Porphyromonas gingivalis ® 7’1 U )L § U _XTF U TF X —EOpEA HEERS JOWER

NS

REFGEH FISIATFER SRR B B AR AT 72
(EFREHE - RO

AR} R RGeSO TERHE £ (852 0L H R ST

Formation, isolation and characterization of a prolyl tripeptidyl peptidase of

Porphyromonas gingivalis

Kazuko Matsuo

Department of Hard Tissue Research, Graduate School of Oral Medicine
(Chidf Academic Advisor : rofessor Hiromasa HASEGAWA)

The thesis submitted to the Graduate School of Oral Medicine,
Matsumoto Dental University, for the degree Ph.D. in Dentistry



MXEE

(B#]) Porphyromonas gingivalis . @M HWEARXRBEZEOWAEANRZ v MIZEE
CHREINDIREREERIEITSLEFRA T AKRBOEALGRRERRBELEIATEY,
JOoOTF7—EEENRBN. P gingivalis IS LV, BEEOT7 I/ BE2FET
EHRVOT, ZOTOTT7T—EDERICETEHELEZ2ONRNIRE, &6IC
INEBRTFRIZMAKRBEL, BERFEPIFRILXF—RELTHATZILEERDL
NEZRTFEA—FEIE, COBRBICHBCEBRTHIEBREDNSDT, 7O YL +
YRTFOULRTFSE—€ (LT PTP) ITDOWVWT, ZTOEEMN, BESLUMN
KIZTOWTHEEL =,

[Aik] P gingivalis ATCC 33271 # DEBHIF, BEEFHET T, NIV AT
CHUEMAL M) TFS—REMTITo. 3 BEEOEKOBERLEL
100,000g =T, EMBEHER, ToRO0—7, ATHIL, BLUBEBELEFE#*
FHEL, FEHD PTPEH % H-Ala-Ala-Pro-pNAZHB L LTRIET % &,
FEAENEMBHERIZCEDONT-. 3 BBEFOEMBEBEREZEFEHMH
LT, ROMLAKFIZKY PTP OFEEZHAT-. BOICEMBEBMBERICHERZ
15%8aFICMZ, SEFMEEHRE, £LXE% 50 mM Tris-HCI buffer, pH 8.2
IZAfR, ML, RAIBERICEEHELE- Q7270 —XTYAI NI ST 14—
TV, EUHELE, B ENER £ 79U S300THILERBET-I-.
CHEHEESZE T =IIELT77O0—R CL-4B TEHAKMEYOR NS T4 —%
T, BREMIZ, SEAELXKBEIT--ECS, PTPEHDOE—S X pHS. T
DHEIZED N T:.

(#FR) EHEL, PTPOELEZRAMICENRT 5L, BEIX2HT, PTIPEAE
I 3HTRKRKIZCET SR, RAEERIE SDS-PAGE TE—O/N\Y
FERBRLI-OT, PTPF#MZICHEREIL, TORFEEJ 45 kDaTHSHZ &
MNEBAL. ZEFpHIEF 7.005 9. 0FTELEMN-zA, pH 6.5 LLF, pH 9
LUETEHBRICEENFE DL, BREEHTARMIBWNT, 50CTMH#T S &
SEICKFEL, SOMBATHEEEEILZ29% THY, 60°C, 5 2 MEBATIEEELEL
FEL-. EREHEMHSAR T H-Ala-Ala-Pro-pNA O (2 H-Ala-Phe-Pro-pNA
oL, TOEMEFI100:83 TH-7f-. £, COMBEITHT 5 KmfEIL
FhZEh, 0016 mM, 0.1 4mM THY, Vmax/Km [F 7. 138 &V 4.21 LEFE
Snfz. COPTPEEYY VEBFRBEFARICKY, FEILABEFTINLIN, P2X T4
70T T7—EtHEFCEREFL— 2 —ICLIBEFEEDOOAGEL, - /2.

[ZR] KA E T/ >t P gingivalis® PTP 1L, ) VERIZHEEINDZ T
AU UEENIXIIYRTFI—CETHS. COBZFEIEORBEZRDOERLER
EEZON, TDEFIZFEEL EVWTRHBERFO—DICHESEHEMELH S .



Formation, isolation and characterization of a prolyl tripeptidyl

peptidase of Porphyromonas gingivalis

KAZUKO MATSUO!, AKIKO KISO2, YUKINAGA SHIBATA?,
HIROMASA HASEGAWA®3 and SETSUO FUJIMURA?

1 Department of Hard Tissue Research, Graduate School of Oral
Medicine, Matsumoto Dental University

2Department of Oral Microbiology, School of Dentistry, Matsumoto
Dental University

3 Department of Oral Pathology, School of Dentistry, Matsumoto

Dental University

Key words: enzyme-prolyl tripeptidase- Porphyromonas gingivalis

Running title: Tripeptidyl peptidase of P gingivalis

Abbreviations: dipeptidyl peptidase, DPP; tripeptidyl peptidase,

TPP; prolyl tripeptidyl peptidase, PTP; p-nitroanilide, pNA;

arginine gingipain, RGP; lysine gingipain, KGP; 50 mM Tris-HCl
buffer (pH 8.2), Tris-HC1 buffer



Summary

Formation, cellular locations, isolation and enzymatic properties
of PTP of Porphyromonas gingivalis, an anaerobic periodontal
pathogen were investigated.

Almost all activities of this enzyme were detected in the crude
extract of the cell, but the other bacterial fractions such as culture
fluids, envelopes and vesicles were not found to contain PTP.

PTP was purified from the crude extract prepared by sonication
and centrifugation through five steps including concentration, ion
exchange chromatography, gel filtration, hydrophobic interaction
chromatography and isoelectric focusing to homogeneity.

The enzyme was a serine enzyme since it was inhibited strongly
by Pefabloc SC, diisopropyl fluorophosphate and
3,4-dichloroisocoumarin. It hydrolyzed H-Ala-Ala-Pro-pNA and
H-Ala-Phe-Pro-pNA. The molecular mass was determined as 45
kDa and isoelectric point was 5.7.

Optimum pH was moderately broad, and maximum activity was
observed in the range of pH 7.0 to 9.0.

The residual activity after heating at 50°C for 5 min was 29%,

but heating at 60°C resulted in complete loss of the activity.

Introduction



Gram-negative, black-pigmented obligatory anaerobes including
Porphyromonas gingivalis, Prevotella intermedia, and Prevotella
nigrescens have been considered putative etiological agents of
human periodontitis, of which P gingivalis is the most potent
pathogen of this disease, based on ecological properties in the oral
cavity and etiological characteristics including production of
proteolytic enzymes!® and endotoxin?!?. In addition, DNAs of
the periodontopathogenic bacteria were detected from oral samples
of patients with Buerger disease (obstructive thromboangitis) and
these patients had moderate to severe periodontitis'’. These
findings suggest that the periodontopathogens are implicated as
causative agents of systemic disease as well as of oral disease.

As pathogenic factors of P gingivalis (formerly Bacteroides
gingivalis), proteinases (RGP and KGP), once designated
“trypsin-like enzymes”12 have been most intensively studied3-17,
P gingivalis, is an asaccharolytic organism, utilizes peptides but
not free amino acids as its energy source!82V, Proteins surrounding
the organisms are degraded by these proteinases to fragments
which must be further hydrolyzed into smaller peptides by
peptidases to provide adequate nutrients and energy sources. In
this sense, peptidases of P gingivalis are significant enzymes.

Previously we reported the isolation and characterization of
DPP degraded H-Lys-Ala-pNA with weak activity against
H-Ala-Ala-pNA and H-Val-Ala-pNA of P gingivalis??. Suido et al.

pointed out that P gingivalis actively elaborated many kinds of



DPPs, but only poor TPPs were found?®. However, PTP activity
was confirmed in the soluble fraction of the cell of P gingivalis
ATCC 33277, thus we will describe formation, isolation and

properties of PTP of this species in this report.

Materials and Methods

Bacterial strains and cultivation methods

Porphyromonas gingivalis ATCC 33277 was mainly used
through the studies. P gingivalis 381, W50 and W83 were also
employed for additional studies. These strains were maintained on
blood agar plates and grown in a liquid medium consisting of
trypticase peptone (17 g/l), yeast extract (3 g/I), NaCl (5 g/l),
KeHPO4 (2.5 g/1), hemin (5 mg/l) and menadione (0.5 mg/1)2%.
Cultivation was carried out anaerobically in a glove box filled with
a mixture of gasses containing N2:H2:C02=85:10:5 at 37°C for 3
days. Bacterial growth was monitored by optical density at 600 nm

(ODsoo).

Assays

Protein concentration was determined by absorbance at 280 nm,
using bovine serum albumin as a standard protein (Asso of 1mg/ml
bovine serum albumin solution = 0.624).

The substrates for DPP and PTP, p-nitroanilide derivatives of



amino acids and peptides, were obtained from Bachem, AG,
Bubendorf, Switzerland, and Peptide Institute, Inc. Osaka, Japan.
The peptidase activities were determined photometrically252¢), One
unit of the enzyme activity was defined as the liberation of 1 pmol
of prnitroaniline per min as described earlier'416. Reaction
mixtures containing 50pl of enzyme source, 700pul of 1 mM
substrates in 50 mM Tris-maleate buffer (pH 7.5) and 150pul of 50
mM Tris-maleate buffer (pH 7.5) were incubated at 37°C for 30 min.
To stop the reaction, 100ul of 7.5 M acetic acid was added, and
released p-nitroaniline was assayed by absorbance at 410 nm.
H-Ala-Ala-Pro-pNA was used routinely to assay PTP activity, if not
otherwise stated.

RGP and KGP were determined using Bz-Arg-pNA and
Tos-Gly-Pro-Lys-pNA, respectively!3:25,

Non-specific proteolytic activity was measured using azocoll as a
substrate. The reaction mixtures containing 4 mg of the substrate,
100 pl of enzyme source and 900 pl of 50 mM Tris-maleate buffer
(pH 7.5) were incubated at 37°C for 30 min. After incubation,
reaction mixtures were cooled immediately in an ice-water bath to
stop the reactions, followed by centrifugation at 15,000 xg at 4°C
for 3 min. The absorbance of the supernatants at 520 nm (As20) was
measured, and the activity was defined as the increase of the Asz2o
by 1.0 per min. Similarly, hydrolysis of remazol brilliant blue hide

powder (RBB-hide powder) was evaluated by increase at Asgs.



Preparation of bacterial fractions
All procedures described below were performed at 4°C.

The cells harvested from 2,000 ml culture by centrifugation at
10,000 xg for 15 min [11.7 g (wet weight)] were suspended in
Tris-HCI buffer and subjected to sonication at 150 W for 15 min.
After centrifugation of the sonicate at 6,000 xg for 15 min to
remove cell debris and unbroken cells, the supernatant was
centrifuged at 100,000 xg for 60 min. The supernatant and
precipitate (2.0 g) were designated the crude extract and the
envelope, respectively. Meanwhile ammonium sulfate was added to
the supernatant of the whole culture at 40 % saturation of this
drug to prepare the vesicle fraction, and stirred for 5 h followed by
centrifugation at 10,000 xg for 20 min. The precipitate (220 mg)
was suspended in Tris-HCI buffer and dialyzed against the same
buffer and referred to as the vesicle2?.

The concentration of ammonium sulfate of the supernatant was
brought to 75% saturation and stirred for 8 h. The mixture was
centrifuged at 10,000 xg for 20 min and dissolved in Tris-HCI
buffer and dialyzed against the same buffer, and designated

concentrated culture supernatant.

Extraction of TPP from cells
Cells were suspended in Tris-HCI buffer at a concentration of 50
mg/ml. Several reagents were added separately to the aliquots of

this suspension and the mixtures were shaken gently at room



temperature for 1 h followed by centrifugation at 30,000 xg for 30
min. The ratios of the activities in each supernatant to that of

sonicate were compared.

Purification

To prepare the starting material of purification of PTP,
ammonium sulfate was added to crude extract of strain ATCC
33277 at 75% saturation and stirred for 8 h, followed by correction
of precipitate by centrifugation at 10,000 xg for 15 min and dialysis
against Tris-HCI buffer as described above for the preparation of
concentrated culture supernatant. The concentrated material was
applied to a column of Q-Sepharose previously equilibrated with
Tris-HCI buffer. After the column was rinsed thoroughly, proteins
adsorbed to the column were developed with linear gradient of
NaCl in Tris-HCI buffer from 0 to 500 mM (Fig. 1). PTP active
fractions eluted with around 300 mM NaCl were combined,
concentrated in vacuo and dialyzed against Tris-HCl buffer
containing 150 mM NaCl. The active fractions were concentrated
in vacuo, dialyzed against Tris-HCIl buffer containing 150 mM
NaCl, subjected to gel filtration on Sephacryl S-300 equilibrated
with the same buffer saline. The active fractions from gel filtration
procedure were collected and dialyzed against Tris-HCl buffer
containing 700 mM ammonium sulfate and applied to hydrophobic
interaction chromatography on a Phenyl Sepharose CL-4B column

equilibrated with Tris-HCI buffer containing 700 mM ammonium



sulfate. When the column was eluted with a descending gradient of
ammonium sulfate from 700 mM to 0 mM, PTP activity was
detected in the fractions eluted with about 50 mM ammonium
sulfate. The active fractions were dialyzed against 150 mM glycine
solution and further purified by isoelectric focusing at 300 V for 24
h using ampholine generating a pH gradient from 3 to 10 in the
column. In this procedure, PTP was found to be focused at pH 5.7
zone (Fig. 2). This fraction was dialyzed against Tris-HCl buffer

and referred to as the purified PTP.

Sodium dodecyl sulfate polyacryl amide gel electrophopresis
(SDS-PAGE)

SDS-PAGE was employed to monitor enzyme purification and
determination of molecular mass2®. Concentration of acrylamide
was 12.5% and the gels were stained with Coomassie brilliant blue
R-250. The marker proteins for the reference of molecular mass
estimation were phosphorylase » (97 kDa), bovine albumin (66
kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), soybean
trypsin inhibitor (20.1 kDa) and a-lactalbumin (14.4 kDa), which

were purchased from GE Healthcare, Buckinghamshire, UK.

Effects of group specific reagents on PTP
After incubation of mixtures of various group specific reagents
and purified samples at 37°C for 15 min, the residual enzyme

activities were compared with the control without reagent



treatment.

Optimum pH for the enzyme activity

For evaluation of the influence differences in pH values of the
incubation mixtures of the enzyme activity, the following buffers
were introduced into the reaction mixtures to a final concentration
at 100 mM: acetate buffer (pH 4 to 6), Tris-maleate buffer (pH 6.5
to 7.5), Tris-HCl buffer (pH 8 to 9) and carbonate-bicarbonate
buffer (pH 9.5 to 10).

Results

Time course of growth and PTP production

As illustrated in Fig. 3, daily progress of cell growth and PTP
production were examined. Both growth and production continued
vigorously till Day 2 of the cultivation. After that PTP production
reached a plateau. However, growth ceased and tended toward

decrease by lysis of cells.

Extraction of PTP from cells

From the evaluation of cellular locations of PTP, the enzyme was
found to remain in the cytoplasm. Efforts were made to search for
effective means of extraction of the enzyme using several reagents.
The most adequate extraction was obtained by two detergents,

3-[3-cholamidopropyl]-dimethylammonioll-propanesulfonate (CHAPS)



and Triton X-100. However, mechanical disruption by sonication

resulted in the highest yield of PTP (Table 1).

Cellular locations of PTP

Nearly all PTP activity was detected in the crude extract
prepared by sonication and centrifugation. While the base of PTP
activity in the crude extract was 100, levels in the envelope, vesicle

and culture fluid were only 4.1, 0.3 and 0.3, respectively.

Comparison of PTP production by 4 strains of P gingivalis

PTP activities in the crude extracts prepared by sonication and
centrifugation from 2.5 g of P gingivalis strains of ATCC 33277,
381, W50 and W83 were compared. The extracts of all the strains
were shown to elaborate this enzyme. The total units of PTP in

each extract were 27.3 U, 10.8 U, 23.0 U and 15.7 U, respectively.

Degradation of p-nitroanilide derivatives of amino acids and
peptides

Among the tested synthetic and dye-conjugated protein
substrates for peptidase and proteinase, respectively, the crude
extract degraded H-Ala-Ala-Pro-pNA, H-Ala-Phe-Pro-pNA,
H-Gly-Pro-pNA, H-Arg-pNA, H-Lys-pNA, H-Lys-Ala-pNA,
Bz-Arg-pNA, Bz-Lys-pNA, Tos-Gly-Pro-Lys-pNA, Azocoll and
RBB-hide powder. However, H-Leu-pNA, H-Ala-Ala-Ala-pNA,
Met-Ala-Ala-Pro-Val-pNA or Glt-Ala-Ala-Pro-Leu-pNA were not

_10_



hydrolyzed.

Purification and purity of PTP

PTP was purified from the crude extract of cells through six
steps. The enzyme was purified 410 fold with a recovery of 1.3 %.
The purification is summarized in Table 2. SDS-PAGE analysis of
the purified sample by isoelectric focusing revealed a single
stained band. The molecular mass was calculated as 45 kDa (Fig.

4).

Inhibition by various reagents of PTP

Effects of group specific reagents on PTP are summarized in
Table 3. Significant inhibition of PTP was observed by serine
enzyme inhibitors such as Pefabloc SC?, diisopropyl
fluorophosphate and 3,4-dichloroisocoumarin. No

effect was noticed by other chemicals.

Substrate specificity and kinetic constants

Among tested prnitroanilide derivatives of amino acids and
peptides, the purified enzyme only actively hydrolyzed
Ala-Ala-Pro-pNA and Ala-Phe-Pro-pNA. Kinetic constants for two
substrates are presented in Table 4. H-Ala-Ala-Ala-pNA,
H-Ala-Ala-Phe-pNA, H-Gly-Phe-pNA, H-Lys-Ala-pNA,
H-Gly-Pro-pNA, Bz-Arg-pNA, Tos-Gly-Pro-Lys-pNA,
Suc-Ala-Ala-Pro-pNA and Suc-Ala-Ala-Ala-pNA were not degraded.

_11_



Neither azocoll nor remazol brilliant blue hide powder was

hydrolyzed.

Thermostability of the enzyme
When the enzyme was heated at 50°C for 5 min, the residual
activity was 29% for the unheated sample. Treatment at 60°C for 5

min resulted in complete inactivation.

Optimum pH

Optimum pH for the enzyme activity was seen from pH 7.0 to 9.0.
However, the activity decreased rapidly in the ranges of lower than
pH 6.5 and higher than 9.0. The similar results were observed
using H-Ala-Phe-Pro-pNA as substrate in substitution for
H-Ala-Ala-pNA.

Discussion

We isolated PTP from the crude extract of P gingivalis by
chromatography, gel filtration and isoelectric focusing. Among the
purification steps, gel filtration on Sephacryl S-300 was rather
effective, and the specific activity rose about 19 fold by this means.
Since the enzyme was inhibited strongly by Pefabloc SC,
diisopropyl fluorophosphate and 3,4-dichloroisocoumarin, PTP is a
serine enzyme, as are other peptidases of this species2932),

As shown in PTP of P, gingivalis, bacterial peptidases are generally,

_12_



not sensitive to inhibition by metal chelators. Exceptionally, PTP of
S. anginosus, a metalloenzyme, was inhibited by EDTA, EGTA and
1,10-phenanthroline2®.

PTP investigated in the present report is an exopeptidase since
peptides with a blocked amino group are not hydrolyzed, and it
requires proline residue in the P1 position.

PTP of Prevotella nigrescens which is a quite close species of P
Intermedia3® was isolated and characterized3?. It also was a serine
enzyme and degraded H-Ala-Ala-Pro-pNA and H-Ala-Phe-Pro-pNA like
PTP of P gingivalis. However, differences are apparent in the molecular
weights and pH-activity relationship34.

PTP of P gingivalis was already purified from the cell extract
using Triton X-100 and precisely characterized3?. This enzyme had
two molecular masses, 81.8 kDa and 75.8 kDa. The authors
corroborated that the smaller molecule was possibly derived from
the larger one by proteolytic truncation of 6 kDa amino-terminal
peptide. However, we found only one molecule, and its molecular
mass was estimated as 45 kDa by SDS-PAGE. Even though the
reason for this discrepancy (in the molecular masses) is still
obscure, possible explanations include the different methods of
preparation of the starting material for purification: chemical
extraction by detergent and mechanical extraction by sonication.
Furthermore, different strains of the source of the starting
material for purification may also be a likely reason for this

discrepancy, since three strains of P gingivalis (HG66, W50 and
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ATCC 33277) were used in the cellular location tests of PTP, but it
can not be specified which strain was used for the purification of
PTP from the description of this report. In this report, optimum pH
for the activity determined using H-Ala-Phe-Pro-pNA was found in
the range of 6.0 to 8.0. This value nearly coincided with our
results.

We confirmed also that PTP was extractable by detergent
treatment including Triton X-100 (Table 1) but recovery rate
appeared to be significantly lower than with treatment by
sonication.

PTP degrades the fragments of proteins occurred by the
endogeneous proteinases and generates the smaller peptides in
collaboration with other peptidases. These peptides may provide
energy source for P gingivalis which 1s asaccharolytic and

incapable of transporting free amino acids3?.
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Figure legends

Fig. 1: Q-Sepharose chromatography.
Symbols: e—e; PTP activity, -—; Asso, —; NaCl.

Fig. 2: Isoelectric focusing.

Symbols: e—e; PTP activity, A—A; pH, —; Asso.

Fig. 3: Time course of production of PTP and growth.

Symbols: e—e; PTP activity, o—o; growth.

Fig. 4: SDS-PAGE of purified PTP.

Lane A, marker proteins; Lane B, purified PTP.
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Table 1: Extraction of PTP from cells

Treatment PTP recovery (%)
Tris=HCI buffer 3.1
NaCl (150 mM) 10.8
EDTA (10 mM) 5.5
Mercaptoethanol (15 mM) 5.0
CHAPS (0.5 %) 42.9
Triton X-100 (0.5 %) 37.7
Sonication 100.0

Table 2 : Purification of PTP

Step protein total activity sp. act*. purification recovery
(mg) ) (U/mg) (fold) (%)
Crude extract 184.8 19, 888 0.009 1.0 100.0
Ammonium sulfate 120. 1 8,928 0.013 1.4 65.0
Q-Sepharose 33.8 609 0.056 6.2 18.3
Sephacry| S-300 13.1 12.5 1. 050 117.0 7.1
Pheny| Sepharose 8.8 3.9 2.256 251.0 4.7
Isoelectric focusing 2.4 0. 65 3.090 410.0 1.3

*x:specific activity (U/mg protein)
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Table 3: Effects of group specific reagents on PTP.

Reagent Concentration Activity (%)
Control - 100
Leupeptin 2 mM 100
Antipain 10 mM 100
Bestatin 2 mM 106
E64" 2 mM 114
Pefabloc SC? 2 mM 5
Diisopropyl fluorophosphate 10 mM 13
3,4-Dichloroisocoumarin 2 mM 6
EDTA 10 mM 97
1, 10-Phenanthrol ine 2 mM 93
Mercaptoethanol 2 mM 98
SDS 0.5% 83

1) :L-£rans-epoxy-succinyl leucylamido-(4-guanidino)butane

2) :4-(2-aminoethy|)-benzenesul fony|-fluoride hydrochloride

Table 4: Kinetic constants

Substrate Activity (%) Km (mM)  Vmax (U/mg/min) Vmax,/Km
H-Ala-Ala-Pro-pNA 100 0.16 1.14 7.13
H-Ala-Phe-Pro-pNA 83 0.14 0.59 4. 21
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¥8% - Porphyromonas gingivalis D 7RAYJIL K YRFTFOIIRTITFLS—EDELE,

BERs X UHR

WMEMTF ', ASFHELF KHEFTKXK’ RENEH' BEAEHRX’
"(RAE K - EAERR BRI
(MMAEA. OREEHE)

RIEBR S ERERIRE Porphyromonas gingivalis® 7B )L k) RFF LA
TFH8—+ (PTP) DOEA, B LBEHRMHRICOVTEE L.
PTP FHDIFLALE, HMBEOHBERICRESH, EHELEEF ToA0-Tp
ROGNIZIEBEM LIS HELTUWEN . BARDGEERLEL 100,000 xg i&
DTHEE-AMEREZEEMBIZLT, PTP 2B 7 > E=-DLIC K 2EMERE,
AAUXBOAR NI ZT4—, FIILEB BKEIOT RIS T0— HFER
BERABIZTHRB L& Z 5, PTP I Pefabloc Sc, diisopropyl fluorophosphate,
3,4-dichloroisocoumarin T AEFEIN-DOT, &) VEBRICHEILD.
DFEE 45 kDa THEERIX 5.7 THo1=. HBHEEZHR(E H-Ala-Ala-PropNA &
H-Ala-Phe-Pro-pNA [ZiEH#ZR L, £ EAD Vmax (U/mg/min) / Km (mM)(&
718385 &U 421 THoT-. RIGOE#E pH £ 7.0~9.0 IR 5Ntz. BAREMR
ERTIE, 50°C, 5%, MBRDOEFEMEIL 29% THo1=H, 60°C, 5 B TIX, 5
ERFTHIENGM I,

AME T/ o1z P gingivalis® PTP 1%, &) VEBERICHBEIhETO0) VEE
MIXFIYRTFEA—ETHS. COBRE BOFREZTOERLEEREEZI LN,
ZTOEFICHESL, BT, RRED—HAFLELGLAREENHD.
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