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Prevotella intermedia ATCC 25611, Prevotella
nigrescens ATCC 33563, 21 2] 3L Prevotella
nigrescens ATCC 252615 It o 2 313it) o]
E 7FE ¥ w1 pg/ml menadioned} 5 u

0] 1=
M1

soy agar B== GAM broth (Nissui, Tokyo, Japan)&
o] g3t 37Cc o 7| ZA (10% Hy/10%
COL/80% Ny)ol| A vl ka3t MAa) =] of| A 24417k
vl %3} early stationary phase®] TFE 4T ol A
12,000 x g& 208-7F Y23t 3]4=8}kaL, phos-
phate-buffered saline (PBS, pH 7.2) & 33] M]3+ 5
TAx 3

g/ml heming X33l enriched trypticase

2. NlZ4Y=2 (lipopolysaccharide; LPS)2]
sy

WestphalZ} Jann?¢] hot phenol-water B¢l 9]
Aste] LPsE AN 25 EH FE39T
Qo] 2N, B S 25 BRse] 5 F
90 % phenol 78} 68 oA 2087k 23] F&3}
AL B4R F, 7,000 x golA 1523 LA E] 8t
aqueous phaseE T8I, 4ColA FHF= FA
3] BT B4 F 105,000 X gollA] 3413 9
ARelste] $47%3F crude LPSE 0.1 M Tris (pH
8.0)ol] =<1 DNase (25 pg/ml; Sigma Chemical, St,
Louis, MO, USA)$} RNase (25 #g/ml; Sigma) 2 37T
oA BEAR vl Fate] akE A ABEA ST, pro-
teinase K (50 u#g/ml)& 37Fste] 60C oA 147 7
HslaL 37T o 4] kA wljokste] @ A TS A
Attt & e LPsY ©i A FheFd,
Markwell 5302] ¥iel eJaff ZAgh nlel &Jshd,
0.1 % m]¥ko] @t} Sodium dodecyl sulfate (SDS)-
polyacrylamide geldl] 3}2k2] £33 LPSE 7}5}<]
719538k & Coomassie blueZ G035 A3} vk
A MEE HolA &ttt (REAA 3.

462

Salmonella typhimurium LPS (phenol extract)&
Sigma Chemical Co, (St, Louis, Mo, USA)S A T+
skt
3. KDO & EiH siggo) oy
2-keto-3-deoxyoctonic acid (KDO) § &2
Karkhanis $30¢] WP o)) &Ja] AAs}5 o, chl
] g % Markwell 509] ol o519t

Al

2
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4. B cell mitogenicity2] 5

in vitroo]| 4] BALB/C wh$-29] BZA|Z o] tf sk
LPS2] mitogenicityS &4 3t} 7HeFs] 2703k
H, 6-859] A4 BALB/C np$-229] H|AA X (well
=100 #9l] 5% 105 A|E4)E 96-well microculture
plateol] A T}t F=2] LPS (0.1 pg, 1 pg, 173l
10 p#g/mb)9} $H7 37°C 2] 5% CO, vl 7o A] 724]
bl -, MTT assay & ©]-8-3to] AEFAE =
At o] & Hal, AE w ¥ F 0.5 mg/ml §&=
7} ¥ =% 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT)& 7}&}¢] 37
T2 5% CO, ¥l 710141 221t vl ket & 23t
S AAskL, MEZS dimethyl sulfoxide (DMSO)e]l
=%t} I F Spectra Max 250 ELISA Reader
(Molecular Devices, USA)E o]-83}4] 570 nmeol|A]
9 FHEE =AY MTTV} formazan® 2 3
H AEE Hristnt. A dizate] visk Wi

2 FAEAH.

F

o
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5. RAW264 7 NIZ2| HiS,

nR9-2~9] macrophage-like cell line®] RAW264,7
(American Type Culture Collection, Rockville, MD.)
S 379 5% CO»/95% air ¥ %710 10% [v/v]
heat-inactivated fetal bovine serum (FBS), 100U/ml
penicillin, 100 #g/ml streptomycin, 10 mM HEPES, 2
mM L-glutamine, 0,2% NaHCO;3, 18] 1 mM sodi-

um pyruvate®| E3E Dulbecco's modified Fagle's



medium (DMEM) 2.2 vj 9F5}93t}. Confluence AFE)
oA v ¢} B F-ZAEE A AL A2 v A S
7Fske] 24A1ZF vl &F 3=, rubber policeman® & A|3E
& mol, 33 A ARAEY 58 A
Well B 1% 10°9] AEFE 24 wello] 253+ 3 24
ZF o) wiFste] plated] AE7F F-AHEE 519
o % o S pSE skl AR A
Fo w1, A20E $059) NO assay 2
TNF-a assay & 93l -70°C o] s}t
6. Nitric oxide (NO) assay

NO¢| &= vl ¢ &5 ] nitrite (NO;) &%=
& S48t AAsATh?. 1heks] A8k, 96-
well flat-bottomed microtiter plates]| 4] B % 224
100 ¢19} FY F3) 2] Griess reagent (1% sulfanil-
amide, 0.1% naphthylethylene diamine dihydrochlo-
ride, and 2,5% phosphoric acid) (Sigma)& 33k
% Lo 1087 WHX|3}aL, Spectra Max 250
ELISA Reader (Molecular Devices, USA)S ©]-&-5}¢]
540 nmol|X FB =5 ST WA o ® A&

o1-= T
3]418F NaNO, (Sigma) Z A 2F5F 7 2410 ZHE]
nitrited] =5 A3

7. Immunoblot analysis for inducible nitric
oxide synthase (iNOS)

MEE sample buffer (50 mM Tris-HCl, pH 6.8,
2% SDS, 20% glycerol, and 10% 2-mercaptoethanol)
oA 7}&3}e] whole cell lysates ZA| 8T}, Cell
lysate U] 2] ©Hl A58 SDS-PAGE9] 2J3 £&]3s}L,
nitrocellulose paperol| transferd}Fth, 5% skim milk
(in PBS-Tween-20)9A 1A]7F 5<¢F membraneS
blocking3F T anti-INOS antibody<} Bl &5} ch 1
T PBS-Tween-202 2 338] Al| &3}, secondary anti-
body2} 30% v}t 3 enhanced chemilumines-
cence detection system (ECL) (Amersham
Pharmacia Biotech, USA)-& ©]£-3}4] antibody-spe-

cific proteing T34t}
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8. TNF- « assay

Mouse TNF-a ELISA set (BD Biosciences
Pharmingen, San Diego, CA)& ©]-&-3&}a] vl okl A
SN U] TNF-a w8 23t Az A
Aol 9] A3}, monoclonal antibody& microtiter
plateE- coatingd}1l, quantitative solid-phase sand-
wich enzyme immunoassayS A|8J3}e], v ¥l ml

G TINF-a2] & 28kt

9. Reverse transcription-polymerase chain
reactioni} PCR product2] £4

A3 (2% 107 cells/dish)E 100 mm tissue culture
dishel] W31, 1 ag/mle] (PSS 743ho] A Az
S ulgelsic), Mok 3 AES PBSE 28] 4413}
23 afel A S)5alsch Az A7)
o] w}2} RNeasy Mini Kit (Qiagen, Valencia, CA, USA)
< 883} total RNAE E2]5F9 T} AccuPower
RT/PCR Premix kit (Bioneer, Korea)@} thermal cycler
(GeneAmp PCR system 2400; PE Applied
Biosystems, USA)& ©|-&-3}¢], 53k RNAZHH
cDNAE §AJ3}L, reverse transcription-polymerase
chain reaction (RT-PCR)S 4=3J3}a] cDNAE 5-3£35}
At} Internal control2& B-acting 83139t &
A AT ol 4] INOS HE= TNF-a ) B-actindl] &
0)/d& 2t primerE ©]-8-3k0] cDNAE PCR 533}
%t} Nonsaturating PCR condition& $J3F cyde 4=
© dREdS Fal A8t INOSS} TNF-a &
9|3 PCR T35-2 95T oM 1 &3E, 62T oM 1 23,
Ze]ar 72 ellA] 1 87F 35 cycled} 94T oA 1 #-7E,
62C oA 1 83k, 1g]a 72T oA 3 B335 cycle 2
242y 3 5 ARE-H oligonucleotide primers=
-3 2t} iNOS, 5'-TCACTGGGACAGCACA-
GAAT-3" (sense) and 5-TGTGTCTGCAGATGTGCT-
GA-3" (antisense) (corresponding to positions 348-
367 and 857-838, respectively, of the published
mouse iINOS mRNA sequence), yielding a 510-bp
product; TNF- @, 5 -GTGACAAGCCTGTAGCCCA-3



(sense) and 5" -AAAGTAGACCTGCCCGGAC-3’ (anti- LPSe] &8 FAAZXS AEE 7|FOo 7 d}]
sense) (corresponding to positions 419-437 and 846- 0.26%114] 0.99%¢°] °]2%aL, P
828, respectively, of the published mouse TNF- @ intermediadl] W3} & F&& B4} (Table 1), &

. nigrescens’} P.

mRNA sequence), yielding a 428-bp product; 8- E23) LPS] KDO RS 9. 4%0l| 4] 17.9%¢9] &
actin, 5-TCCTTCGTTGCCGGTCCACA-3' (sense) and 390, P, intermedia LPS7} P, nigrescens LPSO|
5-CGTCTCCGGAGTCCATCACA-3' (antisense) (cor- H]3] KDO 8teko] o] ©gkt} (Table 1), LPSe] ©H
responding to positions 44-63 and 553-534, respec- A ek 3% IF EFoA 0.1% m)Rke| itk

tively, of the published mouse actin mRNA (A}FSA|A] &8,
sequence), yielding a 508-bp product, PCR-amplified

productE ethidium bromideE E38F3 = 1.5% 2. B cell mitogenic activity
agarose gelol| 4] 171G Esto] 2kl stel| 4] s}
Sk BALB/C n}$-229] B)ZAE o) T3} P, intermedia
9 P nigrescens LPS2] 521G 3}7} Figure 191 A|A|
n, S Hat o] dt}. P, intermedia®} P, nigrescens®] LPSE= T
Zol| v]3l dA S A EFAS st on, As
1. LPSS| KDO 2 HHi=| olek Z9|X= P. nigrescens ATCC 33563 LPSe]| 2|3t A

Z40] 713 ARk,

Table 1, Yield and KDO content of LPSs from Prevotella intermedia and Prevotella nigrescens

Lipopolysaccharide Yield (%) KDO (%)
P, intermedia ATCC 25611 0.26 17.9
P, nigrescens ATCC 25261 0.88 9.4
P, nigrescens ATCC 33563 0.99 9.9
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Figure 1, Mitogenic activity of LPS on spleen cells of BALB/C mouse, 5x 10° prepared cells in 100 x| per well
were cultured in microculture plates with various concentration of each LPS, S, typhimurium LPS
were used as the positive controls, The results are expressed as the mean + standard deviation of
four culture wells,
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Figure 2, Dose response of NO production by RAW264 7 cells stimulated with LPS isolated from P. interme-
dia or P. nigrescens, S, typhimurium LPS was used as a control, Cells were incubated with increas-
ing concentrations of LPS and supernatants were removed after 24 h and assayed for NO, The
results are means + standard deviation of four experiments,
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FIL] LPSE RAW264.7 A2 ol] 73l v
% 43 H W9 nitrite
intermedia & P, nigrescens LIPS+
prg/mldl] 23 RAW264,7 A|EZH-H
At (Figure 2). LPSell &]3} 2}
T 9F 3 uM9] nitrite’} RAW264.7 M|EE

=8 SAs
0.1 ng/ml-10
NO<J #H| &
=] glo]= ¢}
FH 8= 10 ng/mle] FEAFE frolgt
EE9 NOZF #HE Q1o ™, 10 xg/mlo)A] FHrie]
NO 87 (k65 M) HGith dA o = A
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Figure 3, Time course of NO production by RAW264 7 cells stimulated with LPS isolated from P, intermedia or
P, nigrescens, Cells were incubated with 1 «g/ml of LPS, Other details as in Figure 2,
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49 S. typhimurium 1PSe] 842 F A4 A=-8-33)
F NO Arkeke] WA P, intermedia E P,
nigrescens LIPS} F-AFSFIT. TheE 10 ng/mle] &
ZOX, S, typhimurium LPS9} P, nigrescens ATCC
335603 LPs9] &Ado] A 8] E3tTh

RAW264.7 Ao 1 png/mle] 7} LPSE 71381,
AZbe] 7ol THE NO A4S TSR (Figure
3). P. intermedia & P, nigrescens LPSE=, 4A)17ke] A
A7) %, SARIIA 484244 NO A% A
° 2 WAL S, typhimurium LPSE 24A|7F74A]
A&7 0. 2 NO A& S7H 1At



4, iINOS HHiEIIF mRNAS| Ef51

RAW264.7 A|E A< P, intermedia @ P,
nigrescens LPSO]] 23 NO A AJo] iNOS g} 2 o wk
ol o3k AQIAE &elslr] ¢sle], P, intermedia
P. nigrescens LPS7} iNOS ©H 2l o] W& o] n) %]
T S IS o & LPSE b= A E oA
+ INOS|| thgt S0 §HA| o} ¥hg-3h= °F 130 kDa®]
il go] W e} (Figure 4). RAW264.7 M ZE
Thoket w0 psel e ABE ), iNOSe) o]
E5 &Aoo 2 Z7FeT} (Figure 4A). iNOS th
WAL 1 ng/mle] LPSHXFH LA H7] A2t
10 pg/miof| A H o] W& K AT Figure 4Boll&
1 pg/mle] P, intermedia 2 P, nigrescens LPSE 7}
g 5 AJ7ke] A Fo] whE INOS Tl ke oS

ol
=

RelF1 gtk iNOS B AL 4zl e w
A
P, intermedia ATCC 25611
P, nigrescens ATCC 33563
P. nigrescens ATCC 25201
B

P, intermedia ATCC 25611

P. nigrescens ATCC 33563

P, nigrescens ATCC 25261

0

5)7] A)2k3te] 2441310l Huje] WS 1 gt

P, intermedia ¥ P, nigrescens LPS7} iNOS ZA}<}
iNOS mRNA2] W&ol ] 2] 93-S RT-PCRY|| 2]
3] g5kt RAW264.7 IEE 1 pg/ml2] LPSO|
=Z2A AL 1 INOS mRNAZ} 2 =] Qe (Figure
5). P, intermedia ATCC 256113} P, nigrescens ATCC
33563 LPST= 2A|ZFo|A] 24A17H AA A &Aoo 2
iNOS mRNAS] L&8-& Z7IA 2T (Figure 5A%} B).
P. nigrescens ATCC 25261 LPS+= 8A|Zte] Hthe]
iNOS mRNA 8- R 9t} (Figure 5C), LPSE 7|5}
A L RAW264.7 M| INOS mRNAE 5]
ezt

5. Polymyxin BtNO 4ajof Tl 2

Polymyxin B+= LPS9] lipid A domain®] 25}

-u.
- s
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Figure 4. Dose response (A) and time course (B) of iINOS protein expression in RAW264 7 cells stimulated
with LPS isolated from P, intermedia or P, nigrescens, iINOS protein synthesis was measured by
immunoblot analysis of cell lysates using INOS-specific antibody. A representative immunoblot from
two separate experiments with similar results is shown, (A) Cells were incubated with different con-
centrations of LPS from P, intermedia or P, nigrescens for 24 h,_ (B) Cells were incubated in the pres-
ence of 1 xg/ml of LPS from P, intermedia or P, nigrescens for different times,
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A P, intermedia ATCC 25611

iNOS

B P. nigrescens ATCC 33563
/- actin
iNOS

C P nigrescens ATCC 25261

B-actin

iNOS

Figure 5, Time course of INOS mRNA expression in RAW264 .7 cells stimulated with LPS isolated from P, inter-
media or P. nigrescens, Cells were incubated in the presence of 1 «g/ml of LPS from P, intermedia or
P. nigrescens for different time periods, See Materials and methods for further details, The PCR
bands on a gel photograph in one of two separate experiments yielding similar results are shown,
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Figure 6. Influences of polymyxin B (PB) on the NO-inducing activity of LPS isolated from P, intermedia or P,
nigrescens, 1 xg/ml of LPS from P, intermedia or P, nigrescens was incubated with the indicated
concentrations of PB at 37°C for 60 min and then subjected to cultures with RAW264 7 cells,
Supernatants were removed after 24 h and assayed for NO, S, typhimurium LPS was used as a con-
trol. The results are means + standard deviation of four experiments,

LpSe] A& 84S F38t o= 9t} Polymyxin P. nigrescens LPS9l| 2]8F RAW2064,7 A 3E o4 ¢] NO
B7} P, intermedia & P, nigrescens LPS9]| &3+ NO PAAE &3] ASATE (Figure 6). 1, P.
P x9S H71EH Y Polymyxin Be= intermedia LPS9] 2]+ NO A4S polymyxin B9
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Figure 7, Dose response of TNF-aproduction by RAW264 7 cells stimulated with LPS isolated from P, inter-
media or P. nigrescens, S, typhimurium LPS was used as a control, Cells were incubated with
increasing concentrations of LPS and supernatants were removed after 24 h and assayed for TNF-«
The results are means + standard deviation of four experiments,
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Figure 8. Time course of TNF- eproduction by RAW264 7 cells stimulated with LPS isolated from P. intermedia
or P. nigrescens, Cells were incubated with 1 #g/ml of LPS Other details as in Figure 7.

9J3)) A F2H o2 oA =Tk intermedia & P, nigrescens LIPS 10 ng/mle] F %=
M RLE F23F FLe] TNF-a o] ]S fuka}e]
6. TNF-« & 1,10 ug/mloA Hhe] TNF-a 4 (2F 6 ng/ml)

S HYY A ERT o ARRE S, typhimurium

TRkl 52 0] [PSE RAW264,7 A E )| 748k 24 LPSe] E4L A A1=-4-F3} Hu) TNF- e 2bake]

AIZE Z9] TNF- a5 =8 S43H). P, intermedia ZWHI| A P, intermedia 2 P, nigrescens LIPS} F-A}F

% P, nigrescens LPSE 0.1 ng/m10 pg/mlol 4% 5psAch. ok 10 ng/mle] 4, 5. typhimurium

RAW264.7 A| 3 2H-E] TNF-a 8] £H| & F23} 3t Lpse] gAo] A 3| =k, P. nigrescens ATCC
(Figure 7). LPSe] 9] A=o] glo]= ¢F 0.7 ng/ml 25261 LPSS] E4o] A 8] wEok}

©] TNF-a7} RAW204.7 A EZHE] EH] =0T} P, RAW264.7 A|Z | 1 pg/mle] 2+ 1PSE 7}a}aL,
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A P intermedia ATCC 25611
B- actin

TNF-«a
B P nigrescens ATCC 33503
B-actin

TNF-a

C p nigrescens ATCC 25261
B-actin
TNF-a

0 2

4 8 12 24 48 (hr)

Figure 9, Time course of TNF-a mRNA expression in RAW264.7 cells stimulated with LPS isolated from P,
intermedia or P. nigrescens, Cells were incubated in the presence of 1 #g/ml of LPS from P, interme-
dia or P, nigrescens for different time periods, See Materials and methods for further details, The PCR
bands on a gel photograph in one of two separate experiments yielding similar results are shown,

A7ke] 7ol whE TNF-a ¥ AL Hrbstdtt
(Figure 8). P, intermedia & P, nigrescens LPS+ 44|
7 A} F @A INF- a3 S fshdar,
48N 7VI}A) = INF-a A AJo] & A3] Zu5R|=
A} S, typhimurium LPSO] &3k TNF-a Y=
AR P Bl

_'?_‘_
%JS-
o]
T

7. TNF- emRNAZ] 2151

P. intermedia ¥ P, nigrescens LPS7} TNF-a
mRNA®] o] m2X]= Jas RT-PCROY| 23 &<l
SFTE RAW204.7 A|ZZE 1 p#g/mle] LPSO] =FA]
7S w] TNF-a@ mRNAZ} & 5] 1t} (Figure 9). P.
intermedia ATCC 256113} P, nigrescens ATCC
33563 LPS+= 247l A 8AJZYol| AA A|&2 02
TNF-a mRNA®] &S F7HA 7T} (Figure 9AS}
B). P, nigrescens ATCC 25261 LIPS+ 4A]7tol] Z oy
o] TNF-a mRNA 98-S H ¢t} (Figure 9C), LPSE
7FIA] 92 RAW264.7 A|EE TNF-¢ mRNAE %
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A5kA] 2okt
=
v, 52 % O
B A= P, intermedia®}t P, nigrescens LPS2] Z}

T AESH S 25k, AFAs A
T 7 U e Qlojxle olE dF] 9EE Tt
3317] $13l ) = Ak KDO= P. intermediaS} P,
nigrescens LPSOIA] 9. 4% 4] 17.9%2] gH=Fo =2 &=
AL, of= olF FF7F 233 LPSE &3}
Y2 AASL Aot P. intermedias P.
nigrescens®]] B8] vl-$- 73E3F KDO A]|Z1EE 714
I Y Ao R HojRr), LpSo] gHrH o gl vkl
Aof| ozl Lpse] Z+g A& EAo] T31E 7t
A& WAk $18te], & ATHolX = LPSE pro-
teinase K2 2] 2|3} on, $4~2-2)3F LPSe] vhi
R 0.1% ¥k et o] & & ATl A2 LpSe
g BE8H] /o] HA o2 Lpsof o8t Z9l&

of] g,



o] BAIZR o] oA Sl HIAA ] o
3| P. intermedia 2 P. nigrescens LPS7} & |3k 5]
25 7L EE B A7 AlAskL itk B-
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LPs7} A7age) Welol glo] Fagd 4B B
0] Ik
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o) 2153 @EE AR 4 1] Bl v )
T30, NO= e 994 A9 OMQ} PRI 2
WF4 A7 A3 QO E FaTF 4TS ke 2
o= AT, AFA% A Nog| Aol Z7Fsie
3 Actinobacillus actinomycetemcomitans®] LPS7}
A MM EAFHA NO B4 o] B ard
o QUep, e BT Bl e o)
2745 7229 W3, INOS 945} mRNA

—

mHn

F

At

7 EAHe, 722 ool NOS
o F FRACZE AL, TS WAL, A5

o E, 8|2 A WIHEE & F TkoD),
ole]] £ AoA&= A skt a3t Sl 8l
o] 9 HAF £9 el P intermedia®} P,
nigrescens®] LPS7} wR$-2~2] macrophage-like cell
line®] RAW264, 7911412 NO 3 /d7} iNOS &l o] w
A+ 9¢S Hrlskde}. P, ointermedia 2 P,
nigrescens LPS7} I A| 4 NO A4S et
o =ao A gzToz FLE S
typhimurium LPS9} S-AFSFITEH NO A4 39
INOS7} FujE AR ZHE3tng 2 AFofAE P,
intermedia @ P, nigrescens LPS7]- iNOS w2 3}
mRNA9] ol n|X|= oS 371l o™, iNOs
chil A3 mRNAS] B8] o] immunoblotting®} RT-
PCR| 93] Z}7z+ ==t} P, intermedia 2 P,
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-Abstract-

Chemical and Immunobiological Characterization
of Lipopolysaccharides
from Prevotella intermedia and Prevotella nigrescens

Sung-Jo Kim
Department of Periodontology, College of Dentistry, Pusan National University

The purpose of this study was to assess some biological activities of lipopolysaccharides (LPSs) from P, inter-
media and P. nigrescens. LPS was prepared by the standard hot phenol-water method. NO production was
assayed by measuring the accumulation of nitrite in culture supernatants, TNF-« production was determined
by enzyme-linked immunosorbent assay. Western blot analysis of iNOS and analysis of reverse transcription
(RT)-PCR products were carried out, LPS from P. intermedia demonstrated higher KDO content than those
from two stains of P. nigrescens, LPSs from P, intermedia and P, nigrescens were mitogenic for spleen cells of
BALB/C mouse. The present study clearly shows that LPSs from P. intermedia and P. nigrescens fully induced
iNOS expression and NO production in RAW264.7 cells in the absence of other stimuli, Moreover, LPSs from
P. intermedia and P. nigrescens clearly induced TNF-a production in RAW2064.7 cells, The biological activities
of LPS from P, intermedia was found to be comparable to those of P, nigrescens LPS, The ability of LPSs from
P. intermedia and P. nigrescens to promote the production of NO and TNF-« may be important in the patho-

genesis of inflammatory periodontal disease.

Key words: Prevotella intermedia, Prevotella nigrescens, Lipopoplysaccharide, B-cell mitogenicity, Nitric oxide,
iNOS, TNF- a
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