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Immunomodulators on cell surfaces of periodontal
disease-associated bacteria

—— Possible virulence factors —

Haruhiko Takada

Department of Microbiology and Immunology, Tohoku University School of Dentistry

Abstract : Various components on bacterial cell surfaces have numerous im-
munobiological activities. For example, peptidoglycans (PGN) are present on the cell
surfaces of almost all bacterial species, lipoteichoic acids (LTA) on the cell surfacrs of
various gram-positive bacteria, and endotoxic lipopolysaccharides (LPS) on the outer
membranes of gram-negative bacteria. Although the chemical structures of these
components differ remarkably, their bioactive repertoire is similar. Cells comprising
periodontal tissues are continuously subjected to stimuli from bacterial components.
These stimuli disturb the defense mechanisms of periodontal tissues, which may result in
periodontal destruction via excessive production of cytokines. We examined exhaus-
tively the effects of LPS from black-pigmented bacteria (BPB) such as Porphyromonas
gingivalis and Prevotella intermedia on cultured human gingival fibroblasts. During
these studies, we found that BPB LPS showed an unique spectrum of bioactivity, unlike
LPS from other bacteria, such as FEwnterobacteriaceae. Furthermore, the unique
bioactivities of BPB LPS were apparently attributable to peculiar cell surface compo-
nents of BPB. Further studies of unique and common bioactive components of bacteria
associated with periodontal diseases may improve our understanding of the pathogenesis
of such diseases.

Key words: immunomodulator, bacterial cell surface, periodontal disease,

lipopolysaccharide, black-pigmented bacteria

1. FC®IC

OFEC 3D THRTHELNSHERL, wbWw3
HEMEZEERERL T3, EEARBOETEMEED
HE L 27T EENFRICE DV T, WEAR
KRbYBELE SN E 2 “HREREERE &
ATW3, BLREFHEEBS—RLEL T, OEEEDOS
FERLBHRCERI N, ZOBR, MELrEZ
CHLLKEEIN FEOTHL VUL “FTLW” &

103

EREEEESBE T2 I o, UL, B
REEME OB CRBMENLTWE LI, WFhOK
Bz U AEARORREIIRIEPEEL THLRYL, X5
W, OFRCIERZCEETTRHESSHERINT
Wb, Bz, WEARY v McSEERL, BE
JREEE & L TRB EHEES L TE L OEAY oA—
% (Treponema) D% { DEFEDOEIERIIARISICHEST
ENTWiw, LiehBoT, SHBE7- 2k AREER
DEHT LRI T S CEREINT WS,



104 = H Hibh

WEAFRORRR LI &L 20X D 2REE, EEF
DHRICEF LU 10 FER ERERNICED > THRV,
FNETEEIZ—E L CHEMERBESS & EEy
M L OMEER, #E T NISHERE O REFSY
BIzOoWTHRELTE R, ZORBREELLT, EF
BRO &S ERE»SHEARHRCEF TSIl
7z BERAMERC T B R IH LM S OB AE
BT 2L QMR A L TAEERRENC
WiroTwb, O &5 BHAEERCEFELLY A b
HAHEEZEBEEZEY, WHh®EYA NV
2V FT— 2 BRERLTWS, HE, EEMEEORNK
WX NS A T, AREEEEEDS RE Y
£ N A4 BRI EESN DS, BENRIEZBX
LT, EBEECELOTRZWESIN? UEO
VERERARITT 27-01, LYY EEREER
DEHRS & LT LPS %, Rl & LTt b EgAR
MM A AL T, MREREMBT I &L, £
DB IENZ, I SLRMROFERICOVTHEL
VAR

2. BRREBICIIREHEMENBEL TV

HERB I3 REEYENER RO PREL T
w3 (El), Thbb, 1 a77X7EEMEI
BLOFET S F R > (PGN)Y, 7 F sfgtE
B R T s NERN Y RE5E (LPS)?, 77 A
EMEEBICEL T2 YRS 4 28 (LTA)®, &
FEEESOHMBEEBOYRT ZFE/ v+ v

#£1 LELEREOMIBRE T 2 RRENFH

CEMR RS
[ 94279 X75BR<LTOMERE: ~7F K
Yh

II. 75 ABaHE: UV REFE (LPS)*, SHREH
. 75 LABHE: VRY 1 a2 (LTA*SE
IV. igE: VR7 78/ ~x>»7) > (LAM)*

* BRI E

(LAM)Y Z0EESEE VT SRt fERHE
HErRET S, S DOYWEIZ DOV TIHELEEBEDRE
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—HOBRRBEEL TV S35 DRITHE
DOREEBHMLUT, 20N 2HIET 2 D EEZ
BhTVw5, REMEVRBICHEL (HEET 2HE
ZEANT DD LD REEY, BERRERLYERT
ZUROEYO T B LFHBE T FEZ o h
2, LT, ZORRZEEIZ, WMAEE 35HmCE
LLI:EEET, BXRERELIZOTHAS5, LoL,
COBOMHHEARIBHEMC bER I TS, 8%
5L RBEBEFTRIHEERBZO 1 OTHY, MlsEE
LB ORI TOUFET 2D EEZ SN D T,
NEZRLV L 7Y - a3h3 CDU4R, 77 L1BHEE
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3. RBBRELHE (BPB) 0 LPS

BRABOEEAR ERHVESEHbLLZEEZ SR THLS
HEX, Porphyromonas gingivalis, Prevotella inter-
media FOREBER (N7 F V) RELET 2 RMEBES
YD 7T LAEMEREE (black-pigmented bacteria,
BPB) ThH 220, MRDOZ %55 BPB & LPS #F
L, Z0 LPS 3R L DL D 2o, BRICHE S
N T &/, BPBLPS i DWW TOEE I 60 £ £ T
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BOERY € F ABELEY %R L 2 FFERED
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WTFNRHEFEE2EHENCHBELEB2 D TH S,
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PEEOLPS CEZEDoNZOIEE2RETL 2 &
Z, BRI R L Bbih b, Bib, BPBLPS @& D
LPSWZG&E LW C3H/He] v 7 A DY) %4k
PHLEBET 2, SSHEKDZ I LT, EESIT
BPB LPS #5t I sEAASRMESF MR R L TR R 229
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C3H/He] ~ 7 R &% B fifgimHAL/EAs A T2 &
DHEVD D 2, 3) FH 5 1k P. intermedia
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AR EMEREYE 107
OH 0 OH 0
]
o 0 Ho 0 (H0) ,P-0 0 HO 0 .
0 0 0 "
HO " HO AH D-P(OH), " NH 0-P(OH),
0 0 0 0 0 0
0 H OH 0 OH OH
(C1s)
(C17) (Cie) (C17)

(C17) (C17)

(C1e)

4 P. gingivalis V € F A OHEFERESE,

(C1e)

A. Ogawa®® OIRLUI-HEE#E, B. Kumada 5% DR -HEHE,

%2 BPB LPS OF¥

A, LFRBEDORH

1. ZHEES
KDO #8Y YEfLE3h T3
AT b —RRBRHEE W

2. VEFE4S
REREHBEET 2
S ENTEE 2B %

3-OH-15-Me-16: 0, 13-Me-14: 0 2 &
Y RF B (14:0) ® 3-OH-14: 0 »35R LR
T
R OBV iz v (1 53FHiz D 3~5)
-2/ V) UBS A 7OMEEH &
B. &YEMORHE

1. E&E%
8, B3I, Shwartzman fEFZ23550>

2. REELERAZRALTLIHFE ZL

D LPS K@ h oz WERREE2TRT
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fa%x biEHELd 5
BHETERR R EEL T 2
TFT 45 % —RRIEEEET 3

5 Vi L7z LPS (LPS-PCP) k& » &L 7z, LPS-
PW i C3H/He] ~ v A [ faiE A LIE R 2 325,
LPS-PCP BRiEMEERERho Tz,

—7%, Ogawa 532 |3 F3RD P. gingivalis Y ¥ ¥ A
»3 C3H/He] = v ARMREH/ER 2R L L e
LTWw3, fiEs HFRBEOFRERL TS, &7z
Y1# 53 i3, BPB LPS % Manthey & O 52 & 1=
- T, SHWEHL T, C3H/He] v REMTTE
HIER RIS EHmE L T3, ALK LPS
BZOLIYEFAREBLTHMERSTODBABDOEE &
I, - T, kL% T 9121k, BPB LPS O&H
I 2B T, ERETOLEEHS D,

5. BPB LPS iR AEE 5B WE

EilRo & 51z, BPB LPS O R LM, 7 Dk
B2V ERARESSEORBBEHEIN TS,
®EE 513, ko P intermedia B¥D 2 5D LPS @
EHEDE W, LPS-PW i2& £ 1 Tw T LPS-PCP
WERFELRWERERT 2 EE 2 Tnws, BBET
i, BPBTH LPS®) K A i3l F b
FY U ERBRCRROME ZRAEL TWEEHE LT
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5 BPB XEBOHF L AERAYWE = BT 2584, P. intermedia ATCC 25611 S8 7 =/ —)b « K
HH U CEZAMED» S, BELL T LPS-PW 2BWi-E4S (S1) 287, Sl 274+ Fya—LE
(DOC) #+ vV 7 ATEFE T T, Sephadex G-100 T NVIE@RL 7z, EICY T > Tix, C3H/HeN B X
U C3H/He] v v AR T2 <4 b ¥z EE RIBSRE ST ¢£R), Limulus 15 (ng LPS/
ml THER) & 5 U DOC-PAGE (FH) T®=%—L7, M@ Fl B RIFARFEDO~ 7 X icEE%
KU, Limulus W% K EST, BHFEQ0-12kDa)WE L D #ER I N5, —7F, F2 4 1E, C3H/
HeN ~ v 2 a5 2R~ 323, C3H/He] ~ 7 A MR ZAREM T, 38\ Limulus IEH2HRE
T5TY R My UEST, DOC-PAGE TIHESFE (3kDa) D#E—/NY R 2RT, &8, F1%X
vy —YE%, BESVEBLT, BHO PMES2ET,
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W3, £L T, LPS-PW OFF8ENSF 2T, B 7 =
/=« KEHES CIENMESLRBICEE LTS
EFHIL, ZD¥E% Prevotella mitogen (PM) &4
17T, SEBEEE2REAL2 (”5), HEFLATIX PM
OISR HHF TV RS, LPS O ERER %
Td®H % Limulus 7 A v T, ET/HER2 T E 2\ PM E
SERBDH I EDHEK, HREEDY PME S C3H/
HeJ] = v A B{fAE 2 58 > mitogen EA 2 RIZ T 1o
DTS, ARYADEK~ a7 7 —-YREMRMLL
TAvy—uf4F>(IL) -6 EERE LI, &bk b
RS ER T O R ES 2 RE L, &
bk, IL-6 FHHEOFHEHE, IL-8 mRNA ORHFH, if
MR T/ A ¥y v ¥ —7 7 7% — (HGF/SF) ®
ELEFE, BNEERFNFxBOEELEELRL

7229, b i &1z LPS-PCP i f & & U 7 5 8 Sal-

monella abortusequi LPS L [FIFRIZ 26 DIERH 255
ER&RhoTzh, LPS-PW i PM B34 5% 3
DODOHEZEEE2FHE L. IS OFED S EHIL,
BPB LPS iR 2EMZ, LPSHAETIR R L, B
WEALLHMELZ PMZRBHETIEEI TV, bR
AW E. coli DB =/ — ) « KIHE S Z PM £
EERFED s, £, P. gingivalis 381 DB x
J =)V« KERHESC b PM BRIEMELEED 55 23,
EPROFETIRZ VY b F Yy e RIHkR 5 12,

6. ¥hTH¥%% BPB LPS|C
BRI EYEN

Tid, FEBIL 72 BPB LPS 3ftho LPS X Y b 405
H3E B 121 DFFEME LPS Th % 5 o FEb I KERS
DEBERTIEIRY ThH 5, Hlz i Ito 539 IRERDOHK
ED LY WX RV, P gingivalis ® P. intermedia ®
LPS O= v 2 DB E MY OB RIUELE T X Mo
LPS kWL 2§FEholc b HELTWE, ZOERT
e A0BEAE AL Twa S, BPB LPS ik
C3H/HeN OMilE TR BERINEME 2 FH L 72 25,
C3H/He] TRFHEFEEERE R ol I, &5
W PMEBESRZVTRDOR YA THRE-ETH -T2,

EEBFAN T, H— LPS-PCP »335 L 151 %
HEBELUIERRED DL, ERORFF Y IVH DR
INERIEETH S MDP 2~ 2532, 2h
PO TEWOIITTELRBED SR, s
ZE—27ELTLPS, LTASZHT 2L WERSH
TUEDRR® 5 53839, BARINIZIE LPS 0BE, B3E

BEPY A M A VBEERABLZ L EHEIND,
S ORIGITBEONEREEOHE®RTH Y, C3H/
HeN v XA TiREH o TH C3H/He] v 7 AT
oLV, £ Z 50, MDP 2Hi#5 L7 20D
RO T AT, HHED LPS 2FIRNESH T 3
£, 1020387 F 7 4 74 Y—BRIGHBEIZY, %
LDO=Y AN 1 KHEUNIIETET 540, ZORIGIZHE
kOHRBREEOHEDONCH % X 5T, C3H/HeN
50 T < C3H/He] =7 A b WS MR RT,
ZDY AT LTI, BPB LPS I8 LR RTHEWIEY
PERET LY, Lrb PMBEAL TWiWwLPS-
PCP 23 & D b iE 2 FHE L 72, 5 Endo 5+
&, LPS-PCP D7+ 7 4 7 F ¥ —(RKICOFHEIZI1F
MDP ORi#E52E LW L, ZORISICE?E > T,
KM SO o b => OBT (B%F 5 i/
IWOBAT), L AOMRENED 53 3 L ZHS»
WWLTwab, UEOHRIZHEREME T\ BPB
LPS &, BEOTY R b+ & 3RIOKRK LA
EEXERLBLILERLTWVS,

7. REMYA b hA VEERRRT L

okt BPB LPS i3 & b S ASRHESEMRRT 1z K95
YA b A4 VEEERRT, RRBEFMARCL 2
IL-8EXEA I —7zu (IFN)-BR yIZ&>T
NS 2 L OHBEB - TH o739, HLid
IFN-B & vy THIALE S N /- IR HEIF B 13 P, inter-
media LPSIZNT 2RBEZULEE>TEHVRLVD
IL-8 mRNA M ERT L ke L7229, K> T Sakuta
5% P. intermedia LPS-PW 23 L T, t MR
TRMESEMIREC X 5 IL-8 mRNA I+ g1 IFN 8
Wk % IL-8 AT, HICEARROMELED T,
ZORERIFN-a,8, y DWW TFhicDOWwWT, LPS L[H
RECSRHESF IR B in 2 2 & LPS @ IL-8 mRNA
HWMHBPELLIFHE N 2D LT, EWY R (18
REfI 0 E#®) IFN CHIFg 2 a3 % L L 3 LPS
KT BI0EELEE-T, ELAEMBELY HL
IL-8 mRNA 2FRI 2 L 2O LIz BB, &
D &7z IFN B 2 BRASTEA X IL-1a ® TNF-
a RERPE L LEBESCLED SNz, 77, LPS
FI % 521 1 RHESHIR T3 NFxB O EML LR D
ohicds, IFN ZRTALEEL TH LR L TH, 2OEME
{LOBEREIFED >N Mo,

L EDSRIZEERS £ LT BPB LPS B4 % 3R
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LB bDTHY, LROEEL S PM cKd
IRIGEEZ SND, HHEFHECIERT 2 O E
RTH, ROV A Mb A VEEREY AT LOME
BT SAREMEL D 5, RAUMIN 2 AR HESF IR ICIR & 7%
FhE, Br OREWwY A bh A SHEOHEEAD
RN CBS TV, & 51, BEERKRSHEDHE
HERORE b#H Vv, FEE S b, PGN & LPS, PGN
£ LTA LPS & LTA EOHEFENDH 50, B
MERTTRE LIZBEOREEEEEL T 5,

8. *onitho) BPB BiARBNEEHE

EEHLOWMRER, LELHEBORBICILS MY
2EEMEICEH L TCASY — b Lz, BPB LPS &
BRREROREEZBR LU IER, LEEEY TR
v, B% 5 < 13 BPB BB OEEWE, PM OFER2R
B3R E2B3CE ST, ThE TOEMED S PM
DIEWAREIZ S V87 TR EFHEEZ T 03B,
EoW, ZORMELERERT 5 LEELSHETH 5 A6E
EDE D, ZOESEBMOERERBOESHEE L R
W CDH CE>THBINIDONE I »IZ, SHROE
HRHLHERETH %,

BPB i RELEHRRBME L L T, RES V7
DWFEBEATH 5, P. gingivalis DIFEZHY Yo-
shimura 549 12 & > (L& s h, ZOHETHE S L
72 43 (H 3\ i% 41) kDa OFE S > »%7 (fimbrillin)
X, Y%, BEOMNBERT & L THES LY, 20K,
Fe UM AR S 2 E L L TR R ER
ERTIENHSHIZEN TS, Ogawa 545D
2, A5 > 87 DEHRTF R 2HREAICERL T,
R GEEE2HEIBEOENTE2ED TV 5, —7A,

H Fitdh

Matsushita 5°? 1%, P. intermedia & & O 55 kDa D
F Ry BSHEREEILT, R REMERLEELT
W3, 5B, [ 85 v 71% P gingivalis %< BPB #
[@5 87 L BHURME 273 L5 ,BPB LA O
F£Y R TRZDOOTHHFENEDIE, Hd20iFIED
EHEENFET S2EEO DS D,

9. BbH I

HWAREEMEORBRS & LT, BPB LPS 2
DIRRUTERD, ZITHEO—HBERLTVS &
Iz, ZOBOHETIIEIZ, LEXEEICHEBEL T
BOOSNBERE, BEOHBCRENLEECER
LTHERED ZLEBERD S, LRROBESY 7D
BEE, LPS Lk, BHEFS TIIRENEEYE &
LTHEHEZEDTW S, 5%, LEOEIEHEES »
KRN Z VL, WFhE LT, TEELFE
MOMEE2ERT 5 2 L PEEROKAZHE 5 Lic
BREEOTHAD, 2D ki, BEREEETII,
INETHEVERY ETFo 28BS0 oOE
EERZICOWTHY TR EBETHSS5, 77 LBHHE
ONESY > %7, & 5IIIEEARE DFRb D TIIER
ENTERLT7L0BMEO LTA 2159 &3 2 M
HYIE, MECES AT 5 PGNELZD L 5 2
BTHD EThE, REOESIERZ LB E &
255,

&I, AREFEOBRERLY KEKEHI N HD
EBFBRL T, BERNCEZOMERBMCERE
BOTEEKIETEW, BEOKRIEEL ) EHENYE
ERLEDVHDH B ETHIETERE T2V,

ABREE . EHERBOBRES I, TEEVENEELZRET 2WELS W, AIb, FRERT
DEBIIDHT BT F K 7Y A > (PGN), 77 LBHE L AT 5V RS A 2@ (LTA), 77
LR R R T 2 NERE Y REH (LPS) FRb¥EE2RI T2 Kb 6T, BAcE il
DRSO CTHEERIEEERET S, HRAEBEER T MBI SHERSCECHEINTHWS EFZ
>h3, #ORKRE, BEABBOEARSEEEBCEIABEL, BROVY A 14 VEEZSEZBEUT, HS
BEEBK L THIAEEELH D, 2D LD KAl EIET 57: 012, EH S X Porphyromonas gin-
givalis R Prevotella intermedia EDEEERELEE (BPB) @ LPS Dt b PRI MIT I3 5 1F
R ZEICRET L. ZDFER, BPBLPS @R OME D LPS t 3R 282 HE T2 Z Lo H»
W ot, 2512, BPBLPS 0EEZLEHEIX, BPBIEBEOEERSICL > THOLN TV S AJREMDS
RENT, DD HHEARBEENE R LEERS L BN ZERERS 2 RFCANTHE L ED
ZEIE-o T, HARDKERO—mEASLICLIZWEFZ T3,
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