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mitans SAM ol gk G4 [gG IA1e] 7t
AA5) ZrEIRem” | g4 A 259 SjolA]
= P. gingivalis SAMel| tigt s A7} 55i0)
Z7F9F . Herminajeng 57& A. actmomy—
cetemcomitans SAM ©ll thgt &7} opsonin O =
ARgato] 25Ag A WojH 38 & 9SS
Al bk Qv ole] Buse A|Fash el
o] SAMo] 54 AlFAgke] izt 28 1eja 1
2 13 A gaof lo] Fa%k AshS 3 9l g
AAlEk 9Tt

Al (endotoxin) ©f @8 44722 endo-
toxin-associated proteinso|gfa = B9+ LAP
© T Alvre] AlEH lellA] LPSell Ajtee]
ol Ae] vhila Fro- wkghl? [ pSe] wkeElA]
2= C3H/HeJ wk-2~olA9] Escherichia coli Al
T4 digt B cell mitogenic activity”F Al
whE2se] el Shadel] ofel} 29k who] 74]71
7} 5]o} LAPe] Eaj7} Hz2 geldef ™' 1,
T2 019“5‘ WRe] FFoll web= LAPZF LPS
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gingivalis®} Prevotella
intermedia®] LAP7} QI7Fe] X o2 B
myelomonocytic cell line?! Mono-Mac-65 A=+
&o] interleukin-6(11-6) ] A4S st 4= oS
& Bk 2 AfolHlEeig 116 449
kol 9loy P. gingivalis LPS©= LAPe H]&l] w-&-
e vl walk A actz'nomycetemcomi—
tans LAPI= Ao]E7IR1e] HAS Flleh=t] 2
LPsel vla] dAs] =& 24& 2k 9)80] il_{
BlG 9}’ Sharp 57 5
gingivalis®] LAPS] 5448 F2319iom, LAP2]
Tl B Aol EFRle] AS sl S RS

glglk vk k. w3 A actinomycetemcomi-

tans, P. gingivalis Z12]al E. corrodens 2| LAP
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oA el vh= gltt, ARl x5g
QI Fo] SRRl P. gingivalis®] 8ol tXH
k= SAM, LAP, 1eli LPS7} ohasjselA
tumor necrosis factor alpha(TNF-a) 2} 116 %
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P. gingivalis 3818 7oz &igict. o] o
= &9l w2} 1 pg/ml menadione®} 5 pg/ml
heming 338}3L U3 enriched trypticase soy
agar 5= GAM broth(Nissui, Tokyo, Japan)&

olgate] 37T §714d =4 sl widsision,
Alete] 472 660nm Fgelre] s =As)
o] A4l
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AFWELE Morrisonst Leive™ €] butanol
Z=zto]| o] Adt] SAMS AA% P. gingivalis®
By REgsidch k] aushd, Al 479
0.15 M NaClell €8¢t % s 739] butanol&
7¥s1e], 4°ColA 1087 2A 8] £3slaL, 35,000 x
g oA 2087 YAalie] Sk 8-S AAskL
Baxjo] ks ¥3et butanol 3ol #z9] E«nm
1/2 7hekel AAgE vlsle] FE5 23] WS

T FE83S Hol Al elae] B8 EEe Xﬂ
7%}1 4T ZFrollA] 48417 FA%E & 5
% 8150t} LAPS} LPSE Easla ol $4uxd
A FUEAS ThA] Bofl 3590 F 105,000 x gollA 3

Az 4 28] PARReISkn $ A1 ST,
4. LAPY| 55

LAPE EAFA2l hot phenol-watersol 2143}
o} EANLY AFiSas 28 2Er!.
é,%] 2N, BAARS AlfisAE S5l
0% phenol & 718143 68 CllAl 2084 5
5,000 x gollA] 20%-7F YAlEelste] LAP
= E;}LE %)= phenol5g #2/3}%irt. Phenol
2 23] HPEO}@ FE30, 479 /T
oAl 96AI7E FAIgH §- FATR Sl

1 _101'
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5. LPS9| =&

LPSE E4F419] hot phenol-water®el €]73s}
o] BAAZE AFREAR S RejEe. 7+
2rs] AW, FANERE ArlisaE SRl
=0] 8. 9% phenol-g 7I8te] 68CollA 20823t 2
3] %F—O}O% ﬁo}l’ 35 000 x goll A 2087k 4]

BRI, #8958 wob

O =

O

AT FFr2 AAs) g £ 105,000 x goll
A 3ARE @AEeEle] wAdEskal 0.1 M
Tris(pH 8.0)oll ¥<l DNase(25 ng/ml: Sigma
Chemical, St. Louis. Mo, USA)¢} RNase(25 u
g/ml: Sigma) & 37°CollA T vljdsie] sAkS: #)
Astgem proteinase K(50 ng/ml:Sigma) & 3
7¥sle] 60°CellAM 1A17E 71Egh B 37°CeAlA Y Al
oFslo] e ole whlA-S AASISTE 1 % 4CoA
SRR AAE] F43101, 105,000 x g4l 3AIRE

D HE = o

6. RAW264.7 NZ2| HiY

Murine macrophage cell lineQl RAW264.7
(American Type Culture Collection, Rock-
ville, MD, USA)-¢ 100 U/ml of penicillin, 100
ug/ml streptomycin, 10 mM HEPES, 2 mM
[~glutamine, 0.2% NaHCQs;, 1 mM sodium
pyruvate, 123 10% [v/v] heat-inactivated
FBSS ¥36k= Dulbeccos modified Eagles
medium(DMEM)-& o]-83ed, 37CellA 5% COy/
95% air &4, Nunc flaskE o]-8s}o] nlieksial
t}. Confluence “JEI7F S o, =]} w524 Al
2 sk Wi S A= BFsIrh 1 $ 244
7+ 8jeks}ar, rubber policemans o83l AEE
3lgalo] 33] Alskar, AE Ao E AHsl
t} 24-well culture platedl 5x10° cells/well=
AIFEE BE8lar, 2A17F ol vieksle] A7) plate
of] F-2s| 5 SIi) x| 33) Al F, 1SS s

o] SAM, LAP E& LPSE 718l A4 Al &

ob vjekatal o, ik AFES gdsted -707Col K.
Fshar, 8F 5 cytokine 2 NO2| w55 A74sI5]
7. MOIEAR! HH

Mouse TNF-a % I1-6 ELISA set(BD Bios-
ciences Pharmingen, San Diego, CA)& o83
of okl Abzell o] soleFRl FEE AP
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th AxAre] #|Alell 945k, monoclonal anti-
body® microtiter plates coatingd}xZ, quanti-
tative solid-phase sandwich enzyme immu-
noassays Al#ale], wgd ml G TNF-u L=
L6 9 243814

os &0

8. NO 3%

WY Asdelre] sodium nitrite %5 Gri-
ess reagentE o]galo] ZHITP? . 71ka] )
31, 96-well flat-bottomed microtiter plated]
A ik AE 100 pist EY #9919 Griess rea-
gent(1% sulfanilamide, 0.1% naphthylethyl-
ene diamine dihydrochloride, and 2.5% pho-
sphoric acid) (Sigma)Z &§5F 3 A0 1058
ZFujekelsint. 1 % plate readerE o1&sle] 550
nmellX S4EE 54819} Sodium nitriteS 3%
FO % 8] nitrite =5 AN

1

o

9. iINOS2] immunoblot £

HEE 60mm tissue culture dishell 2x10°
cells/dish®] H=& B335k 3. okl ] SAM,
LAP 5= LPSE 7Fse] 2178 A17F 52t vljekslel
otk mjg & MYE jce-cold PBSE 33] AJA&},
protease inhibitor(l mM PMSF, 5 mg/ml
aprotinin, 5 mg/ml pepstatin A, and 5 mg/ml
leupeptin) & 3EFs}EL QI 200 9] lysis buffer
(50 mM Tris-Cl(pH 8.0), 150mM Nacl, 0.002
% sodium azide, 0.1% SDS, 1% Nonidet P-
40)E ol&-sto} 8a5tdrt. Cell lysate WHe] el
HEE SDS-PAGES] <3 #elékr, nitro-
cellulose paperell transferdlith 5% skim
milk(in PBS-Tween-20)°l14 1417} %<1 mem-
branes blocking 3 % anti-iINOS antibody
(Santa Cruz Biotechnology, Santa Cruz, CA.,
USA) ¢} incubations}$it}. 2 & PBS-Tween-20
°7 33 AJFslal secondary antibodySanta

Cruz Biotechnology)¢} 30% incubationdt 3
enhanced chemiluminescence detection sys-
tem(ECL) (Amersham Pharmacia Biotech,
USA)& ol83lantibody-specific proteing 3
Aslict.

10. Reverse transcriptase PCR

ANE(2x10" cells/dish) & 100 mm tissue cul-
ture disholl ¥az, vhefet Fikee] SAM, LAP £+
LPSE 7Fsle] 2135 AITF Eet viksisict, wjork 5
HIZE PBSZ 28] FAlletar eilie slo] Axs
slsiitt. AzARe] x|Alell wh} RNeasy Mini
Kit (Qiagen, Valencia, CA, USA)-& &8s
total RNAE ZJ8}3ir}. AccuPower RT/PCR
Premix kit (Bioneer, Korea)¥} thermal cycler
(GeneAmp PCR system 2400: PE Applied
Biosystems, USA)& o]83lo], &3 RNAZY
H ¢cDNAE A3k, reverse transcription—
polymerase chain reaction(RT-PCR)S- 483}
o] ¢DNAE F33190t). Internal control®+ B
-—acting #8319tk Nonsaturating PCR condi-
tions 9% cycle = n| S B3 AXsl).
TNF-a¢} iNOSE $18 PCR amplification 95°
CollA] 1 23 62° CollA 1 B2 18)a1 72° CollA]
1 23t 35 cycle® Fa=IIrh AHEE oligonu-
cleotide primer= 23 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 TNI-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 productZ ethidium
bromide® Egslal U&= 1.5% agarose gelolA
A7199% 310 Aejad slell] dEltt Gel AR
JIPCR band®] 7%=+ densitometryg o83

o] H7Fsiir).
m. sy
1. TNF—¢ MO DNl Y

tjekst =20 P gingivalis SAM, LAP, “12]aL
LPSE RAW264.7 Aol 7}alar 2447 23} &
ek gzl el TNF-a =5 578315t Figure
1). P. gingivalis SAM, LAP, 18]3 1LPS+ 1
ng/ml-10 ug/mle] F&= HrollA RAW264.7 AE
ZHE TNF-a #8915 f38191.00, 0.1 ug/mlolA
| basal level & 57FF= TNF-a A& Kol
AlZERe 10 pg/mlollx] Hojel NO Ade 23l
SAM, LAP, 182l LPSE 10 pg/miolA ¢k 9.5
ng/ml, 9.4 ng/ml 1#]3 10 ng/ml¥] TNF-0&
2vzy ARty $BH, P gingivalis SAM, LAP,
18]ar LPSE RAW264.7 AIXZ5H 11-62] €4

B frel] Feldri (s AN D).
2. TNF-¢ mRNA £210] OIN|= FY

P. gingivalis SAM, LAP, Z12J3. LPS7} TNF-
a Akl TNF-o mRNAS] 4ol vjx|& Jaks
RT-PCRS F-a5le] BR18litt. RAW264.7 Al
= P. gingivalis SAM, LAP, z28]11 LPSE 713}
7] 3o Ao A= TNF-a mRNAZ wHaslgl o,
SAM, LAP, Z12lar LPSe k7t S71gdl uet
TNF-u mRNA2] &&o] ZA=AH Figure 2).

3. NO ‘¥goj| OINl= Y

vkt w120 P gingivalis SAM, LAP, 1811
LPSE RAW264.7 Alol] 7kskar 24413 A3} &
B 4ol o] NO $5& nitrite?] §55 54
alo] HrslsicFigure 3). P. gingivalis SAM,
LAP, 183 LPS¥ 1 ng/ml-10 pg/mle] §% 8
Foll] RAW264.7 APEZEE] NO 211 5238151
o1 1 ug/mloA e basal level & 57F6F= NO
e Bel7] AAE] 10 ng/mldlA Hoie] NO
e Boith SAM, LAP, 22)3 LPSE 10
g/miollA] F 18.9 M. 16.1 M, 28] 14.7 uM
9] NOE 72} A4t

4. iINOS T Y0l DNl FY

P. gingivalis SAM, LAP, 1&]11 L.PSo) 23t
NO #37de] INOS iae] Z7lof| 2t 291415 4
A&l7) 98] o]0l INOS whae] o) wjxj=
43S #H@rRsIcy. SAM, LAP, Zda LPSe
RAW264.7 AFEAA] F 130 kDa2] @ ae 717}
sl om0 INOSel tigh S akle] <&
elwdrkFigure 4). SAM3 LAPE 0.01 ng/ml
o AFE] INOS whi S wkdsie] 100 ug/miolA
Hoje] 9L Bglon, LPSE 10 ng/mlolM5-E
iINOS @8- wraate] 100 ug/miciA <] 2
&S HAHFigure 4). Wz AlEE INOS M=
£ Holx| gojrh

5. iNOS mRNA 2R10]| O|N|= Y

P. gingivalis SAM, LAP, 12|11 LPS7}iNOS
FARE INOS mRNAS] &4l wixls 93k
RT-PCR& asle] =lslaitt, RAW264.7 A3
2 tjorsl wxo] P gingivalis SAM, LAP, 18]
I LPSe =EAI7E o, iNOS mRNAS] o]
TE oEHos FHNHFigure 5). tizsr Al
i mlg- oFgh ARk M i)
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[J P.gingivalls SAM
B P.gingivalis LAP
B P gingivalis LPS

o

TNF-a(mg/me)

0 0.001 0.01 0.1 1 10
Dose(mg/mé)

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 means+stand-
ard deviation of four experiments.

0 0.001 0.01 0.1 1 10 (ug/md)
LAP
B-actin
TNF-a
0 0.001 0.01 0.1 1 10 {ug/mi)
LPS
B-actin

0 0.001 0.01 0.1 1 10 (ug/me)

Figure 2. Dose response of TNF-a 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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[l P. gingivalis SAM
P. gingivalis LAP
B P. gingivalis LPS

20

NO2" (um}

o L NN | ol | eem |

|

0 0.001 0.01
Dose(mg/ms)

0.1

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 re-—
moved after 24 h and assayed for NO. The results are means+standard

deviation of four experiments.

SAM

LAP

LPS
0 0.001 0.01

e g

1 10 100 (ug/md)

Figure 4. Dose response of iINOS protein expression in RAW264.7 cells stimulated with
P. gingivalis surface components. Cells were incubated with different concentrations of
surface components for 24 h. iNOS 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.

B A 215 0 vt Fof shil P
gingivalis®] ER EABEE SAM, LAP, 712]aL
LPS7} thalAlszell A 1L-69} TNF-a 52| 954 4

olE7I01} NO2] 8438 58k 28 vlul 37}
7] s 3=k SAM, LAP, Zielal LPSE
Alge] Fol EAsles At s5eA|Egte] J3

24ge] glof T8 AL G 5 9. o)5e S

8 A0 35 G POk S A
o], @ AFEaBe] Wizt 13l glo] Seld
24 F98 5 Qe AL A foMLERIAS) 116 4

3o} ol 9ot P. gingivalis LPSi= LAP] vls}
S B4e erm Bad v o B A4
actinomycetemcomitans®] SAM¥} LAP% Ao &

7191e] AAE Friskze] glo] LPSel His d@A)8]
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SAM
B-actin

iNOS

LAP
B-actin

INOS

e

LPS
B-actin

iNOS

0 0.001 0.01

W
0.1 i 10 (pg/me)
0.1 1 10 (p2g/md)

W

0.1 1 10

(pg/me)

Figure 5. Dose response of INOS mRNA expression in RAW264.7 cells stimulated with P. 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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gk welrtee) SRRl A actinomicetecomitrans®]
LPS7}F A Azl A NO"] S ol Harg
B} QU gl 27438 Wl Prevotella
intermedia®t Prevotella nigrescens®] s
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INOS®] F sweloms AR, b3l g
[e]

)y
AfobZ, Tela Eak WY 58 5 5
36-39)

B ool RAW264.7 M¥E P gingivalis
SAM, LAP, 12|31 LPSE 71814] o2 defell A= B
-actinol] thall 66-78 % g% TNF-a mRNAE %
#alith RAW264.7 AlEE 571491 Aol gl
dEjellA, TNF-u & frejeth 508 AAdshee o
or}, et ] TNF-a a2 kE wdshs 3o
2 A%}, ¥ AolA P gingivalis SAM, LAP.
Z8lal LPSE Fhe oFFes iINOS i
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SAM#} LAPl| #]8f iNOS w3 mRNAS] W&
& fFrieshe @do] @A) v o o AR,
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o, INOSe} e 2§k NO A4S ighoss
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B ool e 0 Woler ol shull P
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LPS7} 2l Aol A 78 A543 MhelE71R13 NO
o] AL fieshs T8 58 v Hrksl] Sl
=ity P gingivalis®l SAM, LAP, Z=lx
LPSE RAW264.7 AESA TNF-a2h NOS| A84]
S S S0 SUSISITE RAW264.7 AEE
P. gingivalis®] SAM, LAP, “12]a1 LPSE 715H4]
ore Aol TNF-a mRNAZ #&39om,

SAM, LAP, Z12]x LPS) F%rt S7Rdel uket
TNF-a mRNA®] E&o| FR=ACt. P. gingivalis
o] SAM, LAP, ZElz LPSE 5% oFion
INOS T a} mRNAS] WS frdsisict. ok,
P. gingivalis LPST SAM} LAPe Bl&] iNOS
il mRNA @S frieshs ddo] 3] vt
& o8 o AR,
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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(LPS), 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-u 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 P.
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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