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Ε . F . K N I P L I N G , Chairman 

Μ. MICHAELIS (University of Maryland): I wonder if Dr. Loomis has any in
formation on the mechanism of the increased oxygen uptake with yeast if it is treated 
with herbicide. Is this due to uncoupling interference or mobilization? 

W. E . LOOMIS: There has been quite a lot of work done indicating that we get 
an increased respiration of treated plant tissues, and along with this we do get some
thing of the same thing Dr. Swanson had in his yeasts, the digestion of poly
saccharides. Dr. Rasmussen, in our laboratory several years ago, attributed increased 
respiration to protoplasmic injury. I suspect, however, that mobilization is a factor also. 

M. MICHAELIS: Have they measured any phosphorous compounds? 

W. E . LOOMIS: NO. We have been too busy on the surface to get into that. 

E . F . KNIPLING: Thank you, Professor Kuhn. Certainly the research of this nature 
is of interest to people that are concerned with protecting plants or trying to develop 
plant resistance to diseases, insects or other organisms. I think this field of investiga
tion is becoming of increasing importance and it deserves more studies of the type 
that Professor Kuhn is undertaking. Since I have called for questions on the first topic, 
and several of the topics are unrelated, I believe I will call for questions on this paper, 
and then when we get through with all four papers, if some of you have thought of 
other questions, we will continue discussions on all four of the papers. So if you have 
questions on this last paper, let us hear from you. 

R. WELKINS: α-Solanine is quite toxic to animals. Is anything known as to the 
toxicity of the others? 

R. KUHN: They have not been tested in animals. 

R. WILKINS: So demissine works as a repellant at the present time? 

R. KUHN: As a repellant, yes, for the larvae. 

R. WILKINS : Have the roots of those potatoes been investigated for the substances 

in question? 

R. KUHN: Yes. Alkaloid glucosides have been isolated in crystallized form, not 
only from the leaves, but also many times from the germs of potatoes. 

W . SZYBALSKI: The next presumptive step in the evolution of Colorado beetles 
would be a mutant insensitive to the glucoside. I wonder if you have tried to isolate 
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such an insect. This would reopen the problem and necessitate the search for new 
resistant varieties of Solanum. 

R . KUHN: Possibly, but this is not yet known. It may open the case again, yes. 

L. E . CHADWICK: I would like to ask if the beetles attempt to eat the leaves, or just 
don't try to at all. 

R . KUHN: They just try a little bit, but then no more. They try it, as it seems, 
only once. 

H. POTTER: Can they choose between edible leaves and those that are not, with
out touching the unedible ones? 

R. KUHN: Yes. They go only to the normal leaves, and do not touch the others. 

E. F . KNIPLING: DO we have any further questions at this time? If no further 
discussion of Dr. Kuhn's paper, we will take up the discussion of Dr. Chadwicks 
paper, Dr. Chadwick is one of the few entomologists in the country that have gone 
fairly deep into this question of the mechanism of resistance, and we are certainly 
pleased to have this review. Do any of you have questions on Dr. Chadwick^ paper? 

K. D. ROEDER (Tufts College): Dr. Chadwick's talk began with the generaliza
tion that on encountering an unacceptable situation, an organism showed two reactions 
in sequence. The first of these was avoidance of the situation. The second was a com
promise, or an attempt to cope with the situation. Dr. Smyth, in our laboratory, has 
recently been doing some experiments in which he has exposed strains of DDT-
sensitive and DDT-resistant house flies to a choice of DDT-coated and -uncoated 
surfaces, and I wondered whether I might ask him to comment on this, because it 
does seem to lead to a conclusion that is just the opposite of that in Dr. Chadwick's 
first remarks. 

T. SMYTH (Tufts College): The result is simply that DDT-sensitive flies spent 
more time on, or were counted more frequently on, the DDT-coated surface than on 
a comparable acetone-treated control surface. The resistant flies don't seem to dis
tinguish between the two surfaces. 

E. F . KNIPLING: In other words, they liked the DDT. 

T. SMYTH: Yes. 

E. F . KNIPLING: DO we have any more questions or comments? 

R . KUHN: Dr. Chadwick was speaking about the importance of liquids. I would 
like to mention experiments which have been done by Dr. Langenbuch at Darmstadt 
last year. You can treat larvae of the Colorado beetle with DDT in different solvents, 
and you will find the following: If you have an oil that is a poor solvent for the 
DDT, so that the solution is almost saturated, then the same dose of DDT is much 
more effective than the same amounts of DDT in the same amount of solvent when 
the solvent is a much better one. It has been found that the L 2 and L 3 want more DDT 
than the L i larvae. They have relatively much more lipid so that goes fairly parallel. 
The more lipid, the more the DDT is diluted. All said here about the solvent has 
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probably nothing to do with the big problems of resistance, like the resistant beetles 
found in Spain. 

H. POTTER: I would like to refer, in connection with Dr. Chad wick's remarks 
on bees, to Von Fisch, who is known for his work with the Rockefeller Institute. They 
now not only use language, but dialects, and cannot understand each other if they 
are separated in different strains long enough. I can't describe the experiments in 
detail. If the bees are industrious—I would like to ask Dr. Chadwick why that has a 
moral rather than an intellectual implication? 

L. E. CHADWICK: DO I have to reply to these questions? Somebody answered 
Dr. Smyth at a conference we had on this subject under the auspices of the National 
Research Council about three years ago. The remark made was, "Nothing that the 
flies do will surprise me any more." I am pleased to hear of the experiments that 
Professor Kuhn mentioned, which do fit in to some extent with the idea that lipids 
may be have a certain limited importance in the tolerance of insects for some of these 
fat soluble materials. I don't think the bees should be expected to draw any moral 
from the experiments I described, but I thought maybe we should. 

E. F. KNIPLING: Any further questions or comments? . . . No further questions or 
comments.... As Dr. Chadwick pointed out, there are probably several mechanisms 
for the resistance that insects, flies in particular, have developed to DDT and other 
insecticides. Our next speaker, with his students, has studied one of these mecha
nisms, and is making outstanding progress in determining the role that enzymes have 
in the detoxication of DDT. So we will now have the paper by Dr. Clyde W. Kearns, 
Professor of Entomology, University of Illinois, "Enzymatic Detoxication as a factor 
in resistance to DDT." 

E. F. KNIPLING: Thank you very much, Dr. Kearns. I am wondering if any of 
you have questions, or would you like to add information on studies of the type that 
Dr. Kearns has reported on? These are very important investigations. 

H. DUCOFF (Argonne Laboratory): I would just like to know if the amount of 
enzyme recoverable from resistant flies is increased if the flies have been previously 
exposed to DDT. 

C. W. KEARNS: We haven't attempted to determine this point. We can assay 
this enzyme on an individual fly basis if these flies are highly resistant. Some of these 
resistant flies have enough enzyme in them to dechlorinate 50 ßg of DDT in an 
hour. I don't know how many months a fly would have to live in nature to accumulate 
a dose of that amount. 

H. DUCOFF: These are more or less pure strains, are they not? You simply compare 
two populations of the same strain. 

C. W. KEARNS: I think actually some of these strains were duplicated. One was 
started maybe in Orlando, Florida, and wound up in California under another name. 
I have been asked if genetics has anything to do with this resistance. I am not a 
geneticist and know so very little about it that I just could not comment on it. I 
am willing to believe almost anything. In some respects, resistance may appear to 
be induced, but there is no evidence to support such a proposal. I will go along 
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with most anything. I would rather stay with something I can put my finger on and 
avoid as much philosophy as possible. 

E. F. KNIPLING: Dr. Chadwick, do you want to comment on the genetic aspects 
again? 

L. E . CHADWICK: I can say I believe that genetics has something to do with it. 
There is no evidence, as I stated but evidently did not make clear, to indicate any 
adaptive phenomena in insecticide resistance. However, I should qualify that state
ment with the additional remark that not many people have looked for it. A few 
experiments have been done in which insects have been given successive sublethal 
doses of one or another insecticide, usually DDT, and the outcome of these experi
ments has been that sensitivity to a subsequent dose has not been diminished. In 
fact, usually the sensitivity has been increased. This is a complicated thing because, 
as Dr. Kearns indicated, insecticides may for some time remain unchanged within 
the body and can add to a subsequent dose, so the technique of running such an 
experiment is complex. In a few experiments that have been done in an attempt to 
look for adaptive phenomena, the results have been negative. Another thing one 
might say is that insects, especially house flies, are very unfavorable material for 
such experiments, because their lifetime is so short. Even if it were possible, adaptively, 
to increase the amounts of these enzymes, there is not much time in which to do so. 
I think, ideally, these experiments should be attempted and repeated on insects 
that have a much longer life than flies. But so far all of the attempts have come out 
negatively, and no instances have been found in which the phenomena are not 
consistent with the hypothesis that resistance is due to genetic selection. 

E. F. KNIPLING: I believe Professor Kuhn has a comment. 

R. KUHN: Could you still say some words about inhibitors of the enzymes? If you 
have a good inhibitor, and add it to the DDT, the resistant flies should be sensitive 
again. 

C. W. KEARNS: We have done a little work along this line with iodoacetates, 
and of course they are very toxic; unfortunately, when you kill them with iodoace
tates, they don't dechlorinate DDT. Iodoacetates also inhibit the enzymes. I think this 
is a very important point that you raised, Dr. Kuhn. I believe somebody ought to 
start working on it. I think, if this detoxifying enzyme has any importance or any 
significance in respect to DDT resistance, that finding an effective inhibitor would be 
an approach to the solution of the problem. I would like to see someone else do that 
and his. There are a lot of things we have in mind to do and there are many things 
that other workers will, we hope, do in connection with this problem. 

W. SZYBALSKI: I would like to make a brief comment on the genetics of resist
ance to insecticides. I hesitate to talk about it because the work has been done by 
Dr. James C. King (J . Econ. Entomol. 47, in press), one of my colleagues at the 
Biological Laboratory in Cold Spring Harbor, and I do not have his express permis
sion to discuss it here. But perhaps a brief statement would be in order. 

For about two years he has been selecting Drosophila melanogaster for resistance 
to DDT aerosol, subjecting two lines stemming from two different stocks to identical 
treatment. Neither line showed a measurable increase in resistance for the first dozen 
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generations. After 12 generations one of them began to show greater resistance and 
after 23 generations it shows an LD 50 between three and four times that of the control. 
The other line shows no increase after 22 generations of selection. A cross between 
the resistant line and its unselected control gave an LD 50 in th F i midway between 
those of the two parent strains, and in the F 2 , one no higher than that of the control. 
These experiments show that resistance to DDT is a heritable trait in Drosophila 
and that stocks differ in their ability to respond to selection. The data also suggest 
that the trait is determined by a complex polygenic system rather than by one or a 
few genes of major effect. 

M. G. SEVAG: I wonder if the temperature of the growth system could be lowered 
to prolong the life of a fly, and thereby expose the fly, a single fly, not the colony or 
colonies of flies, to DDT for a longer time, and see if you could get results indicating 
increased resistance to DDT. Unless we do this experiment, I don't see how one can 
decide whether resistance is selection of spontaneous mutants or due to chemical induc
tion. Another way would be, if you know the enzymatic constitution of each individual 
or group of individuals, to study groups of flies for their enzyme constitutions with 
and without exposure to insecticides. If there is any change in the enzymatic constitution 
after treatment with DDT, I would think you induced the change by chemical action. 

C. W. KEARNS: We have some of these strains of flies, which as far as I know 
haven't been in contact with DDT for years. And I imagine they have lost a little of 
their resistance, but it is very difficult to tell. They are quite resistant. I don't know 
if this has a bearing on adaptive mechanism. They have gone through 20 to 30 
generations without exposure to DDT. Now the temperature business is a little com
plicated here, because as you lower the temperature of flies, they become increasingly 
susceptible to DDT, and that sort of goes along, hand in hand, and makes the experi
ment a little hard. I don't know of anybody that has tried it though. 

A. C. R. DEAN: With regard to the genetic changes and adaptions for adaptive 
changes in insects, it wouldn't be too unusual, because certainly germ cells are 
screened from environment. The bacterial cell is swimming in its own environment, 
so chances of induced changes are surely greater in the bacterial cell. 

E . F . KNIPLING: Any further comments or questions? I feel the discussions we 
have had today are extremely important and very interesting. They have seemingly 
dealt with somewhat unrelated subjects, but basically, I am sure many of the features 
are common, whether there is differential resistance of plants or insects to chemicals 
to begin with, or differential resistance of plants to insects, or whether you have 
acquired resistance on the part of insects to insecticides that we have been discussing 
in these last two papers. I certainly thank the participants of this symposium, both 
those presenting formal papers and those discussing the subject. And with that we 
will conclude this meeting. 




