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Abstract : Porphyromonas endodontalis, a gram-negative anaerobic rod, is an important
pathogenic organism in periapical lesions with acute symptoms, such as pain, swelling, and
suppuration in endodontic patient. Like P. gingivalis, a major pathogen of adult periodontitis, P.
endodontalis is asaccharolytic and forms black-pigmented colonies on enriched blood agar plates.
However, pathogenic factors and pathological potential of this microbe have been poorly
characterized. In this study, we assessed the adhesive abilities of P. endodontalis to gingival
epithelial cell, and investigated whether P. endodontalis has a major fimbrial component of
fimbrilin similar to that of P. gingivalis. Furthermore, the proteolytic activities of P. endodontalis
were examined. The results indicated that P. endodontalis significantly adhered to a mouse gingival
epithelial cell line, GE1, although the adhesive ability was lower than that of P. gingivalis. The
electron microscopic investigations showed scarcely any fimbriae in P. endodontalis. Furthermore,
PCR and the DNA-DNA hybridization analysis for the gene encoding fimbrilin (fimA) of P.
gingivalis revealed that P. endodontalis did not have fimA or fimA-related genes, which could
account for the lesser adhesive ability of P. endodontalis to gingival epithelial cells. The
hydrolyzing profile toward various synthetic peptides showed that the spectrum of proteolytic
activities of P. endodontalis was markedly different from that of P. gingivalis. Thus, the present
findings indicate that P. endodontalis has a different adhesion mechanism from P. gingivalis
fimbriae, and has a different spectrum of proteolytic activities from that of P. gingivalis, which may
lead to the specific pathological potential of the organisms in periapical lesions in humans.
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A (B ERAXOERRE TbH 3
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P gingivalis &£ MiIEFHHRBSEUL
Porphyromonas endodontalis 35X T
5%, AREI, FRC, BUOEBRKRIERE S 7 5R
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ED 5, RECHEEROREILTOIMEIR &
DESEMWMSREINTWVWSY, HEFEHICIE,
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EEHEM:, BEIERBEHEE WS ST P gingivalis
E—FTBH, b TVUREERE Y YRR
BREESERE SR &, FRKEYMELTT7 2=
BEEZEALZVWATELR G EHEIATL
5510, UL, P endodontalis DIRIEFRMH
1IZBAD BRERFIT OV T OBHITIZIZ & A E
ATBSTY®, Lichi-T, BEERENCBARESHE
FEHD&EWDSHZ P gingivalis DIFREF &
DREE, BEEMHICS>WTHHSHLTRE L, P.
gingivalis DIRFEERFE LT}, ThF T,
EERTF L L TOHRE, RIMEREEERE outer
membrane vesicles, capsules, butyric acid
FORHMEY, BLIUEAOBER (b)Y 7Y v
B v EEER, 35—, S5 F
F—¥, ETNO=F—F) WEBEIFOLNT
WD k- P gingivalis DREEICII6FE
FosA4 7 (414 71VBLUS147Ib) Ob
B EDPEBEFLARLVTHLICENTS

n®, FHREND YA 7L 0 ER KM
DEEM, BAKIKEVLDH S EAREBEN
TWA™, —%4, P endodontalis \IZ DWW TIEAER
HOK T EER, REEKRELRT LV Y
EERTOHERENIRINTVEPHDD, TDR
FRF, WEHEOBFIC>LWToHEIEEsh
TWIEWEWS ONEIRTH 5,

Z T TAMFE TIE, P. endodontalis DIRIRE
FEHHOHICT 2EHNIT, WHN LERMIENDOE
EMICOWT P gingivalis & LK 4 5 &
& diT, RED P. gingivalis DIRERRIEEY %
BT AE3DEPIIONVT, ThETIKHMEDDH 3
FE S FEHED fimA B=FESE b i Licsy
TEYIFNRREER O TR L, &5,
ErOAEKREER7F V2B WP
endodontalis D 7o 5 7 —E{E MW R R + 5
LA&W®FR L, P endodontalis DRFFRERM I
WTORET 2T - 72,
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1. HAEKRE EERE

P. endodontalis ATCC 354068k, P. gingivalis
ATCC 3327T#k(% 14 7° 1 fimA), HW24D1#k
(# 14 71 fimA), ATCC 49417k (% 14 7 I
fimA), BXTATCC 53978% (# 4 FIVfimA)
% American Type Culture Collection
(Manassas, VA, USA)» SfEA LEERICHEL
1o BkkIZ, Suzuki S5OHEDEZ—IHRE L,
A+ Y4 v (1.0 pg/ml ; Sigma Chemical Co.,
St. Louis, MO, USA) %#si0 U 7o RV A
1 CGRBHMEZE, HH) (ABCM 5#l) T, BEKES
BYRATF4H (AR bV - FroFryy,

=1 N E WA IHTC /0N0L N\T £Q/ 1T
HrD 2V THRSEERE T (302 N2y, 5% He,

5% CO.) T, 37°C, 48B5fEEE Lo Fu 7
T-¥EHAEERR IR BAEBHKE
Ohara-Nemoto 53 L 7c s\ iR B8k
WCEkDERE LI, $1bb, -7 L—TR,
ELASBRE (1 v A 76000 ,; =663, =
) % ABCM EREEHICEE T 5 £ 5 I8 X,
BIEEE LR ERBREL, 37C, BREHT T
T2RFEIEEE U 7o,
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Table 1. PCR primer sets used in this study

Target gene Primer sets (5-3") Size (bp)
P. gingivalis TGTAGATGACTGATGGTGAAAACC 197
16S rRNA ACGTCATCCCCACCTTCCTC
P. endodontalis TTTCTCCGCATGGAGGAGGA 477
16S rRNA CTTCGGTCTCCTCTAGCATAC

type I fimA CTGTGTGTTTATGGCAAACTTC 392
AACCCCGCTCCCTGTATTCCGA

type Il fimA ACAACAATACTTATGACAATGG 257
AACCCCGCTCCCTGTATTCCGA

type III fimA ATTACACCTACACAGGTGAGGC 247
AACCCCGCTCCCTGTATTCCGA

type IV fimA CTATTCAGGTGCTATTACCCAA 251
AACCCCGCTCCCTGTATTCCGA

type V fimA AACAACAGTCTCCTTGACAGTG 462

TATTGGGGGTCGAACGTTACTGTC

2. RN _LERHIE~ DfPEREDIRET

P. endodontalis 3 & U P. gingivalis ATCC
INTTE K%, V) vEREEHAEAE/K (PBS
pH74) T &R, 1% v YREEIMAE ICN
Biomedicals, K fx) * & & SFM 101 # #h
(Nissui, HEF) i®& (1 xX10°@ /mD) L7
F0%iEKE (100 ul) %, 6em> +—LNT, &
N—H35 R (18%X22mm) EICHIIERABL o=
AR _ERZMIRark T H 5 GE 1 g oL,
5%C0O,—95% K<, BEEISH DEMHET TI3C,
2 BRI E A 1T - 7o GE 1 #HRII 21 LETF1F
+ EFEMAFEOREREFEE) LoEEZ
ZF o, REEK TR, IEMNBEME%E PBS THE
B, BrER, BEIC LKV F AFREEITL,
FAEFRMEE T TEIE 21T - 1o,

P _E R~ o & RE O EEHIRIE i3
[PH] TERRLICEKRERVTIT 7, §4b
5, [*H] # ¥ ¥~ (Amarsherm Biosciences,
Piscataway, NJ, USA) Z#4ML TEELE
FEoWER AR L, BE\Kk (100uD) = GE1
MREICARIn LESE (33°C, 2BRRD) L, HEE
BT 1% PBST # A L & 10% TCA
(trichloroacetic acid) (200uD) WA IKLET
20457 fERRE L 7o BB %, 0.1 M NaOH (200 «D
AZINA CTHRABRL, T OMEEEL SHE

%égt{j L7

3. BT TAMEEEIE

Wikt E L7 #E % PBS THEE, 25% 7
WINTLUTFTE R (FH545FR7, FE) T
QHEIEE Lo = 77 ) v FICEBHIA,
UEEEE Y 5 v TR H T 4 THREBEEZITVL, FiB
FIEFIAMES (H600A, HITACHI, i) TH
B, EANEFIAMEEREL, X714 K7
5 2B LIcEEE1%A R I 7 ATREEL,
fiizk, BASEZEIRE, ARXIvLa—F 4V
7EITV, EERE F B ME (54700,
HITACHID THEIZE L 7

4. PCR (polymerase chain reaction)

FNFNDOEKD 5 Wizard 4/ & DNA §F
#l+ . + (Promega, Madison, WI, USA) %
\WC DNA ZF58IL 7o, FHBIL /- DNA %25 ~
7Lr—t &L, fimA BRFRENT 74 < —
(Table 1) =AW TERCORILEH T, PCR
It (94°C, 30%bfa], 58°C, 30%PRE], 72°C, 30
WExE 1947 0ELTIYA 7)) 21T
2o PCRE#IR T Ho -5V (18K 7T H
o—2R, lug/mlzF VI LTo=qF, 066
mM Tris-borate, 5 mM EDTA, pH8.3) &%,
REN TR L 7o,
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Fig. 1. A representative result of Giemsa
staining obtained in the adhesion assay.
P. endodontalis (a) and P. gingivalis ATCC
33277 (b) were incubated with gingival
epithelial cells (GE1), and adhered
bacteria were stained.
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Fig. 2. Adhesion assay with [°*H] labeled-P.
endodontalis with GE1 cells. P
endodontalis and P. gingivalis ATCC 33277
and HW24D1 were labeled with [*H]
thymidine, and then [*H] labeled-bacteria
(1 X10% were incubated with GE1 cells
(1 X10% at 33°C for 2h. After washing,
the radio activity was measured. The
results are expressed as a percentage
of [*H] bound of the added [*H] count
(means £ SD,n= 7). * P<0.05, ** P<0.01.

5. DNA-DNAN 7Y ¥A E¥—2 g v
P. gingivalis ATCC 33277#k®D DNA % 5 v

0.5 ym

Fig. 3. An electron micrograph of negatively

stained P. endodontails (a), and the SEM
micrograph (b).

7 v - br&E LT 534 < — (5
-GAGCACAACATAATCTGAACGA-3', 5’
-AACGGGTTCTGCCTCGTTG-3") #HWT
714 71V fimA OIL@ERTES5r192 bpAPCR
THINE L 7o, HEIE DNA WA %18% 7 Ao — %
7V RPK B T 4y B R, Qiaex I Gel
Purification ~ Kit  (QIAGEN, Hilden,
Germany) T#5 8! L 7z, ¥ %I DNA % Gene
image labeling system (Amarsham) % HWu
TINA LA v#ZE% L, Ohara-Nemoto 5%
i L7e3W, Poendodontalis 47/ &~ DNA & @D
DNA-DNANA 7 ) 54 ¥ — v a VT %
T-70

6. 7uF7—EEHEORIE

BT LEELAAEBAEEPBSICBEL, &
BEE (Aw= 1) ZFARIL 7o, BEEK (1 m)
8,000 x g, 200fElE L L CEBONL LIEEZE
A EYES & U 7, IEHEBEA% 5 mIPBS T 3
BIFEA%, 1 nld PBS ICEHSE L, BHAEEL
E53 & Ul 50 pl DBEEAEYIE S H 5 O IHE
KR E ST 1 mM DTT (dithiothreitol),
58 mM Na,HPO,, 17 mM NaH,PO, 68 mM
NaCl 270 L T200 gl O HiKE (pHT.4) & L
foo RILKEZ30C, 5 /fEfRE L 7%, 0.1 mM
4 -methylcoumaryl- 7 -amid (MCA) ~7F
N (T F PR, KR & URIG % B
BB L7 RIS (B0°C, 3043 & T, #EH
NEEE (F-2000, HITACHD % FWT, B
FE380 nm, K FE460 nm T 7 -amino- 4 -
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methylcoumarin O FEHEE % RIE L 7o
& =2

1. SEA_LEHRa~ DfTERE

< v XA LAtk Td 3 GE 1 #ifa~o
P. endodontalis ® £ & # i< > W T P
gingivalis & HWERRET L 1o, F 4 FGREEK DN
FEEEEE (Fig. 1) T3, GE 1 #ifao 1 fmkac
&9 5 P. endodontalis DEEZ, 3.4 = 0.5
Rty + 1EXERZE, n=40) T, P gingivalis @
HEERK 6.0 £ 14, n=40) LHELTHEE
IKEW T EDBBES A ERL - 72 (P<0.00D),

ORI, [PH] EZ# L cBEE&E AW GE

1Ak & D EREDRIE» 5 bR I h
(Fig. 2)o 9735, P endodontalis %, 541
7 1 BEEABF T 5 P. gingivalis ATCC 33277
¥, 94 7NBEEAEFT 5 P. gingivalis HW
24D 1 k& B L T, GE 1 Hila~DfIEENE
BIBEBWIEMNHOMhEL - (T P<
0.01, P<0.05),

1, RAF 4 THREOBXUEBRETHEM
BILLI2BEBEOBHEELITLER P
endodontalis \CBAMERRERBE IR D SN
13-tz (Fig. 3)o

2. fimA BREBEETFOREK

HEDE A, P gingivalis BFEDOTENLLE
A THB 747 YY) vici3 6 EROY 7
SATHELET DI ENEINTVERER,
% T, P endodontalis S, 7 479 Y D
WiEBZTFTH B fimA, H35VIREFICEEL
v 3% fimA BEEETARE T A AEEKICO W
TPCREEXHVTHKET L (Fig. 4), £ Dk
B, P endodontalis D%/ 5 DNA %5 v 7
L—h&ELIBAICE, 1471 VOLThD
fimA OB R OSNISh - 12,

X5, P endodontalis %7/ &~ DNA Eic
fimA BURFIBEET 20ENLIIDOVT,
DNA-DNANA 7 ) ¥4 ¥ — v a VBT %
T-7: (Fig. 5), 813, 2COEHR MY =~
Vv VEGFENPS2TCETOERR MY = v

VvV NERBEEFTOVWTNORETICHEWT
b, 74 7 1-VOD fimA H@EHERLS & DES
BED SN H - 12,

3. o7 7 —EiEtokEt

P.  endodontalis DEAFE S B L UBEES
EEHDOT o 77 — G AL D MCA )7
F NAREHE (Table 2) ZHVTHRIE L 72,
X8 & L T P. gingivalis ATCC 33277k D [E]Z
H 4 % B \ 7o P. endodontalis T (&
Lys-Ala-MCA (No. 20) Dhn/k4 BEEHE A EIA
et ror7—EE L TiRERLEHW T A5
5 M» & 8 - /2 (Fig. 6 a)o 2 W T
Gly-Pro-MCA (No. 21) fn7k5rfETEVE b HIE =
N, E5ITE WA S5 S Pro-Phe-Arg-MCA
(No. 4), Boc-Val-Pro-Arg-MCA (No. 2),
Z-Val-Lys-Met-MCA (No. 16), Z-Leu-Leu-Glu-
MCA (No. 14) izxt9 327G D S hic (Fig.
6a), HEINEEMD T o7 7 —EFEHTIE,
EiAESRI 0z L[ERRIC Lys-Ala-MCA X
T B3E WK EREESZED Sh, TOMOR
Bioxt g AEHIEW EBHEOMEL -
(Fig. 6b)e —7%4, P. gingivalis TiZ, P.
endodontalis D 7o 57 —EiEH R b 5
LERFKESERY, BiEEeHED X UCBEGFEA
EEMDFoFr7—+EELTMCA RFF FNo
1 — 8 icxtd BiEHLS VTN ED - 72,

% £

RYHRE IR EE R > SHBES N B IRE
HHHE D 5> B, P. endodontalis (358 EEPRAEIR
EHIBHBEND 5V ISHEBIBERET» S
NEEENDB T LD, BUIEIR E OBEREMHIR
ahTwad®, —F, RAMSERERRKE
Tdh 5P gingivalis (IREARE /RIS 6
Ko DYBEFERE K™Y, HEFERICIIER
B OmERER TSRS RELSFET 5,

P. gingivalis DIFREHRFICO>WVWTIRINE T
KB HED OHEMSED SN TWVWBE3 O P
endodontalis IO WTODRERIZEALL S
NTVWIEWL, Z I THRHRTE, £7, EE5FH
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Fig. 4. PCR analysis of fimA genes in P. endodontalis. Chromosomal DNA frem P. gingivalis ATCC 33277
(lanes 1-3), HW24D 1 (lane 4), ATCC 49417 (lane 5), ATCC 53978 (lane 6), and P. endodontalis
(lanes 7-13) were used as a template of PCR for 16S rRNA gene ofA'P. g‘ihgiuqlis (lanes 1 and 7),
16S rRNA gene of P. endodontalis (lanes 2 and 8), typel (lanes 3 and 9) typell (lanes 4 and
10), typell (lanes 5 and 11), typelV (lanes 6 and 12), typeV (lane 13) of fimA. M indicates 1 kb

DNA ladder.

1 2
27C -
32C -
37C -
42°C -

Fig. 5. DNA-DNA hybridization of P.
endodontalis and P. gingivalis DNA with
the fimA probe. Chromosomal DNA (2 rg)
from P. endodontalis (lane 1) and P.
gingivalis ATCC 33277 (lane 2) were
blotted on a HybondN* membrane. Blots
were probed with the fluorescein-labeled
DNA fragment of fimA. Temperatures of
hybridization are shown on the teft of the
panel.

EHE®itd 2T, R ERER~D P
endodontalis DfIERER P.  gingivalis & H#L
et L 7o ZDFER, P endodontalis @ GE 1
MR~ DITEEDS P. gingivalis ATCC 33277k

EHE L THERICDEOWI EBIASh EL - 1
(Fig. 1) CORE&EIF [PFH] L Bkt
EEB»S bHER N2 (Fig. 2), P
gingivalis DIEEEA FFHE~NDOESHE X
URABICOWVWTE, RLO|ET fimA 71
TICEDRELEBODH B EBRENTL
50, I 51T, kP OWEARTE, ChETE
S OHEDBEDOSNTEI YA 71 fimA %28
3 % P. gingivalis T35 <, %4 FUfimA %
B9 5P gingivalis EETH B EMIHS
DITINTWVWBEY®, 22T, 94 FUfimA *6H
9 % P. gingivalis HW24D 1 #® GE 1 ¥fa~
DFFEREICDWT & P endodontalis & e
LM 9471 fimA H T 5 P
gingivalis ATCC 3327T¢kDiZ& EEHE P
endodontalis DfTEREDH BRI & H38H
S EIs ot (Fig. 2)o T DRKAERL, RYEHRE
X BEEPLE T S P endodontalis Lt
&/ ERRy Y b2 BZEEHRUET S
P gingivalis DEEBEOBVWEARE T IHD
EEZ o5,

Ric, TEBBEARET A EBRFELTD
PRERBEMIC OV TRET L7z TOHEE, %
T4 THREBLL X CEBERMEFHEHEO VT
NOBEICEB W TS, P endodontalis FHBICER
EREBEYIIED SN, - (Fig. 3),
fimA %R 754 < —%2HOIKPCRTH, P.
endodontalis D%/ L. DNA 25 v 7L — b &



Porphyromonas endodontalis DIRIREF DM 193

Table 2 . List of peptidyl-MCA substrates used in this study

No. Compound No. Compound
1 Boc-GIn-Gly-Arg-MCA 15 Z-Leu-Leu-Leu-MCA
2 Boc-Val-Pro-Arg-MCA 16 Z-Val-Lys-Met-MCA
3 Boc-Phe-Ser-Arg-MCA 17 Suc-Ala-Pro-Ala- MCA
4 Pro-Phe-Arg-MCA 18 Suc-Gly-Pro-MCA
5 Z-Phe-Arg-MCA 19 Suc-Ala-Glu-MCA
6 Bz-Arg-MCA 20 Lys-Ala-MCA
7 Arg-MCA 21 Gly-Pro-MCA
8 Boc-Val-Leu- Lys-MCA 22 Ala-MCA
9 Suc-Gly-Pro-Leu-Gly-Pro-MCA 23 Leu-MCA
10 Ac-Tyr-Val-Ala-Asp—-MCA 24 Lys—-MCA
11 Ac-Asp-Glu-Val-Asp~-MCA 25 Met-MCA
12 Suc-Ala-Ala-Pro-Phe-MCA 26 Phe-MCA
13 Suc-Ala-Ala-Ala-MCA 27 Pro-MCA
14 Z-Leu-Leu-Glu-MCA
4000
_ a
3000} 1 []
= HIn
w2000}
z 3
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= 1000}
& ol -
f‘, 1 2 345 67 8 9-101112131415 1617 1819 2021 22 23 24 25 26 27
O 3000
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= .
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Substrate

Fig. 6. Proteolytic activity of P. endodontalis toward peptidyl MCA substrates. The proteolytic activities
of the cell-associated (a) and extracellular specimens (b) of P. endodontalis (closed bars) and P.
gingivalis ATCC 33277 (open bars) were measured as described in the "Materials and Methods.”

Substrates are shown in Table 2.

LEBEIciR s 4 7LV OVWTFND fimA O
BbRONE,- (Fig. 4)e X HIT,
DNA-DNA A 7 ) ¥4 ¥ — v 3 YEITICE
WTd, 2COER LY = ¥V v bIEEHED
S52TCETDER MY 2 v ¥z v M REEHET
BETLIHS, WFhOFRBETIBVWTH Y147
IV @ fimA HBEIIERS &L DFEERIFDHON

9, fimA LI OEF)HS P. endodontalis (< FAE
LISWZ &AM ENL -7 (Fig. 5)o 1
5> DFAEEL D, P. endodontalis (ERERKESEY)
2EEE S, P gingivalis &3R5 5 EEHEE
IZ& - T, FRRINCERRIBE ICEE LIRSS
BRORERTF &85 2 &bt RIBE N1,
P. gingivalis DRERT L LT, BELRQ
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LDAT, BADTFToFT7—E8B TSN TV
519, EIEREEMD P endodontalis 2 P.
gingivalis IT& > TD 7 a5 7 —¥id, MEEP
AR D ¥ vV BAERTF 9T I/
BRICHHEL, ChoZEBENICEIDIAATHRE
BELTHHTZHDOEERRFTIEH S
», [k, FEER Rt EET 2 RER
F& 153, P gingivalis DEAT 27057 —
T3, gingipain &M B3 —EHDO 7o 7
T-EBHMoNnTH Y, EFEAMBOEELE DR
EHHENIRE XN T W B2, X 5 P,
gingivalis 3, gingipain & & £ & 3
dipeptidylpeptidase® <% tripeptidylpepti-
dase® E Wl oF T —EELELET S
EHURENTHE D, gingipain 2ZLINLD
7u 57— EIEWN P gingivalis DRFIEE
HEO—EHAHEL TOE I EMNREEINSG, &
C TARME T3, P. endodontalis DRI EM:
T, 7077 —¥EREIRI FSAEVSED
5 P. gingivalis & HWBRRET Lo, Z DR, B
FAEEMS L CEFEERIOVWThO T o7
7 —EEHICOWTS, P endodontalis Tl
P. gingivalis L I3 KRE RL B EMNAS ML E
78 -7z (Fig. 6 ). T, P. endodontalis Tl
Lys-Ala-MCA O MK 53 S & 8 & <, P.
gingivalis CHEH T 5 bD L IFERN B
dipeptidylpeptidase Bk D 5 Wi D S 1
Tl FOFT—CEMRRY b5 AL
WHHED S b P.endodontalis 3, P. gingivalis
L IRERTBRERREEZFT 5 L0 RE
XNt

HEF . MERZBICHy, TiEE, IRHE
=50 % LI aFEMRERFIRERHREESE
—HBEAREREEE, OEMEYFEERARNE
EEIRICE BN L 3, APFEICEBL, &
BOEDP R SNTIRBRSTICITHEER Wi
P&, CHRESKEBO F LcOBESEYFE
ERAEFEL IO SB#HOEEELE T,
i, B2 IBHE, CHAxwiiuwi-gEl
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