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EFFECTS OF Porphyromonas endodontalis LIPOPOLYSACCHARIDE ON
MEMBRANE PERMEABILITY OF FIBROBLAST

Jae-Hee Kim, D.D.S., M.S.D., Min-Kyum Kim, D.D.S,M.SD, PhD.,
Soo-Han, Yoon, D.D.S,MS.D., PhD. *
Department of Conservative Dentistry, College of Dentistry, Seou! National University

Porphyromonas endodontalis(P. endodontalis) is one of the important causative bacteria of pulpal and periapical dis-
ease. P. endodontalis has lipopolysaccharide(LPS) and it plays a major role in stimulating the synthesis and re-
lease of cytokines from immune cells and prostaglandin Ez from host cells.

The purpose of this study is to prepare LPS from P. endodontalis and to evaluate the effect of LPS on membrane
permeability of fibroblast.

P. endodontalis ATCC 35406 was cultured in anaerobic condition, and LPS was extracted. LPS was confirmed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Human periodontal ligament cell, colon fi-
broblast(CCD-18Co, KCLB 21459) and skin fibroblast(Detroil. 551, KCLB 10110) were perfused with 0.01%
P. endodontalis 1PS solution, high concentration of K solution and Ca**~free solution. Ca®* concentration ratio
was measured by microfluorometry.

1. Intracellular Ca** concentration was not changed in human periodontal fibroblast and skin firoblast(Detroit
551) stimulated by P. endodontalis LPS.

2. Intracellular Ca*" concentration was increased in colon fibroblast(CCD-18Co) stimulated by P. endodontalis
LPS.

3. Colon fibroblast (CCD-18Co) has voltage dependent Ca® channe! activated by high concentration of K* so-
lution.

4. P. endodontalis 1.PS has no effect on the increase of intracellular Ca* concentration during perfusion of Ca® -
free solution.
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713ko] Ay A3 x| ol Ak &}
ghe B4 W&o & 71 AdEt =A $aE o
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P. endodomtalisi= 13 £739) ) @713 to 2 Y @
A w1430 black-pigmented colonys B8R}, P.endodontalss
& AAEAE & Aol A/3€ hemin, menadione(vit
K) 5& 49 3lng g s &3] 2w 540
Uepj P9 458 X g Aoy Aol aksta B
3|9} vl F2EL 93dla cytotoxing THEO] A4S
VERRTE 2 P, endodontaliss= B HE © 2 capsule®] &4
5ol whe} 3714 serotype(O1K1, O1K2, O1K)°] £4)
3 A Eutoll &= 3712] major protein(59 kDa, 43 kDa,
41 kDa)¥ ©=¢] minor protein®] 243 minor protein
& strain® 4% 8740l wet th2A Jepdo©.

P endodomralis®F 22 1% 34 At endotoxin 224 Al
X 9J9of] lipopolysaccharide(LPS)& AYH o|32 Ald A
Az AR A "oz Yo AY Alite] i Tz &
Fol] o} Ak 2o Jee FOH. Monocyte 59 |
AHEEL LPSel| Wztep whgstng kel LPs7t 28
) ol glofx g3l & A3ES TV, P andbdontalis®] 1LPS
E d9lo g 2H43)o] 1o ukg-g Yo7 tE Al LPS
B} EXo| Zslar A5} A E9] interleukin-6(IL-6) &
v S 259310] 3549 939 31 #Hofshe A oR g
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oy DNAFAE YAlst* IL-6% interleukin-18(1L-
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1. P. endodontalis 2| BYQk

Aol AVR3F P endodontalis= ATCC 35406 A
Aoy BEAZD P.endodontalis®) ©)F §7| FH
Y83t SRTE W4AA 95 LU1E 99 F ol
718 M2 SAG. R £7] &l € WEUxE P
dodontalisE 1ml®] modified chopped meat medium
(MCMM)<] AAAG2l & et &, detd oo dAE
MCMM Al @@l A4 AFstn 37N 714 2oz
wj ko] Al Ao TEE A WriA] 4 - 643t vl ket
ek, MCMMellA w2t Al wlgel-S 500mle] modified
brain heart infusion(BH1) 44| wj#} 2 do kA v 2]
&8t AE3IA 3TCAA E71 2o 5 - 7H7
ettt 9 gk wiA| oA vehte Al et A4
=9 JeH2A 5% 82 ¥ modified BHI 2 & ul
Ao A v ket Ao 2 HE AT LPSE FEo3ith.
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1) Modified chopped meat medium A&

Ground beef(fat free) 200g9l &7 400mls} 1 N
NaOH 10 mlE 7}tz 2 AolA & W7kA] 71dsiie.
o]Z Y & o 2L AWES AA L 1P EE
WEE FHsET. wEE SRTE BEcd oA
400ml7t Al & o}, tryptone 12g, yeast extract 2g,
K2P0O4 2g, 0.1% resazurin 1.6mlE 78k 15583 7}
gEF7IoAN daatd 2 F 7148 BeiE &l
0.05% hemin £ 4ml, 0.5% vitamin K €<% 0.08ml,
L-cystein HCI 0.2g< 7F3led MCMMS] A Aul=] A&
A8ttt 1P EE U2 AP T A4 & 2mB 5
sta 1587 7ibEitrldl A BEd ¥ V14 W12 &
712, A8 AAuAE Tm1¥ 71ske] MCMME ¢33
=3

2) Modified BHI medium¥} 2 3hd wjA] A xH

Modified BHI medium& 5/ 400mlel| BHI 14.8g,
yeast extract 2 g, 0.1% resazurin€< 1.6ml, L-cystein
HCl 0.2g, 0.5% vitamin K €<} 0.08ml, 0.05% hemin &
o 4mlE F7sto] 2081t 7ISPETY| 2 et Al ekl
1, % &3 ¥R BHI medium 500mlel] E7] B9 & 5%
2 Hrkek REY

2. P. endodontalis 2 2E{ LPS =&



E2HHA8kIT 12,000 x golla] 5zt YAl Eels)
N& #3819 proteinase KE 50 43 1mgo.2 ?47}
oAl 1AIZE vl et} B Eoll 5zt WAg
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3. P. endodontalis LPS9| 24

1) sodium dodecyl sulfate-polyactylamide gel elec-
trophoresis(SDS-PAGE) ¥

12% polyacrylamide®] vertical slab gel ©]§-3}o]
SDS-PAGER S A&&dct. P endodontalis LPSE 4%
SDS, 5% 2-mercaptoethanol, 40% glycerole] 0131& 20
mM Tris hydrochloride $+%2-2(pH 6.8)9 1. 4%
stacking gel® 12% separating gel /gl 150 V, 25 mA 3t
zatell 2417t Bt E& 8Tt

2) Silver stain

719 FH gel 2] 20% ethanol® 10% acetic acid
B A-GN ol Yola] Aaglg 20% A 0z Al W gt}
Aok TRTE 1080E 22 Al 91 A8k silver equili-
brationgdol] Y31 3087 7PHAl £ wHEAIT 3 SR
T2 10 - 2033 A8 Developer$-9 (sodium
carbonate, &3, formaldehyde)& gelol] %1 %
band7} VR wi71A] F=elal ] #2383} Developer£9)
<= Wel L FA] stop£4 (1% acetic acid)-& B2 587 ¥
obF #, 300ml THFE 108 P32 30 Axaed o
T gel¥ reducer&9 (potassium ferricyanide 2 Oml
sodium thiosulfate 4.0ml, sodium carbonate 0.7ml, &5
')1: 300 mbell 10 - 3023t ok F reducer-&4-& A A3}

I SHFFE 108 1402 33 A 45k}

4. Mi3zo| F|2f et

Agoll= Al 2 7RIl A st wiekat 4 frola 2
o} Sk A -2 oi—rﬁ TFlet g A %’rom ¥ CCD-
18Co(KCLB 21459) 9 35 A fola Dé‘-troit
551(KCLB 10110)& AHg-3lit). & 7&%11%%&%-@3/ - 40
©o] FFo gol 40 - 60& Bk AEEHA =9 & }}Sg/]
70/o AdFAEEo| Yo Axelglon vz THARn R &

1 SoA g 7189] dimethylsulfoxide(DM-
E>O)E AAsL7] YEled 15ml FE.ol Dulbecco ¢ modified
Eagle' s medium(DMEM, Gibco BRL, USA)< 10ml
AT Ye gf AEE AZEGFY ImlE &A 1000
rpmelld 3@ A4 RS AEAS AAG T o 5ml

o] 7ol cell pellete F-HA17 Wi ZetAa(T25cm?)
o MxEHAe &4 5% CO29 95%9] 027} &= 37
Tel weF7lolA vjeksislion viAlE 1579 F 3 A
A&ttt 24E FLolE= 1ml trypsin-EDTA(Gibeo %RL,
U A) 8422 ddA slste] A3 Ag-akdut.

5. Mz ol 5
1) &5
W AFAT 1y 45 0.01% LPSE 3718 &

= ’? FRol, CACI2E A71s 89-& AR 8l
382 NaCl 120 mM, KClI 5 mM,
MgS(M N mM, NaH2P0O4 0.96 mM, Hepes 20
mM, CaCl2 1 mM °lle, o] &M glucose 0.2%,
BSA 0.1%% #1893 pHe 742 243190} 51529
K &oos A3y Zast ME 48 249 75 aM K’
Lolg AT Aol gle BRAS HE A9 Ca7' e
Holgt golo] EGTA 1 mME H7bsk] AHgsldit). vizg
e 2 P #5299 0.01% S=2 P.endodontalis)
A FEg LPSE Arisld g gdoR sttt aeln 3
F5E ATEAQ CACI2E 100 tME H7kele 1188l

2) Microfluorometry

P. eucodontaliso) N 528 LPS7F A X2kl 24 T340 1]
A3 dEE B fst] ARl 245555 microfluo-
rometry 2 3343t}

Ao S 7158719 WRld] B3T3
(AlLA scientific mstrument) & o] -3 01 % % 2ml £
2 Krebs-Ringer- Hepes 4F &
Acetoxymethyl-ester 3 El<] fura-Z/AM(S igma,
£ fluorescent Ca*' indicator2 AMg-8ld 1, &
FiE 2 1M fura-2/AMOE A-L0l| A 30;‘?_‘7} loadingA1 74
o 715 Al2Pdol SRl M2} dule 7R 2S998t
o coverslip] 3-& 7] cell tak(Collaborative Blomedlcal
Products) 22 A3ttt AE7} coverslipe] FHol -3
€ % 400809] oil immersion objective lense(ZEISS,
Germany) 8t A fluorescenced A&t AL 75
W xenon arc lampE ©]88}%.2™ dual spectrophotome-
ter(Photon Technology International: PT1, U S A ) sys-
tem s 0] 83190 Excitation wavelengths (3402} 380 nm)
T spinning chopper (60 Hz)2 ZH 131, emitted light

£ 510 nmellX 359 photomultiplier2 Eo1714 &4
E} Data®] A% 2 842 Felix software(PTI, U S A)E

ol-gatict A2 Zgse Wets A7) X6
7] #lsll CCD camera® ZFE o] Aeld Ao 3Pk 712
a1 ImageMaster(PTI, US.A) E2I8)0 g BAlsigich
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1. P. endodontalis LPS2| A& (SDS-PAGE)

P. endodontatis |LPSE SDS-PAGER 283} silver stain
g A3} 31kDa #9l° ©4<] band’} YeRStH(Fig. 1).

2. Mz Z2EsEe £

Abgh A QI o A vl ket AdfrofAl o 1] Kol A el 3t
Aok (Detroit 551)l 0.01% %< LPS7F 371 o
FAo 2 BFY A AT Tesse ke ¥ttt o
B tiAelA £l A frolAl £(CCD-18Co) = LPSel
Hhgsle] A X AEEsd S7MIH

Fig. 2& CCD-18Co Al X Z% 5=¥](340/380nm) 7t
LPSel| ¥Hg-3l] T71et A& B = 9ol g A
oA Zg FEHE 0.75 WA 14}0]9] gk Helm 0.01%
o] LPSE AfoH Tl 2 5281 E A 2.2714] $74
Hok LPS7E 71 R84S 180 S 35089 4
LAY AT Zg 59 w2 oF 40UA) 5037} A gt
o F 5 Ueh A ZoiE 49 £E02 R A
T 245 w89 $7HE FHA LPS AT T $EE A
gk o] A4 Z7HE ZF FEHY T/ WA ASA] B
A3 SAE AL B F Ut} AA LPS ASelM e uke
o] VERA] sttt

Fig. 3& LPSdl| tigt Al xu} Zg wxHle] 377 2
&4 Fg T2 o AUAANE I A2, ANA

0.01%9) LPSZ A=< o A XU 24 5= ok A
g 09914 1.5744] Flo] 7HEleh. FA A= &7
A3 50 mMe] NaCl& %] KCIZ tX]A1A 2H9& A
A7) Z3-folnt. ¥hgAIto] 25 WE7|E AT LPS2
AP Zw 9} vl & FARE ¥hg-o] et A2 24 5
TH7h P R 3 EE F A 0.01%9] LPSE A3
< 9 Fig. 29= 2] AWA A53 8 Apo|7} gle Felgh
uhgo] #AF A

Fig. 4 A¥U9) 24 5& HE A4 2 24
g A LPSe o3t A XY ZasE sl FAA
Ut Aol el en, LPS 243 3845 23 ¢
AEFS ¢ & A

Fig. be Z o] 20| i §4o=2 AFA7|H 0.01% LPS
2 AFARZ] 22 A2 2 w89 7P e &

Fig. 1 Silver-stained SDS-PAGE of P.endodontalis L.PS

Ratio

£

Fig. 2. Increase of intracellular Ca®* concentration ratio in CCD-18Co cell by 0.01% LPS extracted from P.endodontalis(the
first peak). The response of Ca?* increase by the second stimulation with LPS was not clear(the second peak) and
there was no response o the third stimulation with LPS, The period of LPS application was indicated by dark bar,
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Fig 6-A% B #FY ZE5E A8 CdCI12 A& oxt o Foix] 3 glom A wief 7o) Wt
§ AN AN RS AU AR B SEA SF o W) Anel 5849 FHH2 U K L
= gdA38 zhE A g o= Ag #Ed =9l dodontulist- B ¥ o] 20| Wol th& Y|4 Al ) 527
Ak BSISLoP R U 4 sl e el 290

198441 van Steenbergen 57 0] A-F0.& 739 17k
24 o] & Winkelhoft $*'& P. ﬁ/f/odwzfa//ﬁ} 7:.“& =
ole 2ot koA SoshA wAETa H kel

Ratio

0 200 400 600

Time (seconds)

Fig. 3. Reproducible mntracellular Ca™ response in CCD-18 Co cell to 0.01% [LPS and to membrane depolar zation,
Intracellular Ca® conceniration ratio was also mcreased by exposure to lgh K™ solution(the second peak).
Contrary to fig. 2, the mracellular Ca ™ concentration rat o was also clearly mcreased by second stimulation
with 001% LPS(the third peak). The period of exposurz tc lgh K solution was indicated by white bar.

Before application of LLPS Application of LPS for 40 3minutes after application o
Seconcs LPS

iz, 4. Image analysis of change of miracellular calcium concentration induced by LPS.
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Fig. 5. Effect of external calcium on the response to LPS. LPS has no effect on the increase of intracellular cal-
cum concentration during perfusion of Ca™-free solution. The response to LPS was reversible mn normal per-
fusion solution. The period of LPS application and perfusion of Ca® -free solution was indicated by dark bar,
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Fig. 6. Effect of CdCk on the response to LPS. Cadmium inhibits the Ca™ mflux.
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£ A3 immunoblotting®h S5 A3 B3 P endudontalis©)
W wh-goli= 7] 92 antigenic determinant”| 458
b H.ogk vk gk

Ogawa 5 P cudoctontalis®, X) 2 S ALE 230 0hE T
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@o| 2148t Westphal@} Jann™¢] phenol-waterg ] @4
S Hekgh o), FA Wl o g [ PSE 539 90l LPS-
specific monoclonal antibody®ll ™3} sensitivity/} %<& 7
7t 5% At ool ARg-gk HIE proteinase K2 A
23 o 100 2 #9224 SDSY proteinase K7F &
of A ot & FUS FXsH st Aol .

FEY LPSE A4s17] #lsle] SDS-PAGEZ 331 sil-
ver staing Al&3 23} 31 kDa $-99l| th=2] band7} W
Ehdel. o] 2 Hanazawa §°'0] P.endodontalis®) 1LPS7}
HAQ whEA ] ladder FEIE Helthe Busl fAE
Eidhin® Mouton™'¢] LPSE A3 35}7] 98] SDS-PAGES}
silver stains A3 3 Aol fAfsict,

2 Aol] ARESH LPS] & 100 we/mlZ 3151em oA
& 2AoM WHEE LPSY] $57F 1 - 100 we/ml8 Eehe
Schein® Schilder”, Dahlen¥ Bergenholtz*', %
Horiba™ 59 219, Nakane 52'¢] 100 ug/ml¢] LPS7}
DNAZHA 7} vl $H-g ZkaA7ita Hagt A 2AR
gk Aol

A3 AHEZ 371 Al EFF CCD-18Cow LPS ¥hg
ato] g w20 Wy}t vl o) Xl Al fobA 2 et
Detroit 5518 ¥13l7F Ve ] ¢4gken] o] A& Pinero &
®o] 2|4 AAH LPS| vk Al3Eo] o1, Al xe] £
o} F5e] o7t Fagt aflelg At £ v e AT
£ B3l ol ok & Folet Atz P}

AT Z T S7HE e AL ZaAldol o& ¢fF-9
ZAgol AZWE FU=EE Ao Alxde] 2 A3 A
Ztgol felEol =7t Fbele A7k Aok Fig. 3904
CCD-18Co AlEF& LFEe] AFgHon AEe2 AL
A7 AT A Tt e B wdg) ol ] &
Aol EARTh: AE € 4 912 Fig. 5elA] o] §l
£ |90 AFA7IY LPSE A5e A AXY g 5
ol Blaprh glglen g 9o o] A TR Fxo] Al
I 24 LUt SN AR FHEY, A EE AUA
9l cadmiumel 28 LPSe] A2 24 5= 571 EF7F Y
AEE & F U (Fig. 6). 01’49 A7} LPS7} 283}
o FI7F VEp717ER] 2] AHE 12shd A XY 4 55
7k LPS7F Al el E]llo] 2Hg3ittr] Bohs A 72
FAdol] 2] vehd Aoz AlsEh

LPS7} Al 3ol AHele 712 o}2] E45] dejA|A] ek
o1} 2 LPS binding protein(LBP)® LPS7} Adsl= Al
2 F8AQ) CD140] WA o] e A7} o] Foj=] 1 9l
t}. LBP+ 60 kDa®] 4 glycoprotein®]™ LPS9] lipid A
F4le gt LBPE 7 FEOR o] 4] ke LPS
7} Agfshe Fola v A] shvbe LPS-CD14 28-S
Edhe HEelt} CD14-& LPSY LPS-LBP 5371 A2
o Fashe 484 A4S 3h myeloid cellol| X = glyco-
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sylphosphatidylinositol{GPI)-anchored membrane pro-
tein(mCD14)°] 2833 unmyeloid cellll A= GPI-an-
chor §lo] 8-4¢1 ¥4 WA (sCD14) JHi=E &ohe A
o geiA Yo, F ol LPS7E X Tl F3ste
2B o g A X Y52 215F BuE Toll-like receptor
2(TLR2)7} 2= Aem TLR2¢| LPS7F 238 wj=
LBP¢} CD14-LPS7F #Hg-ahe o2 deiA slo”. o
U ol AtellME 0.01% LPSE #7FAIZ] AdfrobAl] Eoil A
A3 2 ] F7PF vehden g LBP flo] ¥hgo] v
Bt AR AZfE o] Hof| tisirs F o B2 A7t o]
Fojzjok & Aolr}.
V.2 B
A4 9 A2 A8l M A2 BAE = P endodontalisS]
lipopolysaccharide(LPS)7} A -fop| ol 2-got= 7|4
< stz G714 ZANA P.endodontalis ATCC 35406
& Hjsle] LPSE FEaslen, 3549 0.01% LPSE A
& AU A frob 29 9 Fel A £2]g Detroit 551 4
oA 2, digellA £2]3F CCD-18Co AlfrobAl ol #7A|
7)2 AlZU ZF F5 W3 microfluorometry® -4t
o5 483 4t
1A A fropAl 2ok o FellA Feldh A frolx
(Detroit 551)= P.endodontalis 1LPS7} A71E BF Ao
HFA AZN Zg wxo ¥t gl
2. tigellA] Belek AfrobH £(CCD-18Co)= LPS7H 47}
g AR oz ARA A XY Ag 28 F7HAFT
3.t A Eelgt Ao Z(CCD-18Co)de Ls®
ZF Sal @Aske] = g o AaAdel B
=3
4. ol A £ 8 Aol (CCD-18Co) & Z4¢] §le
BRdo g FFAIIH LPSE A3 - A2 24 5
=9 ¥sr} gilet,
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