has heen demon-
strated, I believe, by fluorescence mn epitheha.

Holbrook Have you uvsed the purer synthetic vitamun A at all
i any of these recent studies?

Fell, We used the purest we could obtain — the crystalline ace-
tate I don’t suppose any of them are really puse, are they?

Meyer. There are now different 1somers of vitamin A. I do not
believe the mechamsms of the mode of action of any of the fat
soluble vitamtns is known. They must somehow influence the metab-
olism of the cells, but whether this happens inside the cell, or on
the surface, I don’t thwk is known.

Porter. Dr. Fell, do you think the histogenesis, or the cyto
gene?sxs, of this mucin followed the normal pattern of muein forma-
tion!

Fell: There are a good many granules in the cell, but ¥ am afraid
I haven't gone mto them cytologically in any great detail.

Fremont-Smith. Dr. Fell, have you used other organs of the
body for explants, such as the uterus, as well as tisswes of the
epithelinm, bone, and connective tissue®

Fell No, not yet

By Smith. That is possible, isn’t it?

Fell' 1t 15 all planned, yes, and we are going to try 2 number
of tissues when I return, 5

Fremont-Smith: What about the use of the egg as a place in
which to meubate the 1 or the lan tissues? That has
been done, I think Have you tried that?

Fell. No, but it can be used

Fremont-Smith It has been done by someone who was working
with Dr Guun on the embryo mouse. T was wondering whether
there were ad ges and disad P

Fell. What we were after was this direct effect of A It can only
be d d under the simplest of condi Onge the vitamin
is put an the body, you do not really know what happens to it, as
was_tlbustrated by the comparison between the natural and the
artificial hyperplasia Not only does the agent affect the animal,
but the animal alters the agent, T think that is one of the advantages
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of the organ culture method because it does enable one to isolate
certain bits of a problem and so use 1t as an adjunct to experiments
in tito, though practically never as a substitute for them.

Porter- This 1s the first demonstration, 1s 1t not, that the vitamin
can act directly on the cell or tissue without bemng mediated by the
whole animal?

Fell. 1t is the first evidence that jt can 1n concentrations in which
it occurs in vivo There were some very mice expenments by
Bamicot (11) in which he put erystals of vitamm A acctate on
bone grafts and got resorption, which was pretty good evidence of
the direct action But then, of course, that was a terrific concen-
tration

Dempsey. You haven't tried to grow eyes or retina, have you?
This is another place, of course, where vitamin A goes directly
into the structural part of the cell, and it mght be very interesting

Fell. No, that is a thing we are planning to do The retma
develops extremely nicely in culture

Fremont-Smuth- It does?

Fell. Yes One starts with a three-day cye, and almost an adult
retina is obtamed in an organ culturc The same 15 true of the
otocyst, and we are going to try both expenments when I return
and see what effect, 1f any, A has on them

Dempsey That ought to be fascinating

Meyer: You did some work with comea?

Fell: Yes, we have done some prelimmary experiments on that,
but T cannot telt you much about them
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QUTLINE OF PROBLEMS
TO BE SOLVED IN THE STUDY OF
CONNECTIVE TISSUES

KARL MEYER

Department of Medrine

Columba Unsreriay

College of Physicrant and Surge s

Tms oumave wiLk be subject to the imitations imposed by the
extent of the mformation available at the present time on this und
related subjects, and by the bias of ene man who will try te put 1t
together. For the purpose of dialectics, that 1s, 1n order to anahze
and systematize what we are trying to do, I have divided the prob-
lem into two topics: the analysis of structure and of function
Obviously a division is artificial because there are spheres where
the two overlap, both in method and 1n concept However, it seemed
to me that this division would be useful in clanfying the concepts
which we have, or are trying to form The analysis of structure
insolves the physical aspect, that 1s, histology and the fine structure
as well as the chemical composition of the substances and then
nature, The functional aspect is what Dr Ragan calls “dynanncs.
and this term could probably be substituted for the term “anah-
s1s of function ™

In making this outlne, I thought first of the lustological and
histochemical methods available at the present time However, I
know very Little about that subject, sa I shall just intrmate that I
thank it is one of the most frustful areas of endeavor if the methods
could be improved For example, 1n the field of ground substances,
with swhich T am perhaps most famuliar, we find m many tissues
three different mucopolysacchandes  some loosely bound, and
others mtimately baund, to pratems The lustologst tells us that
be finds metachromasta present or absent in certamn locahizations
and under certamn circumstances It scoms to me mperatine that
the hxstolngnst find out what the exact Jocalization 1s of the sub-
Stances wlich the chemst extracts from the mrsed tissues and
hacacterizes after fractionation and analysis

1 should be + ery grateful for any suggestions as to how onc mrzht
discover whether these fractions occur m the tissues as random
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muxtures — which personally I do not believe — or whether they are
localized as discrete structures The Kittsubstanz of the old Ger-
man literature, versus the Grundsubstanz obviously indicated a
duality of structures which may correspond to the two (or three)
mucopolysaccharides or mucoproteins isolated from connective
tissue How to approach the histological problem, I do not know.
The unfortunate thing is that the carbohydrates lack distinguishing
features except in the infrared side of the spectrum Whether or
not nfrared pectroscopy is possible, I do not know.

Porter: Something might be done with electron microscopy.

Meyer. The trouble with electron microscopy 15 that the sub-
stances are not highly organized. If enzymatic removal is used, one
must have specific enzymes. Histologists have been using such
methods for many years The enzymes which are available now are
not as specific as they were thought to be In the test tube, chon-
droitin sulfate B is resistant to the action of testicular and bacterial
hyaluronidase Yet st is reported that the metachromasia of skin,
for example, does disappear completely after incubation with
testicular hyaluronidase. The same has been reported for the
granules of mast cells. Heparin, which 1s contained in the granules,
1s completely resistant to hyaluronidase action. Yet the metachro-
masia of the granules is reported to disappear after incubation with
testicular hyalwronidase.

The difficulty is that the enzymes used may be quite impure.
Recently, for example, I saw a note, I beleve in the Proccedings
of the Biochemical Socicty, in which somebody investigated the
protease content of a variety of hyaluronidase preparations All had
proteolytic activity, and in fact it increased with the increase in
hyaluromdase actwvity I am sure the two enzymes have nothing
n common. One might suspect that some effects on ground sub-
stances described 1n the literature may be due to this proteolytic
activity Day, in England, has shown that proteolytic enzymes are
very effective in removing the ground substances in loose connective
tissue.

Fell. Couldn't one do the experiments with protease mhibitor?

Meyer- Yes, that could be done. Perhaps Dr. Hass ought to think
of using a trypsin inhibitor in his experiments. The trouble with t}le
inhbitors is that they have definite specificities The trypsin in-
hibitors of eggwhite, soy beans, or that found in the pancreas, may
not act on a tissue protease. Also, the concentration of these sub-
stances per umt area, or unit volume, are probably very small, and
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one is faced with the problem of the hmuts of the resolution by
histological methods

Porter. OF course, one cannot decide these things very well
unless one tries them, but I think that electron mucroscopy does
offer one type of approach to the problem of localization, which
has not, up to this time, been developed at all. There must be many
seagents that one could use in electron microscopy which would
be bound rather specifically by the reactive groups in the ground
substance, and they could thus be localized

Fell: 1 there wete a protease acting, wouldn't you see signs of
its activity in other ways?

Meyer: 1 do not know. One might expect that the tissue proteases
would hydrolyze the protems of the ground substances, while the
structural elements might not be attacked at all, or only very stowly,
except by coll the chemical firty of which, I beheve,
15 not known

The next item in my outhne 1s the chemistry of the connective
tissues There, with known procedures, 2 lot more can be jearned
than we know at present. For example, we have just finished some
work on comea, and isolated three dustmet acid mucopolysae-
charides from this tissue, among them a novel type compased of
Neacetylglucosamine, galactose, and sulfate, which we had over-
looked, or rather last, in the fractionation procedure which we used
over ten years ago Now we have reason to suspect that such a
polysaccharide ocenrs alsa i tissues other than the cornea, although
1 was not detected 1 pigshin or i tendon The two other poly-
sacchandes which accompany this one are a_chondroitm sulfate,
and a fraction which looks ke hyalurontc actd, although the rota-
tion of the fraction is not the same as m hyalurontc acrd from other
sources The separation of these fractions 1s not easy, but st can be
done, and I believe the chetmeal structure of these compounds can
be elucidated, This, T feel, 1s still a very frutful field For example,
as discussed earher, the effect of hyperitanmnosts A on cartilize
could be studied by esperimental methods Thts could be done by
2 combination of chemical and lustological techmiq It 15 quite
obvious that guidance should be provided by the lustologist, as
fha 1.1 & et L S . * and 1t would
+ prethet what
ung from one
$tep to the next, to find out what Tappens tmder the gudance of
hlsiu}ogy.

The analysis of function, T personally believe, 1s almost com-

"
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pletely terra incognita We have nothing to go on, at present, but
it 15 quite obvicus from reading the hierature, and from pure
deductive reasomng, that it ought to be one of the most fasemating
fields If we wish to progress i our und ding of pathel
the only rational approach ss through the mechanisms, and I have
subdivded these very artifictally into physiological, pathological, and
pharmacological, under which 1 have listed growth and develop-
ment, aging, calefficatson, salt and water metabolism, energy metab-
ohsm and its relation to specific functions — as previonsly discussed
~ and the mterrelations of structure with chemical reactions,

Under pathology, one could make a list of several pages, bsting
m detail the studies which could be made. The same apphes to
pharmacologry, under which I placed all the actions or reactions to
hormones, toxins, and other exogenous products, and left it rather
undetermined, then, the reactions to drugs, and, as the last pont,
whith I think we have completely Jost track of, the interaction
with parenchymatous organs and with the organism as o whole
When Dr Fell showed us those beautiful pictures my first reaction
was. this is agam action on some cannective tissue elements rather
than on the epthelum. The epithelium is indirectly affected be-
cause 3t depends for #ts function, and part of its metabolsm, on
twhat 1t obtains from the stroma. If the stroma does not function
propesly, the epithehum also will not funetion This is a completely
uneyplored area.

I should hke to fode with the that the outlme
obviously 1neludes almost every problem of biology and medicine.
This should not be surprising, m view of the very simple fact that
we have connective tissue everywhere, and that it is fnvolved
2l processes with which we come in contact, either in physology
or in pathology

Dempsey- From what Dr Meyer has said, I feel there is a dis-
tinction perhaps, between histological methods, on the one hand,
and chemucal on the other He seems to feel that the known
hustologieal mothods have heen applied more widely than have the
known chemical methods, Consequently, work with histological
methods will probably require the development of new technigues,
whereas the way 15 a little bit clearer in chemistry, where the
techniques are better known Was that what you meant, Dr, Meyey! ?

Meyer Yes, I thuk in chemistry the paths by which we should
and could go are mucl more clearly outlmed than in istology:

Dempseys The field has been pretty well plowed in existing
histological methods Oune to that is probably electzon
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microscopy, which has not been so widely apphed to these tissues
as 1t could be,

Meyer: To me, it 15 histology, namely, the localizatton and the

quantity of substances bresent in a given arep

an Y-ray spectroscope one can measure the mass
of matenal 1n 5 cell One can also remove part of it, or combme 1t
with something and determine the mass before or after such 4
procedure One s limited by (a) magnification, (b) gram of film,
and (c) the quantity of material present: It 1s bemg used 1 3 fou
places only, but T think eventually it will be 4 useful tool At present
itis necessary 1o develop accurate techniques to be used n assoia-
tion with the application of the instrument We have under construc.
tion at present an X-ray spectrograph which, Jf a success, will
materially enhance the value of thys technique

Meyer: Couldpt one combine, let us say, the reactne groups
with specially heavy, opaque, dense atoms or molecules?

Angerine: Yes,

Meyer- One could do the same with o heavy metal which has
Some very special affinity for certan acidic groups, or 1t could be
done with bagie groups,

Dcmp:cy: But isn’t that essentially the same phenomenon that
one deals with, i, electron microscopy?

Porter, Yes, it is,

De"lp&cy: Xeray density, electron diffraction and scattering power
are essentially the same thing, are they not?

Holbrook, What one really needs 1s'a machine like the one Dr

ass has, to 8et several hundred grams of ground substance together
s he did wiph, his Rbrils

Meyer, No, for chemistry, you don’t,

cmpscy: Not for chcmistry, but we shall wish to know where
€ach ong of these fibnls comes from

Holbrogk., Or orientation, certainly

Travely, Ground substance Isn't enclosed n a nice capsule hke
the my ofbr),

Hlolbrogy That 2dds to the problem,

Meyer: Van den Hooff (1) has a figure in his paper on the
£Omea, in which he shows that the ground substances in the comea
M3y be seen as slecves around the collagenous fibrils,



190 Connective Tissues

Porter: 1 haven't seen the paper, so I do not know. I think we
shall find that quite a lot can be done with frozen-dried matenal
in the electron microscope.

Dempsey: Dr Porter, don’t you think we need to develop a
series of what you might call histochemical methods for the elec-
tron microscope: a series of methods designed to characterize in

} I terms the substances that may be seen with the electron
mmcroscope, just as is being done with the light microscope? Such
a technique 15 practically nonexistent at the present time.

Porter: That's nght; but we shall have it eventually,

Dempsey: Yes, but it comes again into Dr. Meyer’s category
of things that must await the development of method. There are
a great many more histochemical methods that may be developed
by improvement of existing methods

Meyer. 1 am rather optimistic.

Porter: How many enzymes will diffuse through collodion, when
used as an imbedding matrix?

Meyer: There are enzymes which pass a collodion or cellophane
membrane, that is, those which have a molecular weight of 15,000
or less. The permeability of collodi }e depends upon
thexr preparation

Dempsey You really mean methacrylate membranes, don't you?

Porter: No, you can imbed them in collodion.

Meyer 1 would not sely on diffusion into collodion.

Dempsey: T should like to recommend a project that could be
done in Dr. Porter’s laboratory. What we need in this field for
begmning histochemical work with the electron microscope is 2
means of fixing tissue so that sections may be cut without mechanical
or other distortion of the tissue, but which does not involve the
introduction of an electron-dense maternal; in other words what
we need 15 a fixative that is as good as osmic acid, and which does
not have the electron-scattering power of osmium.

Porter- 1 think probably formalin, {f properly wsed, would be
almost as good; it meets those requirements

Meyer. Except that some of these polysaccharides are really
leached out, and certainly they are diffused from one place to
the next,

Porter: Formaldehyde will ot fix Lipids, but the protein frame-
work, if such it may be called, can be preserved with it quite wel

Dempscy. Freeze-drying, and sts improvements, are other poss-
bilities.

Holbrook: What about the chemical structuse of the ground
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substance, Dr. Meyer? Are methods available to tell us, with some
reasonable accuracy, what amino acids are uttlized?

Meyer. Do you mean the protein complex?

Holbrook: Yes, which protein fraction?

Meyer There are methods for analysis, Naturally, the first step
would have to be the isolation, in so-called pure form, of the sub-
stances, For evample, in cartilage one thing has always been a
riddle to me. with what protein are the two chondrottin sulfates
which we can recognize combmed?

Nolbrook: That is what I am asking,

Meyer: Is this collagen? I know that the electron microscopists
show us beautiful collagen fibnls n castilage, but in that area, 1
the zones which are so strongly metachromate, what 1s the protemn?
And what Is the physical or chemucal relationship between these
carbohydrates and the protewn present there? There is protewn, by
the way If it 15 collagen — and I have always stressed the “if” —1t
certamly has a widely different solubility from the collagen of the
skin, for example, or of tendon.

Fell: In electron microscopie preparations of young cartdage —
soung chick cartilage, for example — very bittle collagen 1 found
One has to look very carefully to find a few fibers, but one does find
2 mass of fine fibered material What that 15, I don’t know The
Kings College people have been seemng 1t It has apparenth no
periodic structure.

Meyer, s the ground substance just metachromatic®

Fell Yes, at a stage when the ordmary matenal 1 strongly
metachromatie,

Meyer. This is hyaline cartilage, obviously

In answer to your question, Dr. Holbrook, it happens that the
hyaline cartilage 15 one of the cleancst tissues to work with, com-
pared with Joose connective tissue. Nobody has done anvtlung to
my knowledge, about the problem The same apples, I suppose,
to the cornea, where one may have a rather clean connectne tisse
Hone removes the epithelium and the endothelium by a very sumple
method

Holbrook- Nothing is known at the present time about the com-
positton of the protein?

Meger: No, except that in tendon and heart valves we did find.
Alonteat . Fhah N cal with

. . . Meyer?
Meyer: OF course bias, p;rsunnl expenence, and so on, enters
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into it So far as the availability of the method goes, I should say
that it is the polysacchandes of the ground substance, but that does
not mean 1 terms of functional analysis 1 should put the cell first,
and of this we know extremely hittle. Dr. Dempsey, what could we
do with the cellular elements? You see, we talk about ground
substance most of the tune, or collagen, or elastin; there is almost
never any tatk about the cells, I don’t know whether a fibroblast,
which produces elastic fibers, could be treated with present methods
50 as to distinguish it from a fbroblast which produces only reticu-
lum or collagenous fibers?

Porter. 1 don't thimk the distinction between the cells 15 as
important as determmning what influences their work in producing

Hagen, or what infl their differ This ean be studed
quite sabsfactonly with the methods of tissue culture. By solating
the cells and getting them nto environments that may be controlled,
we can bring all sorts of factors to bear on them, In that way, I
think a lot will be Jearned about what goes into collagen, and how
the cell which produces it may be Hled. From the dpoint
of the chnreran, or the person d in ¢ of t
tissues, I think this would have 2 great deal of significance.

Holbrook. Very much so

Meger. If you grow fibroblasts from the area of the aorta, do
they produce in vitro elastic tissue?

Fell. ] don’t know Elastic fibers have been described hy Bloom,
T believe.

Dempseyy In very old cultures, was it not? They grow ery
slowly as compared with collagenous fibers.

Fell Yes, very httle has been done. 1 think 3t would be mteresting
to see how clastic cartlage differentiates, too

Dempsey There is another kind of question that comes up
here 1 think you remember Lansing reporting that the amino acid
composthion of elastin from the aortas of old animals, has & dif-
ferent amino acid composition from that in young animals, especially
a mueh higher glutamic acid composition. The question immedi-
ately anses, does the elastin formed Yy the Bbroblast in the ol
animals appear to be chemically different from that which is formed
wn young antmals, or is the elastin, ance formed, then chemically
modified as the animal grows older?®

Meyer. That is a very interesting guestion, because a year of
two ago Partridge showed that the enzyme, elastase, sphts clastin
with the Liberation of aspartic acid. Tt occurs in the pancreas, but
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into it. So far as the availability of the method goes, I should say
that it is the polysaccharides of the ground substance, but that does
not mean in terms of functional analysis. I should put the cell first,
and of this we know extremely little. Dr. Dempsey, what could we
do with the cellular elements? You see, we talk about ground
substance most of the time, or collagen, or elastin; there is almost
never any talk about the cells I dont know whether a fibroblast,
which produces elastic fibers, could be treated with present methods
50 as to distinguish it from a fibroblast which produces only reticu-
lum or collagenous fibers?

Porter; I don’t think the distinction between the cells is as
mmportant as determining what influences their work in producmg
collagen, or what influences their differentiation. This can be studied
quite satisfactonly with the methods of tissue culture. By isolating
the cells and getting them into environments that may be controlled,
we can bring all sorts of factors to bear on them. In that way, I
think a lot will be leamed about what goes into collagen, and how
the cell which produces it may be controlled. From the standpomnt
of the clinician, or the person interested in diseases of connective
tissues, I think this would have a great deal of significance.

Holbrook: Very much so

Meyer. If you grow fbroblasts from the area of the aorta, do
they produce in vitro elastic tissue?

Fell 1 don't know. Elastic fibers have been described by Bloom,
I beheve

Dempsey: In very old cultures, was it not? They grow very
slowly as compared with collagenous fibers.

Fell: Yes, very little has been done, 1 think it would be interesting
to see how elastic cartilage differentiates, too

Dempsey. There 1s another kind of question that comes up
here. T think you remember Lansing reporting that the amino acid
composition of elastin from the aortas of old animals, has a dif-
ferent amino acid composition from that in young animals, especia“y
a much higher glutamic acid composition The question immedi-
ately arises, does the elastin formed by the fibroblast in the old
animals appear to be chemically different from that which is formed
in young animals, or 15 the elastin, ance formed, then chemcally
modified as the animal grows older?

Meyer. That is a very interesting question, because a year of
two ago Partridge showed that the enzyme, elastase, sphts elastin
with the Iiberation of aspartic acid. It occurs in the pancreas, but
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where clse I don’t hnow. But it may indicate that some change of
this nature does oceur in sitn in the tissues

The question is whether people interested enough to do this type
of work can be found. In brochenustry, for example, a lot of energy
is devoted to intermediary metabolism, and one laboratery com-
petes with another to be the first to come out with something 1f
they would take up the study of connective tissues, they could very
fruitfully go into a field in which there are perhaps only three or
four laboratories working in the whole world There are also too
many people working on purnne and pyrimudine metabolism, as
well as on cancer.

Porter: You ought to put together 2 compendsum of problems for
chemists whe cannot stay out of cach other’s way.

Meyer. T am sure that apphes to histology also

Dempsey. Connective tissue is just the stuff that 15 m between
the interesting thigs, to most histologists

Holbrook- T think it is important, and we have really never said
so before in a conference, There are a number of problems that are
approachable, with methods fairly well worked out, but we lick
people to do them.

Dempsey. 1 think that is true 1n every one of the ficlds we have
touched on today,

Travell: Tt is Jack of interest.

Meyer: 1t is amazing to me that when the government tries to
find out what can be done, there is apparently no adequate respouse
from the medhcal schools For stance, there was an inquiry from
Washington to find out whether we could do something on arthnitts
and metabaolic diseases, in order to present money requests to
Congress However, with the exception of attempting to find a cure
for arthritis, there was a dearth of information avalable as to what
might be done.

Holbrook: They took a census of all the medical schools to find
out, first, what they were doing in the field of rhenmatic discase,
O n connective tissue problems, and second, if they weren't doing
anything, whether they were handicapped by a lack of funds, and
ln.ﬂml case would wish to apply for a grant, You would be sur-
Prised how many of the schools came back wath just two answers
Sﬂ, they were not doing anythmg, and no, they did not wish to

0 any thing,

Dempsey: Or didn't know of anything to do
Holbrook; That's right 1 saw that answer from more than a dozen

lass A medieal schools — just two words, “No, no”
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Angevine: 1 believe there will be some improvement in this
direction in view of the fellowships being awarded by the American
Rheumatism Foundation. This was started three years ago. The
first year there were relatively few highly qualified applicants, the
second year showed improvement, and this year there were many
fine applicants. You know how slowly the whole field moaves, so
I am not at all discouraged by what appears to be a shortage of
workers in this field at the present time,

Holbrook: There will certainly be more people.

Angevme: But 1t will take a good many years. 1 believe more
effort should be made to steer applicants in the proper direction,
or to the proper person.

Holbrook. They move slowly, but it is at least considerably better
than it was twenty-five years ago. I think the fellowships have
helped We are now in a situation where financial help is coming
from at least three groups: the National Science Foundation; the
Public Health grant-m-aid, which 15 2 project type of grant, and
the Institute of Arthritis and Metabolic Diseases. There are also
the grants from the Arthritis and Rheumatism Foundation for their
research fellows, so that actually, within the last three years, the
three agencies 1 have mentioned have made research fellowships
available in this field. It hasn't begun to mature yet, but I feel as
you do, Dr. Angevine, that the quality of the men that we saw
this year was tremendously improved over what it was three years
ago

Angevine The young fellows that Dr. Hass has with him are
practically all Public Health Service Fellows

Holbrook Yes, they are.

Angevine. That started about two or three years ago.

Holbrook. That's right, so I think we ought to make a real effort
to steer some of these youngsters to the people who have more ideas
and problems than they have people to work on them.

Angevme. Yes. T think most applicants possess ability and enthu-
siasm, but very few young men know what they want to work on,
and often think that something might be an opportunity for them
when actually it is not

Holbrook Tt 1s scarcely a concern of this conference, but never-
theless 1t is something which we hope will materialize.

Dempsey: One thing that seems to have developed during our
discussions m the past 1s that one effect of cortisone on connective

tissues is to nhbit fiber formation; that is, collagenous fiber fnnjm}-
tion, Is it specifically known that cortisone does or does not inhibit
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the formation of the other materials made in the connective tissues
under the influences of the fibroblast, namely, elastic fbers and the
ground substances?

Meyer. The production of ground substance 1s decreased

Porter: It scems as though the whole protein metabolism, the
proten synthesis of those cells, is inhibited

Dempsey: That is what I was getting at. Are the cells stopped
in their tracks, or 1s merely one function stopped, whereas another
funetion may be going on?

Meyer. Dr. Raffaele Lattes, an expenimental pathologist at
Columbia, has gone into this problem with Dr. Ragan They have
studied one approach, or one phase of this cortisone problem n
wound healing, and there it can be shown, that while the first phases
of the wound healing proceed uninhibited by cortisone, from the
third day on migration of the cells mto the area 15 mhibited Oxi-
dized cellulose injected into the area, despite the continuation of

e cortisone, is ch tic for pt That suggests one
phase of the inhubition of cellular metabohism, whatever 1t 1s, as
the production of an acidic polysacchanide, not protemn Naturally,
it does not mean 1t is not a protemn, because n order to produce
these substances, you obviously need protem first, namely, the
enzymes of the cells

e mmed - ot 'dure with collaboration

" " believe I do not think,

. he mechamsm of corts-

sone. It is, perhaps, only 2 minor phase of the problem general

Holbrook: Most of those effects have been shown with very
unphysiologic doses, if one can call them that, Dr Meyer They
have been huge doses

Meyer: Of cortisone? Obviously that 1s true, that s, this is not
Physiologie One could not show 1t in a normal ammal with a
Physiologic dose of cortisone, 1t won't do anything But this 15 one
way of getting at the mechanism by which cortisone affects connec-
tive tissue cells,

Holbrook. 1 was not aware of the fact that the whole ground
substance had been studied m relation to cortisone

Meyer. Not the whole; there are plenty of problems left

Holbrook, But the question Dr. Dempsey ashed -

Meyer. Oh, yes, that has been studied by the group n out instita-
Yon It has been studied in other places as well There is quite some

terature on jt
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Holbrook: The question of fibroblasts in wound healing, 1 know,
has been done many times.

Dempsey: The elastic fibers should be studied, I think, after
cortisone I don’t think anybody knows anything about the forma-
tion of elastic fibers, with or without cortisone, They just grow.

Holbrook. Does anyone wish to add anything to that?

Meyer: I don’t know, but I should like, as the last thing, to men-
tion the interaction with parenchymatous organs and with the
organism as a whole. I personally do not know what to do about 1t,
but I feel that it is really a very challenging problem.

Porter: Tt is difficult to approach, also, because the connective
tissue is so diffuse, and not like the parenchymatous organs of the
body, where the cells are well defined and there is good histology.

Holbrook- Be a hittle more concrete, Dr. Meyer.

Meyer: Does the functioning of the parenchymatous structure
depend on the connective tissue stroma? How far does the func-
tioning, let us say, of ler cells, or the functioning of the hair
follicle, or any such structure, depend on the supporting structure?
What 15 the interaction, or is there no interaction? I was thmkmg

pecially of the balancing of the problem of invasi
That comes into it. I have seen so many papers which refer to
Dr I Gersh and the depolymerization of the ground substance 1
have seen quite a few papers which employ the same terminology
and use this hypothesis for further argumentation I wish another
expert in the field would work on this problem. 1 don't see that
there is a posstbility that the substances are depolymerized; I do
not think he 1s nght. It would make no difference whether or not
they were all polymerized; they would not have enough groups
Iiberated to make an effect I do not doubt his increase m PAS
(Periodic-Acid-Schuff) staining, but I doubt his explanation.

Porter: Did he put it out as any more than a theory?

Angevine. Tust a proposal.

Meyer. What 1 object to is his indiscriminate use of the word
“depolymerization,” I think it is one of our most important func-
tions te keep the concepts as clear and clean as possible We should
not confuse them by accepting hypotheses which are contrary to
established facts

Travell 'The hypothesis so often comes to be quoted as fact,
though, in transmission.

Ang, : You d d that in iderable length in your
review of hyaluronic acid.

Meyer: No, 1t hadn’t appeared at that time.
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Angevine: But 1 mean, several years ago, dudnt you duscuss
depolymerization?

Meyer: Yes,

Angecine: Would it be alf right if you used 1t 1 reference to
hyaturonic acid?

Meyer: I don't know. Dr. Gersh has not demonstrated that there
15 depolymerization of hyalurome acid He has an increased PAS
stain This can mean, since they are not small moleenlar weight
substances which would wash out, that this 1s another substance
which hasn't been there before at all; or 1t can mean that there 1s
more of a substance which was there before, but i smaller quan-
tity; or probably there are some more possibiliies The same enzvme
“)I:IL‘)I depolymerizes collagen cannot also depolymerize hyvaluronie

acid,
Holbrook. 1 should like to thank alf of you for your partierpation
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