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Abstract

Porphyromonas gingivalis coaggregation with Propionibactevium acnes and P. avidum was
observed. These coaggregations were inhibited with L-arginine, L-lysine, L-cysteine and L
-histidine. Heat- and proteinase K-treatment experiments indicated that cell surface heat
labile-protein factors of P. gingivalis may adhere to the cell surface of heat-stable protein
factors of P. acnes and P. avidum. Both P. gingivalis cells and vesicles promoted the coag-
gregation of P. acnes to the partner cell with which native P. acnes cells do not ordinarily
coaggregate. It was confirmed that supernatants containing menadione like substances of P.
acnes and P. avidum stimulated the growth of P. gingivalis in vitro, suggesting that these
coaggregations play an important role in the growth of P. gingivalis in subgingival biofilms and

in the progress of periodontal disease.

Key words : Porphyromonas gingivalis, Propionibacterium acnes, Propionibactevium avidum,
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JCM64738 & U P. avidum ATCC255771%
tryptic soy brothiZ THEKE:®E L7z, SHEER
OG- EE = LB R ER I T L,
EREWRC CEBEIER L 2. P gingivalis
ATCC33277, 3811Z0D660nm % #J0.6\ZFHHFE L,
P. acnes JCM6425, JCM6473130D660nm % #J
1.8IWCFHEE L7z,
2, HEBEDAE

FLEEE DB TE F 13 Cisar & D H I HE L
7z, $kbb, 2EOMEOEW % 13X 100mm
DHRERE 2200 1T DHIIL, & 510 HELERE
B 2100 w1 L, /T 1 FEffiIR . 5 8%, A
IRTEHZEL, -5 4 +D 5 BT L.
7z, 7B, BBXUEDTAGEETIIBIT S
HBELAEL ZNZThOEEE Az, £z,
BEAEE85°C, 1053 EINNER L 72 IR D FhEEEE &
FEL, BRI & 28R AT,

3. P. gingivalish b DX 7 NV DOIRE
Grenier 5 DK WNTTo Tz, T b b,
ILONS Y, XFVFUBLUA X b F
A N7 7 NE&ftryptic soy brothiZ TP. gin-
givalis ATCC33277% 5 HREIBESIEER, 8,000
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Table 1. Coaggregation of P. gingivalis and P. acnes or P. avidum

Coaggregation
Bacterla P. acnes P.acnes P. avidum
JCM 6425 JCM 6473 ATCC 25577
P. gingivalis ATCC 33277 342 3+ 4+
P. gingivalis 381 3+ 3+ 4+

a) Coaggregation was measured as described in Materials and Methods.

Table 2. Effect of various compounds on coaggregation of P. gingivaris and P. acnes or P. avidum

Coaggregation

P. ginglvalis ATCC 33277

+

P. ginglvalia 381
+

P. acnes P. acnes P. avidum P. acnes P. ances P. avidum

Tested compound JCM 8425 JCMB473 ATCC 25577 JCM 6425 JCM 8473 ATCC 25577
None S5o0mMW 3¢ 3+ 4+ 3+ 3+ 44+
L-arginine 50mM - - - - - -
L-lysine 50mM 2+ + - + 2+ -
L-histidine 50mM 2+ 2+ 3+ 3+ 2+ +
L-cystelne S50mM - - + + - 2+
Other amino acid® 50mM 3+ 3+ 4+ 3+ 3+ 4+
Sugars? 100mM 3+ 3+ 44+ 3+ 3+ 4+
EDTA 0.6mM 3+ 3+ 4+ 3+ 3+ 4+

a) Coaggregation was measured as described in Materials and Methods.

b) Final coancentrationof tested compound.
c)- L-asparagine, L-proline, L-serine, L-glyci

d) D D-gal D-gl D , D-r

. ole | N-acetyl-D-ol
D y
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Table 1 R LU 72 £ 5 &, P. gingivalis
ATCC33277, 381& P. acnes JCM6425,
JCM64738 £ O'P. avidum ATCC255771%H%EE
T2 EPEEIN, ZOHEE I Table
2 1~ L7 & 9 I L-arginine, L-lysine, L
-cysteine¥ & *L-histidine® 7 & /BIZ & D
FHEX Nz, ¥E X UEDTAK L 2HERZA
SNipolz, SHWEET I/ BROBIEE
L Z2[AEETable3 D L5 Tho7z. kbbb,
L-arginine, L-cysteinelZ D> CTIZEMIEE 3

25mM D % W IiF12.5mM T b 52 i fiE R Lz
3, L-lysine, L-histidine(Z50mM T ¥ 584 7% fH
EixA o5 F, L-arginineDHESIE N H & 58
K Aoz, £7z, P gingivalis381 & P. acnes,
P. avidum & DRI BN THEEDOHEN A S
niz,

2., 13 & & UproteinaseKLIBDLEFE~D

2238
w7

Table 4 2R U7z & 512, P. gingivalis % INEA
5L EEEITHEL, — A, P

Table 3. Effect of concentration of amino acids on coaggregation of P. gingivalis and P. acnes or P. avidum

Coaggregation

P. gingivalis ATCC 33277
+

P. gingivalis 381
+

Tested P. acnes P. acnes P. avidum P.acnes P.acnes P.avidum
compound JCM 6245 JCM 6473 ATCC 25577 JCM 6245 JCM 6473 ATCC 2557
None 34 3+ 4+ 3+ 3+ 44+
L-Arginine 50mMe - -
25mM - - - - - -
12.5mM + - - 2+ 2+ -
S5mM 2+ + 2+ 2+ 3+ +
L-Lysine 50mM 2+ + - + 2+ -
25mM 2+ + 3+ 2+ 2+ +
12.5mM 3+ 3+ 4+ 2+ 3+ 3+
5mM 3+ 3+ 4+ 3+ 3+ 3+
L-Histidine S50mM 2+ 2+ 3+ 3+ 2+ +
25mM 3+ 2+ 3+ 3+ 2+ +
12.5mM 3+ 3+ 3+ 3+ 3+ 24+
5mM 3+ 3+ 3+ 3+ 3+ 2+
L-Cysteine 50mM - + + - 2+
25mM - - + 2+ + 2+
12.5mM + - + 2+ 2+ 2+
5mM 2+ 2+ + 2+ 3+ 2+

a) Coaggregation was measured as described in Materials and Methods.

b) Final

of tested pound.

Table 4. Effect of heat treatment on coaggregation of P. gingivalis and P. acnes or P. avidum

Combination of orginlnm Coaggregation
P. gingivalis ATCC 33277 + P. acnes JCM 6425 3¢
P. ginglvalis ATCC 33277(H)* + P. acnes JCM 6425 -

P. gingivalisATCC 33277 + P. acnes JCM 6425(H) 4+
P. ginglvalis ATCC 33277 + P. acnes JCM 6473 3+
P. gingivalisATCC 33277(H) + P. acnes JCM 6473 -
P. gingivalis ATCC 33277 + P. acnes JCM 6473(H) 4+
P. ginglivalis ATCC 33277 + P. avidumATCC 25577 4+
P. gingivalis ATCC 33277(H) + P. avidumATCC 25577 -
P. ginglvalis ATCC 33277 + P. avidumATCC 25577(H) 4+
P. ginglvalls 381 + P. acnes JCM 6425 3+
P. gingivalis381(H) + P. acnes JCM 6425 -

P. gingivalis 381 + P. acnes JCM 6425(H) 4+
P. gingivalis 381 + P. acnes JCM 6473 3+
P. gingivalis381(H) + P. acnes JCM 6473 .
P. gingivalis 381 + P. acnes JCM 6473(H) 4+
P. gingivalis 381 + P. avidumATCC 25577 4+
P. gingivalis381(H) + P. avidumATCC 25577 -
P. gingivalis 381 + P. avidumATCC 25577(H) 4+

a) Coaggregation was measured as described in Materials and Methods.

b) Cells were heated at 85 °C for 10 min.
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acnes B £ P, avidum % INET % L HLEEED
NS AEMA DA Stz 72, proteinaseKAL
HOEEICHL CidTable5 WRLZ, $7&b
5, P gingivalis & P. acnes, P. avidum O
proteinaseKALERIZ L b, HEEIIHA L, &
ne0Z XD, P ogingivalis & P. ancesB X U
P. avidum DILEEE X P. gingivalis D ZEE
5 NI RS E P, acnes® B\ IEP. avidun
DB S >3 7 BHS D3RS L T 5 AJREME
AVaN R W
3. P.gingivalisN> 2 IVIZ& B3P. acnes & U

P. avidumDERE S S UE2DMHEICL 3R

Ei2ownT

Table 6 R T & 512, P gingivalisATCC
332778 XL U381 51872y 7 WIEP. acnesB

Y OP. avidum =8E LT, ZOEEIXP. gin-
givalisATCC33277T & D Bic Ry 7 VD 3%
FiaERS R S, 7z, ZOEEIXL-ar-
ginine, L-lysine, L-cysteine® & U*L-histidine
WEhHEXN, HRIC X 2 HREEDHE L F
MTholz(Table7). TDZ &LV, P gin-
givalis £ P. acnes DILEEEIIP. gingivalis DY
RS DEE L Twd 2 EHRB S Lz,
4, P. acnes& P. avidum B2EEEFIC L B P.

gingivalisDEF/EMILIZDOWT

P. acnes JCM6425, JCM6473, P. avidum
JCM2557TDRsE LB R IMZ Te AT V4 VI E
IR COP. gingivalisDEB*BE L7, %
DR, Fig. 1 10RT & 512, 2hEH, 30% %
7213409% DEFE LEHRMC IV ELWAEFO L

Table 5. Effect of Proteinase K treatment on coaggregation of P. gingivalis and P. acnes or P. avidum

Comblnation of organism Coaggregation
P. gingivalisATCC 33277 + P. acnes JCM 6425 3+
P. ginglvalis ATCC 33277(Py + P. acnes JCM 8425 -

P. ginglvalis AYCC 33277 + P. acnes JCM 8425(P)

P. ginglvalis ATCC 33277 + P. acnes JCM 6473 3+
P. gingivalis ATCC 33277(P) + P. acnesJCM 6473 -
P. gingivalisATCC 33277 + P. acnes JCM 6473(P)

P. gingivalis ATCC 33277 + P. avidumATCC 25577 4+
P. ginglvalis ATCC 33277(P) + P. avidumATCC 25577 -
P. gingivalisATCC 33277 + P. avidumATCC 25577(P)

P. gingivalis 381 + P. acnes JCM 6425 3+
P. gingivalig381(P) + P. acnes JCM 8425 -

P. gingivalisg 381 + P. acnes JCM 6425(P)

P. gingivalis 381 + P. acnesJCM 8473 3+
P. gingivalis381(P) + P. acnes JCM 6473 -
P. gingivalis 381 + P. acnes JCM 8473(P)

P. gingivalis 381 + P. avidumATCC 25577 4+
P. gingivalls381(P) + P. avidumATCC 25577 -
P. gingivalis 381 + P. avidumATCC 25577(P)

a) Coaggregation was measurd as described in Materlals and Methods.
b) Cells were treated with Proteinase K( final conc. 2mg/ml) at 37 °C for 2hr.

Table 6. Aggregation of P. acnes or P. avidum with vesicles of P. gingivalis ATCC 33277 or 381

Aggregation
vesicle of vesicle of
P. ging P. gingivalis
Bacterla ATCC 33277 381
P. acnes JCM 6425 5124 84
P. acnes JCM 6473 512 32
P. avidumATCC 25577 256 16

a) Aggregation was measured as described in Material and Method.
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BOET, /P gingivalis & P. acnes % 723 P. avidum & DILERE

Table 7. Effect of various compounds on aggregation of P. acnes and P. avidum with vesicles of

P. gingivalis ATCC 33277

Aggregation

Vesicle of P. ginglivalis ATCC 3377
+

P. acnes

P. acnes

P. acnes

Tested compound JCM 8425 JCM 6473 ATCC 25577
None 50mhr 512+ 512 256
L-arginine 50mM <t <1 <1
L-lysine 50mM <1 <1 <1
L-histidine 50mM <1 <1 <1
L-cysteine 50mM <1 <1 <1

Other amino acide’ 50mM 512 512 256
Sugars? 100mM 512 512 256
EDTA 0.6mM 512 512 256

a) Aggregation was measurod as described in Material and Methods.

b) Final

c)L-alanine, L-qspnraglna, L—prollno, L-ssrlne, L-glyclno.

d) D-f Dg , D-rh D D-sorbitole, lactose, N-acetyl-D-giucose.

1.8 ¢

0OD660nm

0 10 20 30 40 50

%of supernatant
Effect of supernatant of P. acnes or P. avidum

on growth of P. gingivalis ATCC 33277.
Basal medium® +supernatant of P. avidum JCM6425.
7 . Basal medium+supernatant of P. acnes JCM 6473.
l: Basal medium +supernatant of P. avidum JCM2557.
ATryptic soy broth supplemented with yeast extract and
hemin.
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(C). &7z, C. albicans DE R P. gingivalis
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P. acnestSC. albicans DE T ICFEE T 5 B
DX N7z (Fig. 2 (D). E 5P, acnes & S.
aureus I ILEE L W (Fig 2 .(E)), P. acnes
% P. gingivalis'S ¥ 7 W2 TR, S, aureus
ZUWHINT 5 L HEESFE I N L2B0BE SN
72(Fig.2 (F)). 2D Z & kD, P acnesid P.
gingivalis R XY 7 v BN L CHEE TS
BOEERICHEETEDZ bz,
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P. gingivaliseeRAg& T 77 — 27 WCEET 5
BAENTE SN T W3, P gingivalisid ¥ 38
W&k 77 — 7 O Streptococcus sanguisZH 155
&L, DWW TActinomyces viscosus, Fusobacter-
ium nucleatum B X O Prevotella intermedia s
EEE LEARBR T Y7 — 7 BB LESET S b
DERBEINS®, P gingivalisix 235 OH
BEICHRBICLIVEA T2 I emEINLTVS
7, A. viscosus X P. intermedia™~ VX IMERK 3 12
THEET A I EPHEEIN TV R, SEES
T—=TbNAF T4V LELTELZONTE
D, P gingivalisb 2D X5 L THRFED A
FT74NVLLEBATEZIDEFEZ 5N,
77, P. acnes IG5  SrBES 560320, O
FERND» & bTBES LS, P.acnes X S. sanguis &
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Fig2. Coaggregation promoting effect of P. gingivalis cells and vesicles of P. ances and C. albicans or S.aureus.
Micrographs are Gram stained pellet fractions of microorganism after incubation at room temperature for
60 min and centrifuging at 84xg for 1 min. (A) cell mixtures of P. gingivalis ATCC 33277 and mycelim type
cells of C. albicans E3. (B) cell mixture of P.acnes JCM6425 and mycelium type cells of C. albicanE3. (C) cell
mixtures of P. gingivalis ATCC 33277 treated mycelium type of C. albicans E3 and P. acnes JCM6425. (D)
cell mixture of P. gingivalis ATCC33277 vesicle treated mycelium type cells of C. albicans E3 and P. acnes
JCM6425. (E) cell mixtures of P. acnes and S. aureus 209P. (F) cell mixtures of P. gingivalis ATCC33277

vesicles treated P. acnes JCM 6425.

HEET D L DOHREN D 2 0322ZF OO X
BRENTWERW, P acnes SBAED & b RH
ENTWEE, ZOEEBBITHTHS, 5
[BIP. gingivalis & FEEET 5 Z L BB S NI
ZEWZED, P oacnesDEABENDEEEBO
1ODAREE L H 2, T EAED Z L DP,
avidum \Z BT HEEINIz, P. avidum b P.
acnesFIRRICH AT, S bRHE SN T WS, P
acnes &£ P, avidum 33z €8 2 VKEROYE
PEALUP. gingivalis DIEFEEEET 5 &8
BZEINTWBB-19, P gngivalis &G LTz
MEIER T 2 EE T 5 2 E3P. gingivalis
OEFAC B THEICENCLL2bDEFZS
nb.

P. gingivalis & P. acnes, P. avidum & DFLEE
#£3L-arginine, L-lysine, L-cysteine® & UFL
-histidine 2 T BH 2 & #1 7z. L-arginine, L
-lysinelZ & % [HE 2 & RgpKgp DG 3 HEHI
aEnte. P oacnes®B X UP. avidumlZ, P. gin-

givalis D rgpAB £ 1V rgpBBIE T DE R L
IFHEE LW, L L, 1gpAB L CrgpBH1R
BT 5 LBEOBEESTHLE 747V ) >
O7axy 7 BfThn T, fimARESR S
NZWERENRDH S L LD, fimABLFOD
TERETHHRIT LIz & 25, FkE REOILE
EH4E U (data not shown), THH6DI &
& D Rgp % 7213 Rgp & adhesin domain ¥ > /%
7 BOBEEERDESMP. intermedia & D
£ L [EIREICHERI & uFz, L-histidinelZ & A HZE
DL F. nucleatum & Eubacterium spp. & O
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L-arginine, L-lysine & common configuration
DOHBENHI XN T WS, P, gingivalis & P.
acnes, P. avidum O ILEELIZ BT b L-ar-
ginine, L-lysinelZ & 2 4 & % 5%, common
configuration® B HENEHICEE L Tw»
B, ED DI TH 5. CysteinelZ & 5[HE
W b FID3 7% S RBRTH % 53, cysteinell &
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E&7» &, heat labile-heat stable typeDfi&r
ThHdH I EBbinolz,
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