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Identification of the active site serine of the X-prolyl dipeptidyl
aminopeptidase from Lactococcus lactis
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The active site senine of the X-prolyl dipeptidyl aminopeptidase froim Lactocaccus tacts (PepX) was identified, The enzyme was lobeled by [*HIDFP,

trealed by CNBr and the resulting peptides were separated by reverse-phase-HPLC, The mam radiolabeled peptide was sequenced. Ser-348, in the

following sequence, Gly-Lys-Ser-Tyr-Leu-Gily, was identified as the active site serine, A sequence comparison between the active site of PepX and

olher serine proteases was made, showing only limited sequence homologies in this area. The consensus sequence surrounding the active sile serine

in the three known X-prelyl dipeplidyl aminopeptidases pmammalian DPPLY, yeast DPAB and PepX) is G-X-8-Y-X-G, where X 15 a non-conserved
amino arid.

Kepralyl dipen:idyl aminapepidase, Serine proisase, Active sle, Disepronyifiieraphespbaie, Laoctacaweng ks

1. INTRODUCTION

Peptide bond involving a proline residue requires spe-
cific enzymes Lo be hydrolyzed. A full spectrum of pro-
fne-specifc enab- and’ exapeprakses (ihciuaing amin-
opeptidases, dipeptidases or carboxypeptidases) have
been described (see [1] for review). X-Prolyl dipeptidyl
aminopeptidase which releases X-Pro dipeptides from
the amino-terminus of peptide chains has been evi-
denced in mammals, yeast as well as in bacteria. Re-
cently, an enzyme with such a speeificity (named PepX)
was purified and characterized from the lactic acid bac-
teria, Lactococcus lactis [2-4). Lactococei, widely used
in the dairy industry, are auxotrophic for several amino
acids and their optimal growth on milk requires the
hydrolysis of caseins Lo provide the amino acids neces-
sary for the nutrition of the cell [5), Since caseins are
proline-rich proteins, PepX may be an essential compo-
nent in their degradation process.

PepX was shown to be inhibited by DFP [2] which
indicates that it is a serine protease. However, no he-
mology could be found between the amino acid se-
quence of PepX deduced from the nucleotide sequence
of the cloned gene and protein sequences from the data
bases [6,7]. In particular, this enzyme does not appear
to belong to one of the (wo best characterized serine
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protease families that ave represented by trypsin and
subtilisin [8].

This paper describes the localization of the active site
serine of PepX. The seauence around the active site
serite 15 comparea’ withi tiar 1ounda’ i trie otrier Known
serine proteasegs.

2. MATERIALS AND METHODS

2.1. Purification of PepX

The enzyms was purilled according to [2]. The starting material was
4 crude powder of Lacrococcus lacits obtained from Imperial Biotech
(UK). After purification, the enzyme was dialysed and concentrated
aganst 20 mM Tris-HCI, pH 7.0, using a Centricon 30 nucroconcen-
trator {Amicon, USAJ).

2.2, Seguencing gf the aniina-termimis of PepX

The purified enzyme (100 pmol) was submitied 10 3DS-PAGE %)
and was biotled onto PYDF membrane (Applied Biosystems) {10].
After Coomassie blue staining, the band corresponding 1o PepX was
cut out and placed in the cariridge ol an Apphed Biosystems Model
477 A liguid pulse phase sequencer with on line analysis of PTH-
derivatives,

2.3, Active site labeling

The enzyme (200 4g, 2.3 nmol} was incubated at rocm temperature
for | h with 6.66 MBg of PHIDFP (370 GBa/mmol; NEN) in 500 &}
of 20 mM Tris-HCl, pH 70 Unlabeled DFP was then added inio the
reaction mixture at a final concentration of I mM and the incubation
was continued a1 4°C for 24 h The unreaeted DFP was removed by
dialysis and the sample was dried with a Speed-Vac concentrator.

L., rapags oy CNA

The labeled enzyme was cleaved by incubation with CNBr (3 ymol)
in 40 4l o 70% TFA [11]. After 24 b al room temperature 1 the durk,
the reaction mixture was dried.

2.5, Purgication af the labeled peplide
The digest was dissolved in 0.19 TFA, und fraciionated on a Cyy
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precolumn Aquapore RP-300, 30x46 mm (Applied Biosystems). The
peptides were eluted by a linear gradient from 0.115% TFA (Solvent
A) 10 605 acelonitrile/0.1% TFA (Solvent B) in 30 min. The flow rate
was 1 ml/min and the absorbance of the eluate was monilored at 214
nm. Fractions were collected pach minute. The radionctivity distribu-
tion was determined by counting 20 4l of gach fraction in a liquid
seinullation counter Deckman LS1701.

2.6. Scquiericing of the ludeled peptide

Fractions exhibiting the major radicactivily were pooled and dried.
They were dissolved in 0.115% TFA and loaded on the sequencer.
Only 50 ul out of the total 150 gl conversion product obtained afier
each step of the Edman depradation were injected for identification
of the PTH detivat:ve. The remaining sample (100 41) was used lor the
determination of the radioachivity distnibution

2.7, Oiher methods

The activity of PepX was assayed with Ala-Pro-paranitroanilide as
a substrate [2]. Protein concentralion was determingd by the BCA
method (Pierce) with bovine serum albumine as a standard. Electio-
phoresis of the DFP-labeled enzyme was perlermed according o [9]
and Coomassie blue R250 was used For the staining. The gel was then
soaked in Enhancer (Dupont), dried and fluorographed.

3. RESULTS AND DISCUSSION

3.1, Purity and labeling of PepX

Because the starting material was a commercial lactic
acid bacteria extract, it was necessary to check that the
X-prolyl dipeptidyl aminopeptidase we purified was
PepX. First, we showed that the substrate specificity of
our enzyme was similar to that of the previously puri-
fied PepX [2.,4] (data not shown). Second, cur enzyme
was found to be made of two subunits with ideniical
apparent MW of 83 kDa by SDS-PAGE (Fig. 1). This
value is very close to those previously found by [2] (85
kDxq) and [4] (82-83 kDa). Third, we have sequenced the
first twelve residues of our enzyme and they were iden-
tical to those found for PepX [0]. Therefore we can
conclude that the enzyme purified from the commercial
powder is PepX.

The purified enzyme was labeled with PH]DFP and
a fraction of the reaction mixture was electrophoresed.
After Coomassie blue staining (Fig. 1A), a single band
of 83 kDa was visible. After fluorography (Fig. 1B), a
radioactive band was perfectly superimposed on the
stained band. This shows that the labeled band corre-
sponds to PepX.

3.2, Sequence determiination of the active site peptide
The [*H]DFP-labeled PepX was cleaved with cyanoe-
gen bromide and the resulting peptides were separated
by reverse-phase HPLC. (Fig. 2A). Radioactivity was
counted in each fraction. One major radioactive peak,
weil separated from the others, containing 55% of the
total recovered radioactivity was found (Fig. 2B). This

AouGA pxuduul. WS Su.t.lur..uccu Thﬂ fGlleinb SCqucnco

was obtained: Thr-Gly-Lys-X-Tyr-Leu-Gly-Thr- (with
X representing an unidentified residue). This sequence
is identical to the sequence Thr-3435 to Thr-352 of PepX,
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Fig. 1. 5DS-polyacrylamide gel electrophoresis of PepX, (Lane A)
Purifled enzyme (1.3 mg) after Coomassie staining (Lane B) auloradi-
ography of lane A. (Lane C) MW markers.

with a Ser in position 348 correspending to the uniden-
tified residue in fourth position of the sequenced pep-
tide. Moreover, counting the radicactivity released at
each step of the Edman degradation showed that the
fourth residue is bearing the tritium label. These results
indicate that Ser-348 is modified by H]DFP and is
therefore the active site serine.

The remaining 45% of the recovered radioactivity
were present in several minor peaks. They correspond
most probably to partial cleavages of the protein by
CNBr, Indeed, 6 Met-Thr bonds which are known to
be poorly cleaved by CNBr [11], are present in PepX out
of 12 Met—-X bonds. Two of these bonds preceeds the
active site and their incomplete cleavage could lead to
radioactive cleavage products of various sizes. Determi-
nation of the N-terminal amino acid sequence of the
peptide contained in the second radioactive peak (corre-
sponding to 15% of the recovered radioactivity) (Fig.
2A) confirmed this hypothesis. This peptide starts at
Thr-311 and its labeling probably results from absence
of cleavage at Met-344-Thr-345 bond.

3.3, Comparison with other serine proteases

The sequence surrounding the active site serine in
PepX, G-K-8-Y-L, was compared with that found in
other serine proteases. This sequence differs from the

one found in the enzymes of the trypsin family (G-D-S-
PI'\IlIf l’l"-‘_"l" E Dﬁ A\ [12]. !1_

does not fit the general consensus scquence G-X-S-X-G
found in the known maminalian serine hydrolases, i.e.
serine peptide hydrolases, serine esterases and lipases

r-' l-\ or Af tha ubl:l:s:n
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Fig. 2. Separalion of the pepiides after cleavage by CNBr on a C, precolumn Frachons of' | ml were collecled and radicactivity distribution was
determined by counting 20 ml of each fraction. (A) Elution profile of the peptides monitored a1 214 nm. (B) Radicactive profile of the eluted peptides.

[12]. It does not ecrrespond cither to the general consen-
sus G-X-5-X-A/S, given for the serine proteases of the
subtilisin and carboxypeptidase Y families [13].

The active site sequence of PepX was then compared
with that of DPPIV, a mammalian serine protease with
X-proly!-dipeptidyl aminopeptidase activity, which
does not present overall sequence homeology with any
of the three {amilies of serine proteases mentioned
above. The active site serine of DPPIV was found in the
following sequence: G-W-8-Y-G-G [14], DPPIV has
been proposed to be classified in a new famiiy of serine
proteases related to prolyl endepeptidase [15). This fam-
ily is defined on the basis of some resemblance in the

C-terminal part of the protgins and an active site motif:
G-X-8-X-G-G is present in all of them (Table I}, How-
ever, this motif is not found in PepX. Moreover, the
active site of the PepX is not located at the C-terminal
part of the protein (Table I). The second Gly of the
pattern, absent in PepX and replaced by Leu, has been
shown to be necessary for DPPIY activity by site-di-
rected mutagenesis [14). On the opposite, the third Gly
of the motif is retained in PepX, suggest ing a possible
role in the active site of all these enzymes. The Tyr
residue following the catalytic Ser is conserved in
DPPIV and PepX as well as in yeast DPAB [16] which
possesses the same ¢nzymatie speeificity. Inlerestingly,
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Table [

Sequence comparison of the active site of Pep X and other serine
proteases: trypsin from rat [12], subtilisin from Becilies hichienifornis
[12], yeast carboxypeptidase (CPY) [13], prolyl endopeptidase [rom
Fluvebacteruim meningosepricunt (PEP) [17), prolyl endopeptidase
from pig brain (POP) 18], yeus! dipeptidyl aminopepuidase B (DPAB)

[l6]
Protease Size 1n Aclive sile Position
amino sequence ol the
acids serine
*
Trypsirn 229 GDSGGP 183
Suptilisin 274 GTSMAS 220
CRY 421 GESYAH 146
PEF 705 GRSNGG 536
bop 710 GGSNGG 554
CPRAR 841 GWSYGEG 578
DBEFIV 767 GWSYGG 631
PepX 763 GKSYLG 348

*Active site serine

site directed mutagenesis experiments on DPPIV [14]
have shown that this Tyr can be replaced only by a
structurally similar residue such as Phe, suggesting that
it has an important role in the active site.

In conelusion, PepX appears as an original serine
protease. Indeed, the sequence found around the active
site serine does not fit any of the active site consensus
sequences defined for the different ¢lasses of serine pro-
teases, The second residue afler the active serine, which
is well conserved in the different families of serine pro-
teases, is Leu in PepX. the only bulky amino acid found
in this position in the other examined enzyme. The ac-
tive site sequence is not identical to the one identified
in DPPLY although both enzymes have the same speci-
ficity. However, the sequence: G-X-8-Y-X-G conserved
in lactococcal PepX, manunalian DPPIV and yeast
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DPAB can be proposed as a consensus for enzymes with
X-prolyl dipeptidyl aminopeptidase activity. Further
experiments using site-directed mutagenesis would help
in determining which residues are important for PepX
activity.

Achriowledgemenrs, We wish to thank P. Anglade for performing
protein sequencing,
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