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Prevotella intermedia ATCC 25611, Prevotella
nigrescens ATCC 33563, 1 8] i Prevotella
nigrescens ATCC 252618 St} o.2 shojt). o]
E 158 59 uel, 1 #g/ml menadione®} 5 #
g/ml heming ¥ 3§35} Q1+, enriched trypticase
soy agar 5= GAM broth (Nissui, Tokyo, Japan)&
o] g3te] 37C e ¥ 24 (10% Hy/10%
CO/80% No)oll X vl ettt HAuf = A 24A12F
v 93} early stationary phased] TFE 4T o)A
12,000 x g2 2087+ Q4E8l3te] 8]4=3}31, phos-
phate-buffered saline (PBS, pH 7.2)& 33} A1 33 &
28z 39t

2. 7452 (lipopolysaccharide; LPS)S]
25

Westphal¥} Jann®€] hot phenol-water ¥ ¢ &
Asteo] LPSE THAZE FF 2HE FE3AT
ek IS, 58 &5 R U F
90 % phenol& 713l 68°C A 2087 23] F&3}
I BAE F, 7,000 x golA 1583 AAEE e
aqueous phaseZ +3H& 1, 4C M FFTE A
3 28Tk B4 & 105000 X gollA 342 9
ARgsle] 43828 crude LPSE 0.1 M Tris (pH
8.0)¢] =<1 DNase (25 pg/ml; Sigma Chemical, St.
Louis, MO, USA)$} RNase (25 #g/ml; Sigma) £ 37°C
A4 A v Fete ke AAALH, pro-
teinase K (50 #g/ml)E A7}t 60C oA 14]7 7}
F3}aL 37C A A vt L e S AE A
At «yEad LPsY Gl A e,
Markwell 5502] ol ¢J3) 4% nlof o5td,
0.1 % n|gte] i}, Sodium dodecyl sulfate (SDS)-
polyacrylamide gelel] 32| #2]& LPSE 7}3}od
A71%9¥% F Coomassie blueZ F443 23} ¢h
4 BolA gtt (A EA A @&F).
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Salmonella typhimurium LPS (phenol extract)¥
Sigma Chemical Co, (St. Louis, Mo, USA)oll A ¢
3Tk

3. KDO X HHifE Biige| B4

2-keto-3-deoxyoctonic acid (KDO) & F2
Karkhanis 50¢] ol o} AAstor, i
&) % Markwell 5302] Wl 213} 31Tt

4. B cell mitogenicity2| 53

in vitrod]| 4] BALB/C u}$-29] B Lo thst
LPS¢] mitogenicityE &3k k3] aE}
W, 6-859] A4 BALB/C vp-229] B]AAE (well
2100 9] 5% 105 A|E4)E 96-well microculture
plated]| A T}eF3t F 0] LPS (0.1 pg, 1 ug, 18|
10 pg/mDs} FHA| 37T 5% CO, vl 7] ollA] 724]
ZFHF F, MIT assay & o|-§3t AExFHE &
A3tk o1& 93, AX g F 0.5 mg/ml F&
7} ¥ = E 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT)E 7}3lo 37
T 9] 5% CO, MF71elA 2212 v g3t F 43
< AA3, AEE dimethyl sulfoxide (DMSO)|
=t} 1 F Spectra Max 250 ELISA Reader
(Molecular Devices, USA)Z 0]-£-3l4] 570 nmol|A
9 FFE 2R3t MTTV} formazan® & 3¢
H AEE Hristdo A dzate] dig g
&2 BB

5. RAW264.7 M= 8lj2}

vh9-2:8] macrophage-like cell line$] RAW?264,7
(American Type Culture Collection, Rockville, MD,)
& 37T 5% CO/95% air ¥ 71914 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% NaHCOs, “L2]3 1 mM sodi-
um pyruvate®] E§E Dulbecco's modified Eagle's



medium (DMEM) 2. Z 1l 9F8}4t}. Confluence ALE]
oA BjR]9} B]R AT E A AT A2 iR E
718ked 24417 8% F-, rubber policeman® 8 A|¥E
€ o}, 33 FAL AEAXY & MU
Well G 1x1009) HESFZ 24 wellol] B8 F, 24]
2t o) w3t plates] X7} B2 =E 319
o} 1 % oo B2 LPSE J1Ete A" Az
T e, AEHE +33M NO assay &
TNF-a assay S $]8] -70°C off H@3}gct,

6. Nitric oxide (NO) assay

NO2| E5+ vl A& Ul nitrite (NO;) £5
€ S48t ZA3ATP?, k3| TR, 96-
well flat-bottomed microtiter platedi]A] vj % A<
100 w19} FY £3]9) Griess reagent (1% sulfanil-
amide, 0, 1% naphthylethylene diamine dihydrochlo-
ride, and 2.5% phosphoric acid) (Sigma)& &3}
% 2o 1087 Wx)8}3, Spectra Max 250
ELISA Reader (Molecular Devices, USA)& o]-&-3}¢]
540 nmel| X FF=E Z3th vjFd o2 dS
3413k NaNO; (Sigma) 2 A 23t B& FA 0 2HE
nitrite?] ¥ =2 A48}

7. Immunobiot analysis for inducible nitric
oxide synthase (INOS)

AXE sample buffer (50 mM Tris-HCl, pH 6.8,
2% SDS, 20% glycerol, and 10% 2-mercaptoethanol)
oA 788t whole cell lysate s ZA8FI T} Cell
lysate W}2] ¥H A E-& SDS-PAGEY] &J&] £a)8hx,
nitrocellulose paperd]| transfer8}t}. 5% skim milk
(in PBS-Tween-20)9A4] 1A)17F ¥<¢F membrane&
blocking®t & anti-INOS antibody2} v ksl gc}, 1
% PBS-Tween-202 & 33] A &3}1L, secondary anti-
body$} 30% %3 &, enhanced chemilumines-
cence detection system (ECL) (Amersham
Pharmacia Biotech, USA)S ¢]-€-3}] antibody-spe-
cific proteing F&3}FSITh

8, TNF- a assay

Mouse TNF-a ELISA set (BD Biosciences
Pharmingen, San Diego, CA)& ©]-&3}o] ajj ok} A}
394 9] TNF-a & FA3Hh A=A A
Alel] 2] A8}, monoclonal antibody 2 microtiter
plate® coatingd}3L, quantitative solid-phase sand-
wich enzyme immunoassayZ A18)}e], ) ke ml
G TNE-a2] & AAs50)

9, Reverse transcription-polymerase chain
reaction} PCR product2] 4

AR (2% 107 cells/dish)E 100 mm tissue culture
disho] ¥, 1 #g/mle] IPSE 7}3ted AAE ARE
S S Wi ¥ AEE PBSE 23] A8}
3 g Bt AR E Blrtgth AlzAte] A A]
o] wh2} RNeasy Mini Kit (Qiagen, Valencia, CA, USA)
& E43}Y total RNAE £33l AccuPower
RT/PCR Premix kit (Bioneer, Korea)@} thermal cycler
(GeneAmp PCR system 2400; PE Applied
Biosystems, USA)& ©]-&3}¢], 3%3 RNAZRE]
cDNAE §4d8}3L, reverse transcription-polymerase
chain reaction (RT-PCR)E 388t cDNAE FE3}
A}, Internal control 2% B-acting 83140 F
d AF# YoM INOS B TNF-a 9} B-actind] &
0] A& 2= primerE 0] 85} cDNAE PCR £Z3}
%t} Nonsaturating PCR condition& $13F cycle 5
= dudEe B3 ATt INOSS} TNF-2 &
$% PCR TF-2 95T oM 1 83, 62T oA 1 3L
23 72T A 183 35 cydledt 94T oA 1 871
62C oA 1 83}, 28It 72C o)A 3 8735 cydeZ
Zvzy 3 E Ak AH-E oligonucleotide primers
o2-3} 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 iNOS mRNA sequence), yielding a 510-bp
product; TNF-a, 5" -GTGACAAGCCTGTAGCCCA-3



(sense) and 5’ -AAAGTAGACCTGCCCGGAC-3' (anti-
sense) (comresponding to positions 419-437 and 846-
828, respectively, of the published mouse TNF-«
mRNA sequence), yielding a 428-bp product; 5-
actin, 5“TCCTTCGTTGCCGGTCCACA-3' (sense) and
5-CGTCTCCGGAGTCCATCACA-3' (antisense) (cor-
responding to positions 44-03 and 553-534, respec-
tively, of the published mouse actin mRNA
sequence), vielding a 508-bp product, PCR-amplified
productE ethidium bromide® X3} I+ 1.5%
agarose gelollA] F7]953te] 244 djoljA B}
At

I, it

1.LPS2/ KDO S Hefd 2%

LPS2] £&& $EAZT AXE 7IFL R §o
0.26%0 4 0.99%9] ¢|2%3, P, nigrescens7} P,
intermedia® B3 & 585 KLY (Table 1), &
FEE]3F LPSS] KDO #3& 9.4%q 4 17.9%¢) &
e, P intermedia LPS7} P. nigrescens LPSY])
H]3] KDO ko] o] Bk} (Table 1), LPSS] Tl
A FFE 3% dF EFAA 0.1% BT A
RrEA A 9%7).

2. B cell mitogenic activity

BALB/C w}$-20] H]AA| o] ¥t P, intermedia
2 P, nigrescens LPS$} £ & 3}7} Figure 141 A|A]
=]o] QIt}, P, intermedia®} P, nigrescens®] LIPS+ U
Z79) vl&] A AEFAE FU3IAeH, AF
L 9lAE P, nigrescens ATCC 33563 LPSe]| 2J3F A
FEF2o] 7 A3

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 0.9 9.9
B P, microedia ATOC 25611
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Figure 1. Mitogenic activity of LPS on spleen cells of BALB/C mouse, 5x 10° prepared cells in 100 4| per wel
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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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,

3.NO ¥d

thaksl 55 2] LPSE RAW264.7 M| ¥ 9 7F8)1 v}
X 24A3E F- vl o A4EH W) nitrite T8 33}
At} 3%2] P, intermedia 2 P, nigrescens LPST
0.1 ng/mk-10 p#g/mle] A RAW264.7 MEZRE
NO9| #H|& 23t} (Figure 2), LPSel| &J% 2
o] glolE ¢k 3 uM¢] nitrite”} RAW264,7 MEZ
FE EHHRAT 10 ng/mie] SR FE Fo3
FE9 NOZF #H]=eH, 10 pg/midir] Hoj
NO B/ (¢F65 uM)E Bt FA =T o2 A}

€49 S, typhimurium LPS$] 8/ A A58-%50
Hdl NO Aire] &HolA P, intermedia ¥ P,
nigrescens LPSS} fAFSFRITE tHeL, 10 ng/mis] &
oM, S, typhimurium LPSS} P, nigrescens ATCC
33563 LPS9] &/do] A 3] 3ot

RAW264.7 X 1 pg/mle] Z+E [PSE 7811,
A|3ke) A te] whE NO A& 37138t (Figure
3). P. intermedia @ P. nigrescens LPSE, 4A)17Fe] A
H7] F, 8AIZHA 48A1Z7HA] NO A4& X453
0 2 ZIINFHTE S. typhimurium LPSE 24X 7H74A)
2|44 0 2 NO B4& 712k



4 iNOS SHiEIa mRNAS| Ei

RAW?264.7 M EM 9 P. intermedia & P.
nigrescens LPS9]] €]3F NO A AJo] iNOS THif-de] wt
ol o5k AJRAE ERIs17] $I31e], P. intermedia
2 P nigrescens LPS7} iINOS & A o] ¥l off 1] 3]
T F3& Hrletst). of& LPSE AFE A E A
= iNOSO] thgk 5-o] e} vM3-3h= oF 130 kDa2]
il Fo] W E T} (Figure 4), RAW264,7 AT S
thokgk w59 LPSY] k&A1 2 S o, INOSS] W o]
T &30 2 F7I8HAT (Figure 44), iNOS &
BAL 1 ng/mle] LIPS FE L E7] A3},
10 pg/miol A Fte] &E-& B ST Figure 4B+
1 #g/ml®] P, intermedia ' P, nigrescens LPSE 7}
g 3 AlZke] AT whE iNOS T My S
HojFa glt} iNOS TRl AL 4|7 A RE wE

A
P. interedia ATCC 25611
P. nigrescens ATCC 33363
P. nigrescens ATCC 25261
B

P. intermnedia ATCC 25611

P, nigrescens ATCC 33503

P. nigrescens ATCC 25261

0

571 AJFske] 2441340 Hje] HEE BT

P. intermedia @ P, nigrescens LPS7} iNOS ZA}¢}
INOS mRNA9] ¥Hgd]] v 2= 9% RT-PCRY 9
3] &e18tth RAW264.7 MES 1 ug/mle] LPSY
=EA S o iNOS mRNAZ} WA E St} (Figure
5). P, intermedia ATCC 256113} P. nigrescens ATCC
33563 LPS= 2A|Zbel A 2441t A A& o8
INOS mRNA®] &H-& F7HAZ T} (Figure 5AS} B),
P, nigrescens ATCC 25261 LPS+ 8AJ7k] Huje
iNOS mRNA & Bt} (Figure 5C), LPSE 7}3}
A ok& RAW264.7 A E= INOS mRNAE 28317
29kt

5. Polymyxin Bt NO 440]| D|Al= 8¢

Polymyxin BE LPSY] lipid A domaindl] 23}t
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Figure 4, Dose response (A) and time course (B) of INOS protein expression in RAW264 7 cells stimulated

with LPS isolated from P, intermedia or P, nigrescens, iNOS protein synthesis was measured by
immunobilot analysis of cell lysates using iINOS-specific antibody. A representative immunobilot from
two separate experiments with similar resuits is shown_ {A) Cells were incubated with different con-
centrations of LPS from P, intermedia or P, nigrescens for 24 h_ (B) Celis were incubated in the pres-
ence of 1 ug/ml of LPS from P. intermedia or P, nigrescens for different times,

466



A P intermedia ATCC 25611

B- actin

iNOS

(88
S

o
)
[S¥]
=

=
g

B P nigrescens ATCC 33563

8- actin

iNOS

C P nigrescens ATCC 25201
B- actin

iNOS
0 2 4 8 12 24 48 (hr}

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 xg/mi 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 pg/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] BESHY E4& F31 & Slth Polymyxin -~ P, nigrescens LPS®]| £}3F RAW264.7 M X6 4 ¢] NO
B7} P, intermedia 2 P, nigrescens LPS®)| ¢}%F NO PAAL &3] JAEAT (Figure 6). 23, P,
FAd vX+ Y-S H7FsFITE Polymyxin B& intermedia LPSol] €J3F NO AL polymyxin Boj)
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Figure 7. Dose response of TNF- ¢production 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- aproduction by RAW264 7 cells stimulated with LPS isolated from P, intermedia
or P, nigrescens, Cells were incubated with 1 «g/mi of LPS, Other details as in Figure 7,

o3 &R FEA 02 AR HT
6, TNF-a 444

tjoksl Fx2] LPSE RAW264,7 AL 751 24
A7t 39 INF-a 5 =& FA3IT) P. intermedia
9 P, nigrescens LPSE 0.1 ng/ml-10 pg/mio] 23]
RAW264.7 M| E2H5E TNF-a9] BH|E fadsigith
(Figure 7). LPSe]| 9J¥ A=r0] glo]% <F 0.7 ng/ml
] TNF-a7} RAW264,7 X 25 €] Eu=Q]c) P,

intermedia ¥ P, nigrescens LPSE- 10 ng/mle] F&
NHPE I8 FES TNF-29] BHIE Fe3Hd
o1, 10 pg/mioA Hhe] TNF-ad g (% 6 ng/ml)

& BYTE 9 RFO 2 AM-E S, typhimurium
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PSS} E9L H24 A543 ) TNF- a4 5]
29| A] P, intermedia B P, nigrescens LPS9} f-A}
3tk ©ieh 10 ng/mle] Fx0A, S, typhimurium
LPse] #Ado] #|A3F] &1L, P. nigrescens ATCC
25261 LPs¢] &/do] @A 3] Wkt

RAW264,7 A0 1 pug/mle] ZHE LPSE 718}aL,
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Figure 9. Time course of TNF-« mRNA expression in RAW264.7 cells stimulated with LPS isolated from P,
intermedia or P, nigrescens, Cells were incubated in the presence of 1 xg/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] AF}o] WE TNF-a A4S 759
(Figure 8), P, intermedia '} P. nigrescens LPS¥ 44
A F EAY TNF-e 3 8E FE3L, 1 ¥
48AAAE TNF-a Y 40] A3 Fh=AE 4
Sk}, S, typhimurium 1PSO] 23 TNF-e A= H
AYeE F3E Yok

7. TNF- amRNAS| &I

P, intermedia & P, nigrescens LPS7} TNF-«a
mRNAS] W& n) X F8-E RT-PCR &f3) &<
BFTh RAW264.7 MEE 1 p#g/mle] LPSO]| FA]
#& @ TNF-amRNAZ} SRS AT} (Figure 9), P,
intermedia ATCC 2561f3’+ P, nigrescens ATCC
33563 LPSE= 2A1ZkellA] 8AIZk] BH A &Ho 2
TNF-a mRNA®] $@E& F7HAHT (Figure 9AS}
B). P. nigrescens ATCC 25261 LPST= 4A]7}¢)] F o)
2] TNF-¢ mRNA 23 B¢t} (Figure 9C). LPSE
7V8}A] & RAW264.7 AEE TNF-a mRNAE

A ket
V. &&# % ag

¥ 99 P. intermedia$} P. nigrescens LPS$] Zt
Z ALY A& B, A5F8a} x5+28
T T4 U Zh QoA o]& dF IS
H3}7] 918 3 =t KDOE P, intermedia%} P,
nigrescens LPSOI A} 9.4%0714] 17.9%¢] o2 &
AL, o] o1& 757} 248 LPSE A3
I Y&S AN gt P, intermedias P,
nigrescens®l| B]8] vl$- 738§ KDO Al1dE 714
I+ Ao g HAZe} LPSe §Hr-5 o] = W
Aol &) Lpse] Z+F A ETY o) T8 75
A& viAIE] Y93t & AF9A= LPSE pro-
teinase K2 A 2]3}9 0.9, &#-e|¢ LPse] g3
FHES 0.1% P[] STt o]& B Ao Lpse]
Zrg AETE gAgo] AF L= Lpsd & RS
ojm| gy,



5Eo] B-AZER o] FolA & HIFAE o
8] P, intermedia ¥ P. nigrescens LPS7} @A 3 5-4]
EHE 7L 35S & 97E AABAL Qi B
Ax g ﬁ’é*ﬂ&ﬂ 47 X528 i S-A3t
A EAFHE 102 gEA Sl= B, o]& 59
LPS7} 5‘]'7‘@@'94 Heldl Jlo] Fa3% 945;}% Ly
F4o] Sitt.

NOE A 2¢ 3] 9% WHEAR FE& &
3L QTR NOS €43 NO A& AIste = &
HAY, A A, 2E W E § 954 28
o P} =g AT F 5] Bed viE 8l
T30 NOE the g5 A nirtAl =
548 AFAE JME a8 I E = A
0.2 AT, x5S A NOg BAo] FTFeHH
37, Actinobacillus actinomycetemcomitanse] LPS7}
A FEA A A EA NO S F&gro] Had
B} Qleps®), w3k R ko] X222 o
T, 3¢ AF2Ad =8, iNOS T A7 mRNA
7} L2 EAFRe8 X223 YelA9] iNOS
o] F FFHEE UAAE, Y AET, A

oM E, 28|3L H WA HEE & F JTpD,

ole & d?"ﬂ*‘]"“ AFA ST 232G T 3l
o] 8 WHF &9 s P, intermedia®) P,
nigrescens®] LPS7]- vl$-2~2] macrophage-like cell
line$) RAW264, 79141 ¢] NO & A3} INOS & off 1

+ 9438 97189t P. intermedia 2 P,
nigrescens LPS7} ti A A E oA NO A& e
F e TYHE ¢ dzxTo R 8% S
typhimurium LPS$} +AF8FITE NO /el 31o]
INOS7F S8 A8 A83n g, B dFqXE P,
intermedia B P, nigrescens LPS7} iNOS Tl A3}
mRNAS] | v X FFE H7FtELeH, iNOS
ohl 23 mRNAS) ¥&¢] immunoblotting?} RT-
PCRY| 93} 22t S AT P. intermedia B 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 wete 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 RAW264.7 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-a 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- @
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