Porphyromonas gingivalis® Zt

¢ Vol. 35, No. 3, 2005

oPN
B
)
o
Mo
o

Aol E7HQ Bl mAlE I

A=

LR EE L EE CE

WA AT 22T gl doA Xok
o g x4 o™, Porphyromonas gin-
givaliss T35 15 973 F714 Aol 2 1Rl
oI} of5 MRl EL: X3 zmﬂ A3 A%
A= edon] o)
A Y2 s A% 9 29 E sk A
o= A et

Aol 2] H52dQ1Rjel thgk Atellxi e} wizk
TR, AFERE Il e] s54%0Rjel gk
7S] e FE 2 W] hpopolysac—
chande(LPS) oﬂ Fulo] g, e, Lps ®
qk ohel, A EZ(surface-associated
material: SAM)-HL lipid A ¥ @92(lipid
A-associated proteins : LAP) &% &AL 25
B Aol E7RI Fo] S frdsle] HozdzE-S
WF)eh= 2o el °‘E}3 9

SAM Alite] Al ] o=, Al i
ol A M-S 241257 Jl‘ﬁ%}&éfﬁ FHORRE]

AAGP 0 SAME Mol capsuled} AEHe]
QfF =5 Ao UE VIEF R0 R ofFo]
2 9P SAME Alate] Fo| Eajstuz At
STAEZR] S ARE| Qo] Fash s T F
et

Pl 2528k elytee] SAMR in vitroollA
F Aol sl e it G448 Holi= 4

5

[e3

o= A vk Actinobacillus actinomyce-
temcomitans, P. gingivalis ~12|al Fikenella
corrodens®] SANFE: 934 MolE7IR1e] XS
ull9- ZeahA| Sasldom®” | A actinomycete-
meomitans®] LPSE ddvh= 22 454 Hole
71919] 24239 frddell 9lo} SAMel Hlal &A]F] vhe
SRS KN ontlrﬂ wak, P9y 25438 Helite)
2 F]o] TNk} FolMlaEel| A DNASE wld

{WO AAs1A Ao | in vitroold =
B et 549 wolie] SAME
AfeAE, SEAE 2o uAEelAE DNA
WS FE oEZHo R At ek, A

dg 259 @0l ol A, actinomycetemco-

‘o] = 200290k Sk EATe] Aol fsle] GIEE (KRF-2002-041-E00227)
AL A 471, HARGA] A opulE 1-10, Fakoistul Xopfsh AFaelud, s ¢ 602-739

799

mitans SAM °ll tigk & U} [gG ] 77k
73] 7R 5 e 59 BAelA
= P gingivalis SAMP tgt &4 7P} HElo]
2719905 . Herminajeng 572 A. actinomy-
cetemcomitans SAM ol t)gt 8|7} opsonin &2
ZRg3lo] 2523 A WolA AEks: 3 4 35 Al
Algk ks Qltt, o] W arEl X5 Wl
o] SAMPe] HSA AFAgke] Wizl 78 Twa 1
13 A of] o] Fadt S & 5 e S
A&k ek,

A2 (endotoxin) 9] T A0 = endo-
toxin-associated protelnsO]E}L £+ LAP
T I Alte] Al gjellA] LPSel| A=l
o= @] whly 318 ekl LpSel] w8}
eF= C3H/HeJ whz=ollxle] Escherichia coli A
T4l Hi$t B cell mitogenic activity”} Al
Uiiae] vl slelol] ofsl] 2g-rh= “‘ﬁol AP
7} 5o} LAPS] EA7} 222 gleief ! Lps
FZ0| o]8 o] FRl webkl= LAPZE LPS
o} 3| &) LPSe) ety 24l 714E 4
gick. gl Alte] LAPS] 723 Hejzd €4 e
3 G} v Bl oigk oFgA 55 aesl
B ouf, X508 Woliro] LAPE 954 153

W-J ZA] 7S vipllelEtl o] Fas o

& T F UL AR oI

Reddi 5'9¢ P gingivalis?t Prevotella
intermedia®] LAP7} 17k} 2| oAl B
myelomonocytic cell line?! Mono-Mac6Z A=
3l interleukin-6(11-6) 2] A4S 23t = 92
< stk 21 AdfotlEedxe] 116 A4
kol Qlo} P gingivalis LPSE LAPe]| B3} wk&
S B9 w3k A actinomycetemcomi-
tans LAPE Me|E71R19] A4S flshzt] 2lof
LPSel| vjsl) @A]8] 2 && zkar 9ldo] Basl
ak 9o Sharp Cl”% il—’Fﬁ 3} el P
gingivalis®] LAPS] 54< 3}‘5‘9}4 LAP2)
Wl = Aol ETIRIe] A1 % Hehe @ Advs

glIgk v} 9tk B3y A actinomycetemcomi~

F

tans, P. gingivalis Z12]3L E. corrodens ©) LAP
= lze s 2. opte] s
A wilitre] LAPZF 953 A4 3k tga]
o o] Fagk oS & 5 USS AAISkaL itk
4578 Aol EFRIZE NOE A9 d5-5 vilsh
I AZFZE] FE AFshs T ATAske] Wiy
Zgol] o] F=8%F Aghs: sh= Ao deix gitk
JEu, SFAIEE Skl AelEFIRIZ NO 9
WS frdshs STl Qlo], WelvtTe] FHd &
= 21 SAAES] EAof oigh nlasgrirk
252438 8 WAF T 3Rl P gingivalis
oAl el vh= glok, i Aelie AT Fe
el o] shuRl P gingivalis®] ol EA)
SR= SAM, LAP, =&lal LPS7} tiaMZelx
tumor necrosis factor alpha(TNF-a)<} 116
o] AFA Mol E7RIFE NO®] #AE freshe 59
55 vl rketarst gt

0. 97948 2 4y
1. 2 E%=zd

P. gingivalis 381 7tVdo= 3iitt. o] o
= 5%l wel 1 pg/ml menadione® 5 pg/ml
heming X338}l ¢l enriched trypticase soy
agar 5= GAM broth(Nissui, Tokyo, Japan)&
og3te] 37°Ce] P71 231 slollA] ujdsision,
Allte] A47E 660nm TFgelxe] FBEE S48}
of A3t

2. SAM9] &

Wilson 519 2] ulel] 2] Aslsict. 71eks] 27 Hf?}
W FANZE HFE 0.85%(w/v) Naclell 3591 5
4 ]/\1 1/\12} _,L/\]AEJ;]] '7\:]]—0]—'7 A]tl 0]“4
Ehe ’Qé} ) FEPEe 23)e) ZA Seays)
Qo B2 g sull F3)9] -207C acetones
7¥skar, dry ice-ethanol bathellx] 30E7F ¥kx|3h



A FAdEsIsl:
3 e

}‘:ﬂih’Hﬁ-—l—x_ Morrison®} Leive™ ] butanol
F2Mo) o748kl SAMS AAZE P gingivalis®
5E wEskdeh. 7] avlshi, Allts 4°Co
0.15 M NaClel ‘C'LBH % & %9]9] butanol S
7¥sled, 4°CellA 1043 AA3] E3tstaL, 35,000 x
g oA 2083t 9141 Eﬂ’/] et 855 AAskaL,
E-gAo] 712 2315 butanol &0l Hx2] Hu)e)
1/2 710 A8 7lete] 55 23] vHESIth
%, 78S ol gAliesle] B84 EEE A

Ak, 4109] FHFA 48X A i%@ﬁ
= 3gich. LAPSHLPSE ek gl A2
AliEaE oAl Bl 591 $- 10 000xg°1H

o]
A4 28] IRk $ANE 519
4. LAPY &%

LAP= 744921 hot phenol-water®ell <]#sk
o] TANEH AltSaw R PelEc. 1
3] aleh, TAAES Aisas S5F5l
721 % 90% phenol 715191 68°ColA] 2087 5
Slaz, 35,000 x gollA] 2047t AalElsle] LAP
= Z35al 9= phenols2 #-21513it}. Phenol
T SRR 251 HHRsle] FE3l0], 4T TR

5. LPS9] &

LP;

e
]

n

= 573421 hot phenol-waterell <]#sk
AtuiEaz 2E 2esgop!. 2

FANES AP SRS FH

[

Az
Tahd,
¥ 90% phenolS 715}e] 68Tl 207+ 2
Faslo] 32311, 35,000 x gollA] 20T7L A4
o] 8458 Felsisitt. 8458 Rot

m&t

r.d

S

s}

Ao 9
t*
ol
P

r 2

o

3]

M
ol

2

801

4ColA SHTR AT T 5 105,000 * gl
Al 3ARE filEeslel sARESkL, 0.1 M
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Murine macrophage cell linedl RAW264.7
(American Type Culture Collection, Rock-
ville, MD, USA)< 100 U/ml of penicillin, 100
ng/ml streptomycin, 10 mM HEPES, 2 mM
L-glutamine, 0.2% NaHCOs;, 1 mM sodium
pyruvate, 2|1 10% (v/v) heat-inactivated
FBSS ¥3kh= Dulbeccos modified Eagles
medium(DMEM) & ©}-g3}e], 37°Celx 5% COy/
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HEE F5rstar, 2417 o vllslo] A7} plate
of] FAF| =5 3loiet. wiR|E 35] A -, vhekeh
9] SAM, LAP ¥3= LPSE 71819 A% Akt &
QFufeatsion, uiek s 4sled 70Tl 1.
e, & % cytokine 2 NO2| H52 AAIT)

7. Ao EFI A%

Mouse TNF-a 2 IL-6 ELISA set(BD Bios~
ciences Pharmingen, San Diego, CA)S- ©]83}
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gent(1% sulfanilamide, 0.1% naphthylethyl-
ene diamine dihydrochloride, and 2.5% pho-
sphoric acid) (Sigma)& &35 - A-2ollA] 104
2+ kst 71 ¥ plate readers o83} 550
nmollA FEE S7938190) Sodium nitriteE 3%
02 3lo] nitrite FEZ AABICE
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AEEZ 60mm tissue culture dishol 2x10°
cells/dishe] W= 73 & vt 5=2] SAM,
LAP 5= LPSE 718led 2% ARk &2k uidsial
o} vl & HEE ice—cold PBSE 33] Alslal,
protease inhibitor(I mM PMSF, 5 mg/ml
aprotinin, 5 mg/ml pepstatin A, and 5 mg/ml
leupeptin)E ¥3}sla Q= 200 w09 lysis buffer
(50 mM Tris-Cl(pH 8.0), 150mM Nacl, 0.002
% sodium azide, 0.1% SDS, 1% Nonidet P-

0)E ol83s}o] galsSit. Cell lysate o] v
é_!’—% SDS-PAGEe]  oJsll  #2l8kas, nitro-
cellulose paper®ll transferslitl. 5% skim
milk(in PBS-Tween-20)°l4] 1417
brane< blocking ¢ ¥ anti-INOS antibody
(Santa Cruz Biotechnology, Santa Cruz, CA,
USA) ¢} incubations}th. 71 ¥ PBS-Tween-20
o7 33] M3k, secondary antibodySanta

&3 mem-

Cruz Biotechnology) ¢} 30% incubationgt $-
enhanced chemiluminescence detection sys—
tem(ECL) (Amersham Pharmacia Biotech,
USA)S o]-83l9antibody-specific proteine 3%
Zhstoict.

10. Reverse transcriptase PCR

AE(2x10" cells/dish)E 100 mm tissue cul-
ture disholl ¥ar, tlekel w=e] SAM, LAP &+
LPSE 713le] A5 Atk <t nfeksiodet. w5
ANIEE PBSE 23] FAllska f4lie] sl AEs
§]‘F5 ik Alzzke] AAle wet RNeasy Mini

(Qiagen, Valencia, CA, USA)S 2-g35}o]
total RNAZ ®elslitk. AccuPower RT/PCR
Premix kit (Bioneer, Korea)¥} thermal cycler
(GeneAmp PCR system 2400; PE Applied
Biosystems, USA)E o]83}0], 353+ RNAZY
E] ¢cDNAE 3$Mdslal, reverse transcription-
polymerase chain reaction(RT-PCR)& 4=3J3]
o] ¢cDNAE SE319ith Internal control2% B
—actine €831t} Nonsaturating PCR condi-
tion 913k cycle 4 dR|AES Sal] A4S
TNF-a2} iNOSE ¢13+ PCR amplification 95°
CellA] 1 87Y, 62° CollA 1 87), 712]at 72° CollA]
1 #2F 35 cycle® =k AME oligonu-
cleotide primer TR} 2t} iNOS, 5-TCA-
CTGGGACAGCACAGAAT-3 (sense) and 5~
TGTGTCTGCAGATGTGCTGA-3  (antisense)
(corresponding to positions 348-367 and 857-
838, respectively, of the published mouse
iNOS mRNA sequence), yielding a 510-bp
product: TNF-a, 5-GTGACAAGCCTGTAGC-
CCA-3 ' (sense) and 5'-AAAGTAGACCTGCC-
CGGAC-3 " (antisense) (corresponding to po-
sitions 419-437 and 846-828, respectively, of
the published mouse TNF-a mRNA sequence),
vielding a 428-bp product : B-actin, 5-TCC-
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TTCGTTGCCGGTCCACA-3 (sense) and 5-C-
GTCTCCGGAGTCCATCACA-3' (antisense)
(corresponding to positions 44-63 and 553~
534, respectively, of the published mouse
actin mRNA sequence), yielding a 508-bp
product. PCR-amplified productE ethidium
bromideE ¥3}s}al = 1.5% agarose gelolA
A719%310] AL slellx] BEsIGITE Gel AR
’3e]PCR band®] 73%+= densitometrys o83}k
o) sg7kelgic.
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Yokl 559 P gingivalis SAM, LAP, 12)aL
LPSZ RAW264.7 Aol 7kaaL 24417 73} 5
% 23zl o] TNF-a 553 24813 Figure
1. P gingivalis SAM, LAP, 2|3 LPSE 1
ng/ml-10 pg/ml 9] %= BTl RAW264.7 AlE
ZHE] TNF-a #4815 F281900H, 0.1 pg/mlolA
5] basal level S 5718H= TNF-a A4S Hol7]
Asle] 10 pg/mloilx] #Hdle] NO A4S 29ick
SAM, LAP, 12]aL LPSE 10 pg/mielA ¢k 9.5
ng/ml, 9.4 ng/ml ~18]aL 10 ng/ml¢] TNF-a=
22y ARSIy, WA, P gingivalis SAM, LAP,
T18)3 LPSE RAW264.7 AIEZ5E [1-6] 54

& Fs ZALNAR A 2.

2. TNF—a mRNA 23| uAE= 93

P, gingivalis SAM, LAP, Z12]1 LPS7} TNF-
a Akt TNF-a mRNAQ] S4o] wxl= Jaks
RT-PCRE Fafsto] ERIsIGItE RAW264.7 Al
= P, gingivalis SAM, LAP, Z12]al LPSE 718k
A] & Aeol| A= TNF-a mRNAZ 2&sgon,
SAM, LAP, m1@]al LPSe] w57}t Z7kgel ukah
TNF-a mRNA<] @&o] S A Figure 2).
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ekl 28] P gingivalis SAM, LAP, 7123
LPSE RAW264.7 A3l 7}slar 24417 2w}
wje g9l tie] NO F12% nitrite?] w58 3
alo] B7lslIrkFigure 3). P, gingivalis S
LAP, 22]1 LPSE 1 ng/ml-10 pg/ml®] 5= ¥
Fo A RAW264.7 AEZHE] NO #8]E 23819)
°om 1 pg/mlollA14E] basal level & 57FsH= NO
g Hol7] AlFksle] 10 ng/mlelx] el NO
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g/mlollA ©F 18.9 uM, 16.1 uM, Z12]aL 14.7 uM
9] NOE 27+ At
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P, gingivalis SAM, LAP, Z12]3 LPSel o3
NO AJ4de] iNOS wHad e} 7o gk 2045 4
Aal7] 918 olE5o] INOS whlde] wiae] mjx)e=
J3ke Wrlelity. SAM, LAP, Z#li LPSE
RAW264.7 A=A <k 130 kDa®] whldg: 77}
EEglom ol iNOSe thiah So) dllel sl
21K Figure 4). SAMZ LAPE 0.01 pg/ml
oM RE} INOS ghajE-S- u&la}o] 100 pg/miels
o] S Hglon LPSE 10 pg/mlolA e
iNOS ehlas: w&lslo] 100 pg/mlolr Hoje] 2
&L Bt Figure 4). thasr AlEE INOS W=
5 Holx] g3t

5. iNOS mRNA 2@d "A& 43

P, gingivalis SAM, LAP, 2123 LPS7FiNOS
Akl INOS mRNAS] ol mAs 3k
RT-PCRS =3¥3lo] 2R1}3It}E. RAW264.7 Al
= O 529 P gingivalis SAM, LAP, 71g]
I LPSell :=EAIZE wl, iNOS mRNA9] 2&o]
Fe o)EH o FRHKFigure 5). tiEat Al
A - oRek Al JGIT
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[0 P. gingivalis SAM
[ P.gingivalis LAP
B P.gingivalis LPS

TNF-a(mg/me)

Dose(mg/im2)

Figure 1. Dose response of TNF-a production by RAW264.7 cells stimu—
lated with P. gingivalis surface components. Cells were incubated with in—
creasing concentrations of surface components and supernatants were re—
moved after 24 h and assayed for TNF-a The results are meanszstand—
ard deviation of four experiments.

5o e ————————

TNF-a

LPS
o [ ————————
0 0.001 0.01 0.1 1 10 (ug/mb)
Figure 2. Dose response of TNF-amRNA expression in RAW264.7 cells stimulated with ~. gingi-

valis surface components. Cells were incubated with different concentrations of surface compo—
nents for 24 h. See Materials and methods for further details.
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W P.gingivalis LPS

NOz " (1m)

0.001 0.01

Niemes  Hew= Ham
0

| L H
0.1 1
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Figure 3. Dose response of NO production by RAW264.7 cells stimulated
with P. gingivalis surface components. Cells were incubated with increas—
ing concentrations of surface components and supernatants were removed
after 24 h and assayed for NO. The results are means+standard deviation

of four experiments.

SAM

LAP

LPS
0 0.001 0.01

0.1

L e——mRTTN
- _“_

e —

1 10 100 (ug/ml)

Figure 4. Dose response of iNOS protein expression in RAW264.7 cells stimulated with
P. gingivalis surface components. Cells were incubated with different concentrations of
surface components for 24 h. iINOS protein synthesis was measured by immunoblot
analysisof cell lysates using iINOS—specific antibody. A representative immunoblot from
two separate experiments with similar results is shown.
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SAM

B-actin e e e I I S e e S

iNOS
0 0.001 0.01
LAP
B-actin
iNOS
0 0.001 0.01
LPS
B-actin
iNOS

0 0.001 0.01

0.1 1 10 (pg/m0)
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Figure 5. Dose response of INOS mRNA expression in RAW264.7 cells stimulated with £. gingi-
valis surface components. Cells were incubated with different concentrations of surface compo-
nents for 24 h. See Materials and methods for further details.
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—Abstract-

The cytokine—inducing activities of surface
components of the periodontopathogenic
bacterium Porphyromonas gingivalis

Sung-Jo Kim

Department of Periodontology, College of Dentistry, Pusan National University

This study was carried out to examine the potency of the three surface compo- nents from
Porphyromonas gingivalis to stimulate the murine macrophage cell line RAW264.7 to synthesize
the pro-inflammatory cytokine tumor necrosis factor alpha(TNF-a) and nitric oxide (NO).
Lipopolysaccharide(LLPS), lipid A-associated proteins(LAP) and saline-extractable surface
-associated material (SAM) were isolated from P. gingivalis 381. TNF-a release into culture
supernatants was determined by two-site ELISA. NO production was assayed by measuring the
accumulation of nitrite in culture supernatants. Western blot analysis of iNOS and analysis of
reverse transcription(RT)-PCR products were carried out. The surface components extracted
from this bacterium were almost equally potent in stimulating release of TNF-a and NO by
RAW264.7 cells. TNF-a that was being measured immunologically was due to activation of TNF-a
gene transcription. The present study clearly shows that P. gingivalis surface components fully
induced iNOS expression in RAW264.7 cells in the absence of other stimuli. The ability of 7.
gingivalis surface components to promote the production of TNF-a and NO may be important in
the pathogenesis of inflammatory periodontal disease.

Key words: Porphyromonas gingivalis, Surface-associated material, Lipid A-associated proteins, Lipopoly—
saccharide, TNF-a, Nitric oxide, iNOS
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