Induced Phenotypic Resistance
to an Antimetabolite

Abstract. Resistance to bacteriostasis by
2-thiazole alanine develops rapidly; how-
ever, such resistance is lost during growth
in the absence of the analog. This induced
resistance is accompanied by increased
formation of an enzyme sensitive to 2-
thiazole alanine. Maintenance of the
elevated enzyme levels in growing cells,
like resistance, requires the presence of
the analog.

An antimetabolite, 2-thiazole alanine,
has been shown to retard the growth of
Escherichia coli W by mimicking the
specific inhibitory effect of its corre-
sponding metabolite, histidine, on the
action of “compound III” synthetase,
an early enzyme of histidine biosyn-
thesis (7). Further investigation reveals
that this false feedback inhibitor has
an immediate but transitory bacterio-
static effect; after a brief period, growth
is resumed at an exponential rate
somewhat lower than usual. Both the
duration of bacteriostasis and the ex-
tent of the reduction in the rate of the
subsequent growth increase with in-
creasing concentration of the analog.

It is extremely unlikely that the tem-
porary nature of the bacteriostasis is
due to selection of resistant mutants,
for resumption of growth occurs after
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Fig. 1. Induction of resistance to the

bacteriostatic action of 2-thiazole alanine
(2-TA). The inoculum was an exponential-
ly growing culture of Escherichia coli W.
The minimal medium contained, per liter:
189 gm of Na.HPO.+7H.0, 6.3 gm of
KH.PO,, 0.2 gm of MgSO,.:7H.0, 0.01
gm of CaCl,, 2 gm of (NH,).SO,, 2 gm of
glucose, and 2 mg of 2-thiazole alanine as
indicated. The cultures were aerated by
rotary shaking at 37°C. The arrows in-
dicate the transfers made during the ex-
periment. Growth was measured as change
in optical density and is expressed as
micrograms of dry weight of bacteria per
milliliter from a previous calibration.
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relatively brief periods (up to 1 hour).
Destruction of the analog also appeared
to be an unlikely explanation, for the
bacteriostatic action of 2-thiazole
alanine lasts for a much shorter period
than its inhibitory effect on the excre-
tion of histidinol by nongrowing cells
of a mutant which cannot convert this
intermediate to histidine. This conclu-
sion is also supported by the results
shown in Fig. 1. Cells which have re-
covered from the initial inhibition by
2-thiazole alanine grow without a lag
when transferred to fresh media con-
taining the inhibitor; however, if the
cells are allowed to grow sufficiently in
normal media before re-exposure to the
antimetabolite, the initial sensitivity of
the strain is again observed. 2-Thiazole
alanine thus appears to be an inducer
of resistance to its bacteriostatic action.

An explanation for this apparent
paradox was suggested by assuming
that both the inhibition of growth and
the subsequent induction of resistance
are consequences of a single activity of
2-thiazole alanine: inhibition of the
synthesis of the histidine precursor,
“compound IIL.” The resulting decrease
in the intracellular supply of histidine
would decrease the growth rate, but it
would also relieve the repressive effect
of histidine on the formation of “com-
pound III” synthetase (2) so that an in-
creased amount of this enzyme system,
which is sensitive to 2-thiazole alanine,
might be formed (3). In this manner
“compound III” synthesis could be re-
sumed despite the presence of 2-thia-
zole alanine.

This explanation is supported by
observations on the cellular content of
“compound III” synthetase. Growth in
a medium containing a small amount
of the antimetabolite caused a three-
fold increase in the specific activity of
the enzyme in extracts of the cells.
Maintenance of the elevated activity in
growing cells was dependent on the
continued presence of 2-thiazole alanine
(Fig. 2). Increasing the levels of the
analog in growing cultures causes par-
allel increases in the level of the
enzyme within the cell, up to 20 times
the normal. !

This response to 2-thiazole alanine
bears a formal resemblance to induced
enzyme formation. The analog permits
induction of “compound III” syn-
thetase by inhibiting the synthesis of
histidine, which would normally pre-
vent extensive formation of this en-
zyme system. While these observa-
tions may not be relevant to the action
of the usual inducers of enzyme for-
mation, it is interesting to note the re-
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Fig. 2. Induction of “compound III” syn-
thetase formation by 2-thiazole alanine. A
unit of “compound III” synthetase activity
corresponds to the formation of 0.4 umole
of the compound per hour. Enzymatic
activity was determined by the method of
Moyed and Magasanik (2). The cells
were grown in the medium described in
Fig. 1 and were harvested while still in
the exponential phase of growth. Extracts
were prepared by sonic oscillation. The
original inoculum was a 16-hour culture
of Escherichia coli W in minimal medium.
The subsequent transfers are indicated by
arrows. After each transfer the cultures
were incubated until a 15-fold increase in
cell mass had occurred.

cent evidence that at least one inducer
functions by antagonizing an unknown
but specific represser of enzyme forma-
tion (4).

Similar responses by bacterial and
mammalian cells to other enzyme in-
hibitors could be important factors in
the failure of many theoretically useful
compounds to inhibit cell growth effec-
tively at low doses (5).
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