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INIKOjJUCTION

The "riddle of heredity" which stumped Charles iJarwin 

and which was partially solved by Gregor Mendel in 1865, 

is still a riddle to today’s "enlightened" generation.
As we approach the centennial of Mendel's remarkable 

discoveries, we find there is still much to be known about 

those elusive substances called "genes" and the still mors 

nebulous matter of how they affect the phenotype.
Much information can be gained on this natter by 

the study of mutations. Besides studying the phenomena 

for their own sakes, we can often determine the nature 

of the normal pattern of events by studying the abnormal.

The purpose of this paper, then, is to study the 

phenotypic effects of artificial mutation, particularly 

in bacteria, both by direct observation and by studying 

the results of others’ direct observation.



Natural mutations, often called "spontaneous" mutations, 

are those which occur in organisms in nature; that is, without 

a direct attempt by man to produce them. They fall into two 

classes: mutations of genes and mutations of chromosomes.

The former is the matter under consideration in this paper; 

the term "mutation" will refer to it only.

Gene mutations is defined as "a chemical change in a 

gene which causes that gene to differ from its parent gene."

The phenotypic effects of gene mutation have been known since 

ancient times (but, of course, were not recognized as such) 

and, if our modern evolutionary theory is correct, were the 
cause of the first living organisms to begin existence as such. 
Even today, natural mutations are responsible for such phenomena 
as hemophilia, color blindness, and retinoblastoma in man, 

and are the main cause of our difficulty in finding contin

ually effective bactericides and fungicides.
The cause of these natural mutations is still ^Be- 

what of a mystery. It is now generally thought that spon

taneous mutations are due to the energy of ultraviolet rays 

of the sun and other ionizing forces in the atmosphere.

Spontaneous mutations are actually quite a rare thing 

when considering the actual number of gametes produced by an 

organism. About 15 out of every 10,000 spermatozoa of 
Drosophila melanogaster bearing an X chromosome contain a 
newly arisen sex-linked lethal. About 0.5% of the second 
chromosomes of £. melanogaster contain a newly arisen
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recessive lethal mutation. If the same rate is found ia the 

third chronosome, then 1.2% of all gametes from a normal fly 
Carry a newly arisen lethal mutant.1

Luria and Delbruck estimated that in their experiments 
with Escherichia coli, phage resistant bacteria occurred at

Othe rate of one out of every 2.45 x 10 bacteria. Demerec, 

working with the same organism, found a low of 0.1 natural
omutations to normal in every 10 phenylalanine deficient 

organisms and a high of 374 per every 10s histidine deficient 

organisms.'’ Simpson states that the average spontaneous mu

tation rate is one gene in 105 or lot
Xa 1927 Muller found that the mutation r*te ia 

Drosophila was raised considerably by the use of X-ray 

treatments of the flies. Stadler’s work in barley soon con
firmed Muller's work. It is now known that other high energy 

forms of radiation (including ultraviolet light) aad some 

chemicals are also mutagens. The type of organism used 
determines to some extent the chemical mutagen used.

Demerec gives an interesting comparison, using 

MnCl2# beta-propiolactone, and ultraviolet light as mutagens

1 Edmund W. Sinnott, L.C. Dunn, and Theodosius 
Dobzhansky, Principles of Genetics. 5th ed.; (New York: 
McGraw-Hill Book Company, 1958), p. 223

2Ibid.. p.226

3E.D. Simpson (ed.), involution: Symposia of the Society
for Experimental Biology (New York: Academic Press, Inc.,
1953)pp. 44-50
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oa E. co1i. The following Methods were used: (1) the bacteria 

were washed ia 0.3M MaCl, then treated for one hour ia a 0.04% 

aqueous solutioa of MnCl2 at 37° C* (2) the bacteria were 

washed ia 0.15M NaCl and treated ia 0.008% solutioa of beta- 

propiolactone for one hour. (3) the bacteria were washed ia 

0.15M NaCl before being exposed to 700 ergs of ultraviolet 

light. The following is a partial reduplication of the results.*

Deficiency Spont. Mut.
per 108

Mutations per 10tf induced by
MaCl? u.v.light beta-prop.

tryptophane 3.1 448 10,700 217

leucine 8.9 1050 6300 2.8

methionine 15.6 940 1020 8

proline 51.6 7240 9400 2260
Since the above data is used merely to demonstrate 

the effectiveness of metageaic agents, it would be helpful 

at this point to study another experiment, this one made oa 

the bread mold, Neurospora crassa. As mentioned in the 

introduction, the study of mutations can often lead to the 
discovery of the normal pattern of eveats. This is remark

ably demonstrated in the famous experiment of Beadle and 
Tatua, which led to the pronouncement of their "one gene- 

one enzyme" theory.
The life cycle of Neurospora crassa is as follows: 

Haploid nuclei are formed in the mycelium of the fungus;

■'’Simpson, p. 50



these multiply a»d some of then may generate new colonies.

The fungus also has another type of asexual reproauction—  

this by means of spores or conidia, some of which contain a 

single nucleus and others several nuclei* Upon germination, 

these spores reproduce the entire mycelium. Sexual reprod

uction is accomplished by the uaioa of two nuclei, forming a 

diploid zygote which then forms eight ascospores by means of 

two raeiotic and one mitotic divisions. The spores are now 

each capable of geruinating new fungus growths, given the 
proper media.

Unis organism needs only a few simple materials to 

grow— a simple sugar for its energy, a single inorganic ammon
ium salt for its source of nitrogen, some other inorganic 

salts and acids, and only one vitamin— biotin. Tnis media 
is called a "minimal'’ media because it contains only those 

substances which the organism needs to synthesize all its 

nutritional requirements. However, a more complete medium, 

called the "maximal" medium, facilitates the organism’s 

growth because it contains many more essential nutrients 

than the minimal.

Beadle and Tatum's work consisted of treating the 
ascospores with some mutagenic agent and then transplanting 

the* singly to tubes of maximal media. When growth had 
proceeded slightly, they transplanted parts of the mold to 
minimal media. Since non-mutant organisms only would grow 
on this media, they deduced that if a gene responsible for the
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biochenical synthesis of an essential nutrient mutated, the 

organism could not grow on this media.

This is exactly what happened; some of the organisms 
failed to grow on the minimal media. However, they found that 
by adding different growth requirements to each tube, the 

organism then grew, proving that it had a mutation which 

prevented the synthesis of the substance which was added.
They were also able to show that the synthesis of a complex 
compound might be blocked at any stage of the chain reaction 

by lack of one of the reactants. Their conclusion was that 

one gene is responsible for the synthesis of one such sub
stance.

Similar gene-controlled reaction sequences have 

been worked out in other organisms, including £. coli.



,■ i.m

PART II
■

LABORATORY VERIFICATION



Thus far in this paper, it has been shown that 
(1) certain mutagens substantially increase the nutation 

rates in a given organism and that (2)one gene is responsible 
for the synthesis of one necessary growth factor for an organ

ism. This, then, is the basis for my own experimental work.
My aim was to duplicate the experiment of Beadle and 

Tatum, using Escherichia coli instead of Neurospora crassa.

Zn essence, it consisted of the following: (a) inoculating a 
plate of maximal medium with a dilute suspension of £. coli. 

'The maximal medium here refers to any rich medium which con

tains all the necessary growth factors for £. coli.

(b) irradiating this plate to cause mutations in the bac

teria. Since the suspension of inoculum was dilute, the 
organisms which then grew on the plate should form quite 

discreet colonies, each colony being a clone. <«) trans
ferring the colonies which grew on this maximal media to a 

plate of minimal media; i.e., media which contains only 
the bare essentials from which the organism can synthesize 

its own growth factors, (d) those colonies which failed 

to grow on the minimal media must be a biochemical mutant.

For the maximal media, 1 chose stock culture agar, 

which is known to be quite nutritious for most bacteria, 

including B. Coli. It is prepared by dissolving 50 grams 

of the powdered preparation in 1000 gr&ras of distilled 

water.
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For the minimal media, I used the following ingredients1 

dissolved in 1000 ml of distilled water.

nh4h2po4 1 g
glucose 5 g
NaCl 5 g
MgS04*7H20 0.2 g
K2HP04 1 §plus 15 g of Bacto-agar to solidify the medium.

I chose the organism, B. coli. because it is one of the 

better known species of bacteria, and data on it and its nutri

tional requirements are well distributed. Furthermore, its 

synthesizing powers are quite well developed; as shown from 
the above minimal media preparation, it can synthesize its 

necessary proteins and amino acids from a simple salt, 
ammonium phosphate, and can derive its energy from glucose.
It requires only a few other mineral salts.

I used three sources of radiant energy: a General 
Electric sun lamp, an X-ray tube, and radioactive cobalt.

I shall describe the use of and the results of the sun lamp 

first.

It is well known that ordinary glass stops ultra

violet" rays of the type produced by the sun lamp, so the 

lids of the inoculated Petri dishes had to be removed.

This presented a problem of contamination from the air, 

which I was never able to completely overcome, even with

1 Michael J. Pelczar and Roger D. Reid, Microbiology 
(New York: MeGraw-Hill Book Company, 1958), p. 53
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the use of a makeshift hood. However, since the contaminants 

could be readily identified either by colony appearance or by 

Gram staining, it was a simple matter to eliminate them.

X made several test runs to see what dosage and what 

concentration of organisms were the most effective, and found 

that ten minutes exposure and a very dilute concentration of 
organisms was most effective, and that keeping the organisms 
approximately two feet from the light best prevented heat 
killing.

I exposed a total of 21 plates (not including those 
on the test runs) to this lamp, with the following results:

9 of the seeded plates produced 1 or more colonies of 

bacteria within 24 hours after exposure. These colonies 

were then assumed to contain possible mutants, and were trans

ferred to minimal media,. Prom those plates which had 1 to 

3 colonies, I transferred by means of an inoculating needle 
to minimal media, but for more than 3 colonies, I used a 

a technique developed by the Lederburgs, called the 
"replica plate."1 It consists of stretching a piece of 
velvet over a cylinder whose diameter is slightly less than 

that of the Petri dish. Three identifying markers are then 

made in the velvet (this I did by using tiny nails). A 
short handle nailed to the cylinder makes is easier to grasp.

^Hoger Y. Stanier, Michael Doudoroff, and Edward A. 
Adelberg, The Microbial World (Englewood Cliffs, N.J.: 
Prentice-Hall, Inc., 1957), p. 384



The entire implement is then sterilized. The process of 

plating consists of pressing the cylinder, velvet side down, 

onto the maximal media plate which h. s many colonies growing 
on it. Some bacteria from each colony will cling to the vel

vet, and, when the velvet is pressed onto the minimal media, 

these bacteria will be deposited in relatively the same 

positions that they were in the maximal plate. The markers 
serve to help match the colonies on the minimal and maximal 

plates later.
After the colonies are thus transferred to minimal 

plates and incubated at 37° C. for 24 hours, 1 then 
attempted to match growths on the minimal and maximal plates. 

It is significant that, in every single case, the transferred 
growths from the unirradiated control plates matched colony 

for colony on the minimal media. The nine irradiated plates 
produced 24 colonies of £. coli. and of these, only one failed 
to grow on minimal media. However, probably due to a rever

sion to the normal, Z was unable to establish it definitely 

as a mutant strain.

Next Z tried the X-ray tube. This tube was emitting 

some ultraviolet rays, besides X-rays at 150 milliroentgens 

per hour. After several test runs, Z established 4j min

utes and a very dilute concentration of bacteria as most 

effective. I irradiated 6 plates at approximately fifteen 

inches from the tube, this time with the lids on, as glass
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does not stop X-rays. Ihis X-ray tube seemed to be the most 

effective source of radiant energy, since there was no growth 

o» 5 of the plates after 24 hours of incubation. The sixth 

showed 1 tiny colony, and the unirradiated control plate 

showed the normal expected number of colonies. I returned all 

of the plates to the incubator, and the following day took 

the following data: 4 of the plates still bad produced no 

growth, but 1 had produced 2 very small colonies. The plate 
having 1 tiny colony the day before now showed a cloudy growth 

covering the entire plate. A Gram test showed this to be 
Gram negative like the ordinary B. coli, only these organ

isms were slightly elongated. 1 suspect that the motility 
of this particular clone was affected. When these colonies 

were transferred to minimal media, all of them grew, showing 

no biochemical mutants.

The third source of irradiation that 1 used was 

radioactive cobalt (Co6Cs), which was emitting 150 milli- 

roentgens per hour. 1 irradiated 6 plates by placing the 

bottle of cobalt on the lid of the Petri dish. I irra
diated 1 plate each for 5, 10, 15, 20, 25, and 30 minutes. 
These 6 plates produced an average of 5 colonies each for a 
total of 30 colonies, while the control plate showed much 

denser growth.
After the colonies were transferred to minimal 

media, all of them grew except 2; upon the second attempt,
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iiowever, they did grow on minimal media, so a mutaat straia 

could not be established.



SUMMARY AND CONCLUSION
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Muller's experiments in 1927 showed that a source of 
radiatioa could definitely increase mutation rates ia 

Drosophila. Later, Beadle and Tatum demonstrated some of the 
biochemical results of such mutations, and' Demerec showed 

these same results in bacteria, while comparing various mut

agens. My own experimental work was patterned after that of 

Beadle and Tatum, while using Demerec*s angle of approach, 

and was concerned mainly with the change ia synthetic abilities 
of bacteria after mutation.

It is interesting to speculate oa some of the possible 
consequences of this sort of mutation by a source of radiant 

energy. Consider, for example, Oparin's theory of the origin 
of life, in which organic compounds combined and recombined 
until, eventually, the first organisms were formed. Blum1 

says that organic compounds are likely to absorb wave lengths 
in the region of sunlight, and that possibly this energy could 

have been used to synthesize bonds in protein molecules, be
cause the ninimum energy requirement for the formation of a 

peptide liakage is not high.

Oace formed, it is believed that these simple organ

isms may have, by further autation, developed different nutri

tional requirements aad complex batteries of eazymes froa 
which they could synthesize their own growth factors.

^Harold P. Blum, Time's Arrow and Evolution 
(Princeton, N.J.: Princeton University Press, 1931), pp. 167 
and 168
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One prominent theory today is that of Horowitz, who 

suggests that, as a growth factor was used up by the existing 

organisms, a mutant fora which could synthesize it froa other 

existing compounds would have a better selective chance of 

survival, as the other compounds were used up* other mutant 

forms could synthesize then, and in this way, build up com

plex enzyme systems.

Proa those first simple organisms to the coaplex 
forms living today is the story of evolution— and evolution, 

according to the neo-Darwinian theory, is the end result of 
mutation and natural selection.

What caused this nutation? According to the latest 

theories, it was probably the ensrgy released froa radioactive 
substances on the earth, ultraviolet rays from the sun, and 

other ionizing forces in the atmosphere. However, there is 

room for much speculation and experiment in this field.
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