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Abstract : Porphyromonas endodontalis, a black-pigmented anaerobe, is a predominant pathogen of
human periapical periodontitis. In contrast to P. gingivalis, a major pathogen of chronic periodontitis, the
pathogenic factor(s) of P. endodontalis has been poorly characterized. In this study, the protease activities
in the P. endodontalis extracellular fraction were examined using various MCA polypeptides. The results
indicated that the extracellular fraction had a spectrum of proteolytic activities distinct from that of P.
gingivalis, and that Ala- and Asp-specific proteolytic activities were substantially present in the
extracellular fraction. Then, the extracellular fraction was subjected to ion-exchange chromatography.
The Asp-specific proteolytic activity was eluted from a DEAE-Sephacel column separately from the Ala-
specific one, and the fraction was designated as the DEAE-purified fraction. The further experiments on
the effects of protease inhibitors also suggested that the DEAE-purified fraction contains a novel Asp-
specific dipeptidylpeptidase. It was confirmed by the MALDI-TOF MS analyses on the substrate
preference using neuromedin B and a series of synthetic neuromedin B analogues. Taken together, P.
endodontalis possesses a novel Asp-specific dipeptidylpeptidase in the extracellular fraction, which could
be involved in an important etiologic process in the specific pathological potential of this organisms in

human periapical periodontitis.
Key words : Porphyromonas endodontalis, protease, Asp-specific dipeptidylpeptidase
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B RAY MEXKOKFEKNRE THSH P
gingivalis 13, EYRE MRREFEEPLH D
SEESEE W EATRENT WY, MIEF
821X P. endodontalis (3 7 T L EMHRER T,
HEOEEAN BIFEEBEL V) ZATIEP
gingivalis £ —3 355, bM) T URREEE
ey VRMEREERR Y RE, EomALEEDL
LTCT7 2o VERER R A L 2 WEHTELR D L
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M E 2 OBEKNE & L TOREOIREFFRME &
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P. endodontalis ATCC 35406 &, P. gingivalis
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WEL, AF+Y4 ¥ (10pg/ml Sigma Chemical
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TTEMNMBELRERL 72, HoNERE (cut
off fi = 12,000 - 14,000 Da, = &%, HE) Lk
DWE%E Na ) v BiE B AR K (PBS, pH
74) *HWTHEH L 72%, & 512 PBS % @&
L CPBS WEE®E (A, =10 ZHEL 7
PBS H#E % 4C, 6300 x g 15 7M=L L,
Bon/z bigx 20mM Tris-HCl (pH80) 12:&
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B %57, M7a 57 —¥E45id -80C TH
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&t GERD ICABKEEL 72
a7 7 - E¥HEHEHELL T,
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MEE KK :Aruso7r7— EHEA),
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Sigma: ) r7a57—XHEH), N-a-tosyl
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(TLCK, Sigma : t "V v 7a 77— EHEH),
N-p -tosyl-L-phenylalanine chloromethyl ketone
(TPCK, Sigma : £V ¥ 7 a7 7 —¥HEH),
leupeptin (X7 F Fif : V) Y BLTF4+—
Ju 77 —EHEEH) BLOE64 (XTF Fif:
VATA 7T T —¥HER) R,

P. endodontalis 87077 — @3 D
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M7 a7 7 —¥E5 50ml %, 20mM Tris-HCI
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A (2x15cm) WZ@INL 72, FERAEHE 5 1% 20
mM Tris-HCl (pH80) TH&HH L, &IZ20mM
Tris-HCl (pH 80), 0-06 M ® NaCl 75 ¥ =
b (&% 100ml) THRAESY 287 ERETHL,
1792>ard7zh) 3m §¥20B- Lz &
790 avit, A TY YRy EREHET
bz, RE#1BLIO #3357
TT7 —BiEEZBEE L, Y #3 12Kk DBV
RSER L7927 ay #10 #BIL, P
endodontalis DEAE #7077 —¥H 4 & L
720

7077 —EEEOAEEL 707 7—EHEER
DR

7a 77— BEEOEEIZBEER 12T o
720 HIH MCA R7F FEBIEE 20 M) %
&t UG (50 mM Tris-HCL pH8.0) %R L,
30C ¢ 2 - MR L 72 I W IC P
endodontalis ¥l 701 77 — XH 5 H 5\ T P.
endodontalis DEAE MG 7’11 77 — ¥ HE 7 & i
m (RHEE 200 uD) L, 30C TRIGHE, #6
S EEET (F-2000, HITACHI, ®EHE) % Hwv
T, Bh#EE¥H &% 380 nm, @K 460 nm T 7-
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a7 7 —YtHEROMRIE, TurT—+¥
FEFIC L BRI HZO T 07 7 — BiFHEOZE
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Ta7 7 —YES5H S \WIE P endodontalis
DEAE #7757 —¥H45IZ, 5mMEDTA,
5 mM PMSF, 1 mM TLCK, 0.1 mM TPCK,
0.1 mM leupeptin & %5\ i 0.1 mM E-64 % & ¢r
50 mM Tris-HCI (pH8.0) %Mz, 0C T 30 41
FE, UL SE7o, B, 30T, 24 Mk
%, MCA X7 F FEHRAE (20 uM) ZIML
T, BE #3235 7577 — Uik x #lE
L7ze 7a7 7 —¥HREEFOHRIE, Tris-HCI
TORPLERFE (BESIR) ofEIcH§ 285
TR L,
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RiTEFEREES T (MALDI-TOFMS) &
37077 —EEEDOAE

MALDI-TOF MS #7i2 & A 7u 77 —£if
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EERUEL TIirole $ bbb, BAR
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mM Tris-HCl (pH8.0) 47.5pliZ25pul ® P.
endodontalis DEAE X8 7’0 7 7 — Yl 77 & IR
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City, CA, USA) /50% 7 F= M)V EEREML
TR7F FEREBEH Lz, WSRO TFF
®*H D455 F & % Voyager DE-PRO (Applied
Biosystems) % FH\>T, MALDI-TOF MS 4347
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BROFHEZEH L7z,
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Table 1. The MCA" polypeptides hydrolyzed by the
P. endodontalis extracellular fraction

No. Compound
Lys-Ala-MCA
Suc-Ala-Ala-Ala-MCA
Ac-Asp-Asn-Leu-Asp-MCA
Boc-Glu(OBzl)-Ala-Arg-MCA
Boc-Leu-Gly-Arg-MCA

6 Boc-Leu-Ser-Thr-Arg-MCA
* 4-Methylcoumaryl-7-amid

[ B N

%

endodontalis ¥ 710 77 — ¥ 431%, Table 1
WRL7Z620D MCARTF FEREE (£E
#1 2 HFH #6) 120 LT, BRUGKRH 2 R T,
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DHEG #] HFEE #6 FHWT, RISEH%
RS & & DI, P gingivalis O RE 5 O
e e e L7z (Fig 1) #FOER, P
endodontalis 70 7 7 — CHE 751, FICHEH
2 BRI CIEEE #1 (Lys-Ala-MCA) 128 L T,
PG ERRE 24 BRI CI3 2 #1, &£E #2 (Suc-
Ala-Ala-Ala-MCA) 8 X "% E #3 (Ac-Asp-
Asn-Leu-Asp-MCA) 12X L TEWEEZRL
720 —H, P. gingivalis DB TIE, RIGER 2
Brf 2 53 #4, FRE #5 BLOUEYE #6 124
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Fig. 1. Proteolytic activities of the P. endodontalis
extracellular fraction.
Proteolytic activities of the P. endodontalis
extracellular fraction (open and closed
columns) and the P. gingivalis one (hatched
and dotted columns) were measured using the
six MCA polypeptides (substrate #1 to #6).
The proteolytic activities of P. endodontalis
extracellular fraction toward substrate #2
and #3 after 2 hours of incubation (open
column) were significantly increased after 24
hours of incubation (closed column). In
contrast, P. gingivalis fraction after 2 hours of
incubation (hatched column) showed the
similar activities toward all 6 of the substrates
to those after 24 hours of incubation (dotted
column). The results are expressed as the
arithmetic mean (duplicates/experiment) of
three separate experiments.
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BWTHLZOFEEITRR L Tz,

P. endodontalis #7101 7 7 — Y H 43D 71
77— BEEOEBRICKM A, HEIZLDE
hH I EPRBEENZ EhS, DRI, KE
#1, ZE #2 B L OEH #3123 5 P.
endodontalis 70 77 — @B 5O T 77T —
BIEEOBREEILICOWTHRE L, ZOH
B OBE #1120 B0 GRS UG KRR 12 F
BT79 F—I2EL 24HE CTHRHRELAZDI
L, RE #2 B X UEE #3123 A
BOIE By ] 24 e CHRoRME %7~ L7z (Fig 2).
INSDORERLY, P endodontalis 70 7
T—XWEaOT 7= yERNTOTT X
P. gingivalis THE I N TWE I RXTF I )R
75y - EPEUDOERT, 7ANTF R
BEM 7077 —EEEIETXTF F X-Asp
REOREBEETEHBOIV T FINRTF
¥ —¥TdhHABEMEDTR  RIR S N7z,
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Fig. 2. The time-course of the proteolytic activities of

P. endodontalis extracellular fraction toward
substrate #1 to #3.
The proteolytic activity of the P. endodontalis
extracellular fraction toward substrate #1 (m)
increased rapidly in 12 hours of incubation and
reached plateau. In contrast, the proteolytic
activities toward substrate #2 (o) and
substrate #3 (a) increased gradually in 24
hours of incubation and reached plateau. The
values are representative ones of three
different experiments.
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Fig. 3. DEAE-Sephcel chromatography for P. endo-
dontalis extracellular fraction.

The P. endodontalis extracellular fraction was
subjected to DEAE-Sephacel column chro-
matography, and the proteolytic activities
toward substrate #1 (@) and substrate #3 (a)
in each fraction were measured. The result
indicated that the Asp-specific activity was
eluted just before the major protein peak (),
and the Ala- specific one was on the protein
peak.
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Table 2. The effects of the protease inhibitors on

purified fractions

%

the enzyme activities of the crude and DEAE-

Proteolytic activity

Protease inhibitor Dose Crude fraction" DEAE-purified fraction”
- - 1007 1007
EDTA 5 mM 86.1 1249
PMSF 5 mM 25 6.1
TLCK 1 mM 32 38
TPCK 0.1 mM 06 1.0
Leupeptin 0.1 mM 247 32.2
E-64 0.1 mM 6.1 14.7

! The crude fraction was prepared from the culture supernatant of P. endodontalis ATCC 35406. The
crude fraction was subjected to DEAE-sephacel chromatography, and the fraction that showed the
proteolytic activity for the substrate #3 (Ac-Asp-Asn-Leu-Asp-MCA) was designated as the DEAE-

purified fraction.

2 The results are expressed as the percentage to the enzyme activity without the inhibitors that
measured for the substrate #3 (duplicates/experiment; three separate experiments).

MR 7O 77 — BEEORFEMEIZ VTR
L7 Table 2ICF DR T LOTRL
72 P. endodontalis DEAE g 7 u 77 — ¥
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T HIH] & e 2 o 72 4%, PMSF, TLCK,
TPCK, leupeptin 8 X N E-64 THII S 5 =
EDHHL R LR ST,
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BEMATF NE2FEE L L TMALDI-TOF MS
M xATo 72 (Table 3)o ThbH, N Rifih
L2HFHDOT I VEENRT AT X LT, My
ANGFUVBITTANRTF VB, S5270)
YIv, IVEIUBEEERVI0T I JBR
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FEHOT IV BEET AN X VBRICER L2
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T, P. endodontalis DEAE g8 70 7 7 — Y
DEOLERE, FORISY O FE% MALDI-
TOF MS Z WV THIlE L7z, ZORER, BFAR
neuromedin B (Asn,) Z#E & L72%HE121355
WIEED, 2FBDOT ANTF LR T AN F
Y ERIZE# L 72 Asp,-neuromedin B Tid 5\
TEREEDERS H5L7: (Fig 4 B XU Table3).
T/ NEKm»b1l IBIUSEHOTI
Bz 7 ARG X URRICEHR L7 Asp-, Asp,-B
& U Asp,-neuromedin B TIZiEMH LD S 1
ol (FighB LU Table3d) Z 45, P.
endodontalis DEAE ¥8 7' 0 7 7 — ¥ HE 457 H D
FETUTT—ENT AN FUBRERG Y~
TFINVNRTF T L THLIENHLNE
Rolz

z 8

WMEAMEERBRZORKRNE L L ToH P
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A) Neuromedin B (Gly-Asn-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH.)
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B) Asp,- neuromedin B (Gly-Asp-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH,)

- o

% Intensity
4

T e
wnna
e e a2k
PR P TEFD M
. : . L .
- k¢ ] e i RIS !wl.i
Mass [M/Z]

1. _nsmm b Sk
i
-
>
= = s
[
5 o=
=
=
= w
o
=3
"
-
o A4
: P
o
izt o -~
hasnd T
. . i ) o
- & ™2 R aaded 11408 TEm. AL 2]
Mass [M/Z]

Fig. 4. Mass spectrums of the enzymatic digestion of wild-type neuromedin B and an analogue generated by the P.

endodontalis DEAE-purified fraction.

Nuromedin B and/or an analogue (Asp,-nuromedin B) were incubated with the P. endodontalis DEAE-
purified fraction for one hour at 30, and the molecular masses of the digested peptides were measured by
MALDI-TOF MS (a: neuromedin B, b: Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH, ¢: Asp,-nueromedin B). The
values are representative ones of three different experiments.
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VB o 7a T 7 —CiEEO R AR REY
Kest U 72458, P.endodontalis 707 7 — &
E 53 6 2D MCA X7 F FE&HEE (Table
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A) Asp,-neuromedin B (Asp-Gly-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH,)
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Fig. 5. Mass spectrums of the enzymatic digestion of a series of neuromedin B analogues generated by the P.
endodontalis DEAE-purified fraction.
A series of neuromedin B analogues (Asp,-, Asp,- and Asp -nuromedin B) were incubated with the P.
endodontalis DEAE-purified fraction for one hour at 30T, and the molecular masses of the digested peptides
were measured by MALDI-TOF MS (a: Asp -nueromedin B, b: Asp -nueromedin B, ¢: Asp -nueromedin B).
The values are representative ones of three different experiments.
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Table 3. The degradation of the synthetic peptides by the DEAE-purified fraction

Compound Sequence % degradation”
Neuromedin B Gly-Asn-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH, 5%
Asp -neuromedin B Asp-Gly-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH, < 5%
Asp,-neuromedin B Gly-Asp-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH, 100%
Asp,-neuromedin B Gly-Ser-Asp-Trp-Ala-Thr-Gly-His-Phe-Met-NH, < 5%
Asp,-neuromedin B Gly-Ser-Leu-Trp-Asp-Thr-Gly-His-Phe-Met-NH, < 5%

* The percent degradation was calculated from the percent increase of the desired dipeptidyl fragments in the mass

spectrums.
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