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The central region of the msp gene of
Treponema denticola has sequence
heterogeneity among clinical samples, obtained
from patients with periodontitis
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Abstract

msp gene in 17 T. denticola positive clinical samples.

between amino acids 200 and 300.

Background: Treponema denticola is an oral spirochete involved in the pathogenesis and progression of
periodontal disease. Of its virulence factors, the major surface protein (MSP) plays a role in the interaction between
the treponeme and host. To understand the possible evolution of this protein, we analyzed the sequence of the

Methods: Nucleotide and amino acid sequence of MSP have been determined by PCR amplification and
sequencing in seventeen T. denticola clinical specimens to evaluate the genetic variability and the philogenetic
relationship of the T. denticola msp gene among the different amplified sequence of positive samples. In silico
antigenic analysis was performed on each MSP sequences to determined possible antigenic variation.

Results: The msp sequences showed two highly conserved 5 and 3" ends and a central region that varies
substantially. Phylogenetic analysis categorized the 17 specimens into 2 principal groups, suggesting a low rate of
evolutionary variability and an elevated degree of conservation of msp in clinically derived genetic material.
Analysis of the predicted antigenic variability between isolates, demonstrated that the major differences lay

Conclusion: These findings showed for the first time, the nucleotide and amino acids variation of the msp gene in
infecting T. denticola, in vivo. This data suggested that the antigenic variability found in to the MSP molecule, may
be an important factor involved in immune evasion by T. denticola.

Background

Periodontitis is a chronic inflammatory condition that is
characterized by the progressive destruction of period-
ontal tissue [1]. This common infection is caused by
polymicrobial flora, comprising several anaerobic, gram-
negative bacteria. The oral spirochete Treponema denti-
cola is often isolated from the affected sites and plays an
important role in the polymicrobial pathogenesis of
acute and chronic periodontal disease [2,3]. The outer
membrane of T. denticola bears several antigens that
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control the interaction with host cells and tissues thus
contributing to the pathogenesis of periodontal disease.
In particular, the major surface protein (MSP) has been
recently reported to alter the normal homeostasis of
endothelial cells in vitro [4]. Further, MSP mediates the
adhesion to and cytopathic effects of T. denticola on
host cells [5,6]. MSP is a porin-like protein that has
pore-forming activity, similar to other porins in the
outer membrane of Gram-negative bacteria. MSP exists
in an oligomeric form in the cell membrane of 7. denti-
cola and is homologous to the T. pallidum subsp. palli-
dum repeat (Tpr) proteins, which is a target of the
antibody response during syphilis [6,7]. Recently, we
demonstrated that specific polyclonal antibodies against
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MSP have strong opsonizing effects on the phagocytosis
of T. denticola by murine macrophages in vitro [8]. Sev-
eral studies have shown the ability of MSP to mediate
the attachment to extracellular matrix (ECM) compo-
nents, to induce the release of proteinase from human
polymorphonuclear leukocytes [9,10], and to up regulate
pro-inflammatory cytokines in different cells in vitro
[11,12]. MSP complexes with chymotrypsin-like protein
(CTLP) in the outer membrane of living 7. denticola to
form an oligomeric complex that has an apparent mole-
cular mass of approximately 150 kDa [13]. The apparent
molecular mass of isolated MSP ranges from 53 to 64
kDa, depending on the strain of T. denticola [5]. MSP is
543 residues long in ATCC 35405 strain and composed
by 547 amino acids in the ATCC 33520 strain, which
share an identical sequence homology [14] between the
3" and 5" ends and a low degree of homology in the cen-
tral region. In the OTK strain of T. denticola, the amino
acid sequences of MSP differ significantly with that of
ATCC35405 and ATCC33520 strains [14]. Recently,
Edwards and colleagues demonstrated that the central
region of MSP mediates its binding to host extracellular
matrix (ECM) components and that this area is the pre-
ferential target of host immune responses. These find-
ings are consistent with the proposed cellular
localization of the MSP antigen, wherein the central
region is the only area of the molecule that is exposed
on the surface of living T. denticola cells [10,15].
Because the central region of MSP mediates the effects
of the entire protein during its interaction with the host,
it is likely that differences in the amino acid sequence of
this region affect its function differentially during infec-
tion. Aim of this study was to investigated for the first
time, the nucleotide and amino acids sequence of the
msp gene among infected T. denticola obtained from
periodontal patients. As hypothesized for the Tprk anti-
gen of T. pallidum that undergoes nucleotide variation
following serial passages of T. pallidum in rabbit [16],
we analyzed the nucleotide and amino acids variation of
the msp gene in, in vivo infecting T. denticola. Based on
these considerations, we analyzed the sequence of the
msp gene in 17 clinical samples from acute periodontitis
patients who were positive for T. denticola by real-time
PCR [8].

Methods

Clinical samples selection

Seventeen subjects with chronic periodontitis were
selected from a pool of patients who sought dental
treatment at the Department of Oral and Dental
Sciences, University of Bologna, Bologna. In addition,
ten periodontally healthy volunteers participated in the
study as controls. Periodontitis patients showed at least
two sites with probing pocket depth and clinical
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attachment level of 24 mm and gingival recession.
Healthy controls showed no sites with a probing pocket
depth of >3 mm and clinical attachment level of <4
mm. Exclusion criteria included pregnancy, systemic
conditions that could affect the progression or treatment
of periodontal diseases, and use of antibiotics 6 months
prior to entry into the study. All patients were informed
about the nature of the study, and a signed consent
form was obtained from each individual. The study was
conducted following the ethical rules of University of
Bologna. The sampling procedure has been reported
[17].

The presence of T. denticola in these clinical speci-
mens was determined by real-time PCR of 16S rRNA
with the primers Dentl and Dent2, as shown in Table 1
as reported previously [8], before the specific amplifica-
tion of msp.

Nucleic acid extraction

Bacterial DNA was purified from paper conical tip
swabs with the automated NucliSENS EasyMAG (Bio-
merieux, France) extractor according to the manufac-
turer’s instructions.

PCR amplification and sequencing

The amplification of msp was performed using the
Kx14 and Kx04 primers, located in the 5 and 3’ end
flanking regions of the msp open reading frame
(ORF), using reported conditions [14]. Individual
nested PCR reactions were used to amplify regions of
msp separately (5’end, 3’ end, and the central region),
using the Kx14 primer with Kx09 for the 5’end, the
primer set Td03 and TdO06 for the central fragment,
and the Td05 and Td04 primers for the 3’end. For a
complete and detailed description of the primer sets,
see Table 1. The amplification mixture (50 pl final
volume) contained 2 uM dNTPs, 0.2 mM of each pri-
mer, 3 mM MgCl, , 1 Ul of Taqg DNA polymerase
(Fermentas Life Science, Canada), and 5 pl of template
DNA. Cycling conditions are reported in Table 1. The
amplicons were purified using the PureLink Quick Gel
Extraction Kit (Invitrogen, Italy) and sequenced
(PRIMM, Italy).

Phylogenetic and predicitive antigenicity variability
analysis

Multiple alignment was generated with ClustalW soft-
ware (version 2, available at: http://www.ebi.ac.uk/clus-
talw2), and a phylogenetic tree was constructed with
bootstrap resempling analysis (1000 interactions) by
using neighbor-joining algoritm implemented in MEGA
4 software [18]. All 17 msp gene sequences were depos-
ited in GenBank with the following accession numbers:
B5: GU946067; B6: GU946068; B14: GU946069; B16:
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Table 1 Specific T. denticol a primers sets and cycling condition used in this study

Primer Nucleotide Sequence Amplicon Size Cycling conditions
Dent 1 5TAATACCGAATGTGCTCATTTACAT3' 316 bp 36 cycles
Dent 2 5TCAAAGAAGCATTCCCTCTTCTTCTTA3 95°C 30"
60°C 1’
72°C vV
Kx14 5'GCTTGACAAGTGGATTTGGCTGTG3! 1777 bp 30 cycles
Kx04 5'GAGAATAGCAGCAGAGTCTATTAG3 94°C 1
55°C 1
72°C 3
Kx14 5'GCTTGACAAGTGGATTTGGCTGTG3' 294 bp 31 cycles
Kx09 5'CGAACGTCACCTTCGGTCTTTGAG3' 94°C 1
55°C 1
72°C 1V
Td03 5'CTCAAAGACCGAAGGTGACGTTCG3' 571 bp 31 cycles
Td06 5'GCATATTTGTTTGCTGCG3 94°C 1
55°C 1
72°C 1V
Td05 5'CCGCAGCAAACAAATATGC3' 875 bp 31 cycles
Kx04 5" GAGAATAGCAGCAGAGTCTATTAG3’ 94°C 1
55°C 1
72°C 2

GU946070; B20: GU946071; B21:
GU946073; B23: GU946074; B30:
GU946076; B37: GU946077; B40: GU946078; B46:
GU946079; B52: GU946080; B66: GU946081; B69:
GU946082; B74: GU946083. The putative antigenic
variability in the 17 msp sequences was evaluated in
silico by analyzing entire individual amino acid MSP
sequences with CLC Bio Workbench [19].

GU946072; B22:
GU946075; B34:

Results

Nucleotides and amino acids variability of the Major
Surface Protein coding sequence

The entire msp gene (ORF) derived from 17 T. denticola
positive samples, obtained from Periodontitis patients,
was amplified by PCR and sequenced in order to deter-
mine the extent of sequence variability. Controls
patients resulted negative for the presence of T. denti-
cola 16S rRNA analyzed by specific PCR, as previously
described [8]. The sequences of msp from 15 samples
(defined as Group A) showed high homology (298%) to
that of ATCC T. denticola strain 35405 (GenBank acces-
sion number U29399), and the remaining 2 isolates
(group B) matched more closely with ATCC strain
33520 (Gen Bank accession number U66255). No sam-
ple shared homology with the T. denticola strain OTK
(GenBank accession number U66256). Notably,
sequence analysis of the entire msp gene in all 17 sam-
ples showed that the 5’region, encompassing base pairs
1-600, was 99% homologous to that of T. denticola
ATCC 35405 and ATCC 33520, as was observed for the

3’ region, comprising nucleotides 900-1632. The highest
variability existed in the central region of msp gene
between nucleotides 600 and 900 in group A samples
(Figure 1). No such differences were seen in Group B
specimens.

The influence of silent and nonsilent nucleotide muta-
tions on the variability of putative amino acid sequences
was evaluated by comparing the polypeptides of MSP
sequences from T. denticola strains ATCC 35405 and
ATCC 33520 (Figure 2). The level of amino acid homol-
ogy ranged between 92% and 99%. In Group A, the
majority of mismatches were distributed along the entire
length occurred between amino acids 200 and 300. In
Group B, the homology was greater than 98% (Figure 2).
These results confirmed for the clinical samples, the
findings reported by Fenno and co-workers, and
obtained with the two laboratory adapted strains of T.
denticola ATCC35405 and ATCC33520 [14], that the
highest amino acidic variability lays in the central region
of MSP. Moreover, interestingly, the unprocessed pep-
tide of 6 isolates, (B34, B66, B37, B23, B22, B69 and
B74) showed the highest difference in the aminoacidic
identity, with an homology comprised between 92,1%
and 97,2% to the ATCC 35405 MSP (more than 50% of
the total amino acidic substitutions resulted not conser-
vative). In opposite, the remaining 11 clinical isolates
showed an homology over 98% (the mean percentage of
conservative or neutral amino acidic substitutions was
75%) to ATCC35405 and ATCC33520, as showed in
Figure 2.
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A
600
B34 600 GCTARAGGAACAACAGCTCAAGATAAGTTTAAGGTTGTAGATTTGAAAGTTGGT T GTGCTACATATTAT. TGGTATCGATC TTAGTTCTACAGCAGCTGTTT-TTGCTGCTCCTCCTACCGTAGGTGE GAAGACGG
B46 600 GCTAAAGGAACAACAGCTC! TTGTAGATTT T ACACTAATTGCCGGTGCTACATATTATARACA! TATCGATGCAGAAGGTA! TATTTAGTTCTACAGCAGCTGTTT-TTGCTGCTCCTCCTACCGTAGGTGCT T o
B66 600 ceTs T TAGAT TTGETGACACACTAATCCGGTGCTACATAT T T s AR TACCCRGCTETTT TTGCTaCTCCTCCTACCE Tl TeCT c
Bl4 600 GCTARAGG. TTGTAGATTT! TAATTGCCGGTGCT TGGT G TT-TTGCTGCTCCTCCTACCGTAGETGCT TGAAGACGGARAA
B16 600 GCTAABGGAACAACAJICTCAAGATARGTTTAAGGTTGTAGATTT T ACACTAATTCCGGTGCT CATATTATAAACAAAATGGTATCGATGCAGAAGGTF\AGCCGATATTTAGTTCTACAGCAGCTGTTT TTGCTGCTCCTCCTACCGTAGGTGCT 2 CGGA
B20 600 GeTaafGGaAcaacAfCTC TTGTAGATTT TTGGTGACACACTAATTICCGGTGCTACATATTAT TATCGATGCAGAAGGTAA( TATTTAGTTCTACAGCAGCTGTTT-TTGCTGCTCCTCCT. TAGGTGCT T CGH
B21 600 TAGAT TTGGT TAATTHCCGGTGCTACATAT T A CCaATA A T CTACAGCAGC TG FTGCIGCTCCTCCTACORTAGG TG T c
B37 600 GCT: TTGTAGATTT! TAATTGCCGGTGCT TGGT G T CAGCTGTTT-TTGCTGCTCCTCCTACCGTAGGTGCT! TGAAGACGGARAA
B23 600 GCTAANGGAACAACAICTCAAGATAAGTTT TTGTAGATTT BT ACARTAATTH TGCT CATATTAT.ACAAAATGGT-CGATGCAGAAGGTA TATTTAGTT TACAIC TGTTTETTGCTGCTCCTCCT. 30N SNEoVE o leiel @ [ele 1%
B22 600 GCTAAAGGAACAACAGCTC! TTGTAGATTT TTGGTGACACACTAATTGCCGGTGCTACATATT. T TGCAGAAGGTAA TATTTAGTTCTACAGCAGCTGTTT-TTGCTGCTCCTCCTACCGTAGGTGCT T 6L
B6 600 GCT TAGATTT TTGETGACACACT. GTGCTACATAT T TAAGCCGAT. TTCTACAGCAGCTGTTT- CCGTAGGTGCT
B4O 600 GCTAABGGAACAACAICTCARGATAAGTTTAAGGT TGTAGATTTGAAAGTTGGT TTHCCGGTGCT: TGGTATCGATG ITTAGTTCTACAGCAGOTGTTT-TTGOTGOTCOTCOTACCRTAGGTGC \SoBEcCHEA A
B69 600 GCTAANGGAACAACAICTCAAGATA, TT "ACACTAATTI TGCTACATATTATAAACAAAATGGTATCGATGCAGAAGGTA TATTTAGTTCTACAGCAGCTGTTT-TTGCTGCTCCTCCT. TAfGTGCT THAAGACGGAARA
B74 600 GCTAAAGGAACAACAGCTC! TTGTAGATTT TTGGTGACACACTAATTGCCGGTGCTACATATTAT TATCGATGCAGAAGGTAA TATTTAGTTCTACAGCAGCTGTTT-TTGCTGCTCCTCCT. T
BS 600 Gl CAGCT TAGATTT TTGET TAATHCCCGGTCRT T TAAGCCGATATTTAGTTCTACAGCAGCTGTTT-ETGCTGCTCCTCCTACCGTAGETGET T c
900

B34 G \CAAATATGCTTT! CTTGATTTAAGCTTAGGTTAJ SATAAGTGGGTTACICTTGATTTCGGTATCAATGCA 897
B46 c TATGCTTTCGGACTTGATTTAAGCTTAGGT Bcrrearrrce Gca 897
B66 G| TATGCTTTCGGACTTGATTTAAGCTTAGGTTA JATAAGTGGGTTAC"CTTGI\TTTCGGTATCM\TGCA 897
B14 GCAAACARATATGCTTTCGGACTTGATTTAAGCTTAGGT TABGATAAGTGGGTTACHCTTGATTTCGGTATCAATGCA 897
B16 CEACTACTGCAACCGE! TATGCTTT CTTGATTT GCTTAGGTTA GATAAGTGGGTTAC] ‘TTGATTTCGGTATCAATGCA 898
B20 TATTGH- - - NSRBI ANCIlCTACTG Gl TAT CTTGAT TTTICGET GCca 894
B21 AT TSNS B A BRERA GCGECTACTGCAACCGGT] oA GCAAACAA TATGCT T TCOGACT TGN I TARGCTTAGGTT AR A TAAGTGOTTACB T TGATTICORTATCARTGCA 903
B37 TATTTG---GTARAGACAGCGTCTACTGCAACCGGTCRCGCAGCARANARATATIIT T TCGGACT TGATTTAAGCTTAGGT TAlIGATAAGTGGGT TACICTTGATTTCGGTATCAATGCA 900
B23 GTAAAGHEANCIlC TACTGCAACCGE! ABRATATGCTTT! TTT. GCTTAGGTTA GATAAGTGGGTTAC TGATTTCGGTATCMTGCA 912
B22 TTTCGET Gea 852
B6 cmcn-scucccsuccec,:scAuummemmemmc,m-mmunss-m o TAnCTGEOTTACRCTTOAT T TCAOTATCARTGOR, 900
B40 cllicTAcTGC TATGCTTT! TTTAAGCTTAGGTTAJGATAAGTGGGTTACHCTTGATTTCGGTATCAATGCA 897
BE9 -cmcmcm G c TAT TTT. TTAGGTTARG: CTTGATTTCGGT. TcAchA 894
B4 [T TTCGGACTTGATTTAAGCTTAGGT TTTCGET Gea 852
BS GTAAAGACAGCHTTACTGCAACCGGTIICCGCAGCARACARATATGCTTTCGGACTTGATTTAAGCTTAGGT AGTGGGTTAC] ~wswncsmncumm 897
B
B52 600 GGGAACCACTAGTGAGARARAAGAAATTGTAACTTTAGCTGCT TACTGTAGATGCTGCTGCTAAGTATTATARGT TTGATCCTTCACTATTTACTCTT TCAGCTGATGGTARTCTTGTTATTAACCTGAAAGGTAARACACCGTTCACTTTTGCAGGTGCAACTGTTGCAGCTGGTGAGGCGGGTCAA
B30 600 GGGAACCACTAGTGAGARARAAGAARTTGTAACTTTAGCTGCT TGTAGATGCTGCTGCT. TCCTTCACTATTTACTCTTTCAGCTGATGGTAATCTTGTTATTAACCTGAAAGGTARAACACCGTTCACTTTTGCAGGTGCAACTGT TGCAGCTGGTGAGGCGGGTCAA

900
B52 TATGTAAAGGTAACTACTACTGCAF\CCIGTTCCGCAGCAAACAAATATGCTTTCGGACTTGATTTAAGCTTAGGTTACGATAAGTGGGTTACGCTTGATTTCGGTATC 900
B30 GGTT TAT TAAGTGGGTTA 900

Figure 1 Diversity of msp sequences. Sequence alignments of 17 central regions (from 600 to 900 nucleotides) from T. denticola positive
clinical specimens. In panel A are shown the clinical samples of Group A. In panel B are shown the clinical samples of Group B. The upper line
contains the sequence of T. denticola strain ATCC 35405 and ATCC 33520, respectively, in both panels. The grey areas indicate variations of single

nucleotide positions compared with T. denticola ATCC 35405.

A

B34 MKKILAILMILVLVGGVAFAQLTPQVT: QHGFENLLDAKVVIPLYMGTL 'DLGVNLAYRFYDQL LWRKTLS DM: T FSTNYAQI PI. TSGDITGFGTKL DDLAGTGLKFDAGLI

B46 MKKILAILMILVLVGGVAFAQLTPQVTAKASVNWGI\, QHI FENLLDAKVVIPL;H TLNSKTEGDVRMNFDLGVNLAYRFY] 'KLWRKTLS DM: IHFFGGYMNVYGRPDFSTN' I PII TSGDITGFGTKL DDLAGTGLKF] K
B66 MKKILAT. H 'MGT] 'RMNFDLGVNLAYRFYDQL KTLS DM IHFFGGYMNVYGRPDFSTNYAQI PI TSGDITGFGTKL DDLAGTGLKFDI

B14 MKKILAILMILVLVGGVAFRQLTPQVTAKASVNWGIL, QH FENLLDAKVVIPL;H TLNSKTEGDVRMNFDLGVNLAYRFY] KLWRKTLSDMSASIHFFGGYMNVYGRPDFSTN' I PI TSGDITGFGTKL DDLAGTGLKFDAGLKE( K
Bl6 MKKILAILMILVL FAQLTPQVT; 'RMNFDLGVNLAYRFY D WRKTLSDM! I YMNVYGRPDFSTNYAQI PI TSGDIT TKL DDL

B20 MKKILAILMILVL\IGGVAFAQLTPQVTAKASVNWGIDFG)\GKNAKAQHGFENLLDAKVVIYLYMGTL\ KTEGDVRMNFDLGVNLAYRFYDQL r\LWRKTLSDMSASIntr YMNVYGRPDFSTNYAQIWSPI T uITGFGTKLGYASDDLAGTGLKFDAGLKFGSNGSWKAK
B21 MKKILAT. 'RMNFDLGVNLAYRFY D KTLS DM: Y TNYAQI P: DDL

B37 MKKIL}\ILMILVLIGGVAFAQLTP.VTAKASVNWGIDFGAGKNAKAQHGFENLLDAK\NIYLYMGTL\ KTEGDVRMNFDLGVNLAYRFYDQL r\LWKKJLSDMSASIIFFGGYMNVYGRPDFSTNYAQIWSPIRDNGVAWGPETSGDITGFGTKLGYASDDL}\GTGLKFDAGLKFGSNGSWKAK
B23 MKKILAILMILVL FAQLTPQVT: D] ENLLDAKVVI 'RMNFDLGVNLAYRFY DX KLWRKTLS DM: FFGGYMNVYGRPDF! I

B22 MKKTLATLMBLVLVGGVAFAQLTPQUT: DI QHGFENLLDAKVVIPLYMGTL RMNFDLGVNLAYRFYDQL LWRKTLSDMSAST FSTNYAQIWSPL. ITGFGTKL DDL ’V‘GLKFDA LI

B6 MKKILAILMILVL FAQLTE( vmm NWGID! QH FENLLDAKVVT VRMNFDLGVNLAYREY D KLWRKTLSDM: mrmcmmvy REDESTNYARIWSPI) TSGDITGFGTKL DDLAGTGLKF!

B40 MKKILAILMILVLGGVAFAQLTP] LGVNLAYRFYDQL WRKTL M TNYAQI PII ITGFGTKL DDLAGTGLKFDI

B69 MKKILAILMILVLVGGVAFAQLTPX VTAKASVNWG1DFGAGKNAKAQHGFENLLDAKVVIYLYMGTLNSKTEGDVRMNFDLGVNLA‘{RFY" L KLWRKTLS DM: Inrr YMNVYGRPDFSTNYAQIWSPI. TSGDITGFGTKL DDLAGTGLKFDAGL! K
B74 MKKILAILMILVLJGGVAFAQLTP NLLD: FDLGVNLAYRFYDQL WRKTLS DM: F 'MNVYGRPDFSTNYAQI PII TSGDITGFGTKL DDL 'GLKFDI

2 K ALV LV COUAE AL POV > SACEENTLDARN T oL o DLGVNLAYRFYDOL LURKTLOONSAST EeTNYAGTHaET TSaDTGR AL YA DDLACICL PR

34 CTTAGDKEKYVDLAVADTL TAGATYKONCTDAEGKE PSS TAAY - CCSSYRAC - TS TATCEAANKY A LDL S CY DRI TEDECTNATE ARGENPDREYLAHGLKLGOKPVDGLALT TDEKVAFDLAF DA YKIVALGAY FONDL SAYACKDENNKAT
B46 GTTAQDKFKVVDLKVGDTLIAGATYYKQNGIDAEGKPIFSSTAAV-CCSSYRRC: FGLDLSLGYDKWVTLDFGINATFDNVKI PYLGMGLKLGSKPVDGLALTLAMDAL TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
B66 GTTHoDKFKVVDLKVGDTEGATY YKONG T DAEGK P T FTAAV-CCSS YRfC -BxTABTATGEAANKYAFGLDLSLGY DKWVTLDFGINATE HEDVAAGSNPDKPYLGMGLKLGSKPVDGLALT: TDSKVAFDLREDASYKWVALGAYFGNDLSAYAGKDKNNKAT
a1 CTTAQDKFKVVDLKVODTLIAGATY YKQNG IDASGKP £ SSTAAY-CCSSYRRC .VKJMG AANKYAFGLDLSLGY DKWV TLDFGTNATE DNV AV R S
Bl6 GTTRODKFKVVDLKVGDTLI@GATYYKQONGIDAEGKPIFSSTAAV-CCSSYRRC: |-JKTASTATGEAANKYAFGLDLSLGYDKWVTLDFGINATF ED P’ LKLGSKPVDGLALT! TDSK? RFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
B20 GTTRODKFKVVDLKVGDTLIMGATYYKQNGIDAEGKPIFSSTAAV-CCSSYRRC: -] [T ATGRAANKYAFGLDLSLGY DKWVTLDFGINATF VAAGSNPDKPYLGMGLKLGSKPVDGLALTLAMDAL TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
B21 GTTREODKFKVVDLKVGDTLIBGATYYKQONGIDAEGKPIFSSTAAV-CCSSYRRC: JANTATGRAANKYAFGLDLSLGYDKWVTLDFGINATF HED P’ MGLKLGSKPVDGLALT! TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
837 GTTAODKFKVVDLKVGDTLIAGAT KPTF V-CCSSYRRC. {22 B« vflF GLDLSLGYDKWVTLDFGINATE VAAGSNPDKPYLGMGLKLGSKPVDGLALTLAMDAL TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
B23 GTTIQDKFKVVDLKIGDTLIIGM‘Y‘{IQNGIDAEGKPIE‘SSTI)\VICCSSYPIC_E.GI‘{ Vi gl )\ANK‘{AFGLDLSLGYDKWVTLDFGINATFDNVKDE‘GK PYLGMGLKLGSKPVDGLALTLAMDAL TDsKvAFuLRFDAswavALGAYFGNDLsAYAGKDKNNKM
B22 GTTA DLK T PIF ~CCSSYRR( .DLSLGYDKWVTLDFGINATF )VAAGSNPDKPYLGMGLKLGSKPVDGLALT: TDSKVAF DASYKWVALGAYFGNDLSAYAGKDKNNKAT
B6 GTTAQDKFKVVDLKVGDTLIAGATYYKQNGIDAEGKPIFSSTAAV-CCSSYRRC: JAANKYAFGLDLSLGYDKWVTLDFGINATFDNVK! PYLGMGLKLGSKPVDGLALTLAMDAL TDsKvAF‘DLRFDAS‘{KWVALGAYFGNDLSAYAGKDKNNKAI
B40 GTTRODKFKVVDLKVGDTLIMGATYYKQNGIDAEGKPIFSSTAAV-CCSSYRRC: AANKYAFGLDLSLGYDKWVTLDFGINATF HED' \GSNPDKP' MGLKLGSKPVDGLALT: TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
B69 GTTRODKFKVVDLKVGDTLI] GATYYKQNGIDAEGKPIFSSTAAV*CCSSYRIC AANKYAFGLDLSLGYDKWVTLDFGINATF VAAGSNPDKPYLGMGLKLGSKPVDGLALTLAMDAL TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
B74 GTTAQDKFKVVDLKVGDTLIAGATYYKQNGIDAEGKPIFSSTAAV-CCSSYRRC: JFGLDLSLGYDKWVTLDFGINATF HED P’ MGLKLGSKPVDGLALT: TDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAT
=5 CTTAGDKKIVDLAVGDTL T A TYKONGTDAEGKETFSSTARY - CCASYRRC - AANKYARGLOLST Y DRRYTLDFGTNATE P LGMOLKLSKPY DG AL TLANDALMIVGTD SKYA R DR DASYKVAL GAY FGNDL SAYAGK DKNNKAT
B34 GDMAAMIAFKSAASGDTNFVEGLAFGVDFRLNHLLSAVPTGDKSTLPMGI SAWVNYKYALTDSMWVKPYANFWGETNRKS IDASKTDKFF YK TFSPAEKIEIDTYWSQGKLSWNKYEGTEGMISAPAFDAHNGTFVIGVKVIY

By COMAAMTAFKSARSCOTNFVE T AR GYDFRLNHL L SAVPTADKETL PUGT SARVI VY ALTE INRKSIDASKTDKFFGUAYKVGATE SPAEKIE IDTYWSQGKL LSAPAFDARNGTEVIGVEVT

266 CovmaTr ARGV RINHY LAV PTODKSTE MG SAVNYKYAL TDEMITVKEYANT IDASKTDKFFOVAYKVOATE SPAEKIE IDTYHSOGKL SAPAFDARNGTEVIGVRYTY

B14 GDMAAMIAFKSAASGDTNFVEGLAFGVDFRLNHLLS: TGDKSTLPMGISAWVNYK' LTDSMWVKPYANFWGETNRKST\ KTDKFF YK? TFSPAEKIEIDTYW: KLSWNKYEGTEGMISAPAFDAHNGTFVIGVKVIY

Bl6 GDMAAMI, EGLAFGVDFRLNHLL PTGDK: PMGI.: NYKYALTDSMW! IT KTDKFF KVGATF IEIDTYW: KL IISAPAFDAHNGTFVIGVKVIY

B20 GDMAAMIAFKSAASGDTNFVEGLAFGVDFRLNHLL! TGDK: ALHM J WVNYKY. LTDSMWVKPYANFWGETNRKST\ KTDKFF YK! TFSPAEKIEIDTYW: KLSWNKYEGTEGMISAPAFDAHNGTFVIGVKVIY

221 COMAAMIAFKSARSCOTNFVEGTAFGYDFRINHLT AT IDASKTDKEE IR IDTYH PAFDAHNGTFVIGVVIY

B37 GDMAAMIAFKSAASGDTNFVEGLAFGVDFRLNHLLSAVPTGDKSTLPMGISAWVNYKYALTDSMWVKPYANFWGETNRKSID}\SKTDKFFGVAYKVGATFSPAEKIEIDTYWSQGKLSWNK‘{EGT}ZGMISAPAFDAHNGTFVIGVKVIY

B23 GDMAAMIAFKSAASGDTNFVEGLAFGVDFRLNHLL TGDK: WVNYKYALTL IL KTDKFF KT TF IEIDT KL PAFDAHNGTFVIGVKVIY

a2z COMAAMIAF LAY LLEAVETGONSL NG IS AL TOSIO DRSO E YA YA TE oA oK 1B 1D aOGK L NV EC TR M AP AR DAANGT v LY/ T ¢

B6 GDMAAMIAFKSAA DTNFVEGLAFGVDFRLNHLL! LTDSMWVKPYANFWGETNRKSIL KTDKFF YK TFSPAEKIEIDTYW: KL EGTEGMISAPAFDAHNGTFVIGVKVIY

B40 GDMAAMI, "VEGLAFGVDFRLNHLL PTGDKSTLPMGISAWVN‘{KYALH MWVKPYANF KTDKFF K TF IEIDTYW: KL ISAPAFDAHNGTFVIGVKVIY

B69 GDMAAMIAFKSAA DTNFVEGLAFGVDFRLNHLL! TGDK: PMGISAWVNYKYALTDSMWVKPYANFWGETNRKSIL KTDKFF YK TFSPAEKIEIDTYW: KL EGTEGMISAPAFDAHNGTFVIGVKVIY

EH COMARMIAFKSAASCOTNFVECTAFGYDERINHLL SN TO MY ANE IDASKTDKFEGUAYKYCATFSPAEK TR T DY PAFDAHNGTFVIGVVIY

B5 GDMAAMIAFKSAASGDTNFVEGLAFGVDFRLNHLLSAVPTGDKSTLPMGI SAWVNYKYALTDSMWVKPYANFWGETNRKS I DASKTDKFF YK TFSPAEKIEIDT \uKLSWNKYE}GTEGMISAPAFDAHNGTFVIGVKVIY

B

B52 MKKILAILMILVL\IGGVAFAQLTPQVTAKAS\'WGIL LDAK' .VYLYIGTLl KTEGDVRMNFDLGVNLAYRFYDQL KLWRKTLSDMSASITHFFGGYMNVYGRPDFSTNYAQIWSPI TSGDITGFGTKL DDLAGTGLKFDAGLI K
B30 MKKILAILMILVL RMNFDLGVNLAYREY D DMSAST YMNVYGRPDESTNYAQIWSP I TSGDITGFGTKL DDLAGTGLKF!

P PTSEKKETVTLAAGDTYDAAAKY YKEDPSLE T SADGNLY TNLKGKTPF TE FOLOLSTGYDKHVTLOFGINATEDNVED Y LGNGLKLGSK PYDGT AL TLANDALMIVGTDSKVAF LR DASYXIVAL GAYE GNDLSAYAGKDNNKATGD
B30 GTTSEKKEIVTLAAGDTVDAAAKYYKFDPSLFTLSADGNLVINLKGKT PFTFAGATVAAGEAGQYVKVTTTATGSAANKYAFGLDLSLGYDKWVTLDFGINATEDI PYLGMGLKLGSKPVDGLALTLAMDALMNVGTDSKVAFDLRFDASYKWVALGAYFGNDLSAYAGKDKNNKAIGD

TovivTY

552 v TGDKSTLAMGISANVNYK IDASKTDKFFGVAYKVGATF SPAEKTETDT EGTEGHISAPAFDAAN

B30 MAAMI. 'NF L PMGT \LTDSMWVK! 1D TF IEIDT QGKLSWNKYEGTEGMISAP; F‘DAHNGTF\IIGVKVIY
Figure 2 MSP amino acid sequence alignment of T. denticola strains ATCC 35405 and Group A (panel A), and ATCC 33520 and Group
B (panel B). The grey areas indicate single amino acid substitutions compared with ATCC 35405 (panel A) and ATCC 33520 (panel B).
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Figure 3 Evolutionary relationships of T. denticola msp gene, deduced from the sequences of 17 clinical samples, ATCC 35405, ATCC
33520, and OTK. The phylogenetic analysis was performed using the neighbor-joining method with MEGA 4 on aligned sequences from the

Phylogenetic analysis

Phylogenetic analysis performed on nucleotide
sequences revealed that the identified variants are not
randomly distributed, but can be clearly clustered into
two distinct group, as shown in Figure 3. Based on these
findings, the 17 samples were divided into 2 distinct
groups, A (15 samples) and B (the remaining 2), whose
msp nucleotide sequences were closely related to 7. den-
ticola ATCC 35405 and ATCC 33520, respectively. The
phylogenetic analysis of msp sequences was also
extended to the OTK strain, demonstrating that this last
isolate diverged from Groups A and B. In addition,
phylogenetic trees of the rooted msp sequences

demonstrated a low evolutionary rate among the differ-
ent samples (Figure 3).

Antigenicity analysis

To determine whether any putative amino acid substitu-
tions determined an antigenic variation on each MSP
sequences derived from clinical samples, an in silico
analysis was performed by using CLC Main Workbench
4.1.1 Software program. The predicted antigenicity of
the entire MSP molecule did not differ between 10 of
17 clinical specimens and that of ATCC 35405 and
ATCC 33520. The remaining 7 clinical samples (all
from Group A: B74, B40, B21, B22, B23, B66, and B69)
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showed predicted, yet variable, antigenic variation
between amino acid positions 200-300. Figure 4 shows
the predicted antigenicity plots of ATCC 35405, ATCC
33520, and the 2 most disparate clinical samples (B66
and B23). In these clinical isolates, the antigenic peak
shifted in a diverse positions (Figure 4 marked with
dotted line) produced by substitution of an amino acid
with diverse functionality (polar to non-polar or vice
versa). In addition, the antigenicity plot clearly showed
that the major difference were present among the cen-
tral region of the deduced MSP molecule.

Discussion

Outer membrane-exposed antigens regulate many inter-
active processes between 7. denticola and host cells and
tissues. In this study, we demonstrated that the central
region of the msp gene experiences the highest degree
of variability compared with the 5and 3’ ends in PCR-
positive clinical samples from patients who suffer from

acute periodontal disease. These data confirm the high
conservation in the terminal ends of msp that has been
reported for T. denticola strains that have been cultured
under laboratory conditions for long periods [14].

The central area of the MSP polypeptide has recently
been demonstrated to be exposed to the surface of living
T. denticola cells and act as the primary target for
immune responses. In particular, Edwards and collea-
gues reported that this region contains epitopes that
bind to immune serum against recombinant MSP from
the homologous strain ATCC 35405 [10]. We recently
reported that specific immune responses against whole
native MSP affects the efficacy of T. denticola phagocy-
tosis by isolated murine macrophages under anaerobic
conditions in vitro [8].

The variability in MSP amino acid sequences in the
clinical samples in this study could influence the evolu-
tion of periodontitis, because the efficacy of a patient’s
immune response during in vivo infections might be
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hampered. The interaction between T. denticola and the
host immune response could influence sequence varia-
tions into the surface-exposed portion of MSP, corre-
sponding to the central region of msp gene. This
immune-driven sequence variability in one of the most
prominent virulence factors of T. denticola might under-
lie the pathogenic mechanisms that govern the develop-
ment of periodontal diseases in vivo. Further, T.
denticola migrates from the oral cavity to other anato-
mical sites [20]. This property of wild-type infectious
treponemes could be linked to variations in the surface-
exposed portion of MSP. In addition, amino acid varia-
tions that were detected in 7 clinical specimens led to
antigenic modification of the surface-exposed portion of
MSP. The antigenic variation in surface-exposed poly-
peptides is a common pathogenic feature of spirochetes.
In particular, the outer membrane lipoprotein P66 of
Borrelia spp. has a surface-exposed loop that is subject
to selective pressure by antibodies, resulting in sequence
and size variations [21]. The antigenic differences in the
most prominent surface-exposed protein of 2 strains of
the avian pathogenic Borrelia anserina impede strain-
specific antibody-mediated protection against infections
[22]. MSP shares high homology with the Tprk antigen
of T. pallidum subsp. pallidum [23]. The TprK protein
is a target of opsonizing antibodies and protective
immunity and is subject to immunologically driven
sequence variation [7]. Centurion-Lara and colleagues
demonstrated that the tprK gene undergoes nucleotide
variation following serial passages of T. pallidum in rab-
bit [16]. tprK gene is highly variable within T. pallidum
strains, and the evidence that its V regions elicit variant-
specific antibody responses supports the hypothesis that
TprK variants help organisms avoid immune responses
in infected individuals, contributing to the ability of T.
pallidum to effect chronic infection [24].

Conclusion

Before our study, no sequence or related antigenic varia-
tions had been reported in 7. denticola msp between
patients. The differences in amino acid sequences of
MSP that were predicted in this study can consistently
modify its function during the pathogenesis of periodon-
tal disease with regard to binding capacity to cells and
extracellular matrix and to evasion of host responses by
T. denticola. Further studies are necessary to demon-
strate that the predicted antigenic variability of MSP
regulates the pathogenesis of chronic periodontal dis-
ease, as has been hypothesized for the Tprk antigen of
T. pallidum during the development of syphilis.
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