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The introduction of the idea of variation and natural selection by 
Charles Darwin in the middle of the nineteenth century provided a 
rational explanation of organic evolution from a primitive state to the 
present more complex one. In addition, it brought unity to biology, ex
plaining the relationships among living organisms and the recurrent 
morphological and physiological patterns one finds throughout the living 
world. This persistence of well defined patterns was used as a basis for 
the separation of organisms into various species and larger groups. We 
recognize today, however, that this stability is a superficial one and that 
tremendous changes are occurring in a population at all times. For evolu
tion, there must be some variants from the general pattern that are them
selves relatively stable; that is, once such variants occur, they must be 
handed on to successive generations without reverting too readily to the 
ancestral type. Such persistent variant patterns are essentially what we 
distinguish as mutations and these, according to modern theory, provide 
the basis for natural selection, i.e., a mutant form if better adapted to 
the environment has a better chance of survival and is therefore 
"selected." Minor stable variability may occur without selective advan
tage. This is merely a play upon the mechanism of heredity. It has 
become increasingly clear in recent times that problems which were 
formally considered at the macrolevel can now be experimentally ap
proached at the micro or chemical level. The intervention of the genes 
at the biochemical level is strikingly illustrated by the tremendous 
developments in the general area of biochemical genetics which has 
been so successfully exploited by Beadle, Tatum, and associates. 

Experimental work during the past 25 years has shown us, however, 
that there are many latent or dormant patterns in an organism which are 
only realized under certain environmental conditions. The formation of 
an enzyme in high concentration in an organism in response to a specific 
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substrate is one of the best examples, i.e., adaptive enzyme formation. 
It seems quite clear from numerous investigations that a particular 
genotype is essential before this adaptation can take place. In other 
words, although the genie constitution is present for a certain bio
chemical pattern, the latter is not entirely obvious except under specific 
environmental conditions. Likewise it is possible to eliminate what is 
considered a normal biochemical pattern in organisms, without appreci
ably affecting growth. For example, if one grows Neurospora in a 
medium which contains just sufficient zinc for maximum growth, in 
contrast to the normal medium which has excess zinc, one finds that 
certain enzymes are greatly decreased or are missing completely while 
other enzymes may have increased 20 to 30 times their normal concen
tration. All of these changes are rapidly reversible, however, when the 
organism is returned to the normal medium. 

These examples of alteration in an organism have been used in 
attempting to explain the adaptation of organisms to drugs and other 
adverse environmental conditions. They may be classified into two 
general categories, as follows: 

(1) . Genetic adaptation, wherein individual mutants arise which can 
propagate themselves more readily in the new environment, thus giving 
rise to new genotypes which are relatively stable. These new strains 
eventually substitute for the old population. 

(2) . A physiological adaptation, wherein individuals adapt to the 
new environment but leave the hereditary machinery unaltered, such 
as in adaptive enzyme formation. On return to the new environment the 
adaptive changes usually disappear rapidly. 

In other words, with the introduction of antibacterial agents, herbi
cides, and insecticides, the whole problem of evolution with a play on 
variation, however small, and natural selection, was greatly exaggerated, 
with the result that large populations of organisms soon arose which 
were resistant to these agents. One should emphasize that the above 
two adaptive mechanisms are the extremes and certain intermediate 
variations are possible. For example: (A) A drug may itself induce a 
genetic change, thus leading to a change in resistance. (B) Certain 
physiological changes appear to be genetic because of the slow return 
to the normal state. The whole problem of Dauermodification is re-
emphasized. (C) Physiological adaptation may take many different 
forms: (1) The organism may form an adaptive enzyme which destroys 
the drugs itself. (2) On the other hand, detoxification may occur by 
using existing enzymatic machinery. Under these circumstances an adap-
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tive increase in the capacity of the system may be necessary when 
excess drug is applied. (3) In some cases the toxicity of a drug may be 
overcome by various nutritional means, either externally or internally. 
By externally, I mean supplying in the diet certain nutrients which will 
counteract the toxicity. An example would be found in the cases where 
the toxicity is due to a block in a specific biosynthesis such as sulfanila
mide inhibition of bacterial growth and its reversal by paraaminobenzoic 
acid. Internally the organism may overcome this toxicity by an adapta
tion which leads to an increase in the synthesis of the nutrient, possibly 
by a new pathway. Adaptation of Neurospora to sulfanilamide is such 
an example. An example in reverse would be the process whereby a 
normally nontoxic agent prevents decomposition of a toxic agent. As I 
understand it the body can detoxify certain amounts of alcohol by 
metabolic patterns that exist normally. However, by feeding antabuse 
the complete breakdown of alcohol is prevented and highly toxic alde
hydes accumulate. Under these circumstances very small concentrations 
of alcohol are toxic. This type of observation certainly teaches us many 
lessons on physiological adaptation and variation. As a matter of fact 
this may offer a reasonable, alternate, but rational approach to the broad 
area of chemotherapy. I am sure we will hear much more about these 
various possibilities at this symposium. 

The employment of drugs as antibacterial agents, as insecticides, and 
as herbicides has been so extensive and the action so dramatic that it 
has hardly been possible to keep track of the basic biological problems 
which have been either uncovered or reemphasized. The practical im
portance has been appalling both in peacetime and war. This is particu
larly true for the herbicides and insecticides which have offered unusual 
opportunities for the development of new land areas and the reclamation 
of old for agricultural development. The human and animal health prob
lems and practices of every nation on the earth have felt the impact of 
this new approach—chemotherapy. It was the magic approach and solu
tion to many problems until field and laboratory reports started empha
sizing those horrible words which are the theme of the present 
symposium—drug resistance. Fortunately, however, some of the basic 
biological problems underlying this phenomenon of drug resistance were 
already under investigation in the laboratories and certain answers were 
already available. Resistance to drugs still is and will remain, however, 
a real problem both practical and theoretical for some time to come, but 
some of the important practical aspects are being rapidly approached 
and solved. 




