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A dipeptidase was purified from cell extracts of Lactobacillus sake. This compound was a monomer having a
molecular weight of 50,000 and a pI of 4.7 and exhibited broad specificity against all dipeptides except those
with proline or glycine at the N terminus. The enzyme was inhibited by EDTA or 1,10-phenanthroline but could
be reactivated with CoCl2 and MnCl2.

Lactobacillus sake is the lactic acid bacterium that is most
often inoculated as a starter culture in the production of sau-
sages. Because of its metabolic activities, this bacterium has
been implicated in the development of the color, texture, and
flavor of sausages. During sausage ripening the proteolytic
enzymes of Lactobacillus sakemay be involved in an increase in
the content of amino acids (7, 18), which may play a role in the
development of aroma because amino acids or their metabolic
products are important in the aroma of dry sausages (2, 15).
There is no previously published information concerning the
proteolytic system of Lactobacillus sake, in contrast to the
numerous purification and characterization studies of en-
dopeptidases and exopeptidases of the dairy lactic acid bacte-
ria Lactococcus lactis, Lactobacillus plantarum, and Lactobacil-
lus delbrueckii (reviewed in reference 17). In this paper we
describe the purification and partial characterization of a Lac-
tobacillus sake dipeptidase.
Lactobacillus sake L110, which was supplied by Texel

(France), was grown in MRS broth at 308C for 12 h. Cells were
harvested by centrifugation at 6,000 3 g for 15 min at 48C and
were washed once with a saline solution. A solution containing
50 mg of dry material per ml of 20 mM Tris (pH 7.6) was
sonicated for 10 min and then centrifuged at 30,000 3 g for 30
min to obtain a cell extract.
During purification, hydrolysis of Leu-Gly was monitored in

microtitration plates by the coupled enzyme reaction as de-
scribed by Boven et al. (3), except that 2,29-azino-di-3-ethyl-
benzthiazoline-sulfonate was used instead of o9-dianisidine.
Protein contents were determined by the method of Bradford
(4) with a protein assay kit (Bio-Rad, Munich, Germany). The
cell extract was first applied to a Sephadex G-150 column (2.3
by 105 cm) and eluted with 20 mM Tris (pH 7.6). Fractions that
hydrolyzed the dipeptide Leu-Gly and Leu–p-nitroanilide were
loaded onto a DEAE column (1 by 20 cm) equilibrated with 20
mM Tris HCl (pH 7.6) buffer containing 140 mM NaCl. After
elution with a linear gradient of 140 to 190 mM NaCl in the
same buffer (total volume, 500 ml), the enzyme that hydrolyzed
Leu-Gly was separated from the enzyme that hydrolyzed Leu–
p-nitroanilide. Thus, Lactobacillus sake L110 synthesized at
least two intracellular peptidases. Fractions that hydrolyzed
Leu-Gly were concentrated with a filtration unit (type PM 25
cone; Amicon Corp.). The concentrate was then injected into
a high-performance liquid chromatography column (mono Q)
equilibrated with 20 mM Tris HCl (pH 7.6) containing 200 mM

NaCl and was eluted with a linear gradient of 200 to 400 mM
NaCl in the same buffer at a flow rate of 1 ml/min. The enzyme,
which eluted from the mono Q column at an concentration of
250 mM, was purified 126-fold from the cell extract, and the
yield was 5%. The purity of the enzyme was confirmed by
native polyacrylamide gel electrophoresis (5); the resulting gel
was silver stained for protein with a kit (Amersham, Bucking-
hamshire, United Kingdom). The peptidase activity on the gel
was detected by the procedure of Lewis and Harris (14), using
2,29-azino-di-3-ethylbenzthiazolinesulfonate instead of o9-dia-
nisidine. The purified enzyme produced a single band, which
was active against Leu-Gly.
Hydrolysis of peptides was evaluated by measuring the re-

lease of amino acids by the cadmium-ninhydrin method de-
scribed by Doi et al. (8). Hydrolysis of aminoacyl–p-nitroani-
lide was determined by the method of El Soda et al. (9). The
enzyme exhibited no activity against aminoacyl–p-nitroanilide,
tripeptides, and peptides with blocked terminal N residues. It
exhibited activity only against dipeptides (Table 1). Therefore,
the purified enzyme was a dipeptidase. The enzyme exhibited
no activity against dipeptides containing N-terminal basic
amino acids, proline, or glycine and exhibited greater activity
against dipeptides with tyrosine and valine at the N terminus
than against dipeptides composed of neutral amino acids. Sim-
ilar results were obtained for Lactococcus lactis subsp. cremoris
H 61 dipeptidase (13). The broad substrate specificity of the
Lactobacillus sake enzyme is very similar to the specificities of
the dipeptidases of Lactococcus lactis subsp. cremorisWg 2 (3)
and Lactobacillus delbrueckii subsp. bulgaricus (19). The Lac-
tobacillus sake enzyme differed from dipeptidases DPI and
DPIII of Lactobacillus plantarum and DPI of Lactobacillus
casei in that it exhibited no activity against Gly-X peptides (1,
9, 10).
The molecular weight and pI of the Lactobacillus sake en-

zyme were estimated by two-dimensional electrophoresis per-
formed as described by Hebraud et al. (11). Isoelectric focus-
ing was performed with a gel containing 5% carrier ampholytes
(LKB) and ampholines (2 parts pH 5 to 7, 3 parts pH 3 to 10).
The enzyme was monomeric with a single subunit (Fig. 1). Its
molecular weight was estimated to be 50,000, a value which is
similar to the values obtained for the peptidases of Lactoba-
cillus delbrueckii subsp. bulgaricus (19), Lactococcus lactis
subsp. cremoris Wg 2 (3), and Streptococcus diacetylactis (6);
however, this molecular weight differs from the molecular
weight of the dipeptidase of Lactococcus lactis subsp. cremoris
H 61 (100,000) (12). The pI was estimated to be 4.7; this value* Corresponding author.
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is similar to the value obtained for the dipeptidase of Lacto-
coccus lactis subsp. cremoris Wg 2 (3).
The characteristics of the enzyme are summarized in Table

2. The dipeptidase of Lactobacillus sake is similar in many ways
to the dipeptidases of Lactococcus strains and other Lactoba-
cillus strains. Like most dipeptidases that have been character-
ized (1, 3, 6, 10, 12, 19), the dipeptidase of Lactobacillus sake
is a metalloproteinase and Co21 is an essential ion. CoCl2 (1
mM) activates the dipeptidases of Lactobacillus sake, Lactoba-
cillus delbrueckii subsp. bulgaricus (19), and Lactococcus lactis
subsp. cremoris H 61 (12), whereas 1 mM CoCl2 inhibits Lac-
tococcus lactis subsp. cremoris Wg 2 dipeptidase (3). As ob-
served for the dipeptidases of Lactococcus lactis subsp. cremo-
risWg 2 (3) and H 61 (12), sulfydryl groups are involved in the
active site. The strong inhibition by CuCl2, FeCl2, ZnCl2, and
CaCl2 is similar to the inhibition reported previously for the
dipeptidases of Lactococcus lactis subsp. cremoris H 61 (12)
and Lactobacillus delbrueckii subsp. bulgaricus (19).
The optimum pH values were 7.6 in phosphate buffer and 8

in Tris buffer; 20% of the optimum activity was observed at pH
5.7. The higher activity in phosphate buffer than in Tris buffer

was due to the activation of the enzyme by potassium. The
optimum temperature was between 40 and 458C. At 158C, 20%
of the optimum activity was still found. Hence, the enzyme can
be active under the conditions found in ripening sausages.
Because of its specificity, the dipeptidase of Lactobacillus

sake could contribute to the increase in valine, methionine, and
leucine contents observed in dry sausages (7). More relevant
information about the contribution of this enzyme will be ob-
tained by studying the release of amino acids from sausages
inoculated with a wild strain or a dipeptidase-negative mutant

FIG. 1. Two-dimensional gel electrophoresis. Purified enzyme after mono Q
chromatography (4.5 mg of protein was loaded) and standard proteins were
subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) in the second dimension. The gel was stained with Coomassie blue. IEF,
isoelectric focusing.

TABLE 1. Substrate specificity of a dipeptidase from
Lactobacillus sakea

Substrate Relative activity
(%)

Ala-Glu................................................................................. 8
Ala-Gly ................................................................................. 61
Ala-Leu................................................................................. 219
Ala-Val ................................................................................. 128
Arg-Leu ................................................................................ 0
Gly-Leu................................................................................. 33
Gly-Phe................................................................................. 14
Gly-Pro ................................................................................. 0
His-Leu................................................................................. 0
Leu-Gly................................................................................. 100b

Leu-Ala................................................................................. 311
Leu-Leu................................................................................ 169
Leu-Tyr................................................................................. 81c

Lys-Phe................................................................................. 33
Lys-Val ................................................................................. 41
Met-Ala ................................................................................ 355
Met-Gly ................................................................................ 259
Phe-Leu ................................................................................ 130
Pro-Gly ................................................................................. 0
Pro-Leu................................................................................. 0
Val-Leu................................................................................. 56
Val-Tyr ................................................................................. 168
Trp-Ala ................................................................................. 0
Tyr-Ala ................................................................................. 314d

Tyr-Leu................................................................................. 126
Ala-Leu-Ala ......................................................................... 5
Ala-Leu-Leu ........................................................................ 9
NCBZ-Alae........................................................................... 0
NCBZ-Gly-Leu.................................................................... 0
NCBZ-Leu-Gly.................................................................... 5
Ala-pNaf ............................................................................... 0
Arg-pNa................................................................................ 0
Leu-pNa................................................................................ 0
Met-pNa ............................................................................... 0
a The activity against Leu-Gly was arbitrarily given a value of 100%. The

amino acids released were determined by the cadmium-ninhydrin method of Doi
et al. (8).
b The Km value was 2.4 mM.
c The Km value was 0.25 mM.
d The Km value was 0.65 mM.
e NCBZ, N-carbobenzoxy.
f pNa, para-nitroanilide.

TABLE 2. Effects of divalent cations and various reagents on
dipeptidase activity against Leu-Glya

Reagent and/or conditions Concn (mM) Relative activity

Control 100
PMSFb 1.0 102
EDTA 0.1 4

1.0 0
1,10-Phenanthroline 1.0 0
pCMBc 1 0
Ca21 1.0 13
Co21 1.0 264
Cu21 1.0 0
Fe21 1.0 4
Li21 1.0 121
Mg21 1.0 174
Mn21 1.0 74
Zn21 1.0 1.0
K1 1.0 168
Na1 1.0 175
Inactivated by 0.1 mM EDTA

and reactivated by:
Ca21 1.0 11
Co21 0.1 133

1.0 156
Mg21 1.0 1
Mn21 1.0 83

a The amino acids released were determined by the cadmium-ninhydrin
method of Doi et al. (8).
b PMSF, phenylmethylsulfonyl fluoride.
c pCMB, para-chloromercuribenzoate.
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of Lactobacillus sake. As Lactobacillus sake requires amino
acids for growth (16), it would also be interesting to determine
the nutritional role of the dipeptidase by studying the physio-
logical behavior of a dipeptidase-negative mutant.
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