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Treponema denticola is a gram-negative anaerobe that can
cause periodontal disease. The adhesion of this bacterium to
host tissues is considered to be the primary event in the
colonization and infection of a host. Fibrinogen is generally
found in damaged tissues resulting from periodontitis. The
binding ability of 7. denticola to fibrinogen may therefore be
an important virulence factor in inducing periodontal
diseases. It has been reported recently that oral spirochetes
can be labeled with fluorescent fatty acids and we speculated
that this labeling method could be used in an oral spirochete
binding assay. The binding of several different strains of 7.
denticola to immobilized human fibrinogen was therefore
tested using the fluorescent fatty acid labeling method. In
the case of immobilized fibrinogen, the 7. denticola ATCC
35405 strain showed saturable binding to immobilized
fibrinogen. Indeed, all four different 7. denticola strains tested
in this experiment, 7. denticola ATCC 35405, T. denticola
ATCC 33520, T. denticola ATCC 35404 and T. denticola OTK
showed binding to fibrinogen. The fluorescent fatty acid
labeling method thus shows utility in binding assays for 7.
denticola, different strains of which can generally bind to
immobilized fibrinogen.
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JFse w954 Askes Aldn ool da o
A1) Hrgo] 25 Relez QkeiA glowd, sale] s A
I = % Porphyromonas gingivalis, Tannerella forsythia
9} Treponema denticola7} ©] A3k} A3 H=do] 9+
Zoz ¥ a3 Qek(Socransky et al., 1998). T denticola
2 dZ5= 7 spirochetests 252 Al 74 5 5
238 H8-g AHSkaL 9lom(Ellen ef al, 2005; Yao et
al., 1996), 2743} Paidl oJrx] HE5HE A
Sk, o] AR fibronectin, laminin, collagen 72 extra-
cellular matrix proteinoll F-2sl= Aoz ¥WiEQlon
(Dawson et al., 1990; Edwards et al., 2005; Haapasalo
et al, 1991), sk s §4% AUz Qch(Fenno et
al, 1998; Lee et al, 2002).
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S5 zAo] Y AT $AL SFAY AT 54
3} 1ede] Fgol A WAZ dohle lofeh. AFA3

o] Wil QlojA= A WA AL

A ] AT ARGl ofgt sFAleld] Al FAted
o|th(Haapasalo et al, 1991). X|27kx2] <ol 95
T denticolaw 743 A| 2o F23 4 Qv 585 A
1o (Fenno et al., 1996; Grenier et al., 1990) EE3F A
29| 71AAR N T denticola®) -2 A2 7
Z2] Ao "AgAql s e A QUek(Ellen er
al., 1994).

Fibrinogene Aol EAIsl= 340-kDa®] whild 2.4
20| A A ] 3l daAo® i gslct(Pereira
et al., 2002; Rybarczyk et al., 2003). Fibrinogene %
A A FelE g3 matrixs FAs=T,
Staphylococcus aures, 17347, Candida albicans —-
2|3 human plateletss- X3kl =29 7| 940 &

<
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o]z o g FAzch(Lantz ef al, 1990; Lee et al., 2001).
2AFAZ ] Qe 7 Ao £ i F3o] Hlvls)
Al doftr] wliirell, fibrinogent: A|FEAo] B ko
2 ZA}, azjuz 2543k 9dsl AlFEL] fibrinogen
ofe] H2R o]F Alfe] e Fadt AFHI
W= golo g =83k 4 Qlck. Porphyromonas gingivalis
S} Prevotella intermedia®] 735 fibrinogenel|®] -2 o]
5 AT FLA WEARA BEAE Ao 1
a9 r4—(Lantz et al., 1990).

Ale] G2k AR flete] ofgfrkA] oA W
o] A-&=o] %‘“/}. HEAog Ads HOL/‘} ]-"ﬂ
A5t whildo] FakEl Ao o A% é
H(Lee et al, 20013 == ol Al % Bzt ;‘z xﬂ
ol gk FAE o]&ste] FakE At S5k W
(Haapasalo et al., 1991)°] ©|-& =eo] Sk}, 2} & Zﬂ
2 o] g3lo] AT FHS Ao 7 AT w4
ol Tk %Hﬂ'—é 24 “&'501"]: e B vl e
A AREE7] e, T8l s AREsle] Al A
3R W= 594 °4 49 /‘Fo" Alofo g qlse] &
o] .

ZZoll 77 spirochetesE &#3AH Auiko g A
JAE 4 3= whe] ¥ E|low(Hong et al, 2008),
F7 spirochetese] H-HAFo] 943 4 gl H]—H—] now

AA =odet. ool M3H T denticola®] fibrinogenel]
gk 04;_# T denticola ATCC 35405 3714 & nbe
Alglo]| 2185} (Bamford et al., 2007; Haapasalo ef al.,
1991) o2 £ T denticola= fibrinogenolle] -2k 432
= 7Rl dEAA g ek & Aol F3A
WO 2 T denticolas 27 I3 WS o] A9
Rzt A& Hzg AMgslgow, T denticola ATCC
35405 UPOP/]E} thE T denticola €52 fibrinogen

ofle] F2b o fm ZARSHEE

2 AlgollA= 77 spirochetesq] T denticola ATCC
35405, T denticola ATCC 33520, T denticola ATCC
35404, T denticola OTKS AFESIAT. T denticola=
0.2% thiamine pyrophosphate, 10% sodium bicarbonate,
1% serum L2]3L 0.2% fatty acid 7} %715 NOS (new
oral spirochete)l #loll HE3}H 0w 90% N,, 5% CO,
a8 5%2 Hyb 9+ 36°C @714 wlek7](Sheldon
manufacturing, INC, USA)Il4 48%]7k(log phase) &3k
woFatod Agell ARgslodrt.

Ao PFAGA 34 ] o F3 53

APl 5-octadecanoylaminfluorescein (OAF) (Molecular
probe, Eugene, Oregon, USA)YE Dimethyl Sulfoxide
(DMSO) (Sigma Chemical Co. St. Louis, Mo, USA)f
I mg/mlZ =<l F 4°CollA H& 2=kl Az waks

Act. GG Aukaks AollA =9l H Al log-phase
SHAlll A Al wedel Aol 1 pg/mlz A7kste] gk A7E
52t 36°C @714 wiF7lellAl miek $-0.5% BSA7F 3
% PBS-BSA buffer® Alit5 7 AlAg & A
ALgskdet. &3] =42 fluorescent spectrophotometer
(F4500, HITACHI, Tokyo, Japan)s- ©l-85133ct. Fluorescent
spectrophotometer F45002] =|frol|4] Time Scans AlH
afo] 30z AHelxe] 3o FAsI e OAFS| 7]
I 497 nm, W= 519 nm3Irh(Hong et al., 2008).

Al labeling &E-& (labeling efficiency) (A& 4~/ ¥ %
1:]._,,])

Ao e & Hakm Alf-Slysis solution (Lee ef
al., 2001y °]&3ste] &e2Agl & 35 SH] v
ol Al labeling &-§& —1’@ | & 27e AHEskdc

FF Tl Wk A 5 7517 $I5led OAFR labeling
¥ 4 o] 77} spirochetes 0.5 mkl| 1% SDS, 8M urea
Z2]3L 1M NaCle] 23H lysis solution (Lee et al., 2001)
45mke B3 & J3E ZAFIHOD=0.2: 5 x 10%
ml). Al labeling E-&(labeling efficiency) = (Al 4/
FAHR Alalsled 1 FFekslel sidshe AldrE
AlAkslodrt.

>

OAF £ labelingd T. denticola®] 3.7 % fibrinogen ol
9 %3
1) Coating®l fibrinogen®] sxol wh Aol F-=
xﬂﬁ«] fibrinogerel] tHgk 7“’] S04 (specific binding)
|5 22Fs17] 48] coatingsl= ﬁbrmogen-/] TE 5
7]*31] w}% Al 2 A5 2ARR Al log-
phasecl|4] OAF 1 pg/mlez 3 A7} 5t 714 “H‘Dob ]
oll4] labelingdt ¥ 0.5% BSA7} 233 PBS-BSA buffer
2 F i AH 5 Ado] AFE3ldrt. Human fibrinogen
(Sigma Chemical Co. St. Louis, Mo, USAYS 0.2%
Sodium Azide (NaN;)7} %3k 0.05M carbonate buffer
(pH 9.5l E¢l 30 pg/mellA 25 ug/mle] F=2 24
well cell culture plateol]l 0.55ml 4 ©sfe] 36°C Uk
jek7lollA] 18417k B4t coatingdlrt. Coating®l 7+ well
< 0.55ml¢] PBS-BSA bufferz + # Al & OAFZ
labeling=l 25 x 10°/m] F=2] Al ekl 0.5 mkg o g
T 36°C b wieFrlelA 1A17E Fot weksE o Al
getl-S A|ASIL 7+ welk> PBS-BSA bufferz -+ ¥
AR skt 2= Al 1% SDS, 8M urea L2 1M



Binding of T. denticola to fibrinogenAbstract 109

NaCls £38sF lysis solution 0.5 mbe- tlsle] dul wljek
7] 36°CollAl 30 &<t &aiAlFl § A& &) P
< A5t 3 3R ] Aol A Al
2] labeling efficiency (4]%@%‘%}%% ARgated Al
T2 SHkslodct. At 72 S0 & gelatin (Sigma
Chemical Co. St. Louis, Mo, USAYle| T denticola -
25 Aol xgsloint.

2) 174 spirochetess2] #fololl whE fibrinogerelle] -2
T7& spirochetes®] &2 zfolol| whZ fibrinogene| -2
=5 AP $I5ted T denticola ATCC 35404, T
denticola ATCC 33520, T denticola OTK L&|iL
denticola ATCC 354055 1 pg/ml®] OAFZ 36°C 7|4
wjefrlellA & A7k Fat labeling g $0.5% BSA7} %
ck5] PBS-BSA bufferz F ¥ AlZ & Agol] ALE-s1s
t}. Fibrinogen (100 pg/ml)>-Z coating® 24 well cell
culture plateol] labeling® A70.5 ml (25 x 10¥mlyS 7}2+
g T 9o} 7+ ulio 2 fibrinogenel|e] A EE H]
Agaiget. ARt 7] 52t A o] Afol=Student ¢
ArrEA wlaslodar, p<0.059] Fhe TRt zbolE A2
ol= Aoz 71535kt

Ho{

2 I

T denticola®] fluorescent fatty acidel 2|3} labeling effi-
ciency+= T denticola ATCC 354047} relative fluorescent
unitsd 8.4 x 10° bacteria® 74 =& F£x2 ngomT
denticola ATCC 33520 7}4.0 x 10° beteria® 7} &
25 B9cH(Table 1). Tdenticola®] fibrinogenoll2] -
2zt EolA-S 2AKsE7] 9l3hed, fibrinogens 0 ug/miollA
25 ng/m7HA| coatingsto] Alite] FAA=E w]asoict.
2 ZAZ} fibrinogen®] F7k== F=ol wet 6.25 ng/mlt
A= Al H2ho] coating®l fibrinogens] F=2} B
sto] Al Srbellon] 1 o] de] Fmelle Ao -
ato] x3tE]= ofAE MAth(Fig. 1).

Fibrinogenell¢] -2} /”5401]/‘1}— Algol] ARESE WI7IA]
Al & E5 fibrinogenel] 25 oz IAkE| Qo)

Table 1. Bacteria count / relative fluorescence unit for labeling effi-
ciency. In order to count the bacterial number according to relative
ﬂuorescence units, 0.5 ml of OAF-labeled T. denticola (ODgy,=
0.2 : 5 x 10%/ml) was added with lysis buffer and then measured for
fluorescence

Bacteria count / relative fluorescence 1 unit

T. denticola ATCC 35405 5.8x10°
T denticola ATCC 35404 8.4 x 10°
T. denticola ATCC 33520 4.0 % 10°

T. denticola OTK 55x10°
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Fig. 1. Adhesion of T. denticola ATCC 35405 to the wells coated
with different concentrations (0 pg/ml- 25 pg/ml) of fibrinogen. 7.
denticola was labeled with 1 pg/ml OAF in an anaerobic incubator
at 36°C for 1 h. Labeled bacteria was added to fibrinogen coated
well and incubated for 1h. Bound bacteria were detached with
lysis buffer and fluorescence was measured with fluorescent spec-
trophotometer. Number of bacteria bound was calculated with
labeling efficiency. Values indicate means of triplicate determina-
tions; standard errors of the mean are indicated by vertical lines.

T. denticola OTK

T. denticola
ATCC 35404

rrcc soeco NN
ATCC 33520

T. denticola
ATCC 35405

o

5 10 15 20 25
Number of Bacteria Bound ( X 107)

Fig. 2. Adhesion of strains of 7. denticola to immobilized fibrino-
gen. T denticola was labeled with 1 pg/ml OAF in an anaerobic
incubator at 36°C for 1 h. Labeled bacteria was added to fibrinogen
coated well and incubated for 1 h. Bound bacteria were detached
with lysis buffer and fluorescence was measured with fluorescent
spectrophotometer. Number of bacteria bound was calculated with
labeling efficiency of each strain. Values indicate means of tripli-
cate determinations; standard errors of the mean are indicated by
horizontal lines.

T denticola ATCC 35405% T. denticola ATCC 33520
Hrp FAFCE oA v ol F3kEE oz IHAE
o}, T denticola ATCC 354044} T. denticola OTK2]
T2 Arobs FAFCE o Abel7t §lgict. ohE Al
T 5 Aolz FAASE Fodt 2 A5l Aole=
A=A sk (Fig. 2).
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ol

= e ol&sled Alts labelingshod o, 1abeling

H d
77} spirochetess ©]-&3slo] A fibrinogenel| ] -
2 Ads FAsisic. 77 spirochetesgoll we} Abol &

vERZL PA|ut wlard oA o @ ggxupale] labeling
Ho 24 fibrinogen F-2F Ago] H8A]Z 4 9t =
gk 7]E8] AFolx WEHAIA] RUTT denticola ATCC
35405 o|9le] o} T denticola EE= 317% fibrinogen
of o] F2F AAL AV 5= wEich

4 = labelings ©]-23F 77+ splochetesﬂ Pzt
A 7)o *]"Q—O}H WA E A S ARESE W
o} gAlE ARES= ELISA%o u]o}oq ZrsHA =g
3k 4 Qlo] °L_i-/] 74 spirochetese] F-2A1glo]] flo]
82 F U= 74_& /‘37@41‘/]- 7 splrochetes— B

qas

A2 WA 59 °J ‘/P °L24]E /‘Fo“ = Hc}‘ﬂdidr
Azke] whEE L w]go] HA Sw, AF —r?%]oﬂ 2h014]
FHAo] ZhHslcls Ao AL = dc)
/q]g_g] 7]X11:].HHXE10-]]/] x—”—ﬁ’— ‘1'7]— .‘:_Eﬂo 7]—0&9] j+zé
ollA F938HA| =83kt (Ishihara er al., 1999). Fibrinogen
ol 3} T denticola®] 25 viPlsl= 712> fibronectin,
laminin, collagen 2] kelatin 534 T denticola®] -
e w7 Zel wuls] chEckn E_J_HJ_ A
(Edwards et al., 2003). T denticola®] 2=}l Sl major
surface protein (Msp) (Fenno et al., 1998)2} oligopeptide-
binding protein (OppA) (Fenno et al, 2000) 1|3l
chymotrypsin-like protease (CTLP) (Fenno et al, 1998)
= Ao Alxe]Fel ke v Fak ohdet 2o
o Alfte] FzHek w Fahigx] ARt o5 AT
ol W= T denticola®] OppA+ 233812l plasminogen
2} fibronectinell §-2sl=d] Fodglch(Fenno et al., 2000).
2] Wl wk2HM T denticola ATCC 354059 chymo-
trypsin-like protease (CTLP) complex’} fibrinogerel|9] Al
Ein -?'—7'4—0« UH7H3]—1: 74_& °‘-E4§iﬁ]-(Bamford et al 2007).

F2bol = O]E /‘4]1'}4 CTLP Complex7]- ojAsk e
2 _z,_xgﬂ_{ﬂ gt AHE S olE Al el
b F7HHsl Ao 28 F Aol

Fibrinogene 22 3}3|¢} F&o] Fule]e x5 3lo]
U FollA veFer ARG, X5t Hele] 9l
= AeATEE2 ﬁbrmogenﬂr«] A ukge 2FA 5o
iy 7S oldfsked] mew F AE A7 aE
v 2542 W o] shE A Qe T denticola
o frinogerel A ol S <L o el
ol T denticola®}e] AT HESo] o3l ©3FS w|A]
A xFgke] whiel] 7]esle=A] 5
SESES

B ATE Foled FEAUALE o8] T denticola®]
labeling W= o] Aol F2t Age] 3-83le] AT

J

Soll oI 75 ok

I 98-S Hylw, 7|l dHA b= T denticola ATCC
35405 £ Futolzt ok T denticola == 1A4H
ﬁbrmogenoﬂ HAsle AAS dubdoz 73 9l
Hooh, ooz HoofF uhy ‘gg o|-83ld T denticola
o] Hab o7t & o tiofelA =] 57 22 T
denticola 7}l 5o]2ql Asa8-5 Wisla zjelalcisd
274z o Aol =55 F AoE A7
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