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SHELTON, DANIONx C. (West Virginia University
Medical Center, Morgantown), AND WILLIATNI
E1. NUTTER. Uptake of valine and glycylvaline
by Leuconostoc mtesenteroides. J. Bacteriol. 88:1175-
1184. 1964.-Uptake systems for valine and glycyl-
valine were studied in growing cultures and non-
growing cellular suspensions of Leuiconostoc
nt esenteroidles. (Glycylvaline promoted growth
more rapidly than did valine. Other dipeptides
were shown to be antagonistic to the utilization of
glycylvaline by the organisml. The experiments
with cellular suspensions were done with the use of
combinations of labeled and unlabeled amiiino
acids anid peptides. Rlesults showed that different
uptake systemns were present in L. mtiesenteroides
for the uptake of valine and glycylvaline. Both
systemiis were energy-dependent and readily
saturated. The synthesis, purification, and chro-
iiatographic identification of glycyl-Di.-valine-
I-C14 is described.

Certain dipeptides promote the growth rate of
nutritionally fastidious bacteria, such as Leuco-
nostoc mesenteroides, more riapidly and to a greater
extent than do comparable concentrations of their
component essential amino acids. The effect is
most prominent when the organism is in the ex-
ponential growth phase and when the concentra-
tion of the amino acid and peptide being com-
pared is low enough to be growth-rate limiting.
Indeed, the lag phase normally observed when
the medium contains amino acids is much greater
than when the growth-limiting amino acid is l)ro-

1 Scientific paper no. 665 of the West Virginia
Agricultural Experiment Station.

2 Present address: Department of Biochemistry,
West Virginia University Medical Center, Mor-
gantown.

3 Present address: Chemical Abstracts, Colum-
bus, Ohio.

vided as a peptide. To account for this effect,
O'lBarr, Lev-in, and Reynolds (1958) suggested
that amino acids and peptides enter into the
metabolism of L. mesenteroides strain P-60 by
diver-gent pathways. Bly growtth data, they
showed that a number of amino acid antagonisms
exist, in the organism. W'here this antagonism oc-
cuited, peptides containing one of the antagonis-
tic amino acids w0erle more effective than was the
free amino acid in restoring the growth response.

Earlier reports by Simmonds and Fruton
(1949); Klungsoyr, Sirny, and Elvehjem (1951);
Kodicek and AMistry (1952); Kihara, M\IcCul-
lough, and Snell (1952b); Kihara and Snell (1952,
1955); Kihara, Klatt, and Snell (1952a); AMiller
and Waelsch (1952); Hirsch and Cohen (1953);
Peters, Prescott, and Snell (1953); I'rescott,
Peters, and Snell (1953); Peters and Snell (1954);
Meinhart and Simmonds (1955); MIiller, Neidle,
and W'aelsch (1955); Nutterl and Shelton (1956);
and the subsequent reports by Levine and Sim-
monds (1960) and Leach and Snell (1960) showed
the effect of l)eptides on the amino acid nutrition
of many different organisms. The conditions
whereby peptides appear to exhibit their growth-
promoting piroperties wrere summarized by Leach
and Snell (1960). Furthermore, these authors
presented additional results shoNwing that Lacto-
bacillus casei used independent mechanisms for
the accumulation of glycine, alanine, and their
peptides. Kessel and Lubin (1963) used mutant
strains of Esch.erichia co/i to show that active
transport of peptides and peptidase activity are
separate functions of that bacterial cell. Summa-
tion of results clearly illustrates that some bac-
teiial cells possess independent transport systems
for amino acids and their p)eptides. T'he present
paper concerns the uptake systems for valine and
glycylvaline as found in growing and nongrowing
(but actively accumulating) cultures of L. niesen-
teroides.
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MATERIALS AND METHODS

Preparation of cells and medium for growth in-
hibition studies. L. mesenteroides P-60 (ATCC
8042) was maintained on a medium composed of
1% glucose, 1% yeast extract, 1% hydrated
sodium acetate, and 1.5% agar. Twice monthly,
new cultures were established by transferring or-
ganisms from refrigerated stab cultures to nutri-
ent broth (above medium minus the agar). The
inoculated broth was incubated for 24 hr at 37 C
to obtain actively growing cells. New stab cul-
tures were made, and were incubated for 24 hr
and stored at 4 C. These actively growing cells
from the nutrient broth culture were centrifuged,
washed with 0.9% saline, and resuspended in the
saline to an absorbancy of 0.15 (620 m,u). This
cellular suspension served as the inoculum for the
growth studies. One drop of this suspension dis-
pensed from a syringe fitted with a blunt,
20-gauge needle provided a uniform quantity of
cells for each tube used in these studies.
The growth studies were set up to show the

comparative effects of DL-valine and glycyl-DL-
valine in providing a source of valine for growth
of L. mesenteroides on an otherwise complete
medium. Secondly, these studies were to show the
effect of certain other peptides and amino acids
on the utilization of the above compounds for
support of growth of this organism. The basal
medium was that developed by Henderson and
Snell (1948), except pyridoxine was used instead
of pyridoxal and valine was omitted. Valine, an
essential amino acid for L. mesenteroides, was
added as DL-valine or as the peptide, glycyl-DL-
valine, at suboptimal concentration (3.4 X 10-5
M) or at an appropriate concentration as noted
later. Pyrex tubes (15 by 150 mm), previously
selected for optical uniformity by the method of
Moore and Stein (1948), served as culture tubes.
The supplemental substrates were added to 5 ml
of double-strength medium, and the final volume
was adjusted to 10 ml with distilled water. To
avoid excessive browning, the medium was auto-
claved (120 C) for 10 min, allowed to stand at
room temperature for 12 hr, and autoclaved again
for 5 min.
Growth of the organism as afforded by the

medium as supplemented was measured turbidi-
metrically with a Bausch & Lomb Spectronic-20
colorimeter at 620 mA. Uninoculated control
tubes served to adjust the instrument to zero

absorbance. Three replications were used for each
concentration of substrate.

Preparation of resting cells for cellular accumu-
lation studies. Nine liters of medium [1% glucose,
0.5% hydrated sodium acetate, 0.5% yeast ex-
tract, 0.25% peptone (Difco), and 0.25% en-
zymatically hydrolyzed casein] were inoculated
with 200 ml of a 10-hr culture grown on the above
medium. The 200-ml inoculum had previously
been inoculated with 10 ml of a broth culture (24
hr) prepared similarly to those used for the growth
studies. The cells in these 9 liters of medium were
grown for 10 hr at 37 C and were harvested with
a Sharples centrifuge. After harvest, the cells
were washed by resuspension in 0.067 M phos-
phate buffer (pH 6.8), and were passed through
a fritted-glass crucible with suction to insure
homogenous suspension. This washing procedure
was repeated; 8 to 9 g of wet cells were obtained
in this manner. The cells were used in the studies
immediately after harvesting. Cell weights are
expressed as dry weights.
Measurement of substrate uptake was made on

the cellular fluid obtained according to the follow-
ing procedure. Incubation tubes were 50-ml,
standard polypropylene centrifuge tubes. Each
tube was prepared to contain 30 ml of 0.067 M
phosphate buffer (pH 6.8), 1% glucose, the amino
acid and peptide substrates, and approximately
100 mg of cells (exact amount determined at end
of incubation). The contents of each tube were
gently stirred every 4 min. After incubation
at 37 C for 20 min, the tubes were centrifuged at
8,170 X g for 10 min. The supernatant fluid was
removed and the cells were resuspended in 3 ml
of distilled water. These cells were ruptured by
boiling for 10 min according to the method of
Gale (1947). While still hot, the tubes were cen-
trifuged as above. The supernatant fluid (2 or 3
ml) was removed and was designated the "cellular
fluid." The wet residue, termed "cellular debris,"
was dried by vacuum desiccation to constant
weight.
The amount of bacterial cells in each incuba-

tion tube was calculated from the dried cellular
debris. Previously, the relationship between whole
cells and the cellular debris had to be determined.
Equal quantities of the homogenous cellular sus-
pension were dispensed into eight tubes of the
incubation medium minus the substrates. Except
for the absence of amino acid and peptide sub-
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strates, the incubation conditions were identical
to those described above for measurement of sub-
strate uptake. After the 20-min incubation, the
cells were spun down, and those from four tubes
were dried to constant weight. The cells in the
other four tubes were ruptured by boiling, and
the dried cellular debris was obtained as above.
Relationship based on dry weights and nitrogen
determinations was established on the dried whole
cells and the dried cellular debris.
The amount of valine accumulated by the cells

was determined by chromatographing the cellular
fluids, eluting the valine, and counting the radio-
activity. Descending paper chromatography with
the use of Whatman no. 1 filter paper and
propanol-water (7:3, w/w) at 30 C for 24 hr was
the system used. The elution of the valine from
the chromatogram was done by the procedure
described by Roberts et al. (1955).

Radioactivity measurements were made with
the use of a thin-window, gas-flow counter. The
efficiency of counting was approximately 10%.
Material to be analyzed was pipetted carefully
into stainless-steel planchets so as to prevent the
sample from flowing upon the edge of the
planchets. Samples were prepared in triplicate
and were counted for 5 min. Control sources of
DL-valine-1-C'4 and glycyl-DL-valine-1CH4 were
counted each time a series of samples was being
analyzed. Under conditions employed, no correc-
tion for self-absorption was found necessary.
Amino acids and peptides. All amino acids (ex-

cept DL-valine-1-C04) and the nonradioactive pep-
tides were obtained from Nutritional Biochemi-
cals Corp., Cleveland, Ohio. In each case, paper
chromatographic analysis showed the presence of
a single ninhydrin-positive spot. DL-Valine-1-C04
(specific activity, 1.76 mc/mmole) was obtained
from New England Nuclear Corp., Boston, Mass.,
and was found to give a single radioactive and
ninhydrin-positive spot after chromatography on
paper.

Synthesis of glycyl-DL-valine-1-C'4. The halo-
acetylhalide method of Fischer and Scheibler
(1908) was used as a guide for the synthesis; 100
,uc of DL-valine-1-C14 (6 7 mg) were mixed with
10 g of DL-valine, dissolved in 54 ml of boiling
distilled water, and then recrystallized from 1
liter of absolute alcohol. Total recovery was 9.1
g. a-Chloroacetyl-DL-valine-l-Cl4 was prepared
as follows. A 7-g portion of the recrystallized DL-

valine-1-C14 (as prepared above) was dissolved
in 30 ml of 2 N NaOH and placed in an ice bath.
With constant magnetic stirring, 9 ml of chloro-
acetylchloride and 66.6 ml of 2 N NaOH were
added alternately, each in five equal portions
over a period of 30 min; 15.4 ml of 5 N HCl were
added, and the reaction mixture was retained in
the ice bath for crystallization. After recrystalli-
zation from water, 7 g of the derivative, which
had a melting point of 128 to 129 C, were recov-
ered.
By magnetic stirring, the a-chloroacetyl-DL-

valine-1-C'4 (6.5 g) was reacted with 130 ml of
27% aqueous ammonia at 28 C for 24 hr. Under
reduced pressure, the product was brought to
dryness, thus removing any excess ammonia. The
residue was dissolved in a minimum of hot water
(10 ml), and the glycyl-DL-valine-1-C14 was pre-
cipitated overnight with 500 ml of absolute al-
cohol at 20 C. Again, the peptide was dissolved
(9 ml of hot water); activated charcoal was added
and the mixture was filtered while warm; 300 ml
of absolute alcohol were added to the filtrate, and
recrystallization occurred at refrigerator tempera-
ture during the next 6 hr. After extensive desic-
cation over sulfuric acid, a yield of 2.9 g or 28%
of theory, based on the amount of valine, was
obtained.
The product was found to be chromatographi-

cally pure in two solvent systems, and was not
distinguishable from chromatographically pure
glycyl-DL-valine. The solvent systems used were
n-propanol-water (7:3, w/w) and n-butanol-
acetic acid-water (450:50:125, v/v) in a descend-
ing, unidimensional assembly with Whatman no.
1 filter paper.

RESULTS

Growth experiments. Glycyl-DL-valine was very
effective in supplying the valine nutritional needs
of L. mesenteroides. At suboptimal concentrations
of glycylvaline in an otherwise complete growth
medium, the effect of other peptides or related
compounds on the availability of the valine for
growth of the organism could be determined.
The addition of glycine, glycylglycylglycine,
acetyl-DL-valine, or ammonium chloride in a ran(gre
of concentrations from 2 X 10-3 to 10 X 10-3 M
did not affect the growth (Fig. 1, curve A). The
presence of glycylglycine, glycyl-DL-serine, and
glycyl-L-leucine or DL-alanyl-DL-phenylalanine in

1177VOL. 88, 1964



SHELTON AND NUTTER

the growth medium inhibited growth in each in-
30 A stance; inhibition became increasingly greater as

x x x x the concentration of the dipeptides increased
0

_- \\ ~x(Fig. 1, curves 13, C, and D).
x The difference in growth of L. mesenteroides

20 appeared to be a result of the ability or inability
U\\\

B
to derive its valine needs from the medium. None

z \ \ \ of the compounds-glycine, glycylglycylglycine,
acetyl-DL-valine, or ammonium chloride-inter-

O \ \ C \ fered with valine utilization from the medium.
CA 10 However, the dipeptides effective in in-

<: \ D t S hibiting growth, and this effect appeared to be

related to the inability of the organism to gain
adequate valine to meet its nutritional require-

ments.
2 4 6 8 10 The basal medium contained all the amino

acids as required by the organism except for
[S] x 10-3 M valine. The amount of growth supported by the

FIG. 1. Effect of glycine, special peptides, and medium containing3.4 X lOa- M glyCyl-DL-valine
related compounds on the growth of Leuconostoc was substantially higher than that supported by
niesenteroides as supported by the basal mediunm 3.4 X 10-5 M DL-valine (Table 1). This effect
plus 3.4 X 1-5 .I glycyl-DL-valine. Curve A shows demonstrated that under the experimental condi-
the growth response afforded by the growth medium. tions the organism was able to obtain valine at a

This cur ve did not change with the subsequent addi- more rapid rate from the peptide than from the

tion of glycine, glycylglycylglycine, acetyl-DL- free valine.

valine, or ammoniumn chloride. Curves B and C Additional supporting data obtained to

show the growth inhibition that occurred when
glycylglycine and glycyl-DL-serine, respectively, at sucheas actaa lpy l-

were provided in the growth medium. Curve D shows
alaingelandrgryc thLbeuineerferactuall

the growth inhibition caused by the addition of peding cellular growth by interfering with the

either DL- alanyl - DL- phenylalanine or glycyl -L- amount of valine which the cells could obtain
leucine. from the medium (Tables 1 and 2). The results

TABLE 1. Effect of DL-alanyl-DL-phenylalanine, glycyl-L-leucine, and their component amino acids
on growth of Leuconostoc mesenteroides as supported by DL-valine and glycyl-DL-valine

DL-Alanyl-DL- DL-Alanine and i
Concn of phenyla anine DL-phenylalanine i

Source and concn of valine substrate
(10-3 M)

20* 40 20 40 20 40 20 40

Glycyl-DL-valine 0.0 17t 29
(3.4 X 10 I M) 0.4 13 26 17 28 3 28 18 28

0.8 6 23 17 28 0 14 17 29
1.2 5 23 18 29 0 0 17 28
1.6 2 20 16 27 0 0 17 28
2.0 2 19 18 28 0 0 17 28

DL-Valine 0.0 2 15
(3.4 X 105M) 0.4 0 7 0 11 0 0 0 11

0.8 0 3 0 10 0 0 0 9
1.2 0 2 0 11 0 0 0 7
1.6 0 1 0 12 0 0 0 7
2.0 0 0 0 1 1 0 0 0 5

* Figures indicate growth period in hours.
t Results expressed as rate of absorbancy X 100.
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TABLE 2. Relversal of DL -alanyl-DL-phenylalanine-
inhibited growth of Leuiconostoc mesenteroides

by increasing concentrations of DL-valine
and glyCyl-DL-valine*

DL-Valine
(10-4 ^r)

0

0

0

0

0

0

0

0.34

0.68

1.03

1 .37

1.71

Glycyl-DL-valine
(10-4 M)

0

0.34
0.68
1.03
1.37
1.71
0

0

0

0

0

0

Growth period

20 hr

ot
3
6

7
8
0

0

0

1
2
3

40 hr

Ot
20
42
54
65
74
0

2
17
49
C5
74

* DL-Alanyl-DL-phenylalanine was added to
the basal medium at a concentration of 2 X 10- M.

t Absorbance X 100.

shown (Table 1) were obtained by adding in-
creasing concentrations (4 X 10-4 to 2 X 10-3 M)
of DL-alanyl-DL-phenylalanine, glyCVl-L-leucine,
or comparable concentrations of their component
amino acids to media containing 3.4 X 10-s m

valine and supl)lied as glycyl-D)L-valine or as

DL-valine. Writh glycyl-DL-valine as the source of
valine, both l)eptides, DL-alanyl-DL-phenylala-
nine and glyCyl-L-leucine, but not their com-

ponent amino acids inhibited the utilization of
gly3cyl-DL-valine in supplying aline for the
organism. WZ hen free DL-valine was the valine
source in the medium, both the peptides and their
component amino acids caused growth inhibition.
By increasing the aline concentration from
3.4 X 10-5 M to 1.7 X 10-4 M, the gr-owth in-
hibition caused by 2 X 10-3 M DL-alanyl-DL-
phenylalanine was reversed (Table 2). Higher
valine concentrations may have produced a

greatei reveIrsal of growth inhibition, but the
results demonstrated, nevertheless, that the
DL-alanyl-DL.-phenylalanine was interfering writh
valine utilization bv the cells.

Accumnulation studies with nongrowing cells. The
L. mesenteroides cells needed an energy source for
accumulation of valine. The effect of glucose upon
the uptake of valine-1-C'4 was very dramatic
(Table 3). In the absence of added glucose, a low
level of uptake occurred which probably resulted

from some endogenous sources of oxidizable sub-
stances in the (cells. Dinit,rophenol (5.4 X 10- Al)
inhibited uptake also (Table 3). These results
emphasized that the uptake mechanism for either
source of v-aline is an energy-dependent l)loeess
for this organism.
To assure that the aceumulating systes were

saturated and that the measured uptake was in-
dependent of substrate concentration, the con-
centration of substrate to achieve this groal was
determined (Fig. 2). In subsequent experiments,
the concentration of either valine substrate used
was 1.43 X 10-2 AI, which was higher than the
saturating concentration.
Uptake was measured at time intervals up to

60 min (Fig. 3). U-nder conditions used in these
experiments, accumulation from each substrate
reached the maximum within approximately 20
min, and subsequent observations wer-e made at
the 20-min incubation l)eriod.

Influence of the sinrultaneous presence of other
substrates on the uptake of vamine-i_-C'. A sensitive
method to study the relationshil) of the various
accumulating systems in L. mtiesenteroides was to
follow the effect of unlabeled substrates on the
uptake of valine-1-C'4. Unlabeled glyCy1-DL-
valine did not inhibit the uptake of free valine
(Table 4). This result showed that the uptake
system for free valine is different and inde-
pendent of that system for the valine peptide.
TABLE 3. Effect of glucose on the uptake of raline-

1 -C14 froml DL-valine-1 -C'4 and glycyl- DL-
valine -1 -C14 by suspensions of
Leuconostoc mnesenteroides cells

Substrate* |Concn of IntracellularSubstrate* ~glucose valine-1-C"4t

DL-Valine-1C4.... Non..........None 130
Glycyl-DL-valine-1_4-'.....None 13
Glycyl-DL-valine-1 -C14 ....... 1 373
DL-Valine-_-C14 + dinitro-
phenol .................... 1 25

Glycyl-DL-valine-1-C'4 + dini-
trophenol ................. 1 55

* Each incubation tube conitained 30 ml of
0.067 M phosphate buffer (pH 6.8). Incubation
was for 20 min at 37 C. Each substrate concen-
tration was 1.43 X 10-' xi. Dinitrophenol was used
at a concentration of 5.4 X 10-' M.

t Expressed as millimicromoles per milligram
of cells.
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400 . would be available for accumulation by the
________S valine-dependent system. Precipitation of the

cellular proteins with 10% trichloroacetic acid
caused precipitation of less than 1% of the radio-

300 L* activity, which indicated no binding of the
intracellular, labeled valine. The data available
do not permit a definite conclusion. The data are
suggestive, though, that both systems, valine-

t/14 dependent and glycylvaline-dependent, were op-
200 / VAL-1-C erating independently, and that the only source

0 0oo- of valine-1-C'4 was from the intracellular hydroly-
sis of the peptide. This suggestion comes from the

* / observation that, when unlabeled valine and
o glycyl-DL-valine-1-C'4 were present simultane-

100. ously, the apparent uptake of radioactive valine
4 8 12 16 from the peptide was not as great as when the
[S x 10-3 M unlabeled valine was omitted. Yet, when both

sources of valine were radioactive, the uptake
'IG. 2. Effect of substrate concentration on the equaled that attained with the radioactive peptide
Nne- -C14 uptake by Leuconostoc mesenteroides. alone. Another explanation, as observed by Leach
logenous valine was very low (see Fig. 6)- In and Snell (1963) with glycyl-L-alanine, may ac-
ition to the substrate, each incubation tube con-

n f '7 n t ffer count for the effects observed. The found that
b tW#nou 'V fit,& UJ U .VVI la I@VUopmotr LF.Vt kpL. Ug-^v

and 1% glucose. Incubation time was 20 min at 87 C.

The rate of uptake as well as the total uptake
were much greater for valine supplied as glycyl-
DL-valine-1-C'4 than as free DL-valne-l-C"4 (Fig.
3). These observations explain, in part if not
completely, the superior growth response afforded
by the valine peptide for the organism maintained
under growing conditions. When the organism
was incubated with labeled DL-valine and labeled
glycyl-DL-valine, the total uptake of valine-1-C'4
was the same as that found when only glycyl-DL-
valine-1-C"4 was present. If unlabeled rather than
labeled DL-valine was present with the glycyl-DL-
valine-1-C'4, the uptake of valine-1-C'4 was
reduced substantially and by an amount equiv-
alent to the uptake of free valine-1-C14. Just why
the uptake supported by the peptide, glycyl-DL-
valine-1-C'4, was the same as that observed from
DL-valine-1-C"4 plus glycyl-DL-valine-1_Cu4 was
puzzling when first observed. Then, it was recog-
nized that, after the uptake of glycyl-DL-valine-
1-C"4 by the cells, free glycine and valine-l-C"4
were being released within the cell. Since these
cells were nongrowing and unable to utilize these
amino acids in the absence of other essential
amino acids and apparently could not retain such
high concentrations, both glycine and valine-l-C"4
were released into the extracellular fluid or
medium (Fig. 4). The valine-1-C"4 so released

-I

-j

'LI

0)

E

E

a-

TIME, minutes

FIG. 3. Rate of uptake of valine-1-C4 by cellular
suspensions of Leuconostoc mesenteroides cells.
Each substrate, DL-valine-1-C"4 or glycyl-DL-valine-
J-C14, was present at a concentration of 1.43 X

10-2 M. In addition to the substrate, each incuba-
tion tube contained 30 ml of 0.067 m phosphate
buffer (pH 6.8) and 1% glucose.
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E
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TABLE 4. Effect of the sinudltaneouis addition of
labeled and unlabeled valine substrates upon

the utptake of valine-1-Cl4 by
Leuconostoc unesenteroides

Incubation Substrate Intracellular
tube* valine-J-C'4t

1 D)L-\aline-l-('14 172 ±4 14t
2 Di-\aline-1-C"4 + glycyl- 171 + 11

D)L-valine
3 D)L-\aline + glycyl-DL- 205 =+ 16

valine-1 -(14
4 DL-Valine-1-('14 + glycyl- 374 ±4 14

Di.-valine-1 _(14
5 Glv-cl-DL-valine-l-C'4 373 ± 11

* Each incubation tube contained 30 ml of
0.067 hs phosphate buffer (pH 6.8) and 1% glucose.
The substrates, labeled or unlabeled DL-valine
and glycyl-o)i-valine, were each provided at a
concentration of 1.43 X 10-2 M when included in
the incubation tube. Incubation was for 20 min
at 37 C.

t Expressed as millimicromoles per milligram
of cells.

t Calculated standard deviations of the mean
values.

an exchange occurred between the intracellular
alanine and the extracellular alanine. Perhaps in
this study, the radioactive intracellular valine-1-
C'4 available after intracellular hydrolysis could
exchange with the unlabeled extracellular valine,
and the apparent uptake of labeled valine would
be less than that observed in the absence of the
unlabeled valine. In any case, the valine accumu-
lation from the peptide proceeded to a higher
level than was possible with an equivalent con-
centration of free valine.

UJptake versus time was studied over a 2-hr
period. 'lThe results differed only during the first
60 min (Fig. 3). The treatments containing the
glyCyl-DL-valine-1_-C4 reached maximal uptake
slightly earlier than did the one containing
valine-1-C'4 alone. With the valine-1-C'4, the cells
attained their maximal uptake, and maintained
this level during equilibrium over the period of
study. On the other hand, the glycyl-DL-valine-
1-C'4 supported a much higher maximal uptake,
but apparently the cells were unable to maintain
such high intracellular concentrations of valine-1-
C14 from this source. Thus, at equilibrium, the
concentration of intracellular valine-1-C'4 was no
different than that supported by the uptake of

valine-1-C'4. Either the uptake of the p)eltide
declined or the cells were losing labeled valine
more rapidly than they could accumulate it. If,
however, the cells continued to absorb the p)ep-
tide, hydrolyze it, and counter-transl)ort the free
amino acids to the medium, equilibrium of up-
take no different than that for valine-1-C14 would
be achieved. The pH of the medium was follow-ed,
and no measurable change was observed for the
first 30 min. Thereafter, a slight reduction in lpH
from 6.8 to 6.6 was observed by the end of the
2-hr period. Results similar to these would be
expected if the organism secreted extracellular
peptidases, but Nutter (1956) showed that di-
peptidases were not secreted under the conditions
employed. Care was exercised to insure against
cell lysis and liberation of intracellular pepti-
dases.

FIG. 4. Chromatogramis of the extracellular flutid
showing the presence of glycine and valine-1-C'4
after incuibation of Leuiconostoc m esenteroides cells
with glyCyl-DL-valine-1-C4 for increasing timtie
intervals. The x denotes the point of samtiple applica-
tion. A, B, C, D, and E refer to 0-, 15-, 30-, 60-,
and 120-w7lin incutbation periods, respectively. A
0.1% ninhydrin soluition in ethanol-collidine (95:5)
sprayed over the chrotuiatogramits and developed by
heating was used to locate the comlpounds.
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Since leucine is known to antagonize the utili-
zation of valine (Brickson et al., 1948), some
insight into the mechanisms involved might be
obtained through its use as a substrate in the
presence of the free and peptide form of valine
(Table 5). ubeucine was an effective inhibitor of
the uptake system for DL-valine-1-C"4 (Fig. 5).
When uleucine was added simultaneously with
glycyl-DL-valine-1-C"4, the same amount (207
m,umoles) of valine-1-C" was absorbed as when
DL-valine was incubated with the labeled valine
peptide (Table 4). Thus, leucine was effective in
blocking the uptake of approximately 170
m,umoles of valine-1-CI4, which is the same
amount that unlabeled DL-valine blocked when
it was present simultaneously with glycyl-DL-
valine-1-C'4. This finding suggested that perhaps
these free, structurally similar amino acids (valine
and leucine) were absorbed by the same uptake
system, which was different from the one for
valine when supplied in peptide form.

Glycyl-L-leucine inhibited the uptake of valine-
J-C"4, but to a greater degree if the valine was
supplied as glycyl-DL-valine than as free DL-valine
(Table 5). This suggests two explanations: (i)
that some of the glycyl-ileucine was being hy-
drolyzed and the free leucine then was competing
with the valine for uptake; and (ii) that the

TABLE 5. Effect of the simultaneous addition of
L-leucine and glycyl-L-leucine on the uptake

of valine-_-C"4 by Leuconostoc
mesenteroides

Incubation SbtaeIntracellulartube* Substrate valine-1-Cl4t

1 DL-Valine-1-C'4 171
2 Glycyl-DL-valine-1 -C14 372
3 DL-Valine- -C"4 + L-leu- 21

cine
4 Glycyl-DL-valine-1 -C'4 + 207

L-leucine
5 DL-Valine-l-C"4 + glycyl- 127

L-leucine
6 Glycyl-DL-valine- -C"4 + 116

glycyl-L-leucine

* Each incubation tube contained 30 ml of
0.067 M phosphate buffer (pH 6.8) and 1% glucose.
Each substrate was provided at a 1.43 X 10-2 M
concentration when included in the incubation
tube. Incubation was 20 min at 37 C.

t Expressed as millimicromoles per milligram
of cells.
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FIG. 5. Chromatograms of the cellular fluid of
Leuconostoc mesenteroides cells showing the low
endogenous valine and the inhibitory effect which
L-leucine has on the uptake of DL-valine-1-C"4. The
x denotes the point of sample application. Chromato-
gram A represents the endogenous amino acids in
the cellular fluid. Chromatogram B shows the cellu-
lar fluid from cells incubated with DL-valine-l-C"4.
Chromatogram C is the cellular fluid from cells
incubated with both DL-valine-_-C"4 and L-leucine.

glycyl-L-leucine competed strongly for the uptake
system which accumulated glycyl-DL-valine.
The above results show that independent up-

take systems are present in L. mesenteroides for
the uptake of valine, one specific for valine and
another one specific for valine dipeptides. With
the independent systems, the amount of radioac-
tive valine accumulated when both substrates
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were p)resent should equal the sum of the amounts
when only the individual substrates were present.
If a common uptake system was involved, then
the simultaneous presence of both substrates
should have substantially reduced the uptake
possible from either substrate. A common system
of uptake wvas shown for valine and leucine.

DISCUSSION

The finding that glycyl-DL-valine promoted the
growth of L. nmesenteroides more rapidly and to a
greater extent than did comparable concentra-
tions of its component amino acids can be ex-
plained by the difference in the relative uptake
and intracellular utilization of the peptide vs. the
amino acids. Where the medium is otherwise
complete except for valine, growth of the or-
ganismn was obtained by the addition of glycyl-
DL-valine, which enabled the cells to accumulate
valine without the competition from other free
amino acids for the same uptake system. Certain
other dipeptides added to the medium simultane-
ously with glycyl-DL-valine inhibited growth and
appeared to inhibit competitively the uptake of
glycyl-D)L-valine, illustrating that a common
transport system was employed for the uptake
of these peptides.
Under conditions of this study, the growth

response of the organism was affected quite
differently by glycine, glycylglycine, and glycyl-
glycylglycine. It was found that neither glycine
nor glycylglycylglycine inhibited growth in the
presence of glyCyl-DL-valine but that glycylgly-
cine did. Cole (1954) showed that glycylglycine
was an excellent source but that glycylglycylgly-
cine was a poor source of glycine for this or-
ganism. The logical explanation was that the
organism could not meet its glycine needs with
glycylgly-cylgly cine but could with glycylglycine.
Berger, Johnson, and Peterson (1938) found that
ruptured cells of this organism showed high tri-
peltidase activity; apparently glycylglycylgly-
cine was unable to gain entry into the cell to
furnish a source of glycine. On this assumption,
glycylglycylglycine would not have competed
with olvcvl-CDL-valine for a common uptake sys-
tem, and no antagonism would have occurred.
On the othei hand, glycylglycine was inhibitory
to glyylxvaline utilization and was competing for
a commnon transport system for uptake. In a
similar manner, the other peptides, glycyl-DL-
serine, glycyl-L-leucine, and DL-alanyl-DL-phenyl-

alanine, inhibited growth of the organism.
Acetyl-D)L-valine caused no antagonism because
it did not compete for a common uptake system.
Apparently, the free amino group of the glycyl
residue is necessary, and is concerned Nvith the
specificity of the transport system.

All attempts to detect the accumulated pJeptide
in the cellular fluid of the organism have been un-
successful (Nutter, 1956; Leach and Snell, 1960).
At this time, it is not clear whether (i) the pep-
tide, per se, is transported through the cell mcm-
brane and rapidly hydrolyzed by the intracellular
dipeptidase; or (ii) concomitant peptide hydrolysis
occurred during the transport event by the cell.
Kessel and Lubin (1963) showed with mutant
strains of E. coli that active transl)ort of peptides
and petidase activity are separate functions of
that bacterial cell.
By studying the uptake systems through the

use of radioactive valine and glycyl-DL-valine
with their unlabeled counterpart in cellular sus-
pensions of L. mesenteroides, different uptake sys-
tems, one for valine and another for glycylvaline,
were shown. Both systems were energy-de-
pendent. Additional, but unpublished, data show
that both L- and D-valine aie accumulated by L.
mesenteroides. Leach and Snell (1960) showed
that Lactobacillus casei has three different sys-
tems, one specific for glycine, another one with
equal affinity for D- or L-alanine, and a third for
the peptide form such as glycyl-L-alanine or i-
alanylglycine.
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