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Abstract

Prolyltripeptidyl amino peptidase activity was found in a crude extract of Prevotella nigrescens and this enzyme was purified by
procedures including concentration with ammonium sulfate, ion exchange chromatography, gel filtration, and isoelectric focusing. This
peptidase hydrolyzed Ala-Ala-Pro-p-nitroanilide as well as Ala-Phe-Pro-p-nitroanilide. Furthermore, several p-nitroanilide derivatives of
dipeptides with a proline residue in the second position from the amino-terminal end (Xaa-Pro) were also cleaved detectably. The
molecular mass of this tripeptidase was calculated as 56 kDa and its isoelectric point was 5.8. The enzyme was inactivated completely by
heating at 60‡C for 5 min and inhibited significantly by specific serine enzyme inhibitors.
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1. Introduction

Several black-pigmented Gram-negative obligate anaer-
obes, such as Porphyromonas gingivalis, Prevotella interme-
dia, and Prevotella nigrescens, are implicated in the patho-
genesis of adult periodontal disease. The pathogenic
factors of these species, including proteolytic enzymes [1^
6], ¢mbriae [7,8], lipopolysaccharides [9^12], and cytokines
[13^15], have been mainly investigated in P. gingivalis ; the
virulent substances of the other two species are not su⁄-
ciently known. P. nigrescens was recently proposed to be
divided from P. intermedia because of some di¡erences in
DNA^DNA homology, production of enzymes including
peptidases and lipases, and migration pro¢le of malate
dehydrogenase and glutamate dehydrogenase in electro-
phoresis between the two species [16], and the possibility
of both P. intermedia and P. nigrescens in the etiology of
periodontal disease has been discussed [17^19]. In addi-
tion, these bacteria have been isolated frequently from
clinical materials of gingivitis and periodontitis, indicating
that P. nigrescens is also a putative periodontal pathogen.

At ¢rst, we tried to investigate proteolytic enzymes in
P. nigrescens, which is responsible for tissue degradation
as a pathogenic factor. However, the activity was too
weak to isolate and characterize. Therefore, we undertook
to study peptidase, a protease-related enzyme. In this re-
port we describe the isolation and characterization of tri-
peptidyl peptidase (TPP) of P. nigrescens.

2. Materials and methods

2.1. Strain and cultivation methods

P. nigrescens ATCC 33563 was inoculated into a me-
dium containing trypticase peptone (1.7%), yeast extract
(0.3%), NaCl (0.5%), K2HPO4 (0.25%) and glucose
(0.25%) supplemented with hemin (5 Wg ml31) and mena-
dione (0.5 Wg ml31) as described by Sawyer et al. [20], and
incubated at 37‡C anaerobically in a glove box ¢lled with
a mixture of gases (N2+H2+CO2, 85:10:5) for 3 days.

2.2. Preparation of crude extract and solubilization of the
envelope

Cells (16 g in wet weight) collected from 2 l culture by
centrifugation at 10 000Ug were washed twice with 50 mM
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Tris^HCl bu¡er (pH 7.6) by centrifugation and suspended
in the same bu¡er. The cells were then disrupted by son-
ication at 150 W for 15 min. The sonicate was centrifuged
at 5000Ug for 15 min and the supernatant was further
centrifuged at 120 000Ug for 60 min. The clari¢ed super-
natant was designated crude extract. The precipitate (en-
velope fraction) was solubilized with 3-[3-cholamidopro-
pyl]-dimethylammonio]-propanesulfonate (CHAPS) as de-
scribed elsewhere [21].

2.3. Puri¢cation of TPP

Ammonium sulfate was added to the crude extract to
give 75% saturation and stirred for 3 h, followed by cen-
trifugation at 10 000Ug. The collected proteins were dis-
solved in 50 mM Tris^HCl bu¡er pH 8.2 and dialyzed
overnight against 2 l of the same bu¡er with two changes.
After dialysis, insoluble materials were removed by centri-
fugation at 20 000Ug and the supernatant was applied to
a column (1.5 by 30 cm) of Q-Sepharose fast £ow which
had been equilibrated with 50 mM Tris^HCl bu¡er (pH
8.2). After washing the column with the same bu¡er, the
proteins were eluted with a linear concentration gradient
of NaCl of 0^500 mM and 5-ml fractions were collected.
The enzyme active fractions were pooled, concentrated in
vacuo to half the volume, and dialyzed against 50 mM
Tris^HCl bu¡er (pH 7.6) containing 200 mM NaCl.
Then the dialyzed material was applied to a column (2.6
by 100 cm) of Sephacryl S-300, equilibrated with this bu¡-
er saline and eluted at a £ow rate of 30 ml h31. Each 5 ml
of eluates was collected. The active fractions were com-
bined, concentrated in vacuo, and dialyzed against 50 mM
Tris^HCl bu¡er (pH 7.6) containing 200 mM NaCl, and
the gel ¢ltration was repeated on Sephacryl S-300 in the
same manner. The active fractions were dialyzed exhaus-
tively against 1% glycine solution and applied to isoelectric
focusing (120 ml capacity) using 1% (v/v) ampholine (pH
4.0^6.5). Electrophoresis was carried out at 700 V for the
¢rst 22 h and at 1000 V for the last 5 h. After electropho-
resis, contents were cut into 1.5-ml fractions and the pH
and activity of each fraction were measured.

2.4. Assay of enzyme activity

TPP activity was measured using Ala-Ala-Pro-p-nitro-
anilide (Ala-Ala-Pro-pNA) as substrate. Reaction mixtures
containing 700 Wl of 1 mM substrate in 50 mM Tris-ma-
leate bu¡er (pH 7.5), 50 Wl of enzyme source, and 150 Wl of
Tris-maleate bu¡er (pH 7.5) were incubated at 37‡C for 30
min. After incubation, 100 Wl of 7.5 M acetic acid was
added to stop the reaction and the released p-nitroaniline
was measured by absorption at 410 nm. One unit of en-
zyme activity was de¢ned as the liberation of 1 Wmol of
p-nitroaniline min31 under these conditions. Proteolytic
activity was estimated using azocoll, azoalbumin, and azo-
casein as substrates by methods described earlier [2].

2.5. Sodium dodecyl sulfate^polyacrylamide gel
electrophoresis (SDS^PAGE)

Purity of the sample and estimation of molecular mass
were determined by SDS^PAGE (12.5% acrylamide),
which was carried out according to the methods of
Laemmli [22]. The marker proteins for the reference of
molecular mass determination were phosphorylase b (94
kDa), bovine serum albumin (67 kDa), ovalbumin (43
kDa), carbonic anhydrase (30 kDa), soybean trypsin in-
hibitor (20.1 kDa), and K-lactalbumin (14.4 kDa). Gels
were stained with Coomassie brilliant blue R-250.

3. Results

3.1. Cellular localization of TPP

First the distribution of TPP in the crude extract, solu-
bilized envelope fraction, and culture supernatant was ex-
amined. Relative amounts of activity in each fraction were
100, 12, and 3, respectively.

3.2. Puri¢cation of TPP

TPP was puri¢ed to homogeneity by the sequential pro-
cedure (Fig. 1). The speci¢c activity (TPP activity (U)
protein mg31) of the ¢nal puri¢ed sample increased to
546-fold over that of the crude extract. The recovery of

Fig. 1. SDS^PAGE of puri¢ed TPP. Lane A, marker proteins; lane B,
puri¢ed TPP.
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the enzyme was 8.3%. The molecular mass was calculated
as 56 kDa from the electrophoretogram.

3.3. Substrate speci¢city

Hydrolysis of chromogenic substrates by the puri¢ed
enzyme is summarized in Table 1. The enzyme cleaved
most actively Ala-Ala-Pro-pNA, and hydrolysis of Ala-
Phe-Pro-pNA was also signi¢cant. Other p-nitroanilide de-
rivatives of tripeptides and amino-terminally blocked tri-
peptidyl-pNA substrates were not split. Interestingly, the
dipeptidyl-pNA with proline at the second position was
found also to be hydrolyzed, if not strongly. Particularly
compounds containing basic amino acids such as lysine

and arginine at the ¢rst positions were more rapidly split
than the others. No activity against azo dye-conjugated
proteins was observed in the puri¢ed enzyme.

3.4. E¡ects of group-speci¢c reagents on the enzyme
activity

Speci¢c serine enzyme inhibitors including diisopropyl-
£uorophosphate, Pefabloc SC, and 3,4-dichloroisocouma-
rin exhibited signi¢cant inhibition of TPP activity; how-
ever, neither strongly inhibitory nor activating e¡ects were
found among the group-speci¢c reagents tested.

The enzyme was not a¡ected at all by metal chelators
and protease inhibitors (Table 2).

Table 1
Substrate speci¢city

Substrate Activity (%) Vmax (U mg31 min31) Km (mM) Vmax/Km

Ala-Ala-Pro-pNA 100 0.053 0.069 0.768
Ala-Phe-Pro-pNA 66 0.052 0.129 0.403
Ala-Ala-Phe-pNA 0
Val-Leu-Lys-pNA 0
Ala-Ala-Ala-pNA 0
Lys-Pro-pNA 24 0.018 0.084 0.214
Arg-Pro-pNA 22 0.019 0.114 0.167
Ala-Pro-pNA 13
Ser-Pro-pNA 13
Phe-Pro-pNA 13
Gly-Pro-pNA 3
Ala-Phe-pNA 0
Ala-Ala-pNA 0
Ala-pNA 0
Pro-pNA 0
Bz-Arg-pNA 0
Glt-Ala-Ala-pNA 0
Suc-Ala-Ala-Ala-pNA 0
Suc-Ala-Ala-Pro-pNA 0
Tos-Gly-Pro-Lys-pNA 0

Table 2
E¡ect of various group-speci¢c reagents on TPP of P. nigrescens

Compound Concentration Relative activity (%)

Control ^ 100
Diisopropyl£uorophosphate 1.0 mM 43

5.0 mM 31
10.0 mM 31

Pefabloca SC 1.0 mM 67
3,4-Dichloroisocoumarin 1.0 mM 64
Tosyl-L-lysine chloromethyl ketone 1.0 mM 53
N-Ethylmaleimide 1.0 mM 97
1,10-Phenanthroline 5.0 mM 94
EDTA 1.0 mM 102
E64b 0.2 mM 105
Antipain 0.4 mM 98
Leupeptin 0.2 mM 106
Aprotinin 1.0 mg ml31 90
Bestatin 0.2 mM 104
Mercaptoethanol 1.0 mM 95

a4-(2-Aminoethyl)-benzenesulfonyl £uoride.
bL-trans-Epoxy-succinylleucylamido-(4-guanidino)butane.
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No e¡ect was observed by the addition of Ca2þ and
Mg2þ at 1^5 mM.

3.5. Other enzymatic properties

The optimal pH for the activity was found to be pH
7.0^7.5. No signi¢cant activity was observed below pH 6.0
or over 8.5. Heating the enzyme at 60‡C for 5 min resulted
in complete loss of the activity; however, no signi¢cant
loss took place during storage at 4‡C for 24 h or at
340‡C for several weeks.

4. Discussion

We puri¢ed TPP hydrolyzing preferably Ala-Ala-Pro-
pNA and Ala-Phe-Pro-pNA, but it exhibited no activity
against N-terminally blocked tripeptide substrate, suc-Ala-
Ala-Pro-pNA, indicating this enzyme is not an endopepti-
dase. Since the enzyme was inhibited, if not strongly, by
diisopropyl£uorophosphate, Pefabloc SC, and 3,4-dichlor-
ocoumarin, it is classi¢ed as a serine enzyme.

Several reports have described proteolytic enzymes or
peptidases of P. intermedia, a species quite close to P.
nigrescens. The envelope-associated elastase was a serine
enzyme with a molecular mass of 31 kDa and hydrolyzed
elastin powder and synthetic substrates for elastase includ-
ing glutaryl-Ala-Ala-Pro-Leu-pNA and metsuc-Ala-Ala-
Pro-Val-pNA, but it did not hydrolyze casein, albumin,
and collagen (type I) [23]. Using SDS^PAGE methods,
Jansen et al. observed that IgG, IgA, and IgM were de-
graded by a 38-kDa neutral protease located on the sur-
face of the cell envelope of P. nigrescens and P. intermedia
[24]. Similar properties can be found between both elastase
and immunoglobulin protease; however, the latter enzyme
is not inhibited by speci¢c serine enzyme inhibitors. Suido
et al. reported that four strains of P. intermedia, which
included one strain classi¢ed as P. nigrescens at the present
time, exerted various activities of peptidase such as dipep-
tidyl peptidase (DPP) I, II, III, and IV which hydrolyzed
Gly-Phe, Lys-Ala, Arg-Arg, and Gly-Pro, respectively. In
addition, these strains were also found to produce a TPP
hydrolyzing Gly-Pro-Leu [25]. Recently a prolyl DPP IV,
which split Lys-Pro-pNA, Arg-Pro-pNA, Met-Pro-pNA,
and Ala-Pro-pNA, but did not Gly-Pro-pNA, was iso-
lated. The molecular mass of this serine enzyme was 74
kDa and its optimal pH for activity was 7.0^7.5. [26]. The
fragments generated from proteins by these proteases are
expected to be degraded more to di- or tripeptides, which
can be utilized as nutrients by Prevotella species and other
oral indigenous £ora.

TPP and DPP of P. gingivalis, a P. intermedia-related
species, have also been puri¢ed and characterized. Ban-
bula et al. puri¢ed prolyl TPP from a cell extract of whole
cells by Triton X-100 [27]. Its molecular mass was 82 kDa
but another form, of 76 kDa derived from the 82-kDa

enzyme through proteolytic modi¢cation, existed. This
TPP was a serine enzyme, and it cleaved Ala-Phe-Pro-
pNA and various synthetic peptides containing a proline
residue in the third position from the amino-terminal end.
They discussed how this enzyme may contribute to the
pathogenesis of periodontal disease. DPP-7 of P. gingivalis
was active against synthetic substrates with an aliphatic or
aromatic residue in the second position from the amino-
terminal end, such as Ala-Ala, Ala-Phe, Gly-Phe, Lys-Ile,
and Phe-Leu [28]. A DPP similar to this enzyme, but with
strict substrate speci¢city, was isolated [29]. It was active
against only the substrates with alanine at the second po-
sition from the amino-terminal end. Among the tested
synthetic substrates, only Lys-Ala, Ala-Ala, and Val-Ala
were hydrolyzed by this 64-kDa serine enzyme. Arginine
aminopeptidase and DPP IV activities [30] and arginine
carboxypeptidase [31] of P. gingivalis were also found.
These enzymes may also play a signi¢cant role co-operat-
ing with well known endogenous proteases (arginine gin-
gipain, lysine gingipain) in the provision of nutrients,
particularly energy, because this species is lacking in
saccharolytic function. Furthermore, comparative studies
of the histopathological e¡ects of the wild-type strain and
DPP IV-de¢cient mutant of P. gingivalis on abscess for-
mation in the mouse revealed that this enzyme participates
in virulence [32]. Thus, peptidases may play substantial
roles in both nutritional and pathological respects.
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