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Abstract

Regulation of gene expression in response to cell density is considered to be caused by quorum

sensing and quorum sensing systems based on bacterial extra cellular signaling molecules, the so-called

autoinducers(AIs). Porphyromonas gingiualis secrete autoinducer 2(AI2). The purpose here was to

examine whether AI2 influenced protein production of P. gingiaalis. The h,uS gene, one of the genes

for Al2 production, mutant(N3) was constructed and the protein production of P. gingioars ATCC

33277 (parent strain) and P. gingiualis N3 was compared using two dimensional gel electrophoresis.

No differences in spot number were observed between the parent strain and N3, but the spot volume

of one spot was larger in the parent strain than N3. With N-terminal amino acid sequence analysis,

this spot was shown to be Rgp, a major pathogenic factor of P. gingioalis. The Rgp activity of cells

of the parent strain was also higher than that of N3.

From these results it is suggested that AI2 may be involved in regulation of Rgp production and in

increasing the pathogenicity of P. gingiualis in oral biofilms.

Key words I Porphyromonas gingiualis, quorum sensing, Rgp.

E{.f:+Ft1549H26Fl

(137)



18 ffil76 fi , lfu ,/ P . gingioa lis A y' :z t s ) Hff Ifl ,'. O quorum sensingO*v#

ftr H o HiHH t. ffi# l- < .€E+ Xfrn:=aBfrfr b
P.l, 4 ffiffi i* quorum sensins t 4 iJi't ( r,,

a(L). .tLt.)v\a affi1,na+Rfi.t*.4 h oxlt
IF,*.r,2-t v, < T fi) 4Q). 4 h O XXIR*.Ii, 4 h
owllt EEt 6ftrHffirirH)ilta.Li. j
,, fflHrr#xL<fr. a. .atil*.bfr.-r
frflHl* Vibrio fischeriT4 h 0)l*frt.ffikl-,
HW a j#ltfilt {# t,, E S t 4 acyl-homoserine

lactones (AHLs) biar* AWlHbffiL A L, atL
b\ V. fischeri Oregulatory proteins talFHf
a. zaffiR, zaIfr#.ti_JD v?"-ltvE:Sts
4. D, lucif erase)EET O *i5 ri" ffi 4fi 3 tLft)t-f
6 . L r\+Efr 3 ill-(3,4,5). . OrE*.AffiEEl,. J
D frEH l: *a u, < lZ++UHt t L-C cell to cell :r

\ :z-7-/ a zbl(v>6 -- t, */e, aA
quorum sensingd)fi liffi HFfi ii *i r,r a tr, < E
El,<v' A a Lb\xffiiiffi | tr: l.ti.t o). )"
, t^w'l*ffi-cilli.^(7+ ij a^' L(quorum
sensingillf b lfl,a. v' Z . Lactococcus lacils AE
+_T 6+jiH.:7+ F tJ.AtjIH,s77 I:.OiHH

trlb6ffi,fEi.rgr-6 L, 3 6l;fifuH^17+ F a
tr+b:Hlni 6 LW€8 tuav,6$r'. )", aW
'l4Hf l* y. fischeritt*it,:151p,-m3 i'ule

AHLstrH5 -f A *hs i> 0, AHLs iJ autoin-

ducerl (AI1) Lrylj'r?r v> b. AlrD{Fffi iiH
f6t+EH'lrb 0, < alFffiffitrrrpE b tLa'W+

bi fr) 6@). Pseudomonas aeruginosaTl tr 4 t
7 4 )v AOtr F\.tzArtnrifH,- a .- t h\Alla
tr LtzW1t a EE + ( tasl E{r,A) A'Xffi D X
,Eff rz. 3 ttlt . lasl ]€'IiAA- ̂ wtFrr-fr; 1 r ( fJ z I
4 i 7 .t )vAFxFAWottrS rJ'ffi (, *t, deter-

gentir j , ilrrr'Lsf ( /r 6 . L nr#fr3 i'L

le . aAa L & D, AIlrj'P. aeruginosaAtt4

t 7 4 )vAOFX:?*i.EE'cb 9, Ffrt*k1r,cP.

aeruginosaa)EH'l4ll 6 HSr a a L nrz\@ 3

lLle.te). a trLi.l-j L r, F\tlr,*Zi.aET b a b:, 7^

, AW'W' )" , AW'Wffit. *i r, ) ( E < 84. 3 iL,

*. t:., HffibFdbf*E < lFHt 6 Y )" )- tvWH

iJAI2 t ryifi"L( L) 6(1). AI2E+.tt.Wi4t AW

##o> | 2 D&li+bs luxSi€ETTc* A. . a
i€fr+lt& < Of#HFfir,t + rr r-rj"t> 9, &
< offlHrAr\btrHt 6. tnr+Ffr3i'u(v'
A o). AIZOffiH'I& lz H5f A F\ Y V < [*,EH14

*wH a, 4 lrilfttil,ffit#a xtEtzHS?. 6 +E

#str rr 3 iL ( t, I 6 t'or. * /:, Fusobacterium

nucleatum, Preuotella intermedia, Por|hyr-

omonas gingiualis, Actinobacillus
actinomycetemcomitans, Streptococcus gor-

donii#0) Effif;ffiH ro /.I?*tr+.-f A . L rr+E

ft 5 tra7-ttr'tz't3't4). P. gingiaalisb\Al?tta J D D

a t ) ttiEE+a#lbtlEEa rla b'bffiF.t
6 EH!rdifferential display PCRt. J. A+F.

81\t2), titLl ,*f .yl &arginine specific

cysteine proteinase (Rgp) $ a; iE{* l. IRE L /-
*E#tlrr 3 tll-os). Li' L, EFffi lr f i7 6 Rgp

atrH#€,HfET,_ A L-f a ffi+ t, f.HlJfr f A

Lt4^F.rs) /e ffiRrr*E#3r'LrL)6. .At
i lzP. gingiualisllquorum sensingi- k 9 Da
fTZTIEET#'8.'JE6€ 3 /1, * ft DOffi TrE H

Hnr€FI 3 tr, b b't*Tfltg fi fis$v> . fuR tt ,

AI2l. & D P. sinsiualisl)?E1H.Xlild D a t
) r,t-Alt-f Ab'hffiet-f bftP>, P. gingiualis

olurS*RffiblFryL, ffi#F Lo), >)srHX,
rE D+fua* 2 \r-H-x.wHJb Hv.., 7 u 7 t -
AtrttzWtfil-, Al2t. j A*R Ebffiilf L/e .

-Ef;''*
I . {tEdHffitr*Etri*

Potphyromonas gingiualis ATCC 3327 7 ffi,
N3ff (luxSTEt ) ii 5 pg/ml hemin, I pci
ml menadione, 5'% yeast extractiffiIlTryptic

soy broth (TYHMT*It) * t i*GAM+XLolt
i. ( 3Tcfmfi E! i.r,.aE L f:. Escherichia coli

JM109#F, DHSa#F, pKD355ffil*LB broth* t

ffi

(138)



HIGASHI NIPPON DENTAL JOURNAL Yo1.22, No.2, December, 2003 19

iJ LB+X,*,& tz < 37' CT+7"5H! rz ffi Af L /e. *
le, ffi#-WJHi*,2.EE+t..4. coli rtt ft l, < lt
Ampicillin (1OOpglm1; * /: i*Erythromycin
(300pgl61; tsLstttli rnl-le . P. gingiualis

l.l{ L Z it,Z'48+ i.Erythromycin (tO pg1 n:J1

&ffir&l;ifitrnuz;.

2 . P. gingivalisi' b O*E{fDNAro^tfrfrfr i*,

Simth 6 afi i*('u) t.lf if# D A Ts'> t:. -{ rt

bb, L-Jz#ffiWl,000plbV --)lz t D, E,L'
'{k, -|ffibf4.(, H{+0r567 plaTBtr v 7 z -
L 30 pt0)r0%SDsi6fi etrl Z<'6ffi L /e. : v.

f, 3 plOproteinase K (20mg /ml) YdWhlJn

L, 37'C-C60htr[fi L/:. 3 6 1,., Cetyltrimeth-

yl ammonium bromidetsrli, 65'C-C20tYJl

ffiNlEL le . a 0)'&. i. lE E o phenol/chloro-

form/isoamyl alcohol (25:-24:- I, v/vlv) i&

thnZ, +E L a lh, 15,000 g , 10jl:E,L' t-, l:
ffibffi LL:7:. -)t L D, Zttzt,000pla
10096 a + )v 7 )v :1 * )v b)lt Z, - 80' CTz\ttffi
Elfh, tS,OOO e t10j}a,L' l-,'hWb 7 0% r r'

BalI--+ |A--A
laS e

1.2 Kb

)v7)v=-tvTfrfrLle . thB|.bMicro Vac

MV 100 (TOMY) Tffir*.V, atLI., 2 plA
RNase (l0mg/mt) ts 6 tuSOOpl O TE zr v
7 r-&il82, 37"Cr30rlEffiL/e. ?L)r,
a tL tz IEI E o phenol/chloroform/isoamyl

alcoholtsIUiffi.L i l-lt. i i't &15,000 g, 10

t!fr,i,:th, }iEEffi|v,t =_)ELD, atL
E-3jpto) 3 MBImi | \, 

^#Wb)JtLt:. 
3

b E, 100%,a* tv7 )v:1- )v t750pi1li-, -
80"C-C20rlb\Eth., ts,000 e ?10rlit,L.L, it
W.b7y%tV )v7 )v:i - )vTffifrl-t:. 'ftW.b

Micro Vac MV- 100 rSZ'WLh., z tL tz20 plaTE
ttr T 7 -b)1il7-, P. gingiualiso*€'f4DNA

ffi.L]r:e .

3. luxS4Et*@fFs*
P. gingiaalis D AIZE +^t W+-f 4w#fr+0)

I )T b 6 LuxSO]EE* luxSl*Chungb a*R
tLo2)b 6 L ll TIGRTa\m U< D A P. gin

giualis W83, ) AAr-r>\b*tt.l-,
luxS;€E A bfr {-PfEbI erHfE-f 4 l, 4 -< *'\

1uS 
J

Linemized plasmid with NorI introduced into P. gingivalis ATCC 33277 via electroporation
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Fig. I . Construction of a site specific mutant by allelic exchange. The pGEM-KS containing
lux,S gene interrupted by an ermF-ermAM cassette. The plasmid was linearized with
NolI and introduced into P. gingiualrs ATCC 33277 by electroporation. P. gingiualis was
incubated on GAM agar containing erythromycin (10pglm1) for 7 days at 37'C.
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Fig.2. Agarose gel electrophoresis pattern of
PCR product of lwxS mutant oI P. gingiualis.
Twelve erythromycin-resistant colonies
from P. gingiualis ATCC33277 that had been

transferred with pGEM-SK were analyzed by
PCR using the /z.rS primer.
lane 1, Mw maker; lane 2, P. gingualis Kl;
lane 3, P. gingiualis K2; lane 4, P. gingiualis
K3; lane 5, P. gingiualis K4; lane 6, P. gin'
giualis K5; lane 7, P. gingiualis K6; lane 8, P.
gingiualis N1; lane 9, P. gingiualis N2; lane
70, P. gingiualis N3; lane ll, P. gingiualis N4
lane 12, P. gingiualis N5; lane 13, P. gingiualis
N6.

B

2l

!i,*;lw
ffil

::

*

n
*,

Fig. 3 . Two dimensional electrophoresis pattern of cells of P. gingiualis ATCC33277 and N3.

A: P. gingiualis N3 was incubated at 37"C for 16 hr. ts: P. gingiualis ATCC33277 was incubated
at 37"C for 16 hr. After incubation, both cells were prepared for sample of two dimensional gel

electrophoresis. The arrows indicate the spot where spot volume increased in either gel.
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Fig. 4 . Quantitative analysis of the spot which
increased in spot volume in the parent strain
using PDQuest.
A : Master gel. B : P. gingiual,s N3 (/&rS

mutant) . C : P. gingiualis ATCC33277 (par-
ent strain). Arrows indicate the spot with
increased spot volume in the gel of the parent
strain.
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Fig.5 . Two dimensional electrophoresis pattern

of cells of P. gingiualis ATCC33277. Spots
indicated with arrows were analyzed for the
N-terminal amino acid sequence.

Table 1 . N terminal amino acid sequence of protein spots by two dimensional electrophor.
esis of P. gingiualis A'1CC33277 cell and the result of the BLAST search

Protein sDot N-terminal amino acid seouence determined Protein Gene

A

B

C

D

E

F

G

H

I

YTPVEEKQNG

AVTIQDIAKL

MKTQEIMTML

MIIGIPKEIM

AKEIKTDMES

MKTQEIMTML

AFGVGDDESK

MNKEQLQQMR

AGDGODOANP

Rcp

translation elongation factor Ts

NAD-specifi c gultmate dehydrogenase

alanine dehydrogenase

60kDa chaperonin(gro EL)

NAD-specific gultamate dehydrogense

fimbrillin

fructose-bisphosphate aldolase, class I

67kDa maior outer membrme orotein

rgPA

tsI

cdh

ald

groEL

cdh

finA

JboB

osa67
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gingiualis ATCC 33277ffi t N3ffiOearly log

phase (OD600nm fr!0.5), middle log phase

(OD600nm frlO.9), late log phase (OD600nm
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? AffiR, !, -l-'i.r,lz *;r,r< b P. gingioalis
4405 nm/mirvml
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I

0.8
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0

Edly log ph6e cell Middle log ph6e cell Late log phiase cell

Fig. 6 . Comparison of Rgp activity between P
gingiualis ATCC33277 (parent strain) and
N3 (/zrS mutant) at each growth phase. The
results are expressed as mean+SD from the
different experiments with triplicate cul-
tures. * : P<0.05 as compared with P. gin-

eiualis ATCC33277. I parent strain, E N3
(/ecrS mutant)

early log phase cell

ATCC 3327 7 ffi.0)Rgoi5'f$r5rffi tr :ftfi tfr b E l, le
(Fig.6). */e, ffiEti6i.iilate log phase

* ?ijRgpifi'W.t*rhD b-6tt f , Rgpl*late log

phase * Tl*Yh DH'{6*E i.f;HA l-a\,\ 6 b 0)

L*L6tttc. (data not shown)

Edly log phse cell Middle log phse cell Late log ph6e cell

Fig. 7 . Comparison of HA activity between P.
gingioalis ATCC33277 (parent strain) and
N3 (/zrS mutant) at each growth phase

using 2l sheep red blood cell. ! parent
strain, E N3 (/zrs mutant)

late log phase cell

",,MW

P. gingivalis ATCC332T

P. intermedia ATCC?56 I I

P. gingivalrs N3
+

P. intermedla ATCC256I I P.intermediaATCAS6|| P.internediaATCA56ll

Fig.8 . Comparison of coaggregation of each growth phase cell oI P. gingiualis 4TCC33277,
N3 and P. intetmedia ATCC25611. (A1): Coaggregation between early log phase cells
of P. gingiualis ATCC33277 and P. intermedia ATCC25611. (A2): Coaggregation
between early log phase cells of P. gingiualis N3 and P. intermedia ATCC25611. (B1):

Coaggregation between middle log phase cells of P. gingiualis A|CC33277 and P.

intermeia ATCC25611. (B2) : Coaggregation between middle log phase cells of P.
gingiualis N3 and P. intermeia ATCC25611. (C1): Coaggregation between late log
phase cell of P. gingiualis ATCC33277 and P. intermedia ATCC256L1. (C2): Coaggrega-
tion between late log phase cell oI P. gingiualis N3 and P. intermedia ATCC25611.

(Ar) (Bl)

P,

p+
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P. sineivllis ATCC33T1:E
re
P. SingiualisN3
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4 . P. gingivalis ATCC 332711*t N3ffi@HAiE

t4o)tb#
P. gingiualiso HAi61t i* Rgp O C *.t zE&

f 6 adhesin domainisHS, 6 tr'6E'[*nrifi <

b P. gingiaalis ATCC 3327 TEXL N3ffi O HAiE
,I+E hTW.L t. LNEffi H O ffi iE L Jt I,I HAiE'[4

aHliltt R 6 il,/: i\, trHffi Ffi ro HAi6'l4o
Evr l*8, t>lfl"ttb'c t (Fig. 7 ).

5 . P. gingivalis ATCC 33217 t N3O)P. inter-

mediat A*ffit4)Lb#.
P. gingiualis L P. intermediaLa*&Lflt*

RgpOadhesin domainOHcPlTnj"rfi < ffi 5 L
(ur6q'6u'*nrzi@3 tta v> A a t t 9 ("), P.

gingiualis ATCC33277ffi k N3ffiOP. inter-

mediaL a*&tFb Ltffi L /:. . tL 6 o)ffiffitt

$ tt, a ;+&tFoffi'ltoffi ie B F, t, tt lt b, o le.

Li, L, P. gingiaalisofrffitraffiEffiF{Offi
iE L + t ++&LF*affi)il-f 6 fEfi b* F. r, tuft

(Fig. 8 ).

+*
P. eineiualis ATCC 33277 L Z 0)luxS*.Rff

T b 4 N3ffi o iSEH l#a> 7 u 7 * - AWWtfi

i.] D, EHffiFfiroy')zts) Hxrliv bryi.
td*lt t*R,6 tttsb' -> t:. L t, L, ffiffAfi r,z

) )z tt ) HXYF.b\HfinVte X ,i-i v l- /r\F,6 trL

tt. ? i'LilN+.ffi7 : ,/ mgd,r\O ff;* t
BLAST searchOffiRj DRgpt&:t. 3 6
E, H'ffr o) Rgpif;'l$ 6 ffiffiafi b:lE,II L < t,, /e.

. rLwffit* 0) tr *^L lt aa a Ar2 a *#g b I l)
ft ffiR t 4 L 6 ttlt. Chung b l*o2tP. gin-

giualis L luxS*.RffiFfi Odifferential display

PCR}. } 6ILffi j 9, luxSEft#Fof n;RgpL

hemin acquisition proteinOrEE + O ftrilbl€
finl-le L+Eg\.<v,a. aaaLliAI2i. j,
Rgp/)#IEnrffiD l-te. L'C b 9, *,4 Affi#-

L iiffiie L ( ur 6. * /e , Burgess 6 il(,')Rgp L

YtWtLav>6i), Rsp, KgpiE'I4 Lbffitrafr
,rtHr[L/. L#El-ft.. .tltt*,4 affixL-
W.l-<v'b. *.4IJ.AIZAEIE Wb7uf t*L
P!l;6P1L, Al2I. x D 

*R WbYti a.EE+L
? tLt J. 9 XrRt.Alt aF,btt,6 y' > tf ) Hrr
,u)(mffiHft ffiffiL, Ar?t tDRgp7)'>
)s ) HffiTHE L H{6a;Rgptfr,W.atYh1bJfrg . 6
a L tWt>b,ttal-/t.

Rgp ilP. gingioalis OEffilF,B+ O | 2T fi)

D, Rgpil L l. r 7 *l >., 4 7I *z -r )u
i ) + >+btlw-r affHblb D, ffiH,flffit
trEPlE(tr, aEfi2'l>+Qo''z1), L I- fuEz u7t)
>(2o,2t,P y 4 | h 4 >Q"t t+ffi-r a {FH,tr.*T

+yil*E ff H fi\ fr> 9 tz o'z tt 6 r. EtrFk'ffi^ b WW
-f AE.h?'l+., )r \ ) v 4 >' h 77- i'^Oif;'l&

ILQ,), +frff0)E& ff:lFffib;fr, D e^tftffi.F-tt,b jL:F-

3r6trJ6Ejt, 7 4 ?\ ) -f> . 7 4 7) >
A'}ffiff Hb\ fr) D Q5,26\, ffiHfrflffiT DHME A

#XT 6nlh2'l+, trri&&ttrH x tr+ o;t$f 6 if;
'Y+ltfr?b:b D Q'), 'tfr,X'l+m€ruffitrffifi AE .
9 nl6E'krr DnjISE 3 tL< v\ 4 . 3 6 l,; Rgp iJ

protease activated receptorstflHfi L, RgpH

HbsIL-Gatr#-r,zW+'f 6 L O W€ 6 6
ZQ8\. ao)a L tY) Al2tz t9RepOtrSnrH
lJn-f A a L iJUffilt )r 4 t 7 4 )v AFfz*,r,,<
P. gingiualisDffil*'l+.affilrli 6 lnl bb,o)W+

& L ( u, 4 *) a t ftriEU 3 itlr. AI2I*AI1 k ^Err
D, ffiffibffiLaE<IFH-| 6grj'zi3 tt-cv>

6ot. {tk +,lux$HE+Dframe shiftA^Ei,. }
D Al?*trkfi*rrv>E. coli DHsmi. tuxSi€

trx'? bligation l-ft 7 1 x :. I:' &transforma-

tion-f 4 a L 1,. & 9tr&3 ttle Al2Iz5r,r( tr

P. gingiualis N3ffiORgp/) y' ), tf ? HXTEig
nrfHm, 6 a- LLF,a\>b. (data not shown)

. o J ) i.EffioEA 6 Hi, b a At2b'tE < ff
o44)
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Ht b. Lblz z bil,a. *t, trffifffHl;*e
L) ( 6 m L. # "> h, affi rtz*s L) f B. Al?b E +-t
A a L 6+EgA tvav,6(',). * /., EH6t. iJ

s00{EfEofrmHb:EEf A t A tu<!) 6 . L }
g t"r, EffiEri* * n&;f 3 iL( L)iJ!) & 1 a
ftrH6 ArZbEHt ar{a?'llhlb6. .0). L

it Effiu 14 t 7 4 )v A F lz f v>a P. gingiualis

o>ffiwb: D tt < z 6 fuoHnrE4., 6 Ar?tz t.

D Rspz)E +.trr$d6 3 p, !fi t, I ( i*,ffi tr1*Olg
xt. 6 H'ffi r aEk?'l+{) +t}+ Z 6 tua. zW
tr 4 t 7 I )v L+ 1,. *i r,\(fffHtEElt DOffi l.
W#Lfr -> a v) A i,T\At3tsfrf ur. a fu b h
WHA-| A*JAI'; LL(quorum sensingO

ItsHbffi#-f a . L 6EErr . L t tr btua.

Rgpi*)EHtr+ t U< oIP#\o ttlt bl, P.

gingiaalis A HH P, > )s ) HA 7 u t Y > )"

ta *i u) ( 6 EE iJtg#tlt \,< L) 6(s0'31'32). P.

gingiualis,iffi a r i- rv$*iF t L z fUffi r 3

f, 7 \,/mbt+rt,t'-iF Ll-< fUffi?
bG3). P. gingiaalis AA.E /rproteinase ilRgp L

lysine specific cysteine proteinase (Kgp) O

2 2? fi> aG4). a A 2 2 Ow#O]EIr6+h:ffi<
DffinE c t b tr1, ? fL" tu\*.Alr-frAt tr>,

ffi#tzffiftt;/r 3 1'ut 3 /e. Z DffiRP. gin

giualis iI *i r,i < ffil9) O14tt b fi'f & 1 a
proteinaseilFft.t 4 a L tta lt -:> fe.. 1999+ i.
. tL b ti #fff r,z LV,w 3 tr, iEE + L \. a tt
rgpA, rgpB, ksptffi,-'f 6 a LirfftflE8i'1,

W*Zi*Rgp L Kgp L tt.flft-t 6 . L r;+ErE 3

tL/-G''. P. gingiualis td a O 2'> Aproteinase

l. J. D, > ts 7 H&arginineii & tr-lysineO C

*TqlWUft,:77 F &YtpXv, zathP. sin-
giualisaEH-f AffiR o)"s7V Y-lt. I 9 ,

7 : )w.*.Tftwl-, ftjffi, 4 b A t 4 z \f,'
< v> b. * /e, RgpilRSOH4$'fgpAlv Y Y

> 2' t t t D e>, frfr,.+, a Fxft T fr, 6 f imbrillint, H
tf-tB6J'llrb 675kDa) > rs ) Hal Y1 ! Y

ffi28 +FLr'+-rztr

> )" bTtv,, .tLb o'ffi'y+.o>n> aFl,4ttrtF\r,26

+L<v) a a L b+Eff e tta v> 6Gt,. aa a L
j r, 6+mt. ii 1,, b Arztzj 6 RgporHrliJ

P. gingiualisOHHlz ia u, f 6 EF rr tr+ l. iJ
AbatTrgffEia6.

Rgpit rgPAi€Etb,6lt Z RgpA L rgPBE

IE+ f I /r 6 RgpBi' t> lt D, RgpAitRgpo C

* [t adhesin domain L fiti 3 tt,4 Hgp44,

Hgp15, Hgp17, Hsp27 LffiAl-fttrtf#IE8
tL, Z lL?tLrj'Rgp t Kgplr J 9 7 rt !. Y > U

b*l) Aou''u'szr. * t, RgpBiiRgpA t Err I
C X iradhesin domain t ffi A t ls v,YtT ftIF,
etuA. Kgpi*AgPiEET f D XIF,5tL, Kgpt
? a CX.r.Hcp (K) 44, Hgp (r) 15, Hgp(K) 14,

Hgp (K) 30 j I rr 6 adhesin domain & ffiA L /e

YtTftrF,A iuu, Rgp, Kgpir t 9 7u t > Y> r"
b *\rft,fr.f 6. Rgp*, j (.NKgp i*HWn' bffi.

Hfff 6 monomeric form btr&-f At)s, * < lt
Rgp, Kgp L adhesin domain7)& y' >,'s ) ffi7s

complex formbY,rF\La rfFRJ.tt ffiA L < t,,

b ro a t t Z btLavr 6. Adhesin domainO-

*[ i*hemagglutinin t L< lW\'< r. r 6 I L nrz\

PAatu< u)6. 6*Eftrlj*8ffi LtuxsE.Effilfr

i. *r r.){ HAiE,ItOEE ii R.t>l+tsb,ct:.b},
ffiEffiffi l.'t+u:ftgplf;6tsrilil-f 6 L, HAifi

{4biHm, b. L$ffiX3 i't ft. . o). t tttl
H lr66' L ( t,, 6 Rgp*j j O'adhesin domain

ocomplex formolHtr[1. r. aEH?++b]4 Z 6

ttfe. */e, adhesin domainOHgpl5ij'r+ 2
p DvffiAi.H5-l A a L nr+Eg3 iku( t,r

AGq. P. gingiualisl*, F r17 t 7 tE^t-tf ,

ffi1 t > are:Rn lfr.oftrH L ilEa affiffiTb
6 L 3 tta v' b?s). ? a I'; L \.aadhesin

domaind)Hgp15i\".+ / u € > Lffier- A a

t ttz t D ffi1 n >iEt$rrg4l-a v\ b t 3 trL(
ri)6(38). aA a LIJAI2i. r D ffirelebfiEL
(t,r6E6r'nnlzr@3it /r. a0)a t bRgpt\
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P. gingiualisa+trfij LN#H'l,.rA < H5L<
v)AaLbTr;L<v\b.

UJ:A a L t Y) P. gingiualis itAl2i. j ,
Rgpo)#IEn;ffilrl?. AlrRfrlb:. b D, . i'L l* trffi
)r 4 t 7 4 )v AFtr*a U 6 P. gingiualis1)#H

nr5fi ( zrt@3 i't./:.

f,t#
A*t*lFWr,z t>ft D 7 z x : i.^ or)5/r 6 C

i-ffi{ a+E"€L(t,it/j3 * LtEll6t+ffi+
*ll, ET++HIJTE&, +rlJiEX#Wt,L' t D ffi#
#l-i>1,7-* r. 2 fuL€Rwflstz->v,a a+H€

L(t,r/j 3 *.1,1efrfrtrt+E+*11, FWaJ.
,Ls., /sE*EW#ffi.r,z,ij I H#H L 6 tr*
t. Zx)L666fu,rh.ay >)s?H0)An" y I
O NX4f; 7 : ) Wqdytlffitfi r,t il#jt L r r ) /. /j
5 * L/e HHH#t+, tHtF#ErLSi;,1. j ,
H#+ Lfr>ti*.-r.
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