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AT A2 @5, Ax=s st AokFe =4S A
Aoz AloA Ao dads Zdsts 7 dEAS] dWolr. 654
ARG 90% o] de] AFHIE HEeta YAV Ag Aoz
Bl drz JdstE Aot

AFdge] Fag A0 54 W] AFx4 gde 53 AF
Aol AFAR T} o]5 Aol gk 59 wWojr|Hde] A ¢
3 k2 Mto] AFx2AES A= Z+F cytokine, chemokines 9]
WHE Festal ol2 <l dFo] fEol AR oR AFxAe] 3t
#7F dojdrtd)

Porphyromonas gingivalise= S 3
A FAZe] 7M Fa3% U F sfitolth A
gingivalis ©]3F& 3 XA MT T HH
wjitoll X2y 7hd AdAdo] =2 o
o

P. gingivalis®] W=A <122+ lipopolysaccharidesd, <

¢

2 vy 2 HFo] 3= arginine-¥} lysine- specific cysteine
proteinases(gingipains)®), 18] B} wwldo] FaE AR, AXE
9] 7] A A E(extracellular matrix components) 2 X]-&A

(gingival fibroblast)?} 3 Alxe] HegstsE w7zt FEEZEQ

fimbriae?, hemagglutinin, hemolysin 5°] <2 * lt}.8)

P. gingivalisell 9§ XFd] DA LS SFo] AW oA
zo FAsteE As AfoR FEAF AlAE T AP 2AYWE AR
gto] T W7l e G o N mAaEe FA o] Zhes] AWA
A "tk A HA GAIQl Hefo] X (periodontal porcket)e©l]
2 Al A Mz e Q)= fimbriae, hemagglutinin, LPS & ©]
Fo TREZ AAAY, 53] fimbriaes My SFAMEIRS] 7] A



Ao Fagk AR deA Aokl g S5 274 HFe v
o}71 & y¥sl=d Arg-3 Lys-specific gingipain ©] S41%¢l o3&
S 3t AoE dEA duhlD o] gy FIgAES 57 G B

| &h A A, immunoglobulin, iron trasporting/sequestering proteins,
extracellualr matrix proteins & ©U&eh U @A S Bost= 59
= 7HAAL Ao

Arg-specific gingipain® rgpA, rgpBelE T M9 dA#® Hd A o
o8] ¢z 3ty o] 9+ WHH Lys-specific gingipain< kgpzhs 22 vt
o] 2 FA9(locus)el dEstE o Ant Fo 2 HE =HolA = arg-H
lys—specific gingipaing 27t RgpA, RgpB 1&]al Kgpgtal #7118 A
o] T},

RgpT™ Rgp null mutantE ©]§3% in vivo modeldlA ®W=4
(virulence)o] A #AsteE AS #F T2 E hE Rgp-null
mutant 23"V fimbriae & A ¥o] fimbrilin®] A7Al FE)7}
O E $AA e AL & v 75-kDa cell surface protein€! fimbrilin
AT A 2 A9 J?}O% 3} T8 processing enzyme . 2 Ay ZHE
1 ok Koji nakayama, 7o wWEW, suicide plasmid system2 ©|
43 rgpA¥} rgpB double mutant AN E TFF2 7F 9y} o]

A

FOJA A ¢kokal P. gingivalis® hemagglutination® 23 ZH4AE H
ol A& %S W hemagglutinin activityoll = #ojsh= Aoz A7t

o 1D

RgpAE 47}A] 99 (domain) 2.2 o] Fo]x <t} signal sequence,
amino terminal propeptide, catalytic proteinase, carboxy-terminal
adhesin domain. RgpA$}t tZ% o2 Rgp B adhesin domain®] §li2

HEo] solubledt FEjo] wwlza =z AT RgpBe v HE-¢7}F
RgpAe] Fuj 7918k Aol A dXgele ETstalld), 71do t&
FiEs ddst= S & o RgpA F4AF A= RgpBel F4dA+ A&
o] 479 otmmAt A Zpol7t &4 AolE VHAHF = Zom T
At

] 2 1_]| '



Kep%E RgpAs¢}t %/\}f& Z &2 o]Fo]x glt}. o] aAE fibrinogend
SuE WEsto gz S dod|=d 7]043}u1 leukocyte Cha -8 A

= RajgroZM Chaol 93+ leukocyteZE-E Alifo] EAHE= AS 9
= 7o gD

At 22 Folete ol upel Wolido] HolA Hi=t o] WolA
S At WH 7] HAE 9SS vl X P. gingivalis 55 AFo] ol A]
% Rgpet Kgpe ®Woldo] #zdn. & A7ddA = 1089 x+43%
32H(P1-P10)ZH-E P. gingivalisE AFASA L, o5 409 A4t
P1, P4, P8, P10°IA Aol AT o9 2 ohuld Faf e A

zho]7F &S AT B AF9 HAHL o]y g zto]7} RgpA, B
agla Kgpel WolAolA vEgth= 7pdole), DNA 2 duld qd8
Haw AT B XFd3ke] Azt AdAdS dotrr] fgholt
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A1Ad AT Uy
7}. P. gingivalis A TF A€

2 AF AN AFEES 7R e 1089 FAE(P1-P10)=
BH AQFH3 P. gingivalis®] #olE7Iel #a] 23S Fd, EAHCR
ol

g 2ol & Hol= 47H9] et s Pl P4, P8, P10& &

u o5

P. gingivalisE& 5ug/ml®] hemin¥} 5 ug/ml menadione®] %7}
BHI(Brain Heart Infusion)ol %38l 37Ce 714 ZAsaA 2-5
d Eob HigE T HlYA S 16,000Xg, 4TCAlA 1583 W4
(J2-21M/E, Beckman Co., CA, US.A)3slo] #AS & 3 09% (w/v)
NaCl &40 =2 33] A#Hsto] AR Al74A] -20To] Haeksith

HE
k)

t}. P. gingivalis® genomic DNA 3% % PCR AtE=231
Y Rgp, Kgp #3# &

RgpA, B 183 Kgp FxAe] AdWolE w4835t7] 9184 4 749
A4 T Pl, P4, P8, PI0=Z5E Alit DNAE G-Spin Genomic DNA
Extraction Kit (Intronbio, ¥=)& o]&3] Ptk #2$ genomic
DNA=ZH-E] Rgpel Kgpol tis PCR &S 47198 7 FHdx9 &
o] A Ql xzeto]lw & A|xsto] AEstH(Tablel). Primer TlAFIA] A&



Sk template A€ tS3 #Ztl: RgpA (5114 bp, accession number:
U15282), RgpB(2210bp, accession number: U85038), Kgp (5171bp,
accession number: U54691). PCR 94=A oA 587t templateE WA
A S MEAR A 30%, 55EHA oA annealing 30%, 72X ol A
primer extension 30%7Fe] PCR cycle2 353] A]8§3l t}S 72=#| o A
w3 agar 4EXRolx PCRE  whFElEtdth. PCR - AHES
MEGAquick-spin Total Fragment DNA Purification Kit(Intronbio,
korea)® GAgt & wiA A (A E, =) AL B @7IAEEs AF

shech.
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7. RgpA ©9d 4 £4

Template A <Y &2 AF83F arginine-specific cysteine proteinase
RegpA (Strain: Porphyromonas gingivalis ATCC33277, 17030}7] = Ak
accession number: YP_001930085)¢] o}v|x=A4t A3} 4709 A
P1, P4, P8, P109] RgpAotr] =4t A& Hustdrt. P1o] 4 whA =
A7144d 1623bpe PCR MY BAA & & glE o] = Mixed signal
o] YEfA EA5HA] Eotth PCR AlE #40] ¢kgd FEET 7}
AL opr| AL g Blugk A= ol el ZTH(Table29t  Table3).

P1(1163¢}9] :=4h) A E-2 1156/1163 (99%)2] FAIEE H AL 7|54
o8 tE ofuAik WkE 53to] T Sold S 9BIHA 9 A
NP(Asn-Pro) WFE-Ado] templated] A= 570 1@l wks] PloA= 671
7F EA AT

P4 (170407 =40 1690/1704 (99%)°] FAI=E R 7|s4do=
UE ofu At WEk= 57917 AATH

P8(1706°}] :=4h)2 1693/1706 (99%)9] FAEE HIAI 7|sHo=
e opmxAt WsE 5F97F A, PIA®E 9BIWHA fA]
NP(Asn-Pro)dtE-A & o] template®}t &2 izt 3 7FE Sl

P10(1704¢}1] =) &= 1695/1704 (99%)¢] FAEE HAIL 7| sHo=
TE obulwit WaEhs 5597 #HAE A
NS grFel ohulmal wWelZk A7 HE F AR

(433..436,466,468,512) 0l A o] ®ol&= & = A Ut

Y. RgpB @9 A Md &4

Template A ¥ = AF&3 arginine-specific cysteine proteinase



RgpB (Strain: Porphyromonas gingivalis ATCC33277, 736°F0] =4k
accession number: YP_001929582.1)¢] ofn| =4t A2t 4709] Clinical
strain(P1,P4,P8 P10)2] o}v| =4t A E-S v a3t th(Tabled £ Tableb).

P12 719/736 (97%)9] FAI=ES B, 7| s4 o= tE ofn| =ik W
sh7F 115-917F dSleh

P42 720/736 (97%) 9 FAIEE HAI 7]FHoZ tE ofu| =ik
Heks 75917 ATk

P82 728/736 (98%) 9 fAIEE HAI 7|e AR tE ofu x4t
Wk 25897 Al

P10 719/736(97%)9] fAI=E R Yl 7| eH o=z thE ofniil ¥
st 17917F ddHh
478 ATl ofExAl WolZE A HiE
(438..441,471,473517)e A 2] Wol= 3 %% . P
A5 of Ak WolEl o] tiFiE XSt P4t P8S] A -g-+= WO

H o] BT it

M
)

o Kep ©d Ad £4

Template A€ =2 AF&3F lysine-specific cysteine proteinase Kgp
(Strain:  Porphyromonas gingivalis ATCC33277, 1723aa, accession
number: YP_001929844)¢] o}n| =it A3t 4709 14+ Pl, P4, PS,
P109] olw| =ik A& B3kl tH(Table67 Table?).

Plel 7% vpAvh 97149 3406bp7h PCRo] ®A ehgkal vjvix)
PAPEPI0S] 7S whA et 714D 1671bp Fel & 5§l o=
PCRo] 54 gho} #4384 %3tk PCR A9 #4]0] ghid P25

W AR obulwAl NES MmE st obdsh 2k
P1 (5870} :=4h) 559/587 (95%6)9] FrAL=E Rl 7[sA o= o
£ ofmat Wk 143%97) 3%



P4 (11860}‘3]‘”4) 1174/1184 (99%)°] FAIEE E A3 7| A o=
Oh2 ofm| At WstE 35917 gLt

P8 (11860}H| =2h)+= 1156/1184 (94%)9] FAI=E HAT 7[sH o=
02 opm Al WEE 14397 ATk

P10 (1186°}7| =4h) &= 1177/1184 (99%)2] FAIEE HAT 7| sHo=
02 ofm| Al WstE 35917 gLt

4709 QAT ofmal  Welzh A RE F 4
(442..445475,477553)0l A o] Wol&= Az A okt Solgh M2
7F ol A o] Peptidase C25(235-679)F-oA Wo] ##FA+=d], Pl
Pgel A% wol®l Fio] flRE Axsdch. 18la P4sl P109] o}v]
ik AES AE BusgS W V)5 dom e olu et ¥t B

WA ek ok




A3

= APl e AFEES THA L A= 1089 FA=(PI-PI0)=
FE AFHG P gingivalis®] Ae]E7HQ R HYS T, SAAHCRE
fFoju et Apols Mol 4719 AT Pl, P4, P8 P10E Eelasith
P13} P8 whla R3] &Ao] FF=i52 P. gingivalis ATCC332779]
Hla) 2l ghal, P4t P10 w2 @ e 24 Bt
P. gingivalis®] @& & 24 o]} @uld Fafaa?l RgpA,
RgpB, Kgpe] wjd Aoz 13k 7[5 atelol A nEHAvk= 714
=

gto]l PCRe &% AMAwAls &3 ®WolofEs &Rlstaitt. Template

s

N

o
oful Al Wal7p zb #F wigk 530l l9lal, Pl P8el Ag-E=
Asn-ProitEAdo] A7 E0S&S itk 1ela Ple] 49, whAg
1623bp A& o] PCRo] ¢td AS of 2] 7k o] f7t AAMA R ok
2 5 gE Ad Wolrt A= Aoz AZdr. RepBe A% 7%

Aoz b o4l WMyl P1& 113, P4+ 73, P8 23, P10 &
Fol A WS Sold A Pl P09 44 Wel7t 47 & 92F
6ol e AL, JFHOR e wolt oF @ Fw EA
Kepel 4% 7154 0% the ofrlwit Wab} &

A AR 7+ 79| gingipain®] o & zElol A A ol7F EA gl =

ol (active site)® &z REA Y AY Wol= #I
otk 123 RgpA¥} Kgpel A9 P13k P8ollA Adwiole #
E 4 9l9lal, RepBe % P13} P10zHe] A dwo]e)
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[Table 1] Sequences of the nested primers used for sequence analysis
Primer Sequence(5’ - 3)
RgpA-(1)-F ATGAAAAACTTGAACAAGTTTGTT
RgpA-(1)-R TGGTCGGGACAAGTGTACG
RgpA-(2)-F CGACACATGGACTGTTTTCG
RepA pPA @) R TCCGGAAGACAGACAGAGC
RgpA-(3)-F CTTCCCGCAGGTACGAAATA
RgpA-(3)-R TTACTTTACAGCGAGTTTCTCT
RgpB-(1)-F ATGAAAAAGAATTTTAGCAGGATC
RgpB-(1)-R GAGTGGTGCCGAAGTGAG
RepB B2 F CAACGGAGGAATCTCGTTG
RgpB-(2)-R TTACTTCACTATAACCTTTTCTGT
Kgp-()-F ATGAGGAAATTATTATTGCTGAT
Kgp-(1)-R GATATTTTCGGCATGAGTAGCA
Kgp-(2)-F TGCTGCTACTCATGCCGAAA
Kb e @R GAGCTGTCAGCCAGTCCAAT
Kgp-(3)-F TACTATCGATGCCGATGGCG
Kgp-(3)-R AGTAGCCTGCAATTTGACCCA

_13_



[Table 2] Comparision of RgpA amino acid sequence identified in

P1,P4,P8 and P10

RgpA Template | P1 P4 P8 P10
Tentitios 99% 9% 9% 99%
Template = s 99% 99% 99% 99%
a704a2) | 5 ; ; ;
1156 99% 99% 99%
P1(1163aa) 1158 99% 99% 99%
2 0 0
1690 1156 99% 99%
P4(1704aa) 1699 1153 99% 99%
0 > 0 0
1693 1160 1692 99%
P8(1706aa) 1699 1161 1699 99%
z 0 5 0
16% 1153 1692 1701
P10(1704aa) 1699 1159 1699 1703
0 > 0 5

_14_



[Table 3] Amino acid variation sites of RgpA in P1,P4P8 and P10

RgpAtaa) 295 | 303 | 433 | 662 | 709 | 826 | 878 | 940 | 950-960 | 1086 | 1262 | 1375 | 1378
Strain
Template G| v | v | N|L |G| KI|T 5NP E G P F
P1 vivin|cr]leae| v [N E - - -
P4 G| 1| A|S | F |G |lqQ]| T 5NP E G P L
P8 G| Vv |vVv]|N|L Q | T D S F
P10 G| Vv |vI|N|L/|Ga 5NP E D S F
- + - + - - + - + - - -
I:fm;:z; region Peptidase(228-719) - adhesi((:)I:(aQ‘;SeSd—ISIO) unknown

“indicates functionally different amino acid change

" s 428t



[Table 4] Comparision of RgpB amino acid sequence identified in P1,P4,P8 and P10

RgpB Template | Pl P4 P8 P10
identities 97% 97% 98% 97%
Template —
positives 98% 99% 98% 98%
(736aa)
Gap 0% 0% 0% 0%
719 98 98% 99%
P1(736aa) 727 98 98% 99%
0 0 0% 0%
720 723 98% 98%
P4(736aa) 729 728 99% 98%
0 0 0% 0%
728 727 728 98%
P8(736aa) 734 729 731 98%
0 0 0 0%
719 732 723 725
P10(736aa) 725 734 728 727
0 0 0 0

_16_



[Table 5] Amino acid variation sites of RgpB in P1,P4P8 and P10

RgpB(aa)

Strain 57 | 305 | 394 | 419 | 421 | 423 | 435 | 447 | 512 | 515 | 560 | 596 | 706 725
Template(736aa) D|V|Q|V|P|N|V|G|]Y|P|N|Q R E
P1 D | I S| S| N|Q R E
P4 G| I | Q|V|P|N|V|IG|S|S|K]|Q H K
P8 D|I|Q|V|P|N|V]|G N | Q R E
P10 S| s |N R E

- + + - - - - - - - - F - +

Domain region of RgpB

Peptidase( 231- 660 )

Por_sere_tail*(682-738)

“indicates functionally different amino acid change

“Por secretion system C-terminal sorting domain

_1’7_



[Table 6] Comparision of Kgp amino acid sequence identified in P1,P4,P8 and P10

Kgp Template P1 P4 P8 P10
identities 95% 99% 94% 99%
template —
positives 97% 99% 98% 99%
(1723aa)
Gap 0 0 0 0
559 96% 99% 97%
P1(587aa) 573 97% 99% 97%
0 0 0 0
1174 563 98% 99%
P4(1186aa) 1181 575 98% 100%
2 0 0 0
1156 584 1158 98%
P8(1186aa) 1170 586 1173 98%
2 0 0 0
1177 563 1183 1161
P10(1186aa) 1181 575 1186 1173
2 0 0 0

_18_




[Table 7] Amino acid variation sites of Kgp in P1,P4P8 and P10

Kgp(aa)
Strain

21

232

254 | 381

389

390

393

394

395

398

403

404

411

418

421

437

449

454

457

457

460

478

493 | 495 | 568

Template

N

E| A

P1

P4

P8

P10

S

Y

P

K

Q

A

v

D

S

Domain region
of RgpB

Peptidase(235 - 679)

“indicates functionally different amino acid change
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Abstract

Investigation of genomic
variation of Porphyromonas
gingivalis gingipain 1solated

from chronic periodontitis

Cheol-Keun Kang
Department of Dentistry
School of Dentistry

Seoul National University

Porphyromonas gingivalis, a gram-negative anaerobic bacterium,
1s one of the major causative organisms of periodontal diseases. This
bacterium is known to produce a large amount of arginine-specific
protease and lysine-specific protease, which are referred to as RgpA,
RgpB and Kgp, respectively in this article. The aim of this study
was to examine amino acids variations of RgpA,B and Kgp in clinical

1solates of P. gingivalis as well as to assess the association of
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severity of patients with periodontitis. To obtain the clinical isolates
of P. gingivalis, bacterial samples were generated from ten
periodontitis patients (P1-P10). We have found distinct differences in
the proteolytic activity of four clinical strains(P1,P4P8P10) of ten P.
gingivalis isolates. Proteolytic activity seen in the cases of P1 and P8
was lower than that of P. gingivalis ATCC33277, however, the
activity observed in P4 and P10 was found to be higher. To identify
amino acid sequence variations within RgpA,B and Kgp, bacterial
genomic DNA was 1i1solated to perform a PCR process. Protein
sequence analysis of RgpA, B and Kgp in P1,P4P8P10 revealed
several amino acid variations.

It was found that, in the case of RgpA, each strain had five
variation sites presenting functionally different amino acids, and that
P1 and P8 had repeating sequences of Asn-Pro added. For RgpB,
there have been many alteration sites of functionally different amino
acid; eleven in P1, seven in P4, 2 in P8 and one in P10. For Kgp, a
total number of fourteen amino acid alterations, was found. Here,
what we should be paying attention to is that in cases of P1 and P8,
locations of variations were all identical except for one.

Despite the sequence variations described above, any changes in
active sites could not be observed. It was also not sufficient to
demonstrate any significant association between the sequence
variation and the differences of proteolytic activity. Further studies
are needed to explore 3D structures of proteins and their possible

functional change.
keywords : Porphyromonas gingivalis; Rgp; Kgp; variation;

gingipain, periodontal disease
Student Number : 2010-22428
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