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Spontaneous Mutations in Bacteria

J. BEXNETT CLARK, Uuniversity of Okishoma, Norman

The fundamental aspcets of the appearance of spontaneous mutants ia
& population of microorganisms has been extensively discussed in the
Mterature (12, 13). These different mutant characters which are found
in any bacteriai population have been shown to arise spontaneously by
fluctuation tests (14) and by direct experimental tests (15). The presence
of such mutant cells in a bacterial clone can obscure Induced mutations
be mistaken for induced mutations by inadequate interpretation of factors
of selection due to population dynamics, or can lead to calculation of fals
induced mutation rates. These factors have been analyzed and circus

vented by Btone, et el (18).

T exaet cause of spontaneows metations is wakuown. From a gehetd
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torms of life. Auerbach, et al. (1) consider that chemiecal conditions
created by the cell are sufficlent to cause mutation; this would imply
that in the metabolic processes of the cell, certain metabolic waste products
are formed which are in themselves mutagenic. This is plausible provided
the definition of a chemical mutagen is not restricted to those compounds
which react directly with genic material. A more tenable hypothesis
would be that in most cases the appearance of spontaneous mutants is due
to inexact gene duplication during cell divislon. This latter theory is sub-
stantiated by the work of Haas, et al. (10) who showed that the spontaneous
mutation rate in Escherichia coli B to virus resistance increased as the
simplicity of the medium was increased. Their interpretation of these
results i8 that in the more simple media, the organism must carry out more
steps for the synthesis of gene material, so that the chance for inexact
replication in the synthesis is increased. Wyss (21) has demdnstrated that
changes in environmental conditions away from optimum will affect the
rate ct spontaneous mutation. He found that adverse factors such as altered
temperature and pH can alter the metabolism of a cell to such an extent
that gene synthesis can be affected. This and other experimental evidence
renders the altered synthesis hypothesis tenable.

One of the major aspects of microgenetics Is to determine the chemical
compesition cf the gene by determining the effects of chemical mutagens
on the phenotypic expressions of the organism. This aspect depends to a
great extent on the assumption that the mutagen reacts directly with the
genic entity, and thus chemical characteristicsa of the gene can be de-
termined by a study of the chemical reaction involved. On this assumption
a large number of chemicals have been tested for mutagenic properties,
and a surprising number have been shown to be capable of inducing muta-
tions (2, 20). However, in many cases, it i8 probable that the mutagen
did not react with the gene directly, but instead interfered in some meta-
bolic pathway which caused an inexact duplication of the gene in the daughter
cell. Thus the apparent induced mutation could well be merely a change
In the spontaneous mutation rate in the clone. This latter possibility has
been minimized in some cases by the use of “zero-point” mutations as a
means of eliminating factors of selection (7, 8). In the ‘‘zero-point” muta-
ltions the mutant cells are tested for before ceil division takes place. How-
ever, the inaccuracy of absolutely controlling cell division tends to In-
validate some of this work.

Preliminary laboratory investigation of tlie altered synthesis hypo-
thesis has been promising although unequivocal proof of this theory fs
stil 1o be found. Varicus enzyme inhibitors have been found to be muta-
Zenie (2, 11, 13), and the use of competitive inhibitors (16) has {ncreased
the total number of mutants in a bacterial clone (2). Such mutatfons would
ot he due to direct action with the gene. Colwell (5, 6) found that 2-methyl,
4. naphthoquinone would inhibit growth of fungi and bacteria by reacting
with sulthydryl groupe and in a similar manner cause small colony varlants
‘;? . coli to be formed. The same compound also causes mutation to anti-
I'lic resistance in Micrococcus aurews (2). The nucleic acid portion of
;"' hucleoprotein-gene complex contains no sulfhydryl groupe and probabdly
*% exist in the protein part of the molecule. Therefore it would appear
M ie probable that the function of this compound would be interfering
b the action of sulthydryl containing enzymes which are involved in
:‘;“‘ Synthesis. This is substantiated by the experiments of Wyss (21)
neich showed the effects on spontaneous mutation rate of various sulf-
d;-"'" levels in the nutrient substrate, and by Clark et al. (4) who
sun Ltrated the same mutational changes by reacting menadione with the
chejote Prior to inoculation. Thom and Steinbers (17, 19) found several
Mn" cals to be mutagenic on several of the Aspergéilf. These included
aciounds which are reactive with free amino groupe, such ss nitrous

‘ uninhydrin, chloramin T, potassium fodide, and bexsmethylenamine.



‘of the mutstions would take place at slkaline pH by adding
i ‘and sodium thiosulfite to the culture. These results are indicative
"6 & direet reaction between the mutagen and the gene complex. The same
‘chemioals Dave been found to induce antiblotic resistant mutants in
Miorococess esrens (3). However, treatment of the nutrient substrate with
‘s acldified sodium nitrite solution, and then resdjusting the pH of the
 mediums prior to inocwlation resulted in the ssme type of mutation. It
womld therefors seem plausible that these mutations were merely an in-
erease over the spontaneons rate normally found, which increase was
eansed by a lowering of the availsbility of alpha-amino compounds for
various metabolic processes, including those involved in gene synthesis.

The use of nitrogen mustards as mutagens has been fairly extensive
(1,9, 11, 13). In these cases it is assumed that the mustard mutagen reacts
with the gene complex. However Wyss, et al. (22) found that treat-

ment of the nutrient substrate with tris-(Schloroethyl)-amine prior to fn-
oculation with Mécrococcus asreus resulted in a significant increase in the
number of antidiotic resistant mutants. It was believed that the mustard
was compietely hydrolysed at the time of inoculation because no odor was
detectable and no inhibitory effect was noted. This again appears to be a
case of jnexact gene synthesis due to altered metabolic processes in an

abunormal substrate.

In view of thess preliminary experiments it seems very plausible to
assume that the altered metabolism theory might be operative to a great
extent in many of the supposedly induced mutations. Therefore in working
with any mutagenic system one faces at least four possibilities for the mode
of action of the mutagen. These are:

1. The mutagen acts directly on the gene itself.

4. The mutagen alters the permeability of the cytoplasmic membrane
thus allowing the liberation of some transforming substance (20).

3. The apparent increase in mutant forms is due to uncovering of s
recessive trait by stimulation of gene recombination (3).

¢ The mutagen interferes with some metabolic pathway leading to gene
synthesis and thus causes inexact duplication of the gene in the
qnghtcr cell.
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