Wl RN A 74 I ADRH

P, ARAFA T R L&

IWNAFA T4 VLB ERNEER L > THYVETNHEOII 27 1 —
EEZOLRTVWS, B—RETOLNAFTANLETETH20DMH5H, O
ERD S X7 4 VASSES KBRS EICHEZ RS E LTHELLM
HOEAHETHSL (@ 1~4). F0Lh TR, RECECTLD, HbH0
BREEONHEHE L EET A0, MBEFBEVICERIZEZTVEY LI
FAEEZ LTS, IIa=F 4 -4 R LAMEL, BRITHE L LFER
(planktonic cell) ICHAXT, BEHNTOAFRLREICEASETVAS.

2. AT T4 NWLDER & IBRBE

OMENTS— 234 F 74 VARAD LS ZBRBEECHERSINSE (H1).
DE KA~ conditioning film (1) 7 L *%) DK
QB ERHADNRY 7 V~Oft
Ot F L MBI E NI ) BENSEOEE
@EHLHEEOfEFELYA 7000 =—DEK
®aAI2=F 4 —ORBENA AT 4V LD
@®/5AF T4 VLD - NAF T 4N AD S OMBTEEEC L 2 MBEEHE

NAF T4 Wbid<L 70302 oRALMBEORERE ZRE]Y
ELEEAT V) v 2 2 (BENEE) 2ol siERiEELE S (F2). AR
BN A7 4 VARF ) JROBEE &5, OENTERENLZER, ¥
bbb, K7y FrORE @EST) PEEOHR, d25VIIKEVREIE
BL, TOBECHBEEIENLTS ([®3). "MATANVLEERRATLE, B
ETAHENH DD, TOMIITERFEZIMY RAAL) EEWZHBT 5700
D7k# (water channel @ 5 v i fluid channel) #3&3 (X 2). RERBEORW
BEWIEIDE I BAKBED LR WEL/NL 4+ 7 4 VA (dense biofilm) & 725 Z
Ebds (3. 7, BALDORENFNIMAPEAIFEITINAFT 1)V
LAFMEVWEEZ LA (H1).

OFENNA A T A VAHED L) LHBEETHER I TVED1 2 EALL
TRT (H4). 54 F7 4 VAERONEBEIEIZIE streptococci BERE LD,
Z DI E nucleatum, % L C P gingivalis % T denticola, T forsythia & \»o 7z
FUHGAMAEIBRAL 2 5. TELEAREMBE TH S P gingivalis & T
denticola \3HEE L TNA T 74 VAEBRICEE TS, N4 X T4 VLAHOE
EREAREOEETEL e, ZOREMLIELL L EIONS.

*¥5 Y7 BEERPEHABSEHEDOE S Y EFEEICBRELTER SRS
lum T OHEE, HREMNEORE L LD, B owmeThREL D,
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b, ~ = > i1 47 ALORERECRE
(Fux CA, et al: Expert Rev Anti Infect Ther,
2003Y X hFIHHE)

Fho I F T 1 N L OEFIBE (Over-
man PR: Journal of Contemporary Den-
tal Practice, 20009 X 0 51FHZL%)
WRIM R ) aROBEEL N4 E
TANWLDERE. N4 474 NAL
HEoGREAL 2D % HES
ZEWMETHER IS . BEEIIRIC
BETHH, GEKOMICIIEEEFL
B D Atr 72> DKEE (water channel)
A&RAH. MEETIEEIATL Y
VBB EANLICERIEELEETR
HAEEMTbh T 5.

a3 TI—T154F 74 WLOEBEEREFIEHIFER% (Overman PR:
Journal of Contemporary Dental Practice, 20009 & 0 51H)

FUINTIT— N4 F 7 A NARSEERREFHE L > THE S
AEMELD. £, OBEAOBREOEVIZE > TSI FIEEREEE
Birbori ks, CEFRTETEREBRERIEIZO—-HTSHS.
BRABT7I— 71" 4 A7 4 VARKREN ‘& ZEEEE-TVIY
DOERLE. BOHER
oy bHDNATT 4N
T LThY, A¥aA—%
- ERAROEhE ko
P T FLIOTVEE
TR DR F T 4N s

! % corncob (FVETITLD
T 4 o) BOBEEE-sTW

WARMEDTS5—0/3 (4 T4V L
ﬂ”' | a ’3"- ¢ )

5L0%HELTHRL
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3. A AT AWLDEBRLERR
CRENEEHIEGAT MUY

WNAFTANLADEEHEEZHBNAT M) v 7 2L o THRFSR TV
(F2). WA= M) v 7 ADKBIZEEETH b, BENEBEDHE (extracellu-
lar polymeric substance: EPS) & XiZh 5. EPS (3B DBEEEDEE & L
THET 20T RL, AH= v ) 7 L THABMRZEEECHR
Enb, HHVIERIOLRETHHEEL Lo TD. &6, HEEOEY
SHEWE A L TERSAEDLRBERELRITIENTELRY. TALDD
EB, INAF T 4N LBREFEDBE LR EHFRIEOBRRIZ 2 5.

I AT WLHEOUR—BEBDSA59—-502ay

NAFTANLFOREZERCTHET HFERE IR ZL2HEE LD, F
bbb, NAAT7ANVLRTRELR->HERIZBVWTLRELELDS V5 —
S vavPenl), BEVWAEII 25— a vk o THEORIETERY
FELTws., COMBBOERETES AT 2IEI/54 47 4 VAR OMER
BEZBRATHIETHBEENLZEHEL, 74T 4 - &2 Y 7 7B (quo-
rum-sensing system) & Xidhb. 73 T4 - 2 T VBB L - THRE
ERHRERRFORASHB I N, A+ 74 VAFOMBIHED LN
MBEHO L S CEHT 5.

BAEYHEEREYE EHCFEKE (autoinducer) & XiEh, 75 LEHHE
OREMEREETFELERBT7INMERER) 52y (A5) 7T 46
HEONRTFF720EryH50IET7 726 - BEREICA ST S auto-
inducer-2 FHSN TV 5. WEAKREMEICBWTCHEEWEEX ML 45
Loy Yy TS X 5 T Pgingivalis DBEVR T F T —E5FPH B0
& A actinomycetemcomitans DEAMMREEY ORBEVFABENA TS L HE S
nTns,

TATh IV TEEE A LEROBELSCD, "M F T v
WIEHREEICEE L - UT oz b o.
OHMBEBEEDOECNAF T ANVLIATIETIAI FEZdbbvid T v AKY
YREE N L BRI RETFORERE T 2 COBEEROTREES L
%5,

QEFHEEDEV AL F 74 VAROHMBE RS ROBICHE 4 RET L2547
DRIEYE (R=Y) ¥, 72 2%%E) L THCERmEZRT.

¥6 7RV L T vbwd ‘B BETF. EAWHEEREFRREEETLEHE
HOBETFFOBRENTOVAEELS . BEFEAEET A OIILELR T~
AR—t—ADEETFLEATNVES,
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S. oralis
S. mitis

Adhesin Receptor

Colonizers

Early

Colonizers

=

TS LIS

HEROER

vz

s O

4 N7 WLDEBRAE (Kol-
enbrander PE, et al: Microbiol Mol Biol
Rev, 20025 X 95| 1)
TI—INAF T4 N LR TIFET ST
LHEENREL, BEEENTPAT
Wh. 75— 7 OMBREIZIL strepto-
cocci HEHE %Y (early colonizers),
Z D% Fusobacierium, % L T P gin-
givalis R T denticola 2 ¥ DRSS
BWAENAF 74 VABRICES Y 2
(late colonizers). Fusobacterium OB
KR&L, BoMELtgEsT s LT
T — R OPLHEELEo TV L

4 B
fi\ R DI TEOLS
§ 35 EB5 €5 38 92 3 ¢ &%
s 2§ 53 3% 8s 3z :§ 5 &3
I I B
Acquired Pellicle
Tooth Surface
Zz6NMhTwa,
gy 171 71V LA

B5 JSLEMEEOIASA - DL TS

77 LBHRIEHCHERE (autoinducer) THBT Y MLFEELY >S5 2 b ¥ (AHL) % 4v4
SIATh VYV IBBIIE o THIRBBTORREELYT ). 7S 2REEEO 2 45
Lok YV IBBIIE 3 OORBERRTIRETS. T4bb, BVESANL Lo
AHL & AHL DEEICBE$5 15 > /%2, ZLTAHL HEHBA R L CRERT 2 20
SELELBETFORBAMLITIR I N2 THD.
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A FATTT A R LIS SRRORRE

sAT b Yy THEER S LR OERISED X o THEREME
B4 A 74 VARERL, REREPHERICH T 2B BETS. A
A4 74 VARTE, BEMEROATFICAENL LD ICBEVOEEIHES
nTEh, N TEESLAABIRERFORRELEMS Y, BECHA
T B, T o TEMMIC AR REESTET 52 810k, W
HMBOBIELBERIT. 2510, BRESBHEAETLIZLICL-T, 251
HEREEEABT TV A7 &), L - MERESCTBEBEMRL LD
CHBEBYEFERTHIEIRD. ZOXIRNAFTTANVLAREETH 5 HER
BICHL, BRETIEAr—) v 7Rl — 7L —= v 7k EOBKEIEREHE
EAERBEORLE R TVA, HEEL LTRT M 4427 Y RABREDH
ATy VRS FESHE SR, EKERShTwS, 2, 770741
FRREBHAA A 74 VAEROH B L Ab2 ), BAREBR~DILH
FHIEFESRATVDE, E5i125%, "M T T4 NVLABROFFAHNZX LR F
Fh LYV IIBBORENS, MHAGEOEERLHMENII -V
VAY FI— REETAHFLVOBENSA X7 4 VANOEBFHAFI AT
5.

el PEYOZ—REPSOECKROICSDIERN
i~ RUEESBROY ZIEH

INA T 4 v B IERBHE T 5 BB O ZW R G HE I SR F R e RES
REARTHS. N4+ 74 Ve BN BRICFHHET L0123, K& 2L
BYOKENSHS. 1 DRMEEREES PCREZEIZL T, OBA»LEE
MEEPRET 220 THS. 1) 1 2R BHBICH L TEELSN G &
AV A HUKBZEET 2 HETHS. REKLEE - EETHZ L,
ERMEEEBET A5 T, WEAREMEICHT 2 EEKISZEFHEL,
WERDEHELXZMTHZ L0425, HEAKREBEMED 22 TIX, Pgn-
givalis (23T AHAAMESEERORKE L {ELTWAE Z ENEEDHAETH
ShhoT A (H6).

Pk, SEEFBEME T AHANEREICE, BROLEAHT L2005 —K
BCdh o, WA SHMmiESEE, L CHARMRHEICES —EDORERIEIZG
B ERCHERENLETH L. Z0D, HEAROIAKEERE IR
FhEREOBRICBONTERENTVS, 20X RBRTIIARALZBRET
HoTd, EL{—FICERISETHEERICERTLIZLIINETHL., £ TR
£, EEOKREFBHLT, BEOEHMMEH HORM TERTERLRE Y X
FANBEREINIILLTVS (T7). ThITOHRICLST, BEPLD
EMME % R EREA, Bk FBOREZRERT 2 LAH
Lhkrol. TOREVAFLAIEATE S L) ChnE, EEAROMES
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N =59
700 - Y = 12.563 X - 53.36

r=0.32
600 P=0.01?7
f@ 500
# 4001 )
& 3001 g ©
& 200-
L 4001
0+
-100 —
4 6 8 10 12 14 16
BERr Y (mm)
L BENERGE - 85 E T
= 2 x EAEE (REE)

6 P gingivalis(P. g JIZ3T % igG MRl & mER ORI & OBE
Pgilsi¥ 5 IgG FUKER, BEZOHAELHBELLT VWL IIE
BELLTERLAE GFEREZ /797 TERY). HAREZORK
(BEORT v MEE) FBVEL, Pgilx§ 2 kEIZENED 2
Zo

ELISAIZ&D
g A ED R E
=3
—
: T BERho#E
s
%D E 2R o
{ .
.,
E——————— W © tﬁﬁﬁ%gubihi
Microorganisms Av.| sp. | ®ER | ¢
N Aa Y4 113 30
A.a ATCC29523 116 | 81
A.a SUNY67 129 ke
C.oS3 233 I
E.c FDC1073 133 76
F.n ATCC25586 318 227
PiATCCII563 1571 99
PiATCC25611 139 | 105
P.g FDCI8I 148 92
PrSU63 1851 35
T.d ATCCI5405 117 60
C.r (Ws)ATCCII238 203 | 112
BJATCC43037 2] 61

E7 BXPSOBCRMOICLZHFLVERROREI AT 4
BEPLHCRML, ROV > 7V EZRELFICRETE200F v F2ERTE. 20Xy FEAVS
L C—RHZESRHETONERSEATTRE LS.
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MBE AL, —ROEHERICERTELEELZS. SbII, REFY MR
HRT A2k oT, BEAROBECEHPTREL 21, HEAROBEEEDN
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ORIGINAL RESEARCH ARTICLE

Role of salivary tumour necrosis factor « in HIV-positive
patients with oral manifestations

Tomoaki Ino pos*, Akio Tada oos pho", Akira Tominaga oos*?, Yasuo Komori pos pro*,
Hiroshige Chiba pos pro* and Hidenobu Senpuku pos pro*

“Depastment of Oral Surgery, Tokyo Medical University, Tokyo; ‘Section of Health Guidance, Chiba City Health Center, Chiba 261-8755;
*‘Departme’nt» of Bacteriology, National Institute -of Infectious Diseases, Tokyo 162-8640, Japan

‘Summary: In HIV-1-infected patients; oral manifeéstations such as recurrent apthous ulcers are often seen. A:total of-29
Hiv-infected patients were examined 1o’ determine salivary tumour.necrasis factor'a (TNFq) concentrations by enzyme-linked
immunosorbent assay, the amount of HIV-1 RNA copy by Amplicor HIV-1 Monltor test, number 6. CD4 cells by flow cytometry’
and oral manifestations by aral examination. TNFa concentration was significantly corrélated with the amount of HIV-1 RNA,
however, not with the number of CD4 . cells in HIV-1+-infected patients. Further, patiems with oral manifestations showed

-significantly higher concentrations of TNFa in saliva‘and HIV-1 RNA capies in-serum than those without oral manifestations.
Following recovery from oral ulicers, TNFa concentration.was decreased by half to 20 times lower-than the level of that during
ulcer incidence. Our results suggest that salivary TNF« -is a.good indicator for-aral maniéstations and HIV-RNA amounts .in.

‘HIV-1-infected patients..

Keyw_ordf_s: T_r\_llfa,'H!V, oral manifest:aﬁqns,‘HAART,‘ saliva’

INTRODUCTION

Between 1991 and 2002, the number of AIDS pauents m
]apan ‘increased moré than sévénfold, from 38 f0304,* and
at present, there dre more than 10,000 HIV-infected patients
in ]a.pa.n Jn the oral ‘cavities of AIDS- and H[V—mfected
patiénts, various. Ural mamfesta’aons, including. candxdosm,
recurrent’ apthous ulcers, hairy leu.kopla.kla, Kapom sarco~
ma-and other types of ulcers, have been obsérved. >® Most
‘of those are ‘thought:to- be caused by an -opportunistic
mfec'aon and influenced by the immune state of the host.
The concentrations of various cytokines are increased in
the blood of HIV-infected paﬁents, including turriour
necrosis . factor (['N'Fa), which is a.key promflammatory
cytokme produced by a number of cells, including
macrophages, muscle’ neutrophils, endothelial ¢ells and
vascular smooth muscle cells (VSMCs). This protéin acts
locally at tissue sites with vessel wall damage and. has.
many blologlcal actlvmeS, mdudmg control of ce]l dlff€r~
entiation; Hssue renewal and restructuring, defence against
‘microorgariism infection, growth/ dxf.terenﬁaﬁon of lym-

phocytes and induction of apoptosis of cancer ce.lls, as well
as some functions ‘with normal cells, such as- fibroblasts,

epidermal. cells and ‘eridothelial cells. 1 TNFe induces
apoptosis signalling by bmdmg speclﬁcally to0.its receptor.
in the cell membrane'®** and is abundant in all theumatoid
arthritis tissues S Further, the expression of TNFa in
intestinal mucosa from Crohn’s disease patients is mark-
edly enhariced:*® Some oral manifestations _are-inflamma--
tory reactums, 50 it is suspected that those m H[V~1nfected
patients are’ ‘associdted with TNFa.

Various substances in’ saliva are useful as biochernical
markers “of oral diseases with regard to diagnosis and
prognosis, as well as to.eviluate therapy effects.”””** For the
diagnosis of HIV-positive patients, a quick test using oral

fluid has been used recently instead of blood;*® with the

results found helpful to educate those patients regarding.
window pemods and elucidate false routine confirmatory
testing in clinics. In an attemnpt to develop a quick system
for ‘diagnosis of oral manifestations, we analysed the
relationships between oral manifestations and :salivary-
TNFe concentrations in HIV-1-infected patients.

MATERIALS AND METHODS

Subjects

The subjects were 2§ HIV-l-infected patients who had
consulted the Oral Surgery Section of Tokyo Medical

Interrationai Journai of STD & AIDS 2007; 18: 565-569 565
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"’TNFGL in whole saliva did not show . mgmﬁca:nt produchon

.of TNFé&'in paroud saliva (data‘not shown). Thersfore; it:

‘was’considered. that the- TNEa ‘was produced by rnucosal
;-'and local Tesponses o microorganisms in-the oral cavity.

Another is that TNFa induces HIV expression via stimula:-

“tioni of the HIV promoter?® Tat’ protein wa ‘reported fo
transactivate: TNFo gene éxpression :in HIV:l-infected
‘and. ‘in ‘tat—iransfected “Tdymphocytic and - ‘monocytic

céll lines ‘It is reported that HIV-1 infected salivary

gland epithehal cell lines 8- These reports induce 2

‘by HIV-L gene. products in HN-l-mfected salivary cells of-

-:.patvents It is known that: extzace]lular tax fnduces the
Vf'product(on and .release of TNF&.?: HIV-1 - ‘might also
- express viral factors f.hat exert; eadracdlular ‘induction of
“the production and release of TNFa as HTLVI, & was
reported that induction of TNFa expression in the’ génital
tract:is likely to be-involved in producing the:adversé
effects.. Cervical lavage in’ genital tract from patients with
_bacterlal vaginosis mduces TNFa expressions-and toll- like
-receptor (TLR)-2 and: 4:expressions in the penpheral blood
‘tonoriiclear ¢élls: ‘and. THPP-L -monocyte. cell line®

‘However, in patients with HIV-1 RNA below the quantita--

tion limit, various concentrations (0.5-142 pg/ mL) of TNFa
‘were' Been (Flgure 1) Therefore, ‘the extent of TNFa
‘production:is.consideted. tobe directed by not only HIV-1
‘RNA coneentration; as: 'rhere ¢

sproduction s induced by HIV 1 mfechon.ma some other'

“mechanisms;.
“Eleven patiénts with HIV-1:RNA below the quantitation
f].urut had received HAART and ‘only three {27.2%) had oral
manifestations.: The rate of oral manifestations ‘in patients
‘who underwent HAART (52.6%): was significantly. lower
‘than that (90%) in those'who'did not. Based on:our‘medical

;j=:exa1mnahons :and. the: teaiment recards,.it;was found thatj_
-five. patienits'in the HPON group with HIV-1 RNA below-

“the quantitation Hrriit had: some oral maniféstatiohs bafore

HAART, The extensive decrease of HIV-1 RNA following’

"HAART may be; elated 10 a. low level of TNFa and
. dmappearance of ‘oral manifestations.

TNEFo concentration in the HPOP group was significantly
‘higher ‘than: that in the HPON ‘group. TNFa is ‘an
_'jinﬂammatory cytokme that; mduces mﬂammatory reactions
in injured tissiies.*" An excess production of TNFa and then
:stabilization of TNFa miRNA cause a disruption’ of cells;
-whu:h leads o various chronic’ mﬂammatory diseases; such
as chronic theumatoid arthritis and Crohn's. disease 3
‘Cell disruption by: TNFa& is also’ comsidered. to :cause

.inflammatory-lesions in the oral cavity; as.well as othet"

‘organs: Some:of the oral mariifestations observed in the

-present patients were con51dered 'to be caused by that:

“fnechanism,

“Ulcers result from a‘tissiie state in which' cells in'thie oral
icavity become: d15rupted In the: ‘present: patients, TNFa
‘concentrations decreased drasﬂca]ly following Tecovery

‘fromi ulcers, which suggests that. salivary “TNFa.is asso~

* ¢éiated ‘with tlcer indictHon in the rriicosal membrane. of the
-oral cavity. As for other non-infective oral manifestations;
-somme: relatlons}up with TNE, Whlch might be'involved with

a decrease- in: mumm1ty or another mechanism, i

International Journal of STD & AIDS Volume 18 August2007.

:suspected In infective oral manifestations, TNFx. is

considered ‘tobe ‘induced. ‘and - -distupt infected cells. or

‘invaded rrucroorgamsms, such as candida. The reason for

not’ ﬁndmg a significant-differerice in TNFa. conicentration
between the present- IOM and’ HPON - groups ‘may have
beeri’ becausé of the small sample. size:

This is the first’ Known, study to show -that salivary

"’INFa 45 correlated with ~oral - mamfestauons and - the
-amount of HIV-1- RNA in HIV-i-infected" patlents,

whom salivary TNFa 'was present in higher ¢concentrations

théan in uninfected individuals, Excess TNFax is. cansidered
“to; be associated mth oral ;manifestations -in -various

ways. Thus, ‘improvement in oral héalth i§' considered

_.necessary for.increasing thé quality of life of HIV-1-infected

patients. Our findings will' provide useful and important

information for elucidation of the effects of salivary TNFa
-on the incidence of aral nunlfestatzons, as well as regarding

oral care for HIV-1-infected “patients. I ‘addition, -the
correlatlon between salivary TNEgq.. concentration’ and

-amount - of HIV:1 "RNA seen suggests: that measurmg
»sahvary “TNFu« concentration is useful for determ.mmg the

amount:of HIV-1'RNA and dia.g-nosmg oral:manifestations
in these: patients,
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Abstract

OMPS5 is a highly conserved outer membrane protein in all Gram-negative bacteria. We studied an uncharacterized OMP85 homolog
of Porphyromonas gingivalis, a primary periodontal pathogen forming subgingival plaque biofilms. Using an outer-loop peptide antibody
specific for the OMP85 of P. gingivalis, loop-3 Ab, we found a difference in the mobility of OMP85 on SDS-PAGE gel between the P.
gingivalis wild-type and the isogenic galE mutant, a deglycosylated strain, suggesting that OMP85 naturally exists in a glycosylated form.
This was also supported by a shift in OMP85 PAGE mobility after chemical deglycosylation treatment. Further, loop-3 Ab cross-reacted
with the galE mutant stronger than the wild-type strain; and could inhibit biofitm formation in the ga/E mutant more than in the wild-
type strain. In conclusion, this is the first report providing the evidence of OMP85 glycosylation and the involvement of OMP85 in bio-

film formation.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Porphyromonas gingivalis; Gram-negative bacteria; Periodontal disease; OMP8S; galE; Glycoprotein; Biofilms; Glycosylation; Outer memb-

rane protein

Periodontitis is one of the most common infectious dis-
cases and is caused by bacteria or groups of bacteria found
in subgingival pockets. Among the bacterial population,
Porphyromonas gingivalis, a Gram-negative anaerobe, is a
primary component forming subgingival plaque biofilms
in periodontitis [1]. Data suggest P. gingivalis is also asso-
ciated with systemic diseases and complications including
cardiovascular diseases, atherosclerosis, preterm births,
and low-birth-weight babies [1]. Hence, it is important to
delineate the molecular basis for biofilm formation by this
bacterium. _

OMPSS5 is a highly conserved outer membrane protein
(OMP) in all Gram-negative bacteria, for which complete

* Corresponding author. Fax: +81 3 5285 1163.
E-mail address: ryoma73@nih.go.jp (R. Nakao).

0006-291X/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/).bbrc.2007.11.035

sequences are available. The OMP8S from both Neisseria
meningitidis and Escherichia coli are essential for cell via-
bility and are involved in the OMP assembly [2,3]
Recently, E. coli OMP85 was shown to form hetero-olig-
omeric complexes with four different lipoproteins [4,5]
and to recognize sorting signals that can be detected at
the C-termini in the vast majority of bacterial OMPs
[6]. Additionally, OMP85 homologs from some bacterial
species are immmunogenic where immunization of ani-
mals using a vaccine preparation based on recombinant
proteins of each homolog confers protection against the
bacterial challenge {7,8]. This is yet to be shown for
the OMP85 homolog of P. gingivalis.

Protein glycosylation in bacteria is studied because
most glycoproteins found in bacterial pathogens are
localized at the bacterial surface; and appear to influence
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host-bacterial interaction [9]. For Gram-negative bacteria,
although only a few glycoproteins are known, most of the
glycoproteins play critical roles in virulence: e.g., the type
1V pili of N. meningitidis {10] and Pseudomonas aeruginosa
[11], the flagella of Campylobacter jejuni [12], three adhesins
of E. coli [13-15), and the gingipains of P. gingivalis [16].

Here, we focused on the OMPS8S of P. gingivalis and
tried to characterize the molecule in the light of the glyco-
sylation biology. We generated an outer-loop peptide anti-
body, loop-3 Ab, specific for OMP85 and examined
whether P. gingivalis OMP85 is modified with glycan or
not, using Western blot analysis with loop-3 Ab. We also
examined whether glycosylation of OMPS8S5 is associated
with biofilm formation of P. gingivalis. Here we present
new information concerning the roll of OMP8S5 glycosyla-
tion in biofilm formation.

Materials and methods

Bacterial strains, plasmids, and oligonucleotides. E. coli and P. gingivalis
strains were cultured as described previously [17). The bacterial strains and
plasmids used in this study are shown in Table 1. The oligonucleotides
used in this study are shown in Supplementary Table 1.

Sequencing. The entire omp85 gene (2.7 kb) from P. gingivalis strain
33277 and 381 was cloned into pMD20-T using the DNA ligation kit
Mighty Mix (Takara Bio, Shiga, Japan). The resultant plasmids were
DNA sequenced (ABI PRISM 3100 Genetic Analyzer, Applied Biosys-
tems, CA). The sequence of the omp85 gene from strain W83 was obtained
from the GenBank database. The amino acid sequences corresponding to
the omp85 genes among strains 33277, 381, and W83 were aligned using
Genetyx 7.0.3 software (Genetyx Co., Tokyo, Japan). The cleavage site of
the N-terminal signal peptide of the OMP85 and the molecular mass after
the cleavage were predicted by Genetyx 7.0.3.

Topological prediction of OMP85. PROFtmb program [18], a fully
automated Hidden Markov Model-based method for predicting the
topology of bacterial outer membrane proteins directly from amino acid
sequences, was used to predict the topology of P. gingivalis OMP85,
according to the manufacture’s instructions.

Table 1
Bacterial strains and plasmids used in this study

Peptide synthesis and generation of peptide antisera. Peptides were
synthesized using a stepwise solid-phase procedure at Asahi Techno Glass
Co. (Tokyo, Japan). The peptides were conjugated to keyhole limpet
hemocyanin and used as the immunogen to produce rabbit antiserum.
Antisera were produced in Japanese White rabbits at Asahi Techno Glass
Co. using conventional immunization protocol. The specificity and cross-
reactivity of antibody were examined using antigen-specific ELISA and
whole-cell ELISA as described previously [19,20].

Over-expression and purification of GST-OMPS8S fusion protein. APCR
fragment corresponding to the open reading frame of OMP85 was ligated to
the expression vector pGEX-6P-1 (GE Healthcare Biosciences, Piscataway,
NJ) according to manufacture’s instructions. The GST-OMPS8S fusion
protein was over-expressed in E. coli harboring the constructed expression
vector. As most of the GST-OMP85 protein was found to be in the form of
inclusion bodies, the GST-OMP8S5 inclusion bodies were solubilized using
50 mM Tris-HC! buffer (pH 8.0) containing 0.5% SDS, 1 mM EDTA, and
0.1 M NaCl. Then, the solubilized samples were fractionated with a SDS—
PAGE-based strategy using PREPPHORESIS-S and a fraction collector
(ATTO Co., Tokyo, Japan); and the recombinant GST-OMP8S protein was
purified without detectable contaminating bands.

Outer membrane extraction. The differential detergent method was
used to extract the outer membrane (OM) of P. gingivalis as described
previously [21] with some modifications. Briefly, bacterial cells were
washed and suspended in 10 mM HEPES-NaOH (pH 7.4) buffer; and
were disrupted using sonication at 8 W for 1 min on ice in the presence
of protease inhibitors, RNaseA, and DNasel. The remaining intact
bacterial cells were removed using centrifugation at 1000g for 10 min at
4 °C. The supernatant was ultracentrifuged at 100,000g for 1 h at 4°C.
The cell envelope fraction recovered in the pellet was re-suspended
using 1% Triton X-100 in Hepes-NaOH buffer with 20 mM MgCl, for
30 min at 20 °C. Finally, the OM fraction was recovered as a pellet
after ultracentrifugation (100,000g for 1 h at 4 °C). To prepare the OM
fraction for the glycoprotein staining and mass analysis, the OM
extracts were passed twice through a Detoxigel (Pierce, Rockford, IL)
column to remove LPS according to manufacture’s instructions. The
resultant OM extracts did not contain detectable LPS using Limulus
Amebocyte Lysate assay (Seikagaku Co., Tokyo, Japan); but contained
major OMPs using a mass spectrometry (data not shown) indicating the
OMP was resolved.

SDS-PAGE and Western blot. SDS-PAGE was performed in a 7.5% gel
where 10-ug samples were used. The Gelcode Blue Stain Reagent (Pierce)
was used for Coomassie brilliant blue (CBB) staining. The Gelcode Glyco-

Bacterial strain/plasmid

Usage, relevant phenotypes, or selective marker®

Source and/or description

Escherichia coli
DH5a Usage for cloning
BL21 Usage for protein expression

Porphyromonas gingivalis
ATCC 33277
ATCC 33277 galE

Wild-type

of the corresponding gene, Erm’

Takara Bio
GE Healthcare Biosciences

American Type Culture Collection

galE mutant by insertion of ermF-ermAM cassette into the Bse RI site [17]

ATCC 33277 galE-c2 galE complementary strain, Tet', Erm® This study®
Plasmid

pMD-20T Cloning vector, Amp" Takara Bio

pGEX6P-1 Expression vector, Amp’ GE Healthcare Biosciences
pUCISQ Contains re:Q cassette between Smal and BamHI sites in pUC 19, Amp", Tet" [17]

pQG2 Contains a region of 0.8 kb downstream of ga/E between Bam HI and This study®

Xbal sites of pUC19Q, Amp", Tet"
pGQG2 Contains 0.3-kb upstream and whole sequence of gu/E between Kpnl This study®

and Smal sites of pQG2, Amp", Tet"

# Amp’, ampicilin resistant; Erm", erythromycin resistant; Erm®, erythromycin sensitive; Tet", tetracycline resistant.
> The strategy used to construct ga/E -c2 strain is shown in Supplementary Fig. S2.
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protein Staining Kit (Pierce) was used for carbohydrate staining. For
Western blot, the materials in the SDS-PAGE gel were transferred onto
PVDF membrane and probed with loop-3 Ab diluted 1:10. Horse radish
peroxidase (HRP)-labeled anti-rabbit Ig antibody (GE Healthcare
Bio-Sciences) diluted 1:200,000 was used as the second antibody. Chemi-
luminescence was detected using ECLplus (GE Healthcare Bio-Sciences).
Chemical deglycosylation assay. Chemical deglycosylation of the OM
extract was performed using anhydrous trifluoromethanesulfonic acid
(TFMS) with 10% anisole, as described previously [22]. Briefly, 150 pl of
10% anisole in TFMS was added to 1 mg of lyophilized OM extract and
incubated at 4 °C for 1 or 3 h and the solution was neutralized with 60%
pyridine solution. The neutralized solution was purified by dialysis using a
Slide A Lyzer Dialysis Cassette (MWCO 10 kDa, Pierce) with 20 mM
Tris~Cl (pH 8.0), 10 mM EDTA, and 0.1% SDS, then concentrated to a
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100-pl volume by ultra-filtration with a MWCO 30-kD filter (ATTOPREP
UF-30, ATTO Co.).

Biofilm inhibition assay using loop-3 Ab. Loop-3 Ab or pre-immune
serum was diluted with PBS to various ratios (50%, 20%, 10%, and 5%)
and mixed with 2 x 10’ CFU of P. gingivalis cells in a volume ratio of one
to one. After a 1-h pre-incubation at 37 °C in an anaerobic chamber, the
bacterial cells were harvested, washed with PBS twice, and used in the
biofilm formation assays as described previously [17].

MALDI-TOF mass spectrometry and peptide mass fingerprinting.
After SDS-PAGE, CBB-stained protein bands were excised from the
gels, and in-gel digestion with trypsin was performed as described
previously {23]. MALDI-TOF mass spectra were acquired with a Bru-
ker Ultraflex mass spectrometer (Bruker Daltonics Inc., Billerica, MA).
Peptide masses were compared to the MSDB database using the

loop-2

n

extra-cellular

} outer membrane
C 891 } periplasm

-CBBataning.  ...Wesemblt

(Da) MW '(?M OM GST-OMPS5

100

Fig. 1. Topology of OMP85 and cross-reactivity of OMP8S5 peptide Ab. (A) The transmembrane B-barrel domain of OMP85 and designed peptides. The
OMPS8S topology of P. gingivalis strain W83 was predicted to consist of two domains, the N-terminal periplasmic domain up to residue 541; and the rest,
the C-terminal B-barrel transmembrane domain. Three peptides corresponding to the outer loops of OMPS8S, loop-1, -2, and -3, were designed. The amino
acid sequences are shown in Supplementary Fig. S1. (B) Cross-reactivity of the three loop Ab to GST-OMPS85. ELISA on plates coated with GST-OMP85
was performed using Ab from the three loop peptides and pre-immune serum. The results are expressed as the means + SD of triplicate assays. (C) Cross-
reactivity of the loop-3 Ab to whole cells of P. gingivalis. ELISA on plates coated with whole cells of P. gingivalis wild-type strain was performed using
loop-3 Ab and pre-immune serum. The results are expressed as the means + SD of triplicate assays. (D) Ten micrograms of sample of OM extract (lane:
OM) from the wild-type strain was applied to SDS-PAGE using a 7.5% polyacrylamide gel. The CBB staining and Western blot with loop-3 Ab are shown
in the left and right figures, respectively. Purified GST-OMPS5 (lane: GST-OMPS5) was also tested as a positive control. The molecular mass of the GST
portion of the fusion protein is approximate 26 kDa. MW: molecular weight marker. Approximately 100-kDa band in CBB staining is shown by an
arrowhead and identified as the RagA protein using TOF/MS analysis.
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Mascot search engine (http://www.matrixscience.com/cgi/search_-
form.pl? FORMVER=2&SEARCH =PMF). Search parameters were
defined with a mass accuracy of +0.5Da considering one missing
cleavage by trypsin, carbamidomethylation of cysteine, and oxidation of
methionine.

Nucleotide sequence accession numbers. The nucleotide sequence of the
omp85 homologous gene, PGO0191, in P. gingivalis strain W83 is listed
under GenBank Accession No. AE015924.

Statistical analysis. Statistical analysis was performed using the Mann—
Whitney’s U-test. P-values of less than 0.05 were considered to indicate
statistical significance.

Results and discussion
Characterization of P. gingivalis OMPS85

Using a BLAST search, a putative outer membrane
protein of P. gingivalis, PG0191, was found as an
OMP85 homolog in the whole protein database of P.
gingivalis strain W83, The OMP85 homolog of P. gingi-
valis shares 25% and 21% identity (43% and 38% similar-
ity) with the OMPS85 of N. meningitidis and the YaeT
(OMP85) of E. coli, respectively, while the deduced
amino acid sequences of OMP85 among the three differ-
ent strains of P. gingivalis were highly conserved (Supple-
mentary Fig. S1). The molecular mass of the P. gingivalis
OMPS5 after the cleavage of the signal peptide was esti-
mated to be 100.1 kDa whose size is relatively larger
than the other OMP85 homologs. Further, a topological
prediction program specific for bacterial OMP predicted
that P. gingivalis OMP85 contains a C-terminal B-barrel
transmembrane domain that consists of 16-strand -
sheets connected by short periplasmic turns and long
irregular external loops in the outer membrane
(Fig. 1A). Based on this information, three peptides,
loop-1, -2, and -3, were designed and synthesized. The
peptides were conserved among the three strains of P.
gingivalis (Fig. S1) and corresponded to loops exposed
to the outer environment (Fig. 1A). As a result, antibody
against loop-3 peptide, loop-3 Ab, cross-reacted with the
recombinant GST-OMP85 fusion protein (Fig. 1B) and
with whole cells of P. gingivalis (Fig. 1C). The purity
and specificity of loop-3 Ab to OMP8S5 was verified using
Western blot with an OM extract of P. gingivalis
(Fig. 1D). As expected, a strong band of GST-OMP85
was observed at approximate 126 kDa (Fig. 1D).

Evidence of OMPS8S5 glycosylation

As some bacterial glycoproteins have been shown to
be deglycosylated by mutation of the galE gene [24,25],
we hypothesized that OMP85 from P. gingivalis galE
mutant is also deglycosylated if OMP85 naturally exists
in a glycosylated form. We compared the OMP85 migra-
tions on the SDS-PAGE gel between the wild-type strain
and the gelE mutant. OM extracts from the wild-type,
the galE, and the complementary strain, galE-c2, were
applied to SDS-PAGE, followed by CBB staining or

Western blot using the loop-3 Ab. We found the
OMPS85 band in the OM extract from the galE strain
had electrophoresed more rapidly (Fig. 2, lane 2) than
the wild-type strain (lane 1). The mobility of OMP85
in the galE-c2 (lane 3) was the same as that of the
wild-type. This suggests the gal/E gene is involved in
the modification of OMP85 and OMP85 is naturally
modified, in all likelihood, by glycans. To confirm
whether the difference in OMPS85 mobility depends on
the glycosylation of OMP85, chemical deglycosylation
assay of the OM extract from the wild-type strain was
performed using anhydrous TFMS and anisole where
this deglycosylation procedure is effective in both pre-
serving the core protein and removing glycan from the
protein. After deglycosylation of the OM extract, the
OMPS85 band in the Western blot was shifted to a lower
molecular weight (Fig. 3). This demonstrated that the
native OMPSS5 is glycosylated.

Approximately 100-kDa bands shown with arrow-
heads in Fig. 1D and Fig. 3 were found in CBB-stained

CBB staiping

ws MW 1 2

3 (kDa) 1 2 3

Fig 2. Western blot of OM extracts from wild-type, galE, and galE-c2
strains using OMP85 antibody. Ten micrograms of samples of OM
extracts from the wild-type (lane 1), ga/E (lane 2), and galE-c2 (lane 3)
strains were applied to SDS-PAGE,; followed by CBB staining or Western
blot with loop-3 Ab. MW: molecular weight marker. Approximately 100-
kDa bands in CBB staining are shown by an arrowhead and identified as
the RagA protein using TOF/MS analysis.

GO | 2 3
I

150

TEMS

Fig. 3. Western blot of non-treated and deglycosylated OM extracts from
the wild-type strain. The OM extract from the wild-type strain was treated
with TFMS and anisole at 4 °C for 1 h (lane 2) or 3 h (lane 3) and were
applied to SDS-PAGE followed by Western blot using loop-3 Ab. Lane I:
untreated OM extract from the wild-type strain.
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Fig. 4. Inhibitory effect of OMP85 antibody on biofilm formation using
strain 33277 and its galE mutant. Loop-3 Ab or pre-immune serum at
various concentrations (25%, 10%, 5%, or 2.5%) was pre-incubated with
cells of the wild-type or ga/E strain for 1 h in an anaerobic chamber. Then
the bacterial cells were washed twice and applied to the biofilm formation
assay. Safranin-stained biofilms were measured by ODjg5/630 absorbance.
The biofilm mass of both strains in the absence of serum is shown in the
right bar graph. Data shown are representative of three independent
experiments. The results are expressed as the means = SD of triplicate
assays. Asterisks denote a significant decrease in biofilm formation after
pre-incubation with loop-3 antiserum (versus pre-immune serum,
P <0.05).

gels of OM extracts from all the three strains of P. gin-
givalis. In mass spectrometry analysis a major protein in
the bands was identified as not OMP85 but as RagA
(PGO185) (data not shown), a well-known major OMP
of P. gingivalis [26]. In addition, the positive band shown
at the corresponding molecular mass was invisible in the
glycoprotein-stained gel (data not shown). This data sug-
gest the OMPS85 of P. gingivalis appears to be a minor
OMP consistent with previous OMPS85 studies from
other bacteria [10,15].

Effects of loop-3 Ab on biofilm formation

We investigated whether the loop-3 Ab has an effect on
biofilm formation of P. gingivalis and further examined the
association between OMPS85 glycosylation and biofilm for-
mation. The biofilm inhibition assay using the loop-3 Ab
was performed in the wild-type strain or in the ga/E mutant
whose biofilms were found to be enriched compared to
those of the wild-type strain [17]. We found the loop-3
Ab inhibited biofilm formation of both strains of P. gingi-
valis after the pre-incubation, in a dose-dependent manner
(Fig. 4). This indicated OMP8S5 is involved in biofilm for-
mation in P. gingivalis. Similar results were found in P.
aeruginosa where an Ab specific for the OMP85 homolog
of P. aeruginosa also inhibited biofilm formation (unpub-
lished data).

As shown in Fig. 4, the inhibitory effect of the loop-3 Ab
in biofilm formation with the ga/E mutant was stronger

than the wild-type strain. To determine why the biofilm
formation of ga/E mutant was more susceptible to the
treatment of the loop-3 Ab, we further investigated the
cross-reactivities of the loop-3 Ab to both strains using
triplicate ELISA assays. We found the cross-reactivity of
the loop-3 Ab to the galF mutant was significantly stronger
than the wild-type strain (0.610 & 0.010 and 0.335 + 0.083,
respectively; expressed as means £ SD of ODyps nm at
30 min.). The result suggests that it is possible to uncover
or improve access of the loop-3 Ab to the loop-3 region
by removing glycosylation in the ga/E mutant, followed
by the increased inhibition level of attachment and biofilm
formation of P. gingivalis. Although the identification of
the glycosylation site(s) and carbohydrate components in
loop-3 region has to await further investigation, we found
three candidates of the sites for O-glycosylation; Ser-752,
Ser-756, and Thr-760 in the loop-3 region (Fig. SI).

Reports show glycosylation may serve to modulate the
fine tuning in cell-cell recognition and signaling [9).
Although this post-translational modification system has
generally been considered to be restricted to eukaryotes,
there is an increased awareness that prokaryotic glycopro-
teins may serve this same function. At present, only a few
glycoproteins have been found in Gram-negative bacteria;
however in many instances, the glycoproteins are shown
to be involved in bacterial attachment and colonization
[27-30]. Here we provide compelling evidence to show
OMPS85 glycosylation and a possible involvement of glyco-
sylation of OMPS8S5 in biofilm formation.
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Abstract . Enterococcus faecium, a lactic acid bacterium, is a normal bowel commensal inhabitant that is
rarely found in the oral cavity. We investigated whether E. faecium functions as a probiotic strain inhibiting
biofilm formation by Strepfococcus mutans, which is an etiological agent for dental caries, using a flow cell
system. Cell suspensions were cultured in flow cell systems coated with salivary components in tryptic soy
broth including 0.25% sucrose without dextrose. The resultant biofilm formation was stained using a LIVE/
DEAD® BacLight™ Viability Kit, and examined using confocal laser scanning microscopy. E. faecium
showed cell density-dependent inhibition of biofilm formation in dual species culture with S. mutans in flow
cell cultures at ratios of 100 : 1 and 10 : 1. Biofilm formation with increased numbers of voids and hollows
was observed at the base of the culture using a confocal microscope. In contrast, increasing the ratio of L.
casei or L. salivarius, other lactic acid bacteria, to S. mutans did not affect biofilm formation. In addition, a
sonic extract sample of E. faecium was sub-purified by salting out and gel filtration, and its inhibitory
effects on S. mutans biofilm were similarly observed in the same assays. Together, our results suggest that
E. faecium possesses an inhibitory substance and functions as a probiotic bacterial inhibitor of streptococcal
biofilm formation. Further, more they provide important information regarding bacterial communication and
diversity, as well as for potential therapies and materials for the prevention of biofilm development in the
oral cavity.
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Introduction

Oral lactic acid bacteria have been reported to
occur at high numbers in both superficial and deep
caries”, and are known to play secondary or opportun-
istic roles in caries development by producing lactic
acid and extracellular polysaccharides” . Recently, lac-
tic acid bacteria have been utilized as probiotics in
dietary supplementation and medicine, as they are
known to be useful for the enhancement of immuno-
logical activities® and adjustment of serum choles-
terol¥, as well as for their anti-allergy effects®.
Their potential mechanisms include the formation
of an enhanced barrier to the translocation of bacteria
and bacterial products across the mucosa®”, and the
competitive exclusion of potential pathogensS), along
with modification of host responses to microbial
products®'¥ that inhibit the growth of pathogens''?,
such as Klebsiella pneumoniae'®, Escherichia coli*®,
and Candida albicans'®. In the field of dentistry, it
was reported that a water-soluble extract of Lactoba-
cillus fermentum completely inhibited the growth of S.
mutans'™, while another report showed that the clini-
cal strain S11 of L. fermentum and its culture super-
natant significantly inhibited insoluble glucan forma-
tion by S. mutans'®. However, it is not clear whether
lactic acid bacteria possess activities to regulate oral
biofilm formation.

Streptococcus mutans, the predominant etiologic
agent of human dental caries'” has been shown to be
able to adhere to and form a biofilm on tooth surfaces,
catabolize carbohydrates and generate acids, and sur-
vive at a low pH and under other environmental
stress conditions, which are characteristics involved
in its cariogenicity”. S. mutans interacts with other
organisms including gram-positive streptococci and
bacteria such as Actinomyces, Neisseria, and Vellonela
in biofilm development®'8'?. Therefore, it is likely
that cooperative and competitive interactions be-
tween S. mutans and other organisms play important
roles in the development of dental biofilm and caries
in the oral cavity?”.

Enterococci are gram-positive cocci that form a
part of the normal gastrointestinal tract flora in ani-
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mals and humans?”, function as lactic acid bacteria,
and are generally considered to be normal bowel com-
mensals, though they are also recognized as opportun-
1stic pathogens”). Enterococci have long been impli-
cated in persistent root canal and dentin infec-
tions® 29 as well as endocarditis and urinary tract
infections?+?®’. In addition, enterococci occur in natu-
ral foods and are used as probiotics in dairy prod-
ucts?”’. The genus Enferococcus consists of at least
23 species, 2 of which, Enterococcus faecalis and E.
faecium, account for greater than 95% of the clini-
cally important isolates.

Lactic acid bacteria such as E. faecalis and E. fae-
cium are rarely found on oral surfaces. However, they
are able to survive under conditions of root and den-
tin caries. Therefore, they may be associated with the
development of microbiological communities in diffi-
cult-to-access areas of the oral cavity, and have
unique effects on oral biofilm formation with strepto-
cocci. In the present study, we observed biofilm
formation of S. mutans in mixed cultures with lactic
acid bacteria and non-biofilm bacteria such as E.
faecium, Lactobacillus casei, and L. salivarius in vitro
using a flow cell system®. Our results further clarify
the role of lactic acid bacteria in oral biofilm forma-
tion and provide useful information for the devel-
opment of preventive medicines for oral diseases.

Materials and Methods

1. Bacterial strains and culture conditions

S. mutans MT8148, E. faecium 129 BIO 3B (pro-
vided by Biofermin Phamaceutical Co., Kobe, Japan),
L. casei ATCC 393, and L. salivarius JCM1231 were
used in this study. A strain of E. faecium, 129 BIO 3B
(classified previously as Streptococcus faecalis 129
BIO 3B), reportedly does not produce various toxins,
such as bacteriocin and hemolysin, and was proposed
as a beneficial probiotic strain for intestinal flora
conditions®®. S. mutans and E. faecium were grown
in Brain Heart Infusion medium (BHI ; Difco Labora-
tory, Detroit, MI, USA), while L. casei and L. saltvar-
ius were grown in Lactobacilli MRS medium (Difco).



