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Treponema maltophilum, a Group IV oral spirochete, is
associated with periodontitis and endodontic infections. In
this study we analyzed the functional role of the major
surface protein of this organism (MspA) in human gingival
fibroblasts (HGFs). The full-length gene encoding MspA
was cloned and expressed in Escherichia coli by using the
expression vector pQE-30. The recombinant protein (rMspA)
was purified by affinity chromatography with nickel-
nitrilotriacetic acid agarose and possible contamination of
E. coli endotoxin in rMspA was removed by using
polymyxin B-agarose. rMspA significantly induced the
expression of proinflammatory cytokines like IL-6 and IL-8
and intercellular adhesion molecule (ICAM)- 1 in HGFs,
when analyzed by reverse transcription-PCR, flow cytometry,
and enzyme-linked immunosorbent assay. Our results
indicate that MspA of T maltophilum may play an
important role in amplifying the local immune response by
upregulating the expression of proinflammatory cytokines
and ICAM-1.
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SLE A

HExA e v FEE et AFHdTer
oelzl ek Aldtol= Porphyromonas  gingivalis,
Actinobacillus actinomycetemcomitans, Prevotella infer-
media, Prevotella nigrescens, Fusobacterium nucleatum,
Tannerella forsythensis, YT &°| St

Treponema <ol &3 F7 AT AFE AL
Ak ATS HAnjder AT W w2 vl
ZA51t (Choi et al., 1994; Dewhirst et al., 2000) ¥}
oko] ety bR XFyslatell nlsiA A7t v
AE L gt thkdt 71E MR o] &5k} AR
1022 Aol wiok el =R, Hel el oyt
AT Treponema denticoladl] alMuE HFH o2 o
FolRx glow], w3l o] Al Al HHoF HZ W
A} (Seshadri ef al., 2004). 7b o FLo|A AT

Askxloll 4] 16S rRNAC] YA probes ARE-sle] 54
g A ofak ool A= wiokEl Rl T leci-

thinolyticum 2. T. maltophilum®) F3%7} T denticola
wrb W o srhe AR d3iEt (Moter et al., 1998,
Wyss et al., 1999). T maltophilume: T lecithinolyticum
3 7ol Group IV 7% vHAdttel| &3t (Choi er al,
1994). T maltophilum®} <=t bzl MspA (575
aa)elt T lecithinolyticum®] 2|7 whd MspTL (590
aay> 53%9) AT 59%) FAMS HERHE (Heuner
et al., 1999; Park ef al., 2002; Kim et al., 2002), A
2 el £330t Gl EAA AT Ale|ETRIH
A Hzbolzke] shel intercellular adhesion molecule
(ICAM)-18] 3-8 Fx3t9c} (Lee er al., 2005).

Aen ol AeARRAY FaTH ARz A
gazae] Aol | ARlAS wRW ool b A4S
ghmse] gloldl F8% ARE B Wek] RFA
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o

AE A, B ATARES A2ATERA] d5Fak
27 ZXU}J’]E 7WAE 4 Sl

2 oo Me mspA FAAE wEAE pQE-30= AF
01-04 Escherichia colidll Z293le] Az2gehyd o
HE o2 & x| 2AfolZol #=3 F 954 cytokine
I ICAM-19] Wdz2A ks H7isksdct.

o]
=

ez H Uy

A g ik

T maltophilum ATCC 51939 OMIZ-Pat H#|ul| %]
AHEEEe] &7)AkE (10% CO,, 5% H,, 85% N,pllAl Hl

skgich (Wyss C er al., 1999).

TA cloning® 918  Escherichia coli DH5a-Tl1
(Invitrogen, Carlsbad, CA, USA)3} MspALdS 3131
E. coli M15%= ampicillin (100 pg/ml)e] A~} Luria-
Bertani (LB) ¥l#]2} ampicillin (100 ug/ml) = kanamycin
(25 pg/mlye] A7k LB #iXE 7Pt ARgsted 57] A
efoll 4] w oFafodet.

Az Fouiy 4y

T maltophilumA DNA< phenol/chloroforms- ©]-8-3}
of e, Fout thild MspAT Wlsle 4
A2 7] sl T maltophilum®] DNAZH-E primer
TMexpF (5-~AACTGGATCC CCGCCGAACCTGCTGCCGAG-
3% &3 HE-2- BamHI9 <lA4E-91)2F TMexpR (5'-
CCCGGAGCTCTTACAGAGCGATTTTCGCTTT 3 "l
=3 2 SacI«] 1_/51]—"?—-14}- ARl FRE4 o
k- (PCR) & F331slet. 24 primere E24S 4
3] BamHIZ} Sacl Q4915 bé—aiv}. PCRAHS- TOPO
TA cloning kit (Invitorogen, Carlsbad, CA, USAYE A}
4sto] WE pCR2.1-TOPOeI| 413} E. coli DH5a-
T1oll E29314}. PlasmidE A A8l #jgkEe4- BamHI
7} Sacle® FAloll AwIsli agarose gelolA H7|3%
gt 3 FE3 mspA FAAE o R gt o]
AAE BamHIZ} Sacle® Axlgl 24w pQE-30
(Qiagen, Valencia, CA, USA)I ARSI E. coli MI15
o] F24Y3t & LB skAwlA] (25 ug/ml kanamycin®}
100 pg/ml ampicilling A7HellA =2k ot Azhs +
A 5ml LB broth (25 pg/ml kanamycin®} 100 pg/ml
ampicillin® 7} (LB-K-A)l] AE3sko] 37°CollA] wlek
sHict T F-freis 10 ml LB K-Aoll Esled 2wl
°¥gk T 500 mle] A wiAlo] HFdtd FH=7} 660 pm
AN 0.58 wlizkA] whekdt “4~° 1 mM isopropyl-B-D-
thiogalactopyranoside (IPTG)E €L 4417} ©f wljofsle]
el S GEsiadnh. 2 F 4,000 X goll A 1087
AslFelste] FAHES A

Az Fo A rMspA) £ 2 BA
TAAE] 4ml¢ inclusion body (IB) A58
(20 mM Tris-HCI, pH 7.5, 10 mM EDTA, 1% Triton
X-100ys 23 lysozyme (100 pg/mlys A7fsted &
o] 1027k HLZ] 3 & AEEH7] (Y 1720 WE 10
27 283 A9} 22 FAl9 AAHE 63 ) &
satoict. AlZEfolo] 26mle] IB AlHE-ES v
HA7gE &, 4°C, 6,500 X gollA 1087 AlEz]se] Al

£ iR AR B B9 el B AR
2ohg n Aol F 7 e 20N AReIsed &

&4 %él% dolek. AAES A (g) ¥ 15ml9] IB

4g3519lgol (50 mM CAPS, pH 11.0)& 93, 0.3%
N-lauroylsarcosin®t 1 mM DTTE A7}sle] 412 Foi
6,500 X g oAl 1087k SAlEelsiolet. AFds 74
o @i 2447k Fob ghilell 179 FAS l%%ﬁ (
mM CAPS, pH 11.0)& AH$3la 4°Cofla} Hoj= 34

o] §4-% F3ldo] whiAs refolding'é‘]-

Zﬁi?i} chil Ao N wrle] Fzbel 67H4 histidine
(HisTag)?} nickel-nitrilotriacetic acid (Ni-NTA) agarose
(Qiagen, Valencia, CA, USA)®| Z gl &3t 21g] 5 o]
S35he] AABFGeh il Hfoll 15mle 2ml Ni-
NTASH #Cold 1417F $eb 24704 A o
2 columrell Ao 10 ml2] A48 (50 mM NaH,PO,,
300 mM NaCl, 20 mM imidazole, pH 8.0)2% 53] A
o]% ¥ Ni-NTA agaroseol] 7= A=gchid$E 1 ml
428 (50mM NaH,PO,, 300mM NaCl, 250 mM
imidazole, pH 8.0)2% 53] &&3lgct. o|gA AAIH
Azg Folutthild (tMspAy> E. coli 549 2
o] dis]e] WEA7} polymyxin-Boll F-Ask= A&

o]-&, polymyxin-B agarose (Sigma, St. Louis, MO,
USA) colummnoll tMspAE Wiz W54EE AAS . A
zFebydel gARE whAS 98l a8 (pH
74002 4#°CAM 1221704 38 FAIGE. Az

NS s
O‘Lr’

Aol =g 3] SeiM AHEY 4 §EENeE
a2 %;4 IR (10 ul)yE #3l SDS-PAGE ¥ immu-

noblot> & <lsledct. Immunoblotl] AH&3E &= T
maltophzlum-/] whole cell lysateZ- ¥ (White Leghorn)
o F5}FARE § 32 wslolA 223k immunoglobulin
(anti-T maltophilum 1gY)? ol*FA| % alkaline phos-
phatase (AP)-labeled goat anti-chicken IgY (Jackson
Immuno Research Laboratories, West Grove, PA, USA)
ot} (Park er al., 2002). APY 71 & 66 ule| 5-bromo-
4-chloro-3-indolyl phosphate (50 mg/ml)?} 33 pl® nitro
blue tetrazolium (50 mg/mlyS 10mle] AP 58
(100mM Tris-HC1 pH 9.5, 100mM NaCl, 5mM
MgCLyll &3FF RS ARgstol vehds aks-& 3
A35l9dct. tMspAE bicinchoninic acid =¥ g kit
(Pierce, Rockford, IL, USA)E AHg-3lo] AFalalct.
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A X W o

Aeafoldit AU Aoty Aexde 3
#3led Hank's balanced salt -8 (100 pug/ml penicillin
G, 0.25 ug/ml streptomycin, 85 pg/ml amphotericin B
A7hoe® 33] AjHsle] AEse Fa AAZ ke 4
Asepolet, 2AAHE wokgAle] F=24171 & 10% S
oFdA& 3 o-minimal essential medium (a.-MEM)
= AHEBl] A2l froldl 2t A Ao m e Z4)E
of ©ho] FAE witx] A ZulokrlolA] wieksl
Trypsin-EDTAR. A 2|alo] wofAA| 258 A ZE uw)o]
WA weF Aol Bsto] Aok slglon] Aok
5~6 Alhe] AZF Ago] ARSSnt. Al Zujokd Al (35-
mm diameter)oll 1 X 10°7}/ml¢] X-eAdGolaz e H=
3 5 10% FElo} ol FHE a-MEMES ARg-3}o]
wlZo g wiokskn do] gl wiA 2 w3 H rMspA
(10 pg/mlys Aelsted 24270 wjokslgict, Al2E RT-
PCRS- 30517] 413k RNA 5% 3 A2 240 A}
&slsior], wlokl  enzyme-linked immunosorbent
assay (ELISA)E Apo|E71QlS Aakslr] 918 -70°C ol
Baskslel, AFsA o2 AEE SAUET, IL-1p
(300 pgmlyE A3t AZE FAizdoz slodnt. A)
23 whidoe]l ez #io]l 9995l E coli LPS9)
ARERE Alofol] ofdl Bl E Bleldty] 9jste] A
7b ARIEA @2 pQE-30 WElE F24d E coliz ¥
Bl tMspAS ] AAT o AH-g FUg Aok )
Hog ol F3-S mock control® AR&sRIT)

FAA FHAEL A4 43 (Reverse transcription-
Polymerase chain reaction)

IMspAE A2|gk AlZ2Ye Trizol ¥ (Invitrogen,
Carlsbad, CA, USA)e ©|-83lof RNAE 2|54},
RNA (1 pug)s 200 pmol2] oligo(dT)} E3}5l0] 70°C o)
A 5E7E @AEEke 8ol ol A3l & RT-premix

Table 1. PCR primer sequences

(Bioneer, Daejun, Korea)?} &3 sle] 42°CeolA] 14]7},
94°CollA] 5% dAelsled ¢DNAS Astglet. A3k
cDNAE o]gslo] ATA Alo]E7181% ICAM-10] ok
primer (Table 1Y& AH&sle] FPFLAAS-S F3)3}

o3
S

A X &4 5 A (Flow cytometric analysis)

IMspA® 24417F Bob A RG-S Azd
2]-goll (Sigma Chemical Co., St. Louis, MO, USAY
ol-gsted wielg A2l wopd ¥, 1x10° AZE 5ml
9] Dulbecco's phophate-buffered saline (DPBS)S ©]4-
slod Al2slgch AlZE 100 ul el DPBSell 54171
0.5ul (0.5mg/ml)®] mouse anti-human ICAM-1 mono-
clonal Ab (BD Biosciences, Sanjose, CA, USA)}t
4°CollA 3087 HESAFTE AlZE DPBSE AH3 &
0.5ul (0.5mg/ml)®| fluorescein isothiocyanate (FITC)-
conjugated goat anti-mouse IgG (BD Biosciences,
Sanjose, CA, USAR} 4°Collx 3087t w217}t DPBS
2 23] AH &£ fluorescence-acitvated cell sorter
(FACScalibor, BD, SanJose, CA, USA)E- ©]£3}o]
ICAM-19] &l 3bdsgct,

ELISA

IMspAE. A=53E A 2Ad-fobdlErt Fulgh Ale]ET)R)
ELISAZ Z4slich. IL-1B} IL-89] A#k& R&D
Systems'™ (Minneapolis, MN, USA)2] ELISA kit% o]
3k, 1L-69) A2 Pierce™ (Rockford, IL, USA)
©] ELISA kits A3k

o

FAEA

MspAE Aelgh 23 Aeleix] e A7} Halshe
AtelE7kle] ofo] folgh ApolE viehl=AE Udw)
2 F-AHE4 (ANOVAY ¥]E<4 Mann-Whitney tests

Product sizes

Molecules Sequences(5’ to 3") (bp)* tem;:z?;tiigr(l"g@**

ICAMLI sen'se AGAAATTGG CTCCATGGIGATCTC 390 60
anti-sense ACATGCAGCACCTCCTGTGACCA :

IL-1p sense GATAAGCCCACTCTACAGCT 413 60
anti-sense ATTG GCCCTGAAAGGAGAGA

L6 sense ATGAACTCCTTCT CCACAAGCGC 540 65
anti-sense GAAGAGCCCTCAGGCTGGACTG

L8 sense ATGACTTCCAAGCTGGCCGTGGCT 24 60
anti-sense TCTCAGCCC TCTTCAAAAACTTCTC

GAPDI sen.se CACTGA’CACGT TGGCAGTGG 415 0
anti-sense CATGGAGAAGGCTGGGGCTC

*PCR product size in base pairs
** Annealing temperature for PCR using the primer pairs
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ol-§3l] Hrsket. Aobe FofA Y AelE viEl
AeHP<0.05).

1>
0o

Z3}
Azgekd Ao 4y g A

PCR#} TA F24Yo® ZEslu H|g mpA FHA
= e pQE-30% ©]f, E colil AeHoz
Ao o]& Ni-NTA agarosed ©]-&3sled AA|slict.
MspA+= E. colilA inclusion bodys #Aslom o]
F ARAE AREsle] 837l - FAE Eel '
AAZT tMspAE ¢ 62kDa®l whA A 679
histidines ¥]%3t] pQE-30 -fFele] ofu|xAl wiiol
SDS-PAGE 3 3 gel AollAl ApelAle)e] whiAd ok
60 kDa)®rt Bt &2 X W= Jepudet (Fig. 1).

2] LA FobAl ol A] rMspAe] ] & ICAM-13} A}o]
E 712l 9] mRNA W8

A4 o 25 (MspAE 2447} A28t 3 ICAM-
13 954 Alo]| E71Q1E RT-PCRel &l A%}
o}, ICAM-13} IL-182] mRNAE AF=8kA] 9o A Lo
vl ozke] Z71E wgda, IL-69F IL-8 mRNAS
< < HAFHE 290 (Fig 2). TR IL-
15 AREshl o W54 Sdad s i) $5he]
A28k mock controbx AF531A| @ AT} 72

kDa A B

250
150
100

75 ¢

50 ¢

32

25«
20

159" WL rMspA WL rMspA

Fig. 1. SDS-PAGE (A) and western blot (B) of whole cell lysate
(WL) and tMspA of T. maltophilum. Whole cell lysates (20 ug/mi)
and purified tMspA (5 ug/ml) were separated by SDS-PAGE
(10% polyacrylamide gel), transferred to a nitrocellulose mem-
brane, and reacted with anti-7. maltophilum IgY.

& e malsh

FAZ FHYE o]-&¥ ICAM-1 ¥

rMspAdl] &g Z-24fobl 28] ICAM-1 43 3%
o7 IXH FAE AL3te] flow cytometrys ©]-83}F
of Tk IL-1pE A A MspAS AT
A 2A ot ol Ae AEeiR] $2 AlZel] vlal ICAM-
1 o] ZvlsEls Alo] BAEGow], WEL 2odoy
=2 3elabr] ¢sted A3l mock controk AF=F3HA 9
& tir 2ol WS BolA| ¥kt (Fig. 3)

rMspAell 9 A eAlfopAlEe] Ale| Bl EHlFE
ELISAZ 343 Az} IL-18F &A% olsigler (<
3.9 pg/ml), IL-69} IL-8¢] F-R]E-2 A531A] ¥ AlE
2} mock controll] ®l3] FJgF Ao]E Ho|w Frls
ack (P<0.05) (Fig. 4).

[l

A

AZqeAe) ALclelAdolt JATo] B WS
AL AL ol 5o WA A e vl
2 == T denticola®| HslMuE AFHow A3 = o]

ICAM-1
IL-18
{1L-6
IL-8

« GAPDH

< O
Q
> 2
=
g g

Fig. 2. mRNA expression of ICAM-1 and proinflammatory cytok-
ines in HGFs. HGFs were stimulated with tMspA (10 pg/ml),
IL-1B (300 pg/ml) or mock extract for 24 h. The total RNA was
isolated from the cells, and the levels of mRNA for ICAM-1, IL-
1B, IL-6, and IL-8 were determined by RT-PCR. Non-stimulated
cells were included as a negative control. GAPDH, glutaraldehyde-
3-phosphate dehydrogenase.
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a b c
128 Control 128 Control 128 Control
M.F.l : 46.20 M.E. : 46.20 M.F.l 1 46.20
_ Mock
96 rMspA L8 96 M.EL : 45.91

y.F.I $86.77

0 10 100 1000 0
Fluorescence intensity
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y.F.I 1 77.50

= oW 4] ’
100 1000 0 10 100 1000
Fiuorescence intensity

Fig. 3. Flow cytometric analysis of ICAM-1 expression on HGFs. HGFs were stimulated with tMspA (a, 10 ug/ml), IL-18 (b, 300 pg/ml) or
mock extract (c) for 24 h. [CAM-1 expression was analyzed by FACS using anti-human ICAM-1 MAb and FITC-labeled IgG Non-stimu-
lated cells were included as a negative control. M.E.I, mean fluorescence intensity.
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Fig. 4. IL-6 and IL-8 levels secreted from HGFs. HGFs were stimulated with tMspA (10 pg/ml), IL-18 (300 pg/ml) or mock extract for 24 h.
The conditioned medium was assayed for IL-6 (a) and IL-8 (b) by ELISA. Non-stimulated cells were included as a negative control. The
asterisks indicate significant differences (P < 0.05) for IL-6 and IL-8 compared with the nontreated control values.

Skct. AR T denticola T3F chokal #UA <A}
FAIA), vl del g, AEE49lat Fo] ghezle
(Fenno et al., 1998b; Wang et al, 2001), &
AR R, WA o] Ao Az o AR}
of gl A7) 753kl s Qlel (Seshadri er al., 2004).
T. denticola®] Felutchilalol 53kDa Mspe] ez A
A 22, SFA 2ol poredAd, 2] TR AaLE e
AEEAl o8t AFuEe] A s)5e] A=
(Fenno et al., 1998a, Wang et al., 2002). 2 A5
3Rl A T denticola®Th ¥ & Hlx® AZ=EE T
lecithinolyticum™} T maltophilum®] &1l Ao] gk
of gt ALEAlol =8 o vl 3EA %S
A gre g F7R AT tﬂo 2ol el o w2 o3
S AT (Lee et al, 2005). 2 AFolAE T
maltophllum«] 259 JE—OH gt olslE Wis|ax} o] ]
T 9] 3l MspA9] FHAE E. colicll

Fzysle] e zﬂz:fa}v WAL o) gele] AL frolA

Y

]
& Feba

polymyxm—B agaro se% o] g3l WEHAE AATeEH

Faol] o3t FFAE -
‘ﬂﬁ4 Fopughige. zhed A SFdEe} b wA
A&zshe F8A Aol wheh A4S YeZ= 5t
a1l =3 2ol Ajbele] A Ak e, &=
3 S5AEE ATl of] AR HelArAE st
= Ao A 9ltt (Fenno ef al.,
et al., 1999).

—%‘éﬂor"}*ﬂi_ x|-2of] 7h ‘E%% e AR
dE Az AF
(BEIEBIES o:]z.ﬁ_ a A3e] =gPL-
maltophilumo] Wl EAIel] 3leiA] *ﬂiﬂ‘ﬂﬁh’”
A F 5 olF% whilAal MspAt A-2Ad-frobdlLst

o] BE Folgt 5 T F YUt 53] Al
feld 4 o ojZx

1998b; Schenkein
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H2z2A 07 HF7F Lolslrh. tMspAw ARRFLTAZ
o G ZE AHE3) o] oAFAHe} Zo] (Lee
et al., 2005) H-2AFobZoA = IL-6, IL-8 Y ICAM-
19] 9Ee F7RAZch IL-189 79 mRNA W&
Bk F7lelol ot ELISAR ARBIAE 79w 349
Al olstgl o o] oo X|FolujA|ZoA kel A
et gAgct.

IL-6& t7]5 Aol EFISle 2 WA 25, s}EA]
¥ ¥4 agn Aol zaie [L28 Azl
(Dennison et al., 1997). &3] 1L-6= A4 v 7=
o2 shEA|Eol o8t E3HE AF3P (Schwartz er
al., 1997), G54 Aot WHzAA Frlske 2o
2 d#fA 9let (Irwin et al., 1998; Lee et al., 1995).
7)o w2 oAfolA 234 Al lipopolysacch-
aridecl] ©J3l IL-67} #n|=lm olo] O3] FFr7t Yof
o= B3 (Yuko et al, 1997)0) w®lFoiw® T
maltophilum®] Fo|7rebill Aol o8l 1L-6 Wu|-fr=rt &
Frokm Aol YgE AlARRH

IL-82 chemokine superfamily®] 7422 F2 LPS
off oA tHAAZ, AHIAFAEZ 22|z o)A E A
HrlEle ez od#A glot (Komman er al., 1997).
[L-82 TATE A9 TYE fr=sted d5dhe-& gt
o} (Page et al., 1997). tMspA+ #|-2A]-F-oh4 ZolA
IL-8 FlF FAlsle] AFAZrL ZAAR9E o &she
Ae 2o a4 o] HANRSE doA AFode] W
Bih Aol IS £ HoE Az

ICAM-1-= AlZ237] FARIALEA NE7E Fahi )4
Hof] FAR|Z] & HIAEZ Ho 8 FEAA AFTHE
Frmgket, 224 oAl ZoflA] X datol] ok ICAM-
1 ol #2E Ao2= P gingivalis2] LPS?} fimbriae,
P intermedia® glycoprotein, Eikenella corrodens 2]
N-acetyl-D-galactosamine-specific lectin-like substance
ol 3ot (Masaka er al., 1999; Sugiyama et al., 2002;
Yamada er al, 2002). =3k ICAM-1- lymphocyte
function-associated antigen-10ll ligandZ Z#}-83lo] A2
24 HAdxA Al BEFRIAAL 5 o8] kx| W&
273t} (Hayashi et al., 1994).

Focdelx e AnE Qoksim XFed W Zah]
A HAYE T maltophilum® =P MspA+
A &Aool A IL-6, IL-8, ICAM-1¢] WS 37}
AlZet, ol2HA T maltophilume] X332 A5 2]
o] F& FEIL gt AFAEY AFE =of IFuRS

2 e R wrldarledsAle] Al (03-

PJ1-PG3-20200-0004) & Aj-geista Aldas 772
& AR ATl s
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