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a soluble factor has been confirmed by the
data presented.
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Utilization of L-, p- and pL-Forms of Asparagine and Aspartic Acid
by Leuconostoc mesenteroides P-60.* (18105)
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A microbiological method for the determina-
tion of r-aspartic acid with Leuconostoc mes-
enteroides P-60 was reported by Hac and
Snell(1). These authors showed that z-
asparagine had only a fraction of the activ-
ity of v-aspartic acid for this organism. but
although their method has been widely used
it does not appear that the activities of b-
aspartic acid and p-asparagine for Leucon-
ostoc mesenteroiaes have been reported pre-
viously. It seemed desirable, therefore, to
determine the response of this organism to
the optically active and racemic forms of
aspartic acid and asparagine.

Experimental. The culture of Leuconostoc
mesenteroides P-60 (American Type Culture
Collection catalogue No. 8042) was the same
as that described previously(2). The inocu-
lum was prepared as described in Paper 47(3).
The experimental medium and assay technics
were the same as those described previously
for experiments with phenylalanine(4) ex-
cept that 1 g of pi-phenylalanine was in-

* Paper 74. For Paper 73, see Eiduson, et al.(4).
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% Steele, et al.(5) found that the activity of prL-
aspartic acid was essentially the same as that of
L-aspartic acid for Lewconostoc mesenteroides, but
apparently these authors did not test p-aspartic acid.

cluded in the amino acid mixture of the
basal medium and the =L-asparagine was
omitted. In some of the experiments the
medium was modified by additions of sub-
optimal amounts of r-asparagine or p-aspartic
acid. Response to L-, pL-, and D-asparagines
and aspartic acids$ was determined in the
various modifications of the basal medium
with incubation periods from 24 to 72 hours.
Discussion. Experiments with 1-asparagine
gave results which closely resembled those
obtained previously by Hac and Snell(1).
p-asparagine was entirely inactive in the pres-
ent experiments (tested at final concentra-
tions as high as 20 mg %), and pL-asparagine
had 50% of the activity of L-asparagine.
Experiments with pr-aspartic acid gave es-
sentially the same results (Fig. 1) as those
obtained previously by Steele, e¢ al.(5), how-
ever D-aspartic acid (Fig. 1) elicited a unique
response. At concentrations up to about
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Response of Leuconostoc mesenteroides to L-,
DL-, and D-aspartic acids in the umaltered basal
medium with 65 hours incubation. The values on
the horizontal scale represent the concentration of
aspartic aeid in v per ml. The values on the ver-
tical seale are calculated as ml of 0.01 ¥ NaOH
required to titrate 1 ml of culture.

10 v per ml (Fig. 1) the activity of p-aspartic
acid appeared to be nearly equal to that of
L- or pr-aspartic acid. At higher concentra-
tions of p-aspartic acid only a slightly in-
creased response could be obtained. The
response was not significantly greater than
that shown in Fig. 1 at final concentrations
of p-aspartic acid up to 20 mg %. It appears
that a similar type of response to a p-amino
acid by a lactic acid bacterium has not been
reported previously.

It was found in further experiments that
the relative activity of p-aspartic acid became
progressively less with shorter incubation, and
that with incubation periods as short as 24
hours p-aspartic acid activity was mnearly
negligible. pr-aspartic acid was only slightly
less active than r-aspartic acid, even at short
incubation periods. _

When p-aspartic acid at a final concentra-
tion of 20. mg % was included in the basal
medium (Fig. 2) the response to pL-aspartic

acid was approximately 50% of that to L-
aspartic acid, and no significant response was
obtained to further additions of bp-aspartic
acid. An incubation period of 48 hours was
found to be nearly optimum for the demon-
stration of this effect. At longer incubation
periods the blank titrations were excessively
high, and at shorter incubation times the
overall acid production was undesirably low.
It seems probable that L-aspartic acid could
be determined in samples containing relatively
large amounts of p-aspartic acid with Leucon-
ostoc mesenteroides under the conditions stip-
ulated for Fig. 2.

Additions of L-asparagine to the basal med-
ium markedly enhanced the response to D-
aspartic acid (Fig. 3 and 4). D-asparagine
appeared to be entirely inactive in producing
this effect. A final r-asparagine concentra-
tion of 2.5 mg % appeared to be nearly
optimal in producing approximately equal re-
sponse to L-, DL-, and p-aspartic acids (Fig. 3).
At lower L-asparagine concentrations the re-
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Same as Fig. 1 except the basal medium was
supplemented with D-aspartic acid (final concen-
tration, 20 mg %), and the incubation period was
48 hours.
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Sume as Fig. 1 except the basal medium was
supplemented  with  L-asparagine monohydrate
(tinal concentration, 2.5 mg %), and the incuba-
tion period was 72 hours., The - and pr-aspartie
aeld curves arve superimposed.  The deviations did
not exceed the radii of the plotted cireles.

sponse to D-aspartic acid tended to level off
before the maximum acid production was ob-
tained, and at higher concentrations high
blank titrations and relatively high response
to p-aspartic acid resulted (Fig. 4). It seems
likely that total (r- and p-) aspartic acid
could be satisfactorily determined with Leu-
conostoc mesenteroides under the conditions
stipulated for Fig. 3, if the test range were
limited to aspartic acid concentrations below
12 v per ml. (The activity of p-aspartic acid
appears to be significantly greater than that
of r-aspartic acid at concentrations between
12 and 24 v per ml.)

The facts that p-aspartic acid under certain
conditions (Fig. 4) is more active than -
and pr-aspartic acids and that r-asparagine
seems to have some function, particularly in
the utilization of p-aspartic acid, indicate
that p-aspartic acid and rL-asparagine may be
essential metabolites for Leuconostoc mesen-
teroides even though these compounds are

less active than vrL-aspartic acid under the
test conditions which are usually employed.
The role of p-alanine(6-8) and p-glutamic
acid(9) as essential metabolites for lactic
acid bacteria has been suggested previously.

Summary. The utilization of the optically
active and racemic forms of asparagine and
aspartic acid by Leuconostoc mesenteroides
has been studied under a variety of test con-
ditions, Dp-asparagine was found to be en-
tirely inactive, and pr-asparagine was found
to have 50% the activity of vL-asparagine.
Conditions were described under which b-
aspartic acid was essentially inactive and
under which pr-aspartic acid had 50% the
activity of r-aspartic acid. Under other con-
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Same as Fig. 3 except the final concentration of

L-asparagine hydrate in the basal medium was 5.0
mg %.
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ditions r-, pL-, and p-aspartic acids had
nearly equal activities. Methods for the
separate microbiological determination of 1-
aspartic acid and total (r- and p-) aspartic
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acid with Leuconostoc mesenteroides were
suggested.
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Although phlorhizin has repeatedly been
shown to inhibit the intestinal absorption of
glucose(1-8), the extent of inhibition reported
has varied from 30%(7) to 90%(1). The
effect of this glucoside on the absorption of
hexoses other than glucose has not been in-
vestigated as thoroughly. Wertheimer(6),
using the Cori technic, measured the absorp-
tion of glucose, galactose, fructose, and man-
nose by pairs of unanesthetized rats. One rat
of each pair received an alkaline solution of
100 mg of phlorhizin in sugar solution by
gastric tube; the control received only the
sugar solution. Although he used only 2 pairs
of rats each to examine fructose and galactose,
and only one pair for mannose, he concluded
that the inhibition exerted by phlorhizin upon
glucose absorpton applied also to the absorp-
tion of galactose, fructose, and mannose.
Yoshikawa(8), using 2 consecutive 30 cm seg-
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of Science in the Department of Physiology, State
University of Iowa.
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ments of rabbit jejunum, introduced 5.4%
solutions of various sugars into these loops
and removed samples for analysis at regular
intervals. By putting into one of the loops
a solution of phlorhizin, sugar, and sodium
bicarbonate, and into the other loop only the
sugar and bicarbonate, he was able to use the
same intestine both for control and experi-
ment. He found that the order of absorption
for the sugars tested was: galactose, glucose,
mannose, arabinose, xylose, and fructose. The
greatest phlorhizin inhibition appeared to be
upon galactose absorption, the least upon
fructose.

Cori(9) and Wilbrandt and Laszt (10) have
found glucose and galactose to be rapidly ab-
sorbed, mannose and the pentoses to be ab-
sorbed quite slowly, and the absorption rate
of fructose to be intermediate between that
for glucose and that for mannose. Wer-
theimer’s(6) data do not include the various
rates of absorption, since he measured the
percentage of sugar absorbed. Yoshikawa’s
(8) finding that fructose was absorbed more
slowly than mannose, or even xylose, sug-
gested the need for further experiments along
this line.

Experimental. The experiments were per-
formed on albino and hooded rats of both
sexes selected from stock raised in this lab-
oratory. Absorption was studied by means of
a technic employing the entire small intestine.
Prior to the experiment the rats received 6
subcutaneous injections of a 10% suspension
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