
D I S C U S S I O N — S E S S I O N V 

R. K. C A N N A N , Chairman 

CHAIRMAN CANNAN: Ladies and gentlemen, I have learned a valuable lesson 
today. I have learned that if you want a well-informed, accurate and enlightened review 
of the proceedings of a symposium, you should invite a man such as Dr. Gerard who 
refuses to make any preparation for his summation ahead of the event. In this way you 
secure sustained attention and a faithful reproduction of ideas. 

You will, I know, agree that we have just heard from Dr. Gerard a brilliant syn
thesis of the thoughts that have been tossed around these last two days. Particularly 
stimulating has been the effective manner in which he has weighed these ideas against 
the wider background of biological concepts. He has sought to find their place in the 
scheme of things. 

I was much intrigued by Dr. Gerard's remarks about process and pattern. Surely it 
is one function of a symposium such as this to seek out the pattern in the welter of 
process. On the other hand, let us be cautious about fixing patterns prematurely lest we 
fall into the error of allowing ideas to become frozen into dogma. 

We are now ready for general discussion. The lively presentations that we have 
heard should provoke lively discussion. In the first place, let me invite comment from 
any of the contributors to the earlier sessions so that we may be assured that the sum
marizing reports this morning have not purified their ideas out of recognition. (No 
response.) 

We invite now discussion on the provocative views of Dr. Sevag on the significance 
of protein configuration to the specificity of biological interaction. 

Η. B. NEWCOMBE: Dr. Sevag has suggested that the claim that mutations to strep
tomycin resistance can be induced by X-rays and ultraviolet radiation is unfounded, 
and that the apparent mutations could be explained by supposing that these agents pre
dispose the bacteria to respond to the drug so that some of them become resistant in 
its presence. And I assume that he would also interpret the so-called induced mutations 
to bacteriophage resistance in a similar manner. 

However, if one tests a sufficient number (between 103 and 10 4) of the colonies 
from irradiated cells by suspending each in liquid and cross-streaking a sample against 
bacteriophage, colonies can be found in which practically every cell is capable of sur
vival and growth in the presence of the phage (Newcombe and Scott, 1949, Genetics 
34: 475-492) . As in the "replica-plate test," * these colonies were selected by as essen
tially mechanical procedure, so that the apparent resistance must have developed in the 
complete absence of phage. 

If I understand Dr. Sevag correctly, he would agree that a change was induced in 
certain of the irradiated cells and handed on to the descendants, but he would say that 

* The reader is referred to the last part of the Discussion of Session I in regard to the differ
ences among replicate colonies. Editors. 
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this was to a "potential" resistance and that "actual" resistance can be achieved only on 
contact with the phage. There is no objection to assuming a radiation-induced "poten
tiality" such that every affected cell (and its descendants) develops "actual" resistance 
on contact with the antibacterial agent. But there is a need for a general term that 
would describe both states and that could be used when the distinction has not been 
clearly demonstrated or is of no special interest. The phrase "radiation-induced resist
ance" seems apt, since in neither state would growth be inhibited by the agent. Thus, 
any difference with Dr. Sevag is concerned mainly with semantics. 

M. G. SEVAG: There is no doubt that radiation produces cells that can be char
acterized as "potential" or de facto mutants. These mutants are much better disposed 
than their parent wild type cells for action by streptomycin to render them strepto
mycin-resistant. I think the basic differences in the interpretations offered by Dr. New
combe and myself are much more than mere semantics. I think I can go along with 
Dr. Newcombe if he would change the phrase "radiation-induced resistance" to "radia
tion-induced potentialities." 

CHAIRMAN CANNAN: Dr. Bryson? 

V. BRYSON: The very interesting lecture of Dr. Sevag raises a number of issues that 
might be resolved by direct reference to experiment. I would like to take up the basis 
for a distinction between his point of view and ours. Dr. Sevag has stressed changes 
resulting from phenotypic adaptation and associated with profound modifications in 
the pathways of metabolism, perhaps so fundamental as to include alterations in the 
specificity of cellular proteins. Everyone would agree that the metabolic machinery of 
cells may be conditioned by their environment in ways that can be adaptive under 
appropriate conditions. 

However, if we are to accept the thesis that environmentally impressed changes 
leading to increased resistance arise directly and prdominantly through alterations in 
protein structure, we are faced with difficulties. Induced resistance of Escherichia coli to 
radiation will serve as an example. Radiation-resistant strains of E. coli ( B / r ) may be 
obtained by exposing large populations of the sensitive strain (Β) to ultraviolet. If two 
independent radiation-resistant and auxotrophic strains of E. coli are crossed (K12 X 
B/r ) the resulting recombinants are both radiation-resistant or radiation-sensitive, 
depending on the isolate. If two auxotrophic strains merely fuse to exchange cytoplasmic 
protein and then separate without genetic recombination the appearance of dissimilar 
prototrophs cannot be explained. However, for our purposes the emphasis lies elsewhere. 
By the interpretation of Dr. Sevag, cell fusion involving two strains with environmentally 
induced resistance would be most likely to produce a homogeneous class of resistant 
daughter cells. The demonstrable appearance of some sensitive colonies emerging from 
crosses of two resistant strains is more easily explained by the classic genetic assumption 
that cell proteins are enzymatically synthesized under the control of genes, and that 
genes controlling resistance are not necessarily allelic. Unless new genes are introduced, 
proteins are maintained in a dynamic steady state modifiable only within limits set by 
the genotype. Following recombination, the genes are reshuffled and several protein 
specificities may easily arise in the same environment, depending on the numbers and 
distribution of unlike genes contributed by the two parents. 

M. G. SEVAG: Dr. Bryson asked a very good question. Offhand I do not know the 
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answer. I do not know if anyone knows. Ephrussi asked himself similar questions in his 
study of the acriflavine-induced mutant yeast cells. He believes, if I understand it 
correctly, that the induced loss of enzymes is inherited cytoplasmically. When he 
crossed the mutant yeast with the wild type he did not get 50:50 ratio of wild and 
deficient cells but 100% of the wild type. In the mutant cells the deficiencies were trans
ferred inheritably from generation to generation in the absence of acriflavine. What did 
happen during the crossing that all of the deficiencies of the mutant cells were wiped 
out? There are several possible explanations. These explanations are primarily directed 
to the interpretation of the question of the inheritance of the resistanc characteristics: 
(a) The cytoplasm of a microorganism is the principal seat of the events associated 
with the resistance phenomenon. Cytoplasm apparently bears the principal effects of 
toxic or antibiotic actions. Under these effects the proteins of the inheritance factors 
undergo configurational modifications exercising new metabolic pathways and thereby, 
perhaps, resisting further effects of these agents. If this is true, we must postulate that 
ribonucleoprotein is the carrier of the cytoplasmic inheritance. In my estimation this 
concept does not represent an obstacle, because we have reproducing units, such as 
tobacco mosaic virus, which are composed of ribonucleoprotein, as I discussed in the 
introduction of my talk. The idea, therefore, that cytoplasm may be the seat of inherit
ance in an "autonomous" manner has at least well-established parallels. (b) However, 
as a consequence of crossings the abolition of these acquired characteristics may be 
interpreted to indicate either that the genes have remained unaltered during the emer
gence of resistance phenomenon, or that the genes likewise have undergone reversible 
or reparable distortions and that cytoplasmic deficiencies and the synthesis of "sick" 
proteins are under the control of the genie distortions. During the process of crossing 
between a mutant and a wild type, the nuclear material of the wild type is apparently 
capable of prevailing over the distorted one to substitute healthier material throughout 
and discard the distorted or damaged parts. Restoration of the healthier conditions in 
the nucleus would likewise appear automatically to get rid of the cytoplasmic defic
iencies or undesirable parts, as worn out household furniture. That the nuclei of drug-
sensitive microorganisms suffer damage under the action of certain of the antibiotics 
would appear to have been demonstrated by DeLamater et al. These damages are 
reparable once the action of antibiotic is eliminated. These findings, if substantiated, 
should constitute a consideration in evaluating the above interpretations. 

Μ. K. BARRETT: I remarked yesterday that I am not an immunologist, nor am I a 
geneticist, and so I talked on both subjects. I often find myself in the position of 
defending the geneticists when for some reason they won't defend themselves. 

It seems to me there are two rather slippery ideas running through this that we 
have overlooked. Reminiscent of what Dr. Schneider told us yesterday, often what 
seems to be an argument resolves into agreement, if it is put on a little different plane. 

I believe that the people who are geneticists will agree with me in saying that this 
question whether in breeding outcrosses you get all black or all white, or whether on the 
other hand you get some gray, is not really proof of either of these points. I believe one 
would expect that a character that was due to a single dominant gene would be expected 
to come out all black and white, whereas a character that was due to a polygenic effect, 
even to a small number of genes, might be expected to give an intermediate effect, that 
is, some gray. To say that the phenomena happen one way or the other neither proves 
nor disproves that the thing under study is a genetically inherited character, 
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Somewhat similar bias could be seen in some of the remarks that were pitting 
Lamarckian genetics against Mendelian genetics. Now usually the words that are used 
in this context are "the heritability of acquired characters/" This is a little bit like the 
argument whether any tumor is spontaneous or not. Nothing is really spontaneous. 
Of course everything has its cause. And therefore we have a fruitless argument about 
induction and spontaneity. We have the same sort of argument about the heritability of 
acquired characters. Obviously, if the character is one that did not exist in the progeni
tors, it has been acquired. Obviously, if it is in a gene, it will be inherited. But in saying 
this one need not adopt the theories of Lamarck. 

Now it seems to me that one of the arguments we brought up here might be 
resolved by pointing out that, if the change produced in the organism was produced in 
something other than the primitive gene mechanism, it would be Lamarckian in char
acter and would not be transmitted to the progeny. However, if the change induced was 
at a primary gene locus, then Mendelism takes over. Now I don't believe that some of 
this controversy is really an argument. I believe that different words may mean the 
same things, and may represent slightly different biases on the same question. 

CHAIRMAN CANNAN: Dr. Braun. 

W. BRAUN: I have been rather surprised about some of the discussion of the last 
days because much of it sounded like discussions that could have taken place some 10 
or 15 years ago. I don't see any real basis for violent arguments concerning the pros and 
cons of environmental effects versus spontaneous mutational changes, but I can see a 
danger in the fact that the efforts of certain people to defend their views against other 
views is leading us into an argument of extremes. As Dr. Gerard pointed out so nicely, 
there is more than just black and white, there is a spectrum. Is seems unnecessary to 
have long arguments discussing whether resistance is primarily due to genetic changes, 
or whether it is due to physiologic adaptation. The answer depends upon the particular 
system with which you are dealing. We know now, and know it as a fact supported by 
sufficient experimental evidence, that we can get increases in resistance due to physi
ological adaptation. Now, both mechanisms do not have to occur as mutually exclusive 
alternatives, but they may occur simultaneously and work together. It will depend upon 
the environment, and it will depend upon the strain you use, whether one of these 
mechanisms is more active than the other. We have to recognize that, whenever we are 
dealing with such questions, we should not oversimplify them dangerously. So often 
we regard biological phenomena on a two-dimensional basis, although at least three 
dimensions may be involved. 

The beautiful work of Ephrussi and of Sonneborn has demonstrated so clearly 
that even environmentally induced changes that involve an effect on cytoplasmic factors 
are in the end still potentiated by nuclear genes. Therefore, the problem we face merely 
involves the correct integration of two possible mechanisms and does not require that 
we divide ourselves into two opposing camps. The manner in which such integration 
is possible is best illustrated by reference to enzymatic adaptation, which has demon
strated clearly that there exists such a thing as adaptation to a specific substrate,* but 
which has also taught us that such adaptations cannot take place unless we first have a 
potentiating genetic change. 

* This premise is no longer generally valid. Editors. 
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One danger into which some of us seem to slip is this: In an effort to simplify every
thing, certain observations, which actually can be explained on a mutational basis, are 
immediately interpreted as representing direct adaptation by those who want to favor 
the direct adaptation interpretation. For instance, Dr. Sevag's very interesting data on 
the influence of the substrate upon the isolation of mutants does not necessarily repre
sent a case of direct adaptation at all. It also can be explained as due to mutation and 
selection, because when Dr. Sevag undertook a reconstruction experiment to demon
strate that the resistant mutant cells can multiply in an environment where they do not 
show up in a susceptible population, he may not be reconstructing with the same type 
of organism. He is reconstructing with phenotypically expressed organisms, which have 
a certain selective value, i.e. a certain degree of survival value. However, the mutant 
that initially arises in susceptible populations does not represent a phenotypically ex
pressed organism and may possess an entirely different selective value. If you wish to 
look at it from a biochemical standpoint: initially the mutant's metabolism may be still 
quite similar to that of the parental cells, yet it is potentially entirely different from the 
parent type. So you cannot prove your point by this type of experiment, because you 
reconstruct with something that may differ from what you had to start with under 
natural conditions. 

To conclude, this is what we have to be careful of: we have to watch out not to 
try to interpret too much in favor of one side when other interpretations are possible, and 
we must recognize that the gene plays a large role, yet the environment also plays a 
large role and the two should not and cannot be separated from each other. 

M. G. SEVAG: Dr. Braun just expressed a point of view that I had discussed eight 
years ago (Advances in Enzymology, 1946, 6: 33-127; particularly page 101). Unless 
I am in error, I have not read or heard of him express this idea previously (Braun, 
Bacterial Genetics, 1953). I am pleased to hear him now express the point of view that 
mutational changes and inducing agents must work together to mature a potentiality 
into reality in respect to resistance to a drug. In the introduction of today's paper, I 
stated that the natural metabolic environment could give rise to toxic products, which, 
acting on specific enzymes or genes, produce mutants with resistance potentialities and 
different biochemical activities. Acting on such cells, antibiotics may render them 
resistant during the course of a single contact. It is clear from this statement that a cell 
must be biochemically ready or have the potentiality to undergo a resistance variation 
in contact with an inducing or modifying agent. This concept can aid in bridging or 
narrowing the gap between the two schools of thought. The unity of thought in this 
regard brings up, however, the question whether or not the action of a drug is confined 
solely to the conversion of a potentially resistant cell into a resistant cell. If this is pos
sible, which Dr. Braun believes it is, is it not also possible that a potent drug acting on 
normal cells can raise a zero potentiality to a high degree of potentiality and eventually 
full resistance during the multiplication of successive generations of cells. In reply to 
Dr. Braun's argument, all we can say is this. The resistant cells differ biochemically 
from the sensitive cells. In other words, they carry distinctive markings, which permit 
their ready detection among large population of sensitive cells. We were unable to find 
among a large population of sensitive cells those that possessed these particular mark
ings. They were found, however, after the sensitive cells came into contact with an 
antibiotic and survived. This observation indicates to us that these cells emerged as 
consequence of various actions by the antibiotic on the sensitive cells, and that they 
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were not there normally. In the selection of mutants, one resorts to the use of differential 
media. This is an accepted practice. Dr. Braun's interpretation of our results deviates 
from this established and accepted practice. Furthermore, I do not believe that our 
interpretation of the discussed results conflicts in any way with the basic principles of 
genetics. If anything, it broadens the point of view in regard to hidden, and not yet 
fully characterized potentialities of genes. 

W. BRAUN: I think we are involved here in a slight mixup in definitions. Geneticists 
never have insisted that a mutation must lead directly to a resistant type, which will 
display under any environmental conditions the particular alternate metabolic path
ways that you may observe in the presence of a particular environment that is inhibitory 
to the susceptible parent population. A mutation, by definition, is the setting up of the 
potential to yield, for example, an alternate pathway under certain conditions; there
fore, any geneticist will agree with you that a streptomycin-resistant cell may show a 
different metabolism in the absence of streptomycin, yet has the capability of using 
some alternate metabolic pathways in the presence of streptomycin. The existence of a 
potential for such alternate pathways represents the big difference between parent 
type and mutant type cells. 

As far as the random occurrence of such potentially altered cells is concerned, I 
think there are now a sufficient number of tests, particularly the replica plating tech
nique,* proving the spontaneous occurrence of such changes. We hardly need to argue 
about this and may consider it well established that potentially resistant organisms can 
be present in a susceptible population. Now, Dr. Sevag, the fact that you cannot isolate 
them in certain media is not too surprising. It is often overlooked that the ability of a 
mutant to establish itself is greatly dependent on very many and often very complex 
factors. For example, you can take comparable populations of a susceptible strain, and 
you may find that you will be unable to recover resistant mutants following growth in 
one medium where they possess no selective value, whereas you may be able to recover 
such mutants in another medium where they have a high selective value. 

You also quoted some cases this morning, Dr. Sevag, in which it is not possible 
to isolate resistant mutants from certain strains in any medium. Well, here is another 
factor that is frequently forgotten: the ability of a mutant to yield viable progeny with 
a high selective value is not only a function of the mutation itself but is also a function 
of the background genotype. This has been well established in studies on higher organ
isms, but, unfortunately, it has not entered too much into the discussions on micro
organisms. Actually, this can be demonstrated rather nicely by the fact that an addi
tional alteration of the genotype, by merely one change, often may permit the isolation 
of resistant mutants from strains that ordinarily do not yield such resistant types. Let 
us say you try to isolate penicillin-resistant mutants from a certain strain and are unable 
to recover such mutants. When you try the same thing with streptomycin-resistant 
cells obtained from the just cited strain, you may find that you are now able to isolate 
penicillin-resistant mutants with ease, even though there is no possible cross-resistance 
to streptomycin and penicillin. Why are such phenomena possible? Because the survival 
value of any mutant will depend upon the proper background genotype, and in the 
example just mentioned you had to potentiate the survival of penicillin-resistant mutants 
by having present the proper genotype (in this case the addition of streptomycin 

• The reader is referred to the last part of the Discussion of Session I on replica plating in 
regard to Dr. Braun's argument. Editors, 
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resistance). Therefore, in my opinion, the particular data that you mentioned this 
morning do not represent any stringent proof for the absence of any random occurrence 
of changes to increased resistance. 

M. G. SEVAG: Again I am pleased to hear Dr. Braun state that the existence of 
potential alternate pathways represents the big difference between parent type and 
mutant type cells and that the alternate pathway that will function in any of these two 
types of cells is conditioned by the specific action of a drug. I differ from Dr. Braun, 
however, when he makes the statement that: "As far as the random occurrence of such 
potentially altered cells is concerned, I think there are now a sufficient number of tests, 
particularly the replica plating technique, proving the spontaneous occurrence of such 
cells." We do not subscribe to the implication of the use of the terms "random" and 
"spontaneous/" We believe the events in the life of a living cell happen according to 
the specific cause-and-effect relationship as background for what is known as "random" 
and "spontaneous." Acknowledging realistically, however, that labeling such unex
plained happenings is a convenient way out of a situation, it should, nevertheless, not 
color our reasoning in the formulation of basic mechanisms. We cannot conceive of 
chemical reaction systems in which interactions between reactants do not bring about 
reversible and irreversible changes, nor can we dispense with the possibility that effects 
on living matter are accumulative and relatively stable. The inhibitions exercised on 
living cells by drugs are chemical events and a cell cannot escape the consequences of 
such events. This is orthodox chemistry and the cellular components are chemical 
entities susceptible to stable chemical experiences. 

Despite the fact that a colony originates from a single cell it consists, of a heter
ogeneous population of cells. There are age differences and differences in the growth 
mechanisms. There are those cells that were exposed to aerobic conditions at the surface 
of the colony and those that were multiplied within the colony under anaerobic condi
tions. There are differences due to the uneven distribution of nutrients and the resulting 
metabolic products. These factors no doubt are bases for the emergence of a bio
chemically heterogeneous population within a colony. There will also be differences, 
albeit to a lesser degree, among the cells growing in liquid media. Differences in the 
age and sparsity of critical factors at a later period of growth from those at an earlier 
period, differences in the length of exposure of cells to the toxic metabolic products, all 
militate against the production of a homogeneous population, even when starting with 
a single cell. A resistant cell derived from among such population of cells is a "marked" 
cell and is biochemically different from the parent cells. By following the "mark" on 
these cells we are able to tell whether we have or have not their kinds among a popula
tion of cells. The experimental finding is that we failed to find them among normal 
population of cells under conditions in liquid media optimal for the multiplication of 
these "marked" resistant cells. Such cells added to normal populations are readily 
recovered, however, under these conditions. There is no alternative, therefore, but to 
suppose that these cells emerge in response to the action of drugs. I cannot agree with 
Dr. Braun's explanation. I do not see any experimental fallacy in arriving at this con
clusion so long as we do not exclude from our reasoning the simultaneous operation of 
genetic potentialities. It must be mentioned that the replica plating technique * is very 
well suited to select potentially altered cells, but it does not permit us to determine 

* The reader is referred to the last part of the discussion of Session I on replica plating 
technique in regard to the biochemical differences among replicate colonies. Editors. 
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whether or not the cells multiplying for the first time in the presence of a drug have 
undergone changes in biochemical properties. It does not tell us whether or not the 
parent cell is actually resistant before coming into contact with a drug for numerous 
generations. It enables us to select one or more potential cells capable of growth in the 
presence of a drug but does not account for the survival of only one or two of the many 
similarly potential cells. We feel that by the use of differential liquid media, where 
nutritional factors are evenly distributed at all times, all the cells have an equal chance 
and therefore those that are at a most advanced state of potentiality can express it 
readily and fully. This is the reason, perhaps, that one can get a resistant population 
from as few as 10,000 normal cells in a liquid medium in the presence of a drug, where 
as the mutation rate on agar surface is recorded to be one in 100 million. The difference 
in the density of agar from region to region and the unavoidable difference in the con
centration and the rate of diffusion of nutrients and drugs, perhaps, do not permit all 
the potential cells to acquire the indicated modification. Then again one has to call 
attention to the data published by Saz and Eagle ( / . Bacteriol, 1953, 66, 347-352) . 
They obtained more resistant cells from 106 to 108 cells and none from 109 cells in the 
presence of penicillin. Furthermore, addition of resistant cells to sensitive populations 
and the number of recoverable colonies of the added resistant cells declined as the 
number of sensitive cells to which they were added increased from 106 to 108, and none 
was recovered when 2,000 resistant cells were added to 109 sensitive cells. It must be 
particularly emphasized here that Saz and Eagle could not observe this phenomenon 
when similar experiments were performed in liquid media. Whatever may be the 
eventual explanation, the test shows that no one can be sure what per cent of the 
potential cells can actually be accounted for by replica plating or can be demonstrated 
on agar plates in other types of agar plate experiments, such as the gradient technique 
of Szybalski and Bryson. We feel that the results obtained with the use of differential 
liquid media is a much more satisfactory means of determining the relative number of 
potential cells capable of yielding a resistant population. We therefore feel that Dr. 
Braun's interpretation is not in accord with the experimental observations cited above. 

CHAIRMAN CANNAN: It seems to me Dr. Sevag and Dr. Braun are moving slowly 
to a common language. 

DR. HARRISON : I want to talk concerning the resistance of Endamoeba hystolytica 
to Oxytetracycline. We picked up 11 different strains of Endamoeba; two of them were 
transferred in various concentrations of antibiotic varying from 1 /ig to one-twentieth 
^g. Of the 11 strains transferred in culture, over a period of 51 generations, one strain 
became definitely more resistant, and two strains became definitely more sensitive to 
Oxytetracycline. When these strains were put back on a normal medium, in which there 
was no antibiotic, the two strains that had become most sensitive, diverted back to 
normal resistance. While the strain that had become resistant maintained its resistance. 
So that from these observations on 11 strains of Endamoeba hystolytica, I believe one 
can conclude that environment probably determines the outcome of an organism, 
whether it is going to be resistant or sensitive. 

CHAIRMAN CANNAN: Ladies and gentlemen, the hours are slipping by and the 
audience is fast slipping away, and so I think the moment has come for the Chairman 
to bring the discussion to a close. Most of us, I am sure, are going away much enlight-
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ened. A few of us may be a little more confused than when they came. To them, I offer 
brief consolation in the form of a sentence from a novel of Proust in which he remarks: 
"Each of us finds lucidity only in those ideas of others that are just as confused as are 
our own." Before we disperse, I think you would wish me to express our united appre
ciation to the Office of Naval Research and the University of Pennsylvania for the idea 
of this symposium, for carrying it out so splendidly, for offering us so fine a program, 
and for making us all so comfortable and happy. 




