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Inhibition of E. coli by p-Serine and the Produc-
tion of Serine-resistant Mutants

By BErRNARD D. DAvis aND WERNER K, Maast

In the course of determining the amino acid re-
quirements of nutritionally deficient bacterial
mutants®? it was observed that DL-serine inhibits
the growth of wild-type Escherichia coli (‘“Waks-
man’’ strain, ATCC 9637). Testing of the sepa-
rate components of DL-serine was made possible
through the generous gift of a highly purified
sample of p-serine by Dr. V. du Vigneaud, and of
L-serine by Drs. S. Moore and W. H. Stein. It
was found that the effect is caused by the D isomer,
which perceptibly delays growth in concentrations
as low as 5 v/ml.; L-serine is inactive at even 40
times this concentration. All the other naturally
occurring amino acids were tested at a concentra-
tion of 200 ¥/ml. and not found inhibitory; of
these, alanine, aspartic acid, threonine, tyrosine,
phenylalanine, methionine, leucine, isoleucine,
valine, lysine and histidine were tested as pL mix-
tures. L-Aspartic acid is not inhibitory by itself,
but when present in concentrations as low as 2 v/
ml. it enhances the effect of p-serine. The behav-
ior of L-asparagine is quite different from that of
aspartic acid; approximately 100 times as high a
concentration of L-asparagine is required to pro-
duce a similar augmentation of inhibition. A dif-
ference in a bacterial response to asparagine and
aspartic acid has also been reported*® in studies
on the utilization of these compounds as nutrilites
by Leuconostoc mesenteroides.

The inhibitory effect is completely antagonized
by glycine or L- or pL-alanine in concentrations of
25 to 1009, and partly antagonized at concen-
trations as low as 19, of that of p-serine. Partial
antagonism is also shown, at equimolar concentra-
tions or higher, by r-histidine or L-leucine, and
slight antagonism by most other naturally occur-
ring amino acids. The only ones found to have
no antagonistic effect were aspartic acid, L-cystine,
L-cysteine, L-hydroxyproline, and, curiously, L-
serine.

DL-Serine permits a number of cell divisions at
the normal rate before inhibition appears. The
organism eventually overcomes the inhibition,
producing the same plate count in the presence of
DL-serine as in its absence. On minimal medium
agar,® containing only glucose, ammonium lac-
tate, and salts, pL-serine produces a delay in ap-
pearance of visible colonies which increases with
increasing concentration. At the highest concen-
tration tested, 1 mg./ml., the delay exceeds forty-
eight hours. It seems important to point out that
the growth following the delay does not depend
upon the type of enzymic adaptation which has
been observed with many other delayed bacterial
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responses; it seems rather to involve an alteration
by the bacteria, of unknown nature, in the sur-
rounding medium. The evidence for this conclu-
sion is two-fold: (a) bacteria grown out in the
presence of high concentrations of DL-serine, when
reinoculated into DL-serine-containing plates,
grow no more rapidly than bacteria taken from a
serine-free medium; (b) the appearance of vis-
ible colonies in the presence of DL-serine is mark-
edly accelerated by increasing the inoculum size.

In addition to physiologic adaptation, which
permits delayed growth of the whole population,
the bacteria also produce spontaneous serine-re-
sistant mutants which grow approximately as
rapidly, in the presence or absence of DL-serine, as
the parent strain does in its absence. The muta-
tion frequency is increased by ultraviolet irradia-
tion to as high a value as 1073,

Serine-resistant mutants have also been devel-
oped from mutant strains which require either L-
serine or glycine for growth; the growth require-
ment has not been affected by the second muta-
tion. In view of this fact, as well as the failure
of L-serine to affect D-serine inhibition, it is clear
that the mechanism of inhibition by D-serine has
no close relation to the metabolism of L-serine.

Much of the literature on the metabolism of D
and L amino acids has been reviewed recently.®
D-Serine has been reported to have a nephrotoxic
action in rats” which is antagonized?® by the amino
acids observed here to protect E. cols, as well as by
pyruvate, which we have not found to protect E.
coli. D-Serine hasalso recently been independently
observed to inhibit formation of tetanus toxin.®
E. coli is particularly suitable for studying the
mechanism of a cytotoxic action which may be
quite general; in addition, mutation to serine-re-
sistance may be regarded as a model for drug-re-
sistance, involving a simpler compound than the
known chemotherapeutics. These phenomena are
therefore under further investigation.
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Inhibition of Tetanus Toxin Formation by b-
Serine!

By J. Howarp MUELLER AND PAULINE A, MILLER

The fact has been commented on previously?
that serine specifically depressed the formation of
tetanus toxin under certain experimental condi-
tions. At the time, this was considered as repre-
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senting some sort of competitive effect in a system
one of the components of which was perhaps a
serine-containing peptide. The serine which
showed the effect was racemic (pL) and it was
recently suggested to us by Dr. E. Brand that the
action might be different with the p and L forms
of the amino acid. Through the courtesy of Drs.
Brand, Folch-Pi, and du Vigneaud two specimens
of pure L-serine and one of D-serine were made
available to us and it was readily possible to dem-
onstrate that this was indeed the case. The fol-
lowing protocol presents the titers of toxin ob-
tained in terms of flocculating units per ml.

Units

1 Regular medium? 110

2 Regular medium -+ DL serine 1 mg. 90

3 Regular medium + pL serine 2 mg. 70

4 Regular medium + pL serine 4 mg. 40

5 Regular medium + L serine (sample 1) 1 mg. 110

6 Regular medium + L serine (sample 1) 2 mg. 110

7 Regular medium + L serine (sample 1) 4 mg. 110

8 Regular medium + L serine (sample 2) 1 mg. 110

9 Regular medium + L serine (sample 2) 2 mg. 110

10 Regular medium + L serine (sample 2) 4 mg. 110
11 Regular medium + D serine 0.5 mg. 100
12 Regular medium + D serine 1.0 mg. 65
13 Regular medium + b serine 2.0mg. 38

The identity and purity of the compounds used
were attested by analytical and rotational data
provided with the specimens, and were further
grossly checked by means of paper chromato-
grams of all specimens, which showed identical be-
havior.

At present, there is no evidence to explain the
mechanism of this phenomenon. So far as it has
been possible to demonstrate, the unnatural forms
of the other amino acids do not produce a similar
effect. In view of the specific nephrotoxic effect of
p-serine* and of recent observations® on specific
growth inhibition of E. coli by the same substance,
it seems worth while to place on record this further
instance of interference in a biological system by
this amino acid without in any way suggesting
that the three may be related.

The writers hope to be able to report later on
further details of this mechanism as it relates to
tetanus toxin formation.
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Carboxylic Acids of 3-Pyridinesulfonic Acid and
Their Salts

By BERNARD F. DUESEL AND JoHN V. Scubpi

The current shortage of refined pyridine led us
to investigate the use of the picolines as a source
of raw material for pyridine intermediates. The

Notes

Vol. 71

picolines are more readily available, and they can
be easily sulfonated!2:%*in the presence of a suit-
able catalyst to give mainly 3-pyridinesulfonic
acid derivatives. We have oxidized these deriva-
tives and have obtained the corresponding car-
boxypyridinesulfonic acids. Certain of these are
of commercial importance; for example, 6-car-
boxy-3-pyridinesulfonic acid, made from a-pico-
line, can be decarboxylated in nearly quantitative
yield to give 3-pyridinesulfonic acid, an inter-
mediate in the preparation of niacin and niacina-
mide.

The picolinesulfonic acids were prepared accord-
ing to known methods"#%* with or without modi-
fication and the products were oxidized. Lower
yields were obtained following the acid manganese
dioxide method of Biswell and Wirth® than were
obtained using a simple alkaline permanganate
oxidation. Other methods investigated included
the selenium oxidation procedure of Woodward,
et al.,® and the hydrogen peroxide method of
Stiks and Bulgach.” Neither of these proved as
convenient as the permanganate method for labo-
ratory preparations.

Since pyridine is known to sulfonate pre-
dominantly in the beta position, the structures of
the mono-sulfonic acids obtained from the 8- and
v-picolines follow directly, With «-picoline, how-
ever, two $-positions are available for sulfonation.
That the main product was 6-methyl-3-pyridine-
sulfonic acid may be inferred from the work re-

ported by Graf.® Its structure was demonstrated
by means of the reactions
—SO:H —SO;H
—
CH;—! HOOC

N

—OH
HOOC—
)
O—OH
X

Oxidation of the picoline sulfonic acid gave a sulfo-
picolinic acid (m. p. 287°) which is not readily

differentiated from the known® 3-sulfopicolinic
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