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Treponema Denticola2} Treponema Lecithinolyticum©]|
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2548} S Ao BA7F A5 o] Sh=t,
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tans®} Capnocytophaga species7} Z-& A7} )AL,
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spriochetes7} & o] Ql5-0] Ao X THO,

Spirochetest= frH&¢] & W AU A5¢
A= ASHA FsYH A5 Aok 573 AAM 7l
’d AT A A AN B 7 EAlE
O 2 g2, Esk 13404 194] Abele] &
Bl 27] B He X5 H(early onset peri-
odontitis) | 4] &= Porphyromonas gingivalis®} S|
Treponema denticola?} &4 Al & HAEE
AFA)SFIL §l5o] HarE ATy,
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Aol A9 o8] spirochetesEo] 4xF2be] A5
2§30} yate] 1 o] AqtEox]ofshe Ko
ok, 7170 spirochetese] W49 gt G aet 7t
£ 9130 DNA 240} Befeh wlo] £28 %
Ho g2 FEHI Qo dAle SeLwIEd St
o= AR oligonucleotide probe)y} 5-0]8H|
ol gt ek

Loeschex= 2|53 o)A spirochetes?] &S
Al Ba)] g 49} keratinolytic enzymeSr H-H| 8}
AST AAE AN BFOHIE 75l
oo 9T 715 oA ek Wt
%Qﬁﬁom).

ele] 74 A9 A5G BAE o2 o
S ZAJoIA ok el Wjapel) ke TS R}
o] 2o Ao 8He 5 om0 71| He]E o
BaH 7 spirochetesZE Treponema denticola,
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Treponema pectinovorum, Treponema socranskii,
Treponema vincentii, Treponema maltophilum®
Treponema mediun’®, Treponema amylovorum® %
o] 9lt}. &3], spirochetess o =AJo] 73
Treponema denticola®)] &3+ A77} o] o] Fo4]
gl el AFFRol AR FoR T A5
Wl A, A Qg E T A2 dstell A EahA
B3, A5 A8 F A3 e Ae & 3Tk

B d9E Treponema denticolaZ} X5t A|E
o W)X G H29| spirochetesFol] ek 98}
ZALIAN 71 e BEE B om0, 71 2T
£, vl %8 Treponema lecithinolyticum®] =521
HAZ m X G B3 HFE T3l tha
AZ& 71l ool Hirsh= nho|t.

I, alEIE 9 et
1, MRy
(1) AR Hhes
FAARE Ao wAR AYAFEAL ¢

3t A 1472 S Hank's balanced salt solution
(HBSS)S .2 33] A|Hate] zhEdle S A A

U A2 S 173790l M At 22E 159
blade = 2§ Fateo] A3t 2178 25mme] v %5
Aloll 20% fetal bovine serum(FBS), penicillin(100
unit/ml), streptomycin(100mg/ml), amphotericin-
B(0.5mg/ml)7} E3H o-minimal essential medi-
um(o-MEM)-S ¥al 37T, 100% F5, 5% CO200A]
v 3Tk, AFRAA 7 A AH S ZRE 5
2ejo] o] P 75mm AZaj g HA]
£ o]&3te] 7~10Y THA o 2 Alrhu sk,
A= AE T3 S4S A7) fIsl 5~74

the] AEE ARS-8FSAT.

(2) Treponema culture

Treponema denticola ATCC 335213} Treponema
lecithinolyticum ATCC 700332% 242} OMIZ-Pat B
Aol X 37°C, 7178 2204 397 ¥l FeE 5 5000
xg 3o 2 1087 YA1E28kaL phosphate buffer
solution(PBS) &2 4|2 & F w¢] AAES BT

o]& E4)7]1(Branson model 250 sonifer) & 2
3kal 13,000rpm o2 1087 4] Ralste] AEzt
AFE A A3 F Protein Assay Kit(Pierce, USA) 2
WS g3t o] NS pore size7} 0,22
unQ] membrane filter2 &JF}s}e] X|FQIhHES

Aelehe AHa3T.
2, i

(1) MTT test{Microtiter assay which uses the tetra-

zolium test)

MTT testi= AtolQl &= AE ol A 2] A EZF2]o|Lt A
PEAgE s A o2, A
2 &Ko A= AME 93] tetrazolium salt7} T
e A e o]&3 Zlolt), Aokl AlE S succi-
nate dehydrogenase®l| 2]3)] tetrazolium salt7} 2
o] Mo] o)+ E-&A formazan salts2 Ht} o] E
24 971E &3lste] FAd formazane] & =
sto] AES Aol AESAS SA sk o]83f

1. Fisher Scientific, USA
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© Aotk & AeMe AFAHAEE 96-well
microtiter platesdl] 1x1047]%] 2z} E38F 5, 10%
FBS7} 3+ o-MEMO||X] 37T &2 2417t vl a3l

t} 2% FBS7} 8H-¥ o-MEM O & w8k ¥ o] 7}
A o] ATEAE 19, 22, 32 59 A2l
o Az52le) tigh Alite] E3& MIT test2 54
ATk =, A EFAE AAG Fof 1004 €]
MTT(3-14,5- dimethylthiazol-2-yl-]-2,5-diphenyltetra-
zolium bromide) AJ9FS W& & 4A)7F S v 5
ATk MTT AJokS A A% H, 504 dimethyl sulfox-
ide(DMSO)E A7}sled AlE ot A H formazan
AARS =9 9 570nm Light filterE AFg-3h
enzyme-linked immunosorbent assay(ELISA) reader
A FEEE 0T w3 dAeet Al a3t
& B7)9Jl Al S 85T oA 1A% St

A7 5 Shol| A of 2o A laklth

(2) YA fe10| B(Phase-contrast microscopy)E ©|
S5t MZeho| Bt
AFARAZE 7 Alrte] 2oz AT A
TH1Y, 295t 22 A fste] wiskd AL PElE
4008 &-2] A9l AFAn|F o g AT AhA
(tz=)of B, Fakth

He

(3) LDH(Lactate dehydrogenase) test

AES) HEES Pohis Ao 2 AT} 47
2 o 4Pl EAshs HAF Ao
HeE ARE dolE7] 93] lactate dehydrogenase
kLT

2.5ml Al 8]0k 0, 1mils] A B2 £ 30
HR2-A]7] & 340nmollN TFEE e 9& T 1
21, 38 vtk F=E 3T BE A%k 25T R

o

;

f-{n‘.

LDH AJ¢FA:
NADH 0.194mmol/l
phosphate buffer, pH7.5 0.54mmol/l
LDH A} B
pyruvate 16.2mmol/l

LDH
pyruvate+NADH+H* 2 L-Lactate+NAD*

warmingd}e] ARE-8FaL, Al FA]2KSigma)-S 0.4ml
LDH A]¢F A9} 10ml LDH A]2F Be] &&telo]t),

(4) Gelatin zymography

/ﬂ]iﬂ 71389 wYgAL o
collagenase$} gelatinaseo]] 23l #3]€ 4 7]
2ol ATE Held T Eh9 RS A 9
3} zymography & A3 8}t

AF A AE (1 X 107H) 5 o-MEM(10% FBS $Hr)
S ARE3E] 96-well microtiter platedi|A] 3175t
wjoFst & o] glE o-MEMO 2wkl -
<k 37T 01]/\1 WAEke] serumo] §le= 2SR vE
S0 Al BAAES 19, 24, 3Y S A2e
H, 450 2 Y] matrix metalloproteinase-2
(MMP-2
um dodesyl sulfate-polyacrylamide gel(SDS-PAGE)
2 BAERl 2, AT AE A501E AlRe
ZM(2,5% SDS, 3% sucrose, 0,005% bromophenol
bluel)#} 43L& 5 0.2% gelating -3 SDS-PAGES]|
A 7198k Gelg @ Ad&-o1(2.5% Triton
X-1003} 50mM Tris-HCl, pH 7.5) 2.2 30%37F 23] A
Z3le] SDSE A|AGTE, Gel& 37C3t A Eant
2-8.90(0.15M NaCl, 10mM CaClz, 50mM Tris-HCl,
pH 7.5)9l|A] 18AIZF HEG-A1Z] & G2l Coomassie
Blue R-250(0.05%, isoprophyl alcohol: glacial acetic
acid: dH20 =1:1:8) 2.2 G331 isoprophyl alcohol:
glacial acetic acid: dHz0 (1:1:8) 2 @23} clear
band2 Yepts FEE Holth A AR
G2 AR AFAWAEE T o =2 to] BAA

o] Q1= T, phagedenisE 8|+ 74-$-9} T, denticola
9} T lecithinolyticums |23+ 73$-2 ¥ 25} c},
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3.2 gelatinase A)Z gelatino] 3H5-¥ sodi-

I, 85t
1. MTT test

(1) QB BISAITIOIN SO T2 MESAH
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AR Treponema lecithinolyticum cell soni-
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cates(TLC)ol| A= 75ug/well7}hA] ¥ 2|7} Q1910 YK Figure 1),
U 150ug/welld| A& A &37F eyt
Treponema denticola cell sonicates(TDC)o| A= 9.4 (2) YTBE SO A0 2 M ESAIA S 1t
wa/welle] She BEOINE AEZEA o E3b ) TICH] A% 2904 150ug/well BEGA AEZA
EFstTh 39RO A= 20 A oF vl =gk FFo = vE oA EA7F VFEREAL 300ug/wellol A& 194 o =
OD !—0—”[DC2day —— TLC2day —m— Control1 ];o— TDC3day —a— TLC3day +Contr01‘
0.2
.
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0.1
0.05 L
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Sonicate concentration Sonicate concentration
(@) (b)
Figure 1, The effect of concentration on cell proliferation with time
(a) 2-day incubation  (b) 3-day incubation
OD Treatment with 300ug/well Treatment with 150ug/well
0.18
0.16 1 .—___——r’// r .____—r//" —e— TDC
014 ’ ' — A TLC
0.12 ¢ i \\- —=— Control
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0.08 1 r
: T o o
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O 1 1 1
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Figure 2, The effect of time on cell proliferation with concentration
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Figure 3, The effect of heat-treated TDC and TLC at 2-day incubation

2

Figure 4 Cell morphology change which was observed
by phase-contrast microscopy

1A: control(1day incubation), 2A: control(2day incubation), 1B:

treatment with TDC(150ug/well) for 1day, 2B: treatment with

TDC(150ug/well) for 2days, 1C: treatment with TLC(300ug

/well) for 1day, 2B: treatment with TLC(300ug/well) for 2 days

e TDCE 734 9.4ug/welle] SEE 512
A 28RS e AETA ] E37F YERtr]
ARHRIAL 71 o) o] s imoll A= 1A H AES4

A a3} vehtr] A2 ek Figure 2),

(3) SANEfCE M MZS A 210t

294 Astol A TDCAME FE7} Hopd = o
2] AZ 7Zg-9F 18R] k2 o Aol7} vhEL
o TLCAM & & 2Fo)7} §lAtHFigure 3).

2, YAIARSIN[HOE HAKRSH AZOICIN|ES] &
Eftat

197 ell= tiz=tel] H]3) TDC 2 TLCHA A3
FE7} = o] o] aE o] 7hal glom,
TDCOA a0 2 o Felslith NESA =
A Aol AN M7 e JEE oA #
g x]of7}aL AT 2dA A= tiztol| H]3l Al
EPE ] E4o] o AR WFF A T2 Boko
2 1 SAtk(Figure 4).

3. LDH test

AFJANAME7E 8-31E # f-2] == lactate dehy-
drogenase SHEE SHNEE A2 ATFo 2 A
g3HA] gk tizTtel] vl & 2fol7t gl A=
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Table 1. LDH Test

300ug/well 150ug/well 75ug/well
A B A B A B
TDC 115.64 10.9 101,71 8.1 114.2 10.6
TLC 128.1 13.4 58.5 0.6 06.88 1.1
A'LED activity Bt Percentage with control
LRt TH Table 1). =l ol X Aol UakzQl AjAIAR oA
A, Ale] 20A2 SAAAS) Sakg ] o)

4. ZymographyE S8 2 wE 2ol O

Als 3

AFAHAEE TLCS} TDCE A 23 7-5-9F A
2 aHA] e 73-9-(C) 1L v YA Treponemal]
T. phagedenis2 2|3t Z9-(TP)E B3] & HH
TDCS} TLCE A3 T+ 4 oA &
progelatinase A7} &8¢ 2 W& % small Clear
band”} #2= 1 tKFigure 5).

Age AedPa % A7, 9o, A
229 A £9¢ §9) Hohd FAMAE 5

AF 27 o] &afo] o= Ao ' Il gtk
Aef) Al AP Adeslo] ghork ob
THE AlTEo] A= F7hEA] &ar glom, x5+
& Skpe] A2t el A o] WA EE= 74 W
spirochetes7t &2 71| M = 53) 7-H A L]
o}, A3 X523k} %248} spirochetes®] H3E o]
H3F Aol A, Listgartend} Helden& H1 7.3mm
o] AFEE 7 PP AFH e e s
ZAR3E A3} 37 7% spirochetesfl]- 50.4%2] 54
AES ARG 1& 254
= 7K AF9 = EH*JEE AR A3} A&
A3} Alt2] 57.2%7} spirochetes]S ¥HAE}$ 0
20 ListgartenT} Levine H3t 3,9mme] X5l 4]
+ FA A28t 5 8% X7} spirochetesY-&
EEEE

=

TP C

Figure 5. Gelatin zymography at 2-day treatment
TD: Treponema denticola

TL: Treponema lecithinolyticum

TP: Treponema phagedenis
C: No treatment with TLC, TDC
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& AFder & 77 W 22 2719 spiro-
chetes7} 7}2 107} strain®] S8isk EA& =A]0]
7438k phospholipase A2} phospholipase C& 2473}
A7) Aot} DNA/DNA hybridization®} 16S
tDNA sequence®] &J3}] ©]& spirochetes= F 711¢]

20 8 U¥ Y Treponema maltophilum¥}
Treponema lecithinolyticum®]t}%?  Treponema
lecithinolyticum specific probeE ©]-8-3F Fa}&F &
8} 24 (molecular epidemiologic analysis)oj| A & 3]
T4 3xte] 22 ATl #HHo] gl B R
YeRIth Treponema lecithinolyticume 7] 0]
WA E coils 7H 54 dE0 2 F sum 2
0]} 0.15um 9] &5 7}AH F 7§¢] periplasmic fla-
gellaZ o]Foi#] St} &48FS B W alkaline
phosphatase, acid phosphatase, B-galactosidase, [B-
glucuronidase, N-acetyl-B-glucosaminidase, phos-
pholipase A9} C7} ®al, ¥FHe]| C4 esterase, C8
esterase, naphthol phosphohydrolase®} o-fucosi-
dase= 7HE B catalase= AY2FekA] ek
6

B A%l o A= Treponema denticola(TDC)2}
Treponema lecithinolyticum(TLC) 0] XA thA|
3o v G &3} TDCE Treponematt
= ko] A Az F0 7 QI7ke] XA frobA|
|| | X|= JgFe] Haf A7t K=ot x|
AhAZ gt MESFLT TS F=53 e o
1, TLCE Fol el o] e To=AM AF
QATHAZ | 7] 2= FErel] B3 AFo] EEQI=

Aolr 7] $J5] AJ8Y8E MTT testo] A& TLC)
AA 150ug/well ALY F& FEAA HE
A EIE BYow, TDCAME ¥4 5 3
ial dilution method)S F3l 9.4ug/welld} 7 ko
oM o] B3k ekstsich Abeke] A
39] AN Qe AT A foPIEe] B
A Gram(-) ATl Porphyromonas endodontalis,
Porphyromonas gingivalis, Prevotella intermedia,
Fusobacterium nucleatum®] sonicated bacterial
extracts(SBEs)¢] 3k UolHE AP A=

Porphyromonas gingivalis®} Fusobacterium®] |3
=A4o] A=, Y&o] Porphyromonas gingivalis
= SN ¥R EEE Tk AEe =4
ZHE 7R A7 Ao = & A daL, o
A4 wgd §35 dovy, vt AEE0]
cytokines H|SHAIH sl &7 2 ASA)7)=
T8S 7FAA Ik E§F Gram(-) Allit Ala2E o
%1+ lipopolysaccharide (LPS)7} 95:-2] 7\ A19} =3}
ol FH9)E vhFt A ESHH BAE 7HAAL 9
o] 2 &efA Sl=Hl, BE SBEs sl A2 A
FrobAlEe] F2le] A EE F& H]9]E 4 (non-
dose dependent manner) & H T2,

B AF o A= TDCE TLCE YA 2|3} protease
o] FEFE AT AN AESA B35 Lol
=l TDCA 518 7R85 K. 4it

P Sprsi05005.2- SBEsE A 2] Ad oA E
o et dsf #FsAd=d, 1F
Steenbergens-S Porphyromonas gingivaliso|~] &
& SBEsE A2 ge w Al-FopAl 2] Kool v
o 2 Tt Boko] HUS-S HaId}e Al Stevens
9} Hammond®©+= Fusobacterium nucleatum®] SBEs
M= A 2AdFobAlEe] Kool B A
A8} 0 1, Pissiotis} Spanberg®®= X]4=Al| 3E o)
"] X Porphyromonas gingivalis®] SBEs &35 &
ofi = I A AR Fe] s thEA Vet
WS B3k whAY Porphyromonas inter-
media®] SBEsOA& MEE ] Wiyt s A
oroktt B A3 o A= TDCO} TLCY] SBEsE 2] ¥
785 el vjEl A 257t Alte] Batehd
A AZFE7EuAAR] T FEHE vh= Ao
BN, AE7 2] dEo] FojAHA AEZF
2] g A= Ao] AN S B3l HEy
Ak

Lactate dehydrogenase testd]] 4= TLC, TDC E-5F
izl B3] 2 2fol7t §le Ao' Hol Al &
a7} obd AIE S A& B3 dFES S
T AT

Zymography S ©]-8-g+ TDC % TLC7} 29d &
ol WA= FFE DolR e AL AfobdErt

e o
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AFzZ A E A FAE = matrix metallopro-
teinase(MMP)ol| 7] x| IS A3 H & Zojt},

MMP+= matirixin®] 4 collagenase 2% 7F3] ¢
FEH7I% s, o7 AF=AAE, A E,
A, 2 A 2] oal] AL, 5453} Aet
= s g ao|th MMPe] T39S B inter-
stitial collagenase(MMP-1, -8, -13), gelatinase(MMP-2
9} 92 type IV collagenasegtil = 3+t}),
stromelysin(MMP-3, -10, -11) ZL8]3l membrane-
bound group(MMP-14, -15, -16, -17)°] 9}
matrilysin(MMP-7)3} metalloelastase(MMP-12)+= &
5171 o collagenase™ collageng 33 42
ole] % 2710 2 REAA T Salol 15-4E
g7 3l=4] ¢]¥ endopeptidaser interstitial colla-
gen?] A& J(remodeling)ol] 414Q1 FE-& A
gep,

Type IV collagenase$] gelatinase= 5 717} A&
o] ¥rs] - =), 72kDa2] gelatinase AMMP-2)&= 5+
= mesenchymal cellof| A -2 EaL 95kDa2] gelati-
nase BIMMP-9)x= THg 3l W&t o 24|28} ¥
Atk ol EAE2 HAE wdde] Ay 23
of #AYIL Type IV 2L &l 74 2H(basement
membrane) 23 o] = #ef3t} Plasming thy-H-2
prometalloproteinase & &4 Z F QA v
gelatinase A9] &A7)32 oA E - ol Ut
oAl el Alxuty) 7 progelatinase AS
incubationA] 7] &A43tE A& 4 Aokl skt
13)

Z2]o|u} Al Zu gl A], AW ol 9] collagenase
£ AEstslr] $8l ARHR-He WO 25 radiola-
beled collagen?] o], fluorometric oligopeptide
substrates, ELISAS¢] QTR I3} o] & HHHL
WA (sensitivity) 3} 5-0]A(specificity) o] =38},
BUSAL 520 437} M393S 72T 471
St} collagenaseE FE3IE 7|&L Ao 2
Birkedal-Hansen¥} Taylor?9]] 2] 7]|&% AL,
HeussenZ} Dowleo]| 2]} Substrate-containing poly-
acrylamide gel A7]9%HWH 0 2 72kDa¥} 95kDa
Type IV collagenase & T3k 7]&¢] S5 AT

12)

A7Ee] A oMo A M H collagenase
d] H] =]+ interleukin 19] 98-S F71817] Y8H col-
lagen zymography & ARE-3F A& o)A interleukin 1
2 ke E 7R Ao A B B collagenase S
ZAATLOH QIke] AL FOPAEE Aol o]
k3l L o] = collagenase ¥4 7} 2. 78 Y Z7}1E] 912
o] FFALHAY, o] = collagen zymographyS ©]-&
8}o] collagenaseE -3}l o] & AF3IAID = )
T2 BT Ao R B A= Alds AElst
A2 AF A AZ S} v AT Treponema
phagedenisE |23t 79 Z8]al TLC, TDCE 2+
TERE AYAE W] FFE zymography = go}
Bkt A3k= TIC 9 TDCR A3 BE F5kd
A1 Type IV collagenase?] shQ1 72kDa2] proge-
latinase A7} SJY 0 2 vl= AL & 5 ATk

ol AFE 53l TLCS TDCE MEF2] A&
I Sl AFAAAE G v A, g d
3 &4 Type V] 3lQl progelatinase AS 43
O 2 HAANTLE ERIsHIT) TLCSE TDC7} o] g
A2 T 73S 7R AESA YA 235 714
=7tel thefjM = o2 Fr A A7) dast
gle} Azt

V. 3E

Treponema denticola®} Treponema lecithi-
nolyticum®] X|FQIthA| 3] 1| A= FFS ofr
7] $J8ke] MIT teste} 11N AS o]-&5ta] A
Y] WalE BARAL, ALEAE ol
LDH test ZL2]aL gelatin zymographyZS ©]-&3F 219
& &3l vhet 22 AES A

1. YA FEARRPA s e xS
AR ZH A= TLCY AT 2 5= (150ug
/wel) X FE] EZ2] AR EH7} ek
o, TDCAME S F=(9.4ug/well) o 4]
= A G937} et

2. AT FEAAN Azte] whE AEZFA ol
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FHME TLCY 785 294 150ug/well &
SO MRE AEFA] A&7} ERLeH,
TDCO A= 9.4ug/well FEoNA = 244 o] A
EZA] A &7 et

3. AT Al AESA oA AddA=

1982,

. Breckon, J.J.W., Hembry, R. M., Reynolds, J.J.,

Meikle, M.C. : Regional and temporal changes
in the synthesis of matrix metalloproteinases
and TIMP-1 during development of the rabbit

TDCO] A$-oA dxlg] A7l A9} T1EA] mandibular condyle, J. Anat,, 184:99-110,
&2 350l Zhol7F vk o, TLCY] 49 1994,
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-Abstract-

The Effect of Treponema Denticola and Treponema
Lecithinolyticum on Periodontal Ligament Cells

Jung-Hag Jung!, Bong-Kyu Cho#?, Tk-Sang Moon!, Kyoo-Sung Cho!, Jung-Kiu Chai!, Chong-Kwan Kim!
Department of Periodontology, Research Institute for Periodontology Regeneration,
Dental College, Yonsei University

Department of Oral Biology, Dental College, Yonsei University

This study was investigated to observe the effect of Treponema denticola(TDC) and Treponema lecithi-
nolyticum(TLC) on cultured human periodontal ligament cells, Several experiments were performed including
MTT test for the inhibition effect of cell proliferation, LDH test for the cytotoxicity , gelatin zymography for the
gelatinase activation and observation of cell morphology change using the phase-contrast microscopy. The

results were as follows,

1. The effect of concentration on cell proliferation with time showed an inhibitory effect at high concentra-
tion(150ug/well) for TLC and at low concentration( 9,4ug/well ) for TDC,

2. The effect of time on cell proliferation with concentration showed an inhibitory effect at 150ug/well on 2-
day incubation for TLC and at 9.4ug/well on 2-day incubation for TDC,

3. The effect of heat-treated TDC and TLC on the inhibition of cell proliferation showed the difference in
the heat-treated group compared to the non-heat treated group for TDC, whereas no difference was
found for TLC,

4, The morphological changes which were observed from the phase-contrast microscopy showed the dif-
ference in the test group compared to the control group. The loss of spindle-like appearance, cell-to-cell
detachment and inhibition of cell proliferation were observed.

5. There was no difference of the cytotoxicity effect between the test group and the control group in the
LDH test.

6. The active form of progelatinase A with molecular weight 72kDa was activated in both TDC and TLC on
the gelatin zymography.,

Regarding to the above results, TDC and TLC have an effect on periodontal ligament cells by playing an
inhibitory role in cell proliferation and appears to activate progelatinase A which degrades type IV collagen.

Key words : Treponema denticola(TDC), Treponema lecithinolyticum(TLC), MTT test, inhibition effect of cell

proliferation, gelatinase A
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