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Fig. 5 - Schematic computer model of the substituted peptides, SspB (390-T400K-402) and truncated SspB (390-T400K-402)
peptides. Model of the secondary structure and surface charges (positive [blue] and negative [red]) in the peptides were
constructed by using the MOE software with chemical computing graphics. Some of the amino acid residues on the surface
of the peptides are indicated.

s 25.0 (A) 22:;9::;’?)(402) 35 ®) g::::((;x:;:kan 14.0 © gm::::xm)

-
£E 200900 % 3.04 12.0
g s 20 —
S 25 10.0 +
ST 150 20 8.0
° o
3 15
23 100 {‘ 6.0
$a2 1.0 40
o0
£5 s 05 20
= w
[ 0 0 0

0 650 1300 1950 2600 3250 0 650 1300 1950 2600 3250 0 650 1300 1950 2600 3250
Peptide concentration (1M) Peptide concentration (M) Peptide concentration (LM)

Fig. 6 - Inhibition using SspB (390-T400K-402) and SspB (390-T400K-401) peptides for streptococci adherence on s-HA. The
adherence levels (cpm) of S. gordonii ATCC 10558 (A), S. mutans MT8148 (B) and S. mitis ATGC 6249 (C) to s-HA treated with
0.0, 32.5, 65.0, 325.0, 650.0 and 3,250.0 1M of SspB (390-T400K-402) or SspB (390-399) peptide are shown. The data are the
means + SD of three independent assays.

4.2.  Effects of the SspB analogue peptide using the
microtitre plate inhibition assay

We determined if SspB (390-T400K—402) inhibited adherence
of S. mutans and influenced biofilm formation by S. mutans
conditioned with 0.25% sucrose. The treatment with the

Table 2 - Association and dissociation rate constants of

SspB peptides to immobilized salivary components.

SspB peptide Association- Dissociation
rate constants rate constants
(Ka x 10°M™Y (Kax 1075 M)

390-T400K—402 1.7+0.9 8.7+59

390-T400K-401 29+11 38+13

analogue peptide on the polystyrene plates before inoculation
of S. mutans to the saliva-coated well did not inhibit biofilm
formation at 6, 9, 12 and 16 h culture without withdrawing the
planktonic cells (data not shown). However, after withdrawing
the planktonic cells at 1 h, photographs shows bindingat 5 and
8 h was inhibited by pre-treatment with 650 pM analogue
peptide (Fig. 7A); and significant inhibition was confirmed
using quantitative analysis in comparison to the control, a
non-treated culture (Fig. 7B). At 650 pM analogue peptide, the
biofilm formation after withdrawing planktonic cells at 1 h
was significantly inhibited using S. mutans, when the plates
were twice washed with sterile PBS, after the 5 and 8 h culture
(Fig. 7C). The effect slowly diminished, where at 11h the
culture biofilm was not inhibited using pre-treatment with the
SspB (390-T400K—402) peptide using no washing with PBS
(Fig. 7B); and showed slight inhibition when twice washed
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Fig. 7 - Inhibition using SspB peptides of S. mutans biofilm formation on polystyrene surfaces. The culture medium
including planktonic cells of S. mutans MT8148 was removed from the polystyrene surface treated using 650 pM SspB (390-
T400K-402) peptide after 1 h culture of S. mutans MT8148. Photographs of biofilms formed by S. mutans MT8148 on the
polystyrene surface of a 96-well microtitre plate coated with salivary components and treated with SspB (390-T400K-402)
peptide at 5 and 8 h culture (40X) (A). Formed biofilms were stained using safranin and the absorbance was measured at
492 nm (B). After removing the culture medium, the wells were rinsed a second time with sterile PBS (C). Fresh medium was
added and they were cultured for 5, 8 and 11 h. The data are expressed as the means =+ SD of triplicate assays. Asterisks
show significantly different relative levels of biofilm formation (p < 0.05 vs. control: non-treated and the saliva-coated

polystyrene surface).

with sterile PBS (Fig. 7C). By 15h, there was no significant
inhibition of adherence by pre-treatment with the peptide
(data not shown).

5. Discussion

Controlling dental plaque bacteria is important in the
prevention and treatment of oral diseases. Recently, various
types of anti-microbial peptides against oral bacteria derived
from various sources have been suggested.?*° However, the
tested peptides shown here have no bactericidal activity and/
or cell growth enhancement or growth inhibition (Fig. 2). The
constructed analogue peptide described here exhibits a
significant binding to salivary components and has a
preferential adherence inhibition for S. mutans and S. goedonii
on the salivary components-coated HA as compared to other

beneficial commensal streptococci such as S. mitis that were
notinhibited. As S. gordonii and S. mutans likely compete for the
same niche environment in the dental plaque biofilm, this
capacity may allow S. gordonii to effectively win the interspe-
cies competition with S. mutans.3* Accordingly, S. gordonii and
S. mutans may compete for salivary adhesion sites such as
homologue SspB regions including SspB (390-402) and PAc
(365-377)." Therefore, physical inhibition using the analogue
peptide may potentially be useful in preventing the interaction
between salivary components and the common adhesin area
on S. mutans and S. gordonii surface proteins; and may play a
role in preventing bacterial adherence and dental caries using
a safe oral treatment without side-effects; whereas other
peptides have direct effects such as bactericidal activity,
killing both beneficial and pathogenic agents.

In previous studies, lysine inhibited whole saliva- and
salivary agglutinin-mediated aggregation of both S. mutans
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and S. sanguinis®? as well as S. mutans adherence to an adhesin-
promoting-coated hydroxyapatite.*® Previous reports support
our findings that in theory the lysine moiety has a role in the
adherence inhibition of S. mutans and S. gordonii. Excess lysine
alone inhibits S. mutans adherence; however at the same
molarity, lysine alone does not inhibit adherence compared to
the SspB (390-T400K—402) peptide, which shows significant
inhibition (Fig. 3). Synthetically adding glutamine or glutamic
acid, and glutamine and glutamic acid to the N or/and C-
terminus at the lysine and other truncated peptides of the
SspB (390-T400K-402), except for the SspB (390-T400K—401)
peptide, did not increase binding to the salivary components
and did not inhibit adherence (Fig. 4). This shows the leucine
position 402 on the c-terminal side was not required for
binding and inhibition. The responsible peptide adhering to
the salivary receptors required the appropriate secondary
structure with surface charges for adherence inhibition of S.
mutans (Fig. 5). Recently, Daep et al. reported the SspB peptide
(residues 1167-1193) containing positively charged amino
acids at position 1182 or hydrophobic residues at position
1185 bound to P. gingivalis more efficiently than control
peptides containing asparagine and valine at these posi-
tions.>* The study suggested perturbation of the peptide
secondary structure influences the adherence activity. Here
we show alack of aspartic acid at position 390 in the SspB (391-
T400K-402) peptide did not inhibit the adherence of S. mutans
to s-HA. Further, peptides substituted with positively charged
amino acids at position 390 did not show significant inhibition.
Aspartic acid at position 390 is a negatively charged amino
acid showing negative and positive charged areas in the
secondary structure of SspB (390-T400K-402) using chemical
computing graphics (Fig. 5). The c-terminus neighbour of
lysine at position 400 is glutamic acid having a negatively
charged amino acid at position 401 in the SspB (390-T400K-
402) peptide. The lack of glutamic acid at position 401 resulted
in a marked loss of the inhibition activity for the peptide.
Cheng et al®® suggests ion-pairing (positive and negative
charged functional groups) interactions are important for
protein stabilization. Therefore, we conclude the positive
charges form durable interactions with negative charges in the
analogue peptide. The structural and expressive difference in
the surface protein charge in the active peptides may
influence inhibition. Taken together, the two surface positive
charges in connection with the negatively charged residues at
position 390, 400 and 401, and the 12 amino acid sequence of
390-T400K-401 are required for the adherence inhibition of S.
mutans. These new characteristic activities in amino acid
sequence were found in addition to the required position of
lysine previously observed by our laboratory.*®

Biofilm formation at 5 and 8 h after culture re-start, S.
mutans was inhibited with the peptide pre-treatment on
saliva-coated polystyrene surfaces when the planktonic cells
were removed after 1 h culture with the S. mutans. The biofilm
formation at 5 and 8 h had log-phase biofilm growth.>® We
believe once the bacterial adherence is inhibited, biofilm
formation could be immediately prevented. However, the
inhibition effects were not shown with planktonic cells and
were poor without planktonic cells in stationary phase
biofilm growth (>11 h). Possibly, the planktonic cells adhered
to polystyrene surfaces and was un-bound with the peptide

using synthesis of glucan in the medium containing sucrose
because the synthesis of glucans is critical both for the
adherence of the organisms to the tooth surfaces and for their
accumulation and persistence.?” Further, the planktonic cells
reproduced increasing the developed biofilm where this may
disturb the inhibition by the peptide during stationary phase
biofilm growth. Therefore, biofilm formation in glycan
inducing media including sucrose was limited to a short
culture time (<8 h). However, if used regularly in routine
home and clinically in the oral cavity, peptide therapy to
prevent dental caries requires oral routine hygiene techni-
ques to remove planktonic cells and the limitation of sugar
diet intake.

After treatment using analogue SspB peptide, the com-
mensal streptococci such as S. mitis which is the major
bacteria in the oral cavity of healthy humans® may re-
colonize immediately on the tooth surface to keep a healthy
oral flora excluding S. mutans. Therefore, in conclusion, it may
be possible to employ anti-adherence peptides in future
routine therapies preventing oral infections. Thus as the oral
cavity is readily accessible for regular local application to the
tooth surface, oral hygiene with brushing and limitation of
sugar diet intake may be particularly suitable for including this
small peptide.
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v — FABERICBWT, FHL6. 174

~208EIZHFTC, AZ VA —FTLa—Y 3

vOBEMEN2FEME (B3). BFiCLS

RS2 = 2 7 AR G B 5

28y INORERLH2ELEFLTVEZ
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TH5HH, WRHEEIZ WV TR RS
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FHOFEAIERLTWADTREVW,EE L
5, Bl BROMES L L& ICHED L (L
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1) K[E CDC @ & — & X — ¥ ¢ http://www.cdc.gov/
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2) #H[E HPA @k — &4 ~X— ¥ ¢ http://www.hpa.org.
uk/Topics/InfectiousDiseases

3) ESTRRGYENZA IASR Ok — A=Y ¢ http://
www.nih.go.jp/iasr

4) [FHENBHE DK — L= : http://www.mhlw.go.jp/
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5) BAN@SEFHABRMSE (ERREMEFMmAEAHE
H¥)  WRERICB T ARAREN LS 27 406
% FRRIGE~FRISEERAMEREE.

6) B4R FEMAEBRMIE (SRR T HEE
e EL) - HRHERIZ 3T 5 BEPREGN 58 O Bl HE
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IREFRLBETHD, L, REORBAT—TIVEBHEE/N1AT 1 IVLFEK
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HERETIRBEIEONZ. IASLE OV THERDBRIS, RE/NAAT1IVA

WERADFEREHRSEDE LTHFE D,

I BC®HIC

FREEINA & 7 4 W AR, MES A F
7 4 VLB L THEEPEEOBRITE %
bRrhaIlicky, AFV) UtEEET R Y
BRE (methicillin-resistant Staphylococcus aureus:
MRSA) LA EARIEE - & 2 A8 2 e /AR
EOTNE R B ZENHBALTALL Y, g
1EF DT - BREERHEIINATELT, TV
47 ZN=RDLNTVEYY, SHDRAS
FIMEREE, bW 2 BEEFICERRERE, L
LUNMCMBEAZRLDET D, HIAALERERE
TRHCBI2EHEEO—RELTHAIASRK
BEBAT—TN & “AWRRLPHERE

7 2 LEIDO®RE (B IRBBIERBEOBMT
D) E o TEEBEHRD I LICHEEIA, X
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WEEEHT, VAT LV VHERORE
DIBRPFEWRIED T LA 7 Z)— & LTHERRICE
BEhTw3, ERNOBRFOMRICETE, Hl
A F T A VLBIOBERCHVELERIIEDD
TRENWTT,

I PREBRESRAE

1. REBEBREOCSH
FREBREDL, MEBREDOTTHoE HHE
DBRVEBRETHS. BROFMICIVERZER

Urologic infections and biofilms
*HLAREREREREEER SRR BREF

" Bi#  Reiko Kariyama

2 ##% Hiromi Kumon
(1815) 71

= 107 =



L2 BRI Vol. 26, No. 9, 2010

vy

BRO@ NAAT7AIWLEREOASLE

(i) 5 Sak)
f4 : 1580% BNTMEIT £.4 QM0 Y : DAD-PNO B4 | LHHFHMA (54K L VSUIN “Sypoanf smaoosouag : sywosnf g
BERET <4 0@ 2  ANDIWO S TET £ £ MU G £ ANO-AN  ‘vsoudnian souowopnas : vsomsnion g ‘109 viyduaydsqy < 109
CHCHNC T CRE ZRE R FOWT MM ¢ RN TG T £ &
‘BYIdy LO0T RO IGRFMMTRWE ¢ £ B % (IR DHIRY ALY WHRMBY CTANTIE SRR ST Y— CYRE 2
%0V G¥ oY) & M s ¢ BATTEIT € 4 121y 8B00T ¢ U N L ¥ BR%0L NEIE Y@ OEEET £.4 W) 2 THREPE M Tt A % QW EE )
¥ CUCHCIHE R D 2P IRIEE T CHGIYE OEYRE T4 B L002 2 NE IO S 01 TOH S 098 2188 0 TR e T el
(#8002 ~ 6661 'HEUFUHLYITE) GMHYFTOERSIREEY | B

18830 [0 OdO-euio [0 VSYW [ -dds snasosokydois g
syvoanf - @ SINSREN O | UNO-IN B8 psourdnaav g 3 "dds pupaiag g
‘dds 42190904110 “dds 42100qo0121u7 [ dds snaj04g 1 ddsopaisqary @3 noo g 5

9% 001 08 09 oy 0z 0

—= (120 (1 l———— (90)800¢

(z61) [TH Bzaee=————— —— NUISVI\4

(¥61) ] L EeEeee———————————1 (£2)9002

(SL1) (- = = = (6¥)5002

(611) B BV (90)}002

(091) ] /B = (81)€00C

- (102) ] ag=—— = =| (2£)2002
[ ¥ (6v2) ] ———————————— (/1)il002
1E (0s2) 7777 ] (92)0002
[T T (692) Tt s e ] (6€)666)
E

TR TR TREE IR H

72 (1816)

— 108 —



Vol. 26, No. 9, 2010 {b4EHE TR

(LERIRBE) & BERE 2 (TFERIRER), £ DERRAEBIC
LORBMELENE, ZORECI»DLERKE
(BMEE, FiZRRAEAME, ®ERMEREN, RE
B, REBEALZE) OFMIC X B EE
HicnEINE, BE, BHEOSEEREIAN, &
HMEDOSEREMOBKREERESZ &5 LB,

2. RRBRERES

—fBRIC, REBEEORHEEI S S LR
H, RCBRNEERNCE T 2#EC & 2 WA
ERZehE, ZOMc, HAREBRREELT
$kBE®E (Pseudomonas aeruginosa) 7 5 TNZ % DAt
D7 R UKEEHEE S S LEMERE (NF-GNR), B
LT FOEKER ED YT LEHRESERE &
K3, £IHH, BTICRLIE I, MILKE

BRRERE 2. WRBEREENIAT1IA

e REREC BT 2 &E 10 FEH (1999 ~
2008 &) DAEICEB\ T, 2007 FLDRFE, 7oA
GO HARED ERERCHE I E VALY
Ll ole, BRI RERFERIETIE, 2008 Fi2 75
LEBHKEPERBEZA DK 40% % &5 9,
MRSA D45 BEER % 58D 7z WM REEERIET
12,2007 FLARE, 75 LIEMREVEREZED
¥R % 5D, BEKE (Enterococcus faecalis) 13 15
~ 18%Th-o7,

BE, RERREE BHARSERCMZ, REL
BRSNS T ORI & 0, LB 2 B R
HaerF 5, BMAERBREPECBNTE,
N5 OMERICHLUTRBCNE - EETHLL
I ME R OREFHIEERILOBEFHEE LY, R

65:5%

n=171

BENHT —TILDEN
n=719

285%

100%

B Serratia spp. P. aeruginosa

B Staphylococcus spp.

BENT —TILODBHD
B RIS RRRAE
n=248
0 20 40 60 80
B E. coli @ Klebsiellaspp. [ Proteus spp. Enterobacter spp., Citrobacter Spp.

B NF-GNR
MRSA [0 Other-GPC [ Yeast

B Other-GNR B E faecalis

HM2 REBRECHIDFENFEERESH (BAUAZRRBEREN, 2004 ~ 2008 F)

B REEBREDREE I, ZOKRENAKBETEHED LN TS BHMRBBRECET S
HEOSMICDOVTE, BHELRBASSELRY, KBEOEESRALT, £l TEbD
TEREFHETLT VS 22, AT —TVEBORERE L > TREEEATR DLV EL>TW

%,

E. coli : Escherichia coli, P.aeruginosa . Pseudomonas aeruginosa

NF-GNR : 7 R U ERBE Y S LEMERE, Other-GNR : ZDfliD /T LREHEEH
E. faecalis : Enterococcus faecalis, MRSA : A F 1) UiitE#E 7 K U KE
Other-GPC : Z 0t S LBGYERRE, Yeast : B2}

(EE LR

MRSA (methicillin-resistant Staphylococcus aureus ; A F V) ViEEE 7 N U KE)

NF-GNR (7 ¥ U EFREE S 7 LREMERE)
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B LIRS A R ERNMNER T (7 kAT )
PRETARBRESHEEZOFERRE L &
3, B2m L7 & 92, KIBH (Escherichia coli)
HEEEEED 65.5%% G, MARE (Kleb-
siella pneumoniae) & Proteus mirabilis 75 £ % Il 2
7275 LEERETH 80%RBELE>TW 5,
—7, EMERBEBREICE TR, E coli D
SEREENESL, AUBRMEROEETH S
Klebsiella Spp. %% £ DIEHIZ, P. aeruginosa & D
fl1 > NF-GNR, 2 < L% & T (3 E. faecalis,
Staphylococcus spp. DTEERE DR & 0, &{f
ELTEDLOTEREATZRILTVS, $:,
MRSA Z EDHEREE B I NZDVFHTH
3, 361, BHEERBERREORTOAT—T
VEEBEFATORREZHEI»ZVELE>TE
D, RREVRERECHHEING, DL
RENEHLT 2 ONTHEDSHR(LIHEA,

BHEEPHEEOSRMEEVEMNTS., 0l
B, AT—TAREALEORBRNERYVOFRL
Fhuck %D M) T OBKEICRER T 2 B
g DETHERORFL LT, FEEPWHE
HORBNOEALNE - EBCEFTEIL%
BHELTV5,

Il FRER/NA 7T 4 VLB (B 3)

1. REBBRERERO/NA AT 1 VLRMKEE
—fRic, MREBRREREE L REEMEL O
HERICBOTRITEHDTH S, FICRER
RETR, BEARTFLLTEHERTFLIOOR
IR FOBSNAKE ., EEOREE, FERFR
2 BKERE RIS 2HEIEL 5 588D 7 24
FLTBY, HENA A7 1 VLADBH I DT
REMEIR 2L,

FREEI N & 7 4+ WABREORKAZ, HEA

NERDFAE

&S D

» DIV R LTHEARIRE
- ESBLEED S LREMIZH
<X/ OVMMS

- MRSA

AW E I il =33 )

FRIBEREEE

INAFAT 44

- BEHT—-TI
- BRBE-2Y
BT

- BR-RES

[sme] -

MR DER - B8

i

v
( mHBOBE REBR) |

B3 RE/NAFTAILBREORE
— I, MERRIEREE RS L OBEBRICEBWTRIZT 35!, RN
AXT7 4 VLBRERBEL T —TVRREAL EORBRENVBAST S I 2%
Vo FREENAZT A NLABRRECEL TR, BREBRE - BFRNBRE - IHERR
REL LTOBRPLBENCERLLLET, ZhS50OMESNOMKEZHEL L

BH3,

ESBL : £EEH#IREB- 57 2~v—+H, MRSA: AF ) VEHEERT FURE
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F—FARERL L ORBNEMHEET 2 /it
HREBRRETHS. RACHEBEINRESY
F=FADEREICREDLDTEHEEOMEIC L 2
ISAT T 4 VAHERI N, BEEE» LS
AFTANLTHBEI DBV, 84 F
7 A VLEREB K, ROSEEOIZIEFTRT
DREBEICRD LN EEIEKRTH 203, HiE -
EHRICE S TFDBNCENHZI L E-EBE
THY, BRI, RELEREOHEICH
ZREEDOHEZEDS, 2L LT, ZO5EE
B, Bt AMBERCBUIEERLVOE
b, RBE S oL BRIEL 25, RIEEIE,
ZFOBN-BIEBEINENL L THBNZHE (7Y
aBY v I R) REEL, COEBNBEICLY
SHICHBENCHEL T A7 4 VLA EBET
3, RBEDBREICEOTNAAL LT 4 VAZER
T 3HEEIL, Anderson HiIC X VEEI NI,
¥, RBEZREEE LichT—7 )VEERE
BRIER, ZORERILOBFICEB TN, Z
T AIWLOBEPEE S FE 2 RI:LT05S 2,
BEMRTFELTOHBEOERERI, 1
& EE - BAREVLORENLRERT2RE
LTy “WhbOIEHER P, Ik, REN
DFREFEMEH L ZOEET FOREPERE L &
DERBENDBAL EBERFREL TS, REOHE
AT —T VREICHRE & GRE L X2 EBE
NWAFTTANLBRDENE T —ARF L,
MRSA BHRECEKEBE L OBBE /A 47 4
WLEBKT 5,

2. gAMBRELLTOMED
REBCBBEINDI AT —T V2B LHLET B
BEY (RBEGE2E0) XER, BKEHERE
WEBNA AT 4 VAERDE L 25, R,
REEER & b % O HEEREBRIEDEBDOH
T, RECERT ZHENYTOREBREELIE
&, BERCHNREFMHPREBESC &L > TRE
R CBERERARVERI ATV BEEI
i, MEERENTEZE#HI VIS LT 4
WLEERTE LIk, ZORR, FLLT
RAEBEEACIGEC T, FRESNHEERREL LT
D2 DEBEMRBEBRESRILT SR

BREZE 2. BMREBEREENATT1IVL

3, —MiC, ZOBMMEREERMEOERE YL
GTA3RFELTE, MERMEFLDDLLAR
BOEREBOBELZOBEDOAMEETH
3, LLAHS, ChbDEREREBEZERLL
TRERFENBELLT 2EBRICBNT, M F
7 A WAL EORCHEHERR I N TREAIK
NRAZTT A VLDTERINE L, BREIICHEER
FIEDBERGREREL LTONA AT 4 VL
BYIENRILT %,

FREEISA A7 4 WV ARGRE X, R - Rk
DHFMEETEIEMHL, BHRETHE, RE
D OBIET BREENA AT 4 WLBRIEC X LT
MECEREREZ VBT L E->T, SHIMM%
BB RINTVEILYEETH S,

3. RABRES LTOMEDIT

REIOREE A T— T VEBES % & R A
7 4 VABREORR R, BrOERBMD
D, BREBEDOSZ LT, RENEEICH LERK
MRER5 &R T, REBRPEIRABRO
30 ~40% % HHTWB I b, RENAF
7 A VLBHYEN L, BICHWRBRHRRZ T
B{BENERORBEL 52, [ T 7 4 VLK
REELSE MBI, BIEPCRBICERL, 75
2 FEBETOGECLVNEZERLTV2
HEEMESDH 2 Y, MEEETOERE - HLEETLED
T2DIIE, SAFTANLERREEROIHOD
B - BRERBOBENEETHD.

BECBVTR, BROSEHEBENRAOME
Thd, RENA AT A NVLREREETR, 17—
FVEHAEREAOBREL Y IC & ) RREESEL
3L, REAENSBICERL, SIE BRI
BEERBIVCOF /AT S, ERELT, K%
BIE% &L EERPEL5 &R, ERED
SHEIMEDH/E DL 2L, RCRBAFHEE
TRBE 2 BREBERI WLV EERLT 5,

4. MEEBREELTOMEDIT

EEDISA Z T 4 VLRTEECTREORE
THcrIehb, OMERBRETHL I LICE
bl QBENICEEL & 3B A
TANVLD, ZHZF HMERETFERET S, ©
bOIWMEETHZ I edb{ ki, 856
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12, @ MBS 4 7 4 VLADTHERE DN T O
EBELREBRROTHTHE LHEEI LI D
b, A X T 4 VABREE I ERRREZ DD
DTHZEERD, MBS A7 4 VL GEATH
HBETFHEEMICIES L2V SHIMELES
bMbsd ik, RbLOTEMELBRERZET
rlliiz,

BE, REAT—TNVEBBEEDORPLDAIV
NRALME (X&a- B-50 2v—XEE) &
BEAYPEEHLREB-S 74— XYEE
(extended-spectrum f -lactamases : ESBL) &
BEOSEEEVEMERCH S, ZhbDZH
MEEPRET 2WMEREFISZAINLEL
I—FIRTVBEILHHL, Bk FHEMZE
ETAILiEY, MEEEFHERTS 'Y, A
Zua-B-Z 7 Av—YEERKEBEEI, ZIFTRT
OMHEFEICHEMME 2RI ERHERS, RFRT
bo L BEBRVRBELINTV 3 HMREREDR
HETH 2, DHUETONBEEIIE D, N>
avA Y UmHEERE (VRE) & EHIMEERET
NT7FZAIRECaA—FEhTVBE I ENSL,
ERVLETH S,

NV BREENA AT 1 IV LBRREDER

FREEINA 7 4 W ARG L THELER
FEOMMEEG L 2301, HERETRZOEME
BEHOATHS, BREROZLVBEBRICE
WTR, RRBEBOWRE LN 7 4 VAR
BT 2 REEREEOKRELIED R AR
{, FRRlE LTLEREOFEIGII 2. BlRED
BEELEHED: HDIRBHEEDOEITICE S5
BETE, PLEET, BERREOFRYFR
LTW3EWIDONERTHS, LrL, REN
AF 7 4 VEABREOFGSEEL Zh 2 E
CBRBCRRITHERZEZ5L, BRERERMLEL
TRBEREOER BRI TR 2HEL 2LE
HREDDTHE,

V. REBNAZATAIVLBREREREL
TORNAFATAIWLEIRREEZD
BRRMOMRE

B ILARFWIREBREEDTF IS TR, RES
A F T 4 VAR 2108k E L TR
DHELZBENL LT, BEEICHRY invitro BL
invivo EBRETVROEBEMZHE FE) LT
721919,

1. ¥R in vitro REBRETILRDOBIH

2002 Filinvitro)N 7 4 VAEBETF VSR
LLTEALLFYES ) —T0—k V2T A
i, BEMEBICEEBOELZZE T, FERR
i3 GFP (green fluorescent protein) & & # A3
FrESY IR LIS T 4 VLRt
BUV—V—EEMEMFETY TVEAL L (XA L
Z7R) ICBELT, HiNS A 7 4V LE OFFHE
FIAOMICO oL bHNZ2HET 2, WAEMEHAL
TVA2EBRRIBERMED DY, HERBLEYOD
FHCERL TV 3,

FEOF YT ) —T70—t N 2T LA THEY
L7 HBICED T, 2008 FiZi3 N4 A7 4L
LR ER 2 HEICAI V=2 T80
OFM~A 797N, ADBFKICEFLEL, 57
INA ZRBEBEOAT — D ICHEEARE LA X
T, SEEOEMOWENTMCcEL RO
7P L TR ZTo, RFOUBRELT
R, A7 AWV LBERIBER 2 MRS
V== 2 JERER TN A DERAEREHUTIT TR
WiEDWz, TOTNA AT, N4 A7 4
WARERE B 2 HALEY 2 b I KEHE
BERLEMOMBHREA IV —= /T2
DEEET H B,

2. MiNA AT 14 IVLBIDIRZE

AHEEOERBRBETSEVHo &S0, RIEE
ZRILDLTEI7LAREEBL S S LB
WELTH AT LY TEBOHEIER
LTEY, ZOREADOEEHAR LS AT

ESBL (extended-spectrum B -lactamases ; 2B #EEB- 77 27— LEE)

VRE (s> avA4 v UMEBIRE)
76 (1820)

GFP (green fluorescent protein)
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[E& 62.1 um Ex 143 um

e & ERIMm (7285 /)

B4 BREICBIDIASLEVIVIBERIDINAA T 4 IVLKE
RFEEWR (AIRH)
NAFTANVLEBET VR THE2F+ES ) —T 00—k VT AT
LZzRV, GFP EAZGREMF v o) —F IR LI Sf F 7 1L
LeHESLV V- ERNEMBCHREL, EHENY 7 DT T
SRTBEBELL, BRECBI2 7450 v FHERIEL
TRHINAEY ORI, AR, "L 47 4 VARREEDR %
BEECTRTIEEMEREB L,
GFP : green fluorescent protein

L &R m (7285MH)

RRESZR 2. BREBBFEENIF T 1A

Lo AT LT EREREETORE
AbE=VT BRI TR, AT 4 VLE
B H 5 LTWw3, Stickler 513, BHEDRE
BT—TNEDA = VT a—H—THEKE
U7 b Ehs L 2RELTE

DY REAT—TLVEBEMICETZ A4
TANVLBRICH LTS, 72456ty
EFOBIEHHFTE 3,

EELIZ, FRORXI V-V IREH A
OFNAALLREF S —Ta—L LT
TLARFERLT, SBEME AT 7 4 VLT
ZHERF{LEMOTFMZIT o7, BBECKT
37X LbVUIHERIE L TERINH
BoEm» ', ALRYD, SEREME A4
TANVLCH L THENRZTRTILEZRHLT
BY, RBICBIZH AT T4 VLEIELTO
HRAEPTRRI N (B4A), 7, 74568

(EH 5 ER)

YUUHERERBEREOHRICLY, N4 A
7 4 VAR ERISER L -2 e b, HiM
BREOTRE S TRT 2RETHEEEITY
%,

Vi 8hWIC

FREEINA A 7 4 WV ABRIER, FRBEIBHRIF
KRR TONEERAG EOSHERZET 52
LIFEFNTHY, BELORELARETH S, L
L, BHORBAYT—TVEEREFZILDE
T BRENA T 7 4 VLABREIEDOF G, BRE
FDAL LT, FERAEECH LERKRIEERS]
ERIT, D0, REBHBOBLICEHLVE
PHREREICBITL, BEORB*EELIEIR
BThHaIL, 2OBERHICSOTRREABRIC
FE{EELTWVWAZILETHE, REBNNA T T4V
LERGYE T3 ELVLERICE SO THEAE
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DixiE%RMEIEL, SAMEEOEERR LTS
LDk E, i, RABRERMNRCEVLTA,
BELLEBETHROEREL M7 4 VLR
RV HOER - BFEBEROBEMNEET
»3,

BE, AT T4 NVLHREBEICERLTE
0, RENAFT 74 VLBEREOT & GO
HOFHLVIEEE - ERAME - i1 47 404
HOSHBOBRICKOCHFELRV, EFHII,
SBRRY A ) TR A I in vitro 3 X T in vive DN
AXTANLEBETVREZWALTAI LWL
n, BHERE L TOHNA 47 4 VABEZH
42 #BELTVS,
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Prognosis of Periodontitis Recurrence After Intensive
Periodontal Treatment Using Examination of Serum IgG
Antibody Titer Against Periodontal Bacteria
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Chronic periodontitis is associated with
systemic diseases such as atherosclerosis.
In this study, we evaluated the efficacy of
serum IgG antibody titer to periodontal
bacteria for prognosis of periodontitis recur-
rence during supportive periodontal therapy
(SPT) phase. The 139 patients during SPT
phase were selected and divided to two
groups as follows: “Stable” and “Recur-
rence” group at SPT phase for case—control
study: “High 1g9G titer” and “Normal 1gG
titer” group before transition to SPT phase
for cohort study. We examined whether
clinical findings or serum IgG antibody titers
to periodontal bacteria are risk factors for
the development of periodontitis recur-
rence. Case—control study showed that

there were significant differences between
the stable and recurrence groups in age and
number of teeth. The serum IgG antibody
titer to Eikenella corrodens FDC1073, Por-
phyromonas gingivalis SU63, and Campyio-
bacter rectus ATCC33238 was significantly
higher in the recurrence group. Next, we
found, that the recurrence ratio in the high
IgG titer group to Gram-negative obligate
anaerobe, Prevotella intermedia, Treponema
denticola, and C. rectus was significantly
higher than that of the nomal IgG titer
group. Taken together, serum IgG antibody
titer test is useful in the prognosis of
periodontitis recurrence during the SPT
phase. J. Clin. Lab. Anal. 25:25-32, 2011.
£ 2011 Wiley-Liss, Inc.
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INTRODUCTION

Chronic periodontitis is a polymicrobial infectious
disease (1) and the disease may result in loss of teeth by
inflammation-mediated bone resorption. More than 300
individual cultivable species of microbes have been
identified in the human mouth (2,3). Recurrence of
periodontitis caused by insufficient periodontal main-
tenance may lead to poor oral health, and result in tooth
loss. Therefore, in order to prevent the recurrence of the
disease after periodontal treatment, it is important to
establish the efficient methods for prediction. Recently,
many researchers have reported that chronic period-
ontitis resulting from persistent low-grade infection of
Gram-negative bacteria is associated with increased
atherosclerosis, diabetes mellitus, and other systemic
diseases disseminated through blood stream (4,5).

@ 2011 Wiley-Liss, Inc.

Therefore, as the infection control is very important
for general health, it should be evaluated by appropriate
laboratory clinical tests focused on microbial infection.
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The microbiological examinations for periodontitis
have been available to dental clinicians since the end of
the 1980s (6). It has been generally accepted that
infection with periodontal bacteria leads to humoral
immunological responses and elevates the levels of
serum IgG antibody to the bacteria (7,8). There are
various reports regarding the usefulness of the serum
IgG antibody titer against periodontal bacteria to
evaluate the treatment effects for periodontitis (9,10).
As serum IgG antibody levels correspond to the amount
of periodontal bacteria, the effects of treatments focused
on elimination of bacteria could be evaluated by
decrease of serum IgG titer to the pathogens.

Supportive periodontal therapy (SPT) is an integral
part of periodontal treatment, and is essential to prevent
the recurrence of the disease in susceptible individuals,
because periodontitis is frequently recurrent even after
the intensive treatment (11). In general, clinically,
several risk factors for the susceptibility of periodontitis
recurrence are evaluated during the SPT phase, including:
(i) the prevalence of residual periodontal pockets,
(ii) tooth loss, (iii) the systemic conditions in each
patient, and (iv) environmental or behavioral factors
such as smoking (12). Basically, these factors should be
considered and evaluated together for prognosis of
periodontitis recurrence. Determining the risk for
periodontitis recurrence during SPT phase would help
the clinician to customize the frequency and contents of
SPT visits. As chronic periodontitis is an infectious
disease, it is important to evaluate the infection levels
of periodontal pathogens. However, the current test
for evaluating the level during SPT phase is not
clinically useful, so establishment of convenient diag-
nosis system for the prognosis of periodontitis recurr-
ence is needed.

In this study, we propose a new method for the
prognosis of periodontitis recurrence during SPT phase
using measurements of serum IgG antibody titer against
periodontal pathogens. To show the clinical usefulness
of serum IgG antibody titer for prognosis of the disease,
we analyzed the relationship of several clinical data and
serum IgG antibody titer to periodontitis recurrence
during SPT. This examination will help to identify the
most appropriate approach to SPT for individual
patients to prevent the periodontitis recurrence. We
believe our approach contributes to promotion of
general health in the future.

MATERIALS AND METHODS
Study Population

The subjects included 139 (male: 34, female: 105,
average age: 61.4+ 10.4) chronic periodontitis patients at
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the Department of Periodontics and Endodontics,
Okayama University Hospital of Medicine and Dentistry.
The patients received intensive periodontal treatment
followed by SPT for more than 1 year.

Informed consent was obtained from each subject,
and the protocol for the evaluation of serum IgG titer
has been approved by the institutional review board.
The intensive periodontal treatment include scaling,
root planning under infiltration anesthesia, and period-
ontal surgeries at one or more sites. SPT procedures
included re-motivation, plaque control guidance, scaling
and root planning, and removal of local environmental
factors at intervals of a few months. Patients with
systemic diseases such as diabetes were excluded from
this study because of the elevated risk factors for
periodontal diseases. A detailed breakdown of the
criteria for inclusion and exclusion in this study is
presented below.

Inclusion Criteria

1. Adult patients with chronic periodontitis.

2. Patients with chronic periodontitis, treated by means
of scaling and root planning and/or periodontal
surgery, and in SPT phase for at least 1 year.

3. Patients systemically healthy, and without relevant
chronic medication intake.

Exclusion Criteria

1. Pregnant women or in lactation.

2. Systemic antibiotic intake. Frequent use of anti-
inflammatory drugs.

. Patients with systemic diseases.

. Three or more periodontal pockets with =6 mm

. Additionally, other habits, such as smoking, were
recorded by a directed interview, as well as any
relevant systemic condition or medication intake.

(W S U]

Preparation of Bacterial Antigens

Ultrasonic extract antigens were used for antigen
samples of periodontal bacteria. The bacteria were
allowed to reach maturity in pure cultures, using agar
plate and liquid media, and diluted with phosphate-
buffered saline solution (PBS). After the bacterial cells
were sonicated to destroy cellular membranes, each
bacterial solution sonicated were centrifuged at 12,000g
for 20min to obtain the supernatants. These bacteria
included: Aggregatibacter actinomycetemcomitans Y4,
A. actinomycetemcomitans ATCC29523, A. actinomyce-
temecomitans SUNY67, Capnocytophaga ochracea S3,
Eikenerra corrodens FDC1073, Fusobacterium nucleatum
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ATCC25586, Prevotella intermedia ATCC33563,
P. intermedia ATCC25611, Porphyromonas gingivalis
FDC381, P. gingivalis SU63, Treponem denticola
ATCC35405, and Campylobacter rectus ATCC33238.

Measurement of the Serum IgG Antibody Titer
to Periodontal Bacteria

The levels of serum IgG antibody titer against
periodontal bacteria were measured before transition
to SPT phase, and once or twice a year during SPT
phase.

The amount of serum IgG that bound to each
pathogenic bacteria antigen causing periodontitis was
measured by ELISA as described previously (8). Briefly,
each antigen was diluted to 10pg/ml with 0.1M
carbonate buffer (pH 9.6). A portion of this diluted
solution (100 ul) was then added to each well in a flat-
bottomed microtiter plate (Greiner Co., Ltd., Frick-
enhausen, Germany) and the plate was stored overnight
at 4°C. Each well with immobilized antigen was washed
three times with PBS (pH 7.4) containing 0.05% Tween-
20 (PBST). Subsequently, a diluted serum sample
(3,100-fold dilution with PBST) was added to each well.
After incubation at 37°C for 2 hrr, each well was washed
three times with PBST and bound/free (B/F) separation
was carried out. Next, a 100 pl portion of 1:5,000 diluted
alkaline phosphatase-conjugated goat antihuman IgG
antibody (Jackson Immuno Research Laboratories,
Inc., Baltimore, MD) was added to each well. After
incubation at 37°C for 2 hr, each well was washed three
times with PBST and B/F separation was carried out.
Thereafter, 50 pl of p-nitrophenyl phosphate (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) adjusted
to 1 mg/ml with 10% diethanolamine buffer (pH 9.8)
was added to each well as substrate. The plate was then
incubated at room temperature for 10-20 min. The
enzymatic reaction was terminated by adding SOpl of
3N NaOH and optical density (measurement at 405 nm;
reference at 490nm) was measured in a Micro ELISA
Auto Reader (Bio-Rad Laboratories, Hercules, CA).

The sera from ten healthy subjects (age: 20-29 yr)
were pooled and used as the calibrator of analysis.
Using serial dilutions (1:12.5, 1:50, 1:200, 1:800, 1:3,200,
1:12,800, and 1:51,200) of this pooled control plasma,
standard titration curves were prepared. The absorbance
of each sample after reaction was defined as ELISA unit
{EU), so that 100 EU corresponds to 1:3,200 dilution of
the calibrator sample. For clinical use, the following
formula was applied to the EU to calculate the diag-
nostic standardized value: standardized value = (IgG
titer of patient—mean IgG titer of healthy subjects)/2
standard deviation (SD) determined by mean IgG titer
of ten healthy subjects.

IgG Titer and Periodontitis Recurrence 27

Classification of Subjects and Statistical Analysis

At 2 years during SPT after periodontal healing,
subjects were classified into a “Recurrence group” (with
recurrence or progression of periodontitis) and a “Stable
group” (without recurrence or progression of period-
ontal disease) for a case—control study (Fig. 1A).
Patients with three or more deepening periodontal
pockets with a depth of 3mm or more after the
transition to SPT phase were judged to be “with
periodontitis recurrence or progression,” based on the
report of Levine et al. (13). Trained dentists performed
the examination of clinical findings (age, number of
teeth, plaque control record (PCR), bleeding on probing
(BOP), and periodontal pocket depth by pocket
probing), and a supervisory doctor checked it so that
there was no difference in technique among attending
dentists. PCR was examined using O’Leary plaque
index (14). Significant differences between each group
were analyzed by Mann—Whitney U-test.

Secondly, subjects were classified into “High IgG
titer” and “Normal IgG titer” group in serum IgG
antibody titer against periodontal bacteria at the
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Fig. 1.  Experimental protocol (A) A case—control study. At 2 years
during SPT after intensive periodontal treatment, subjects were
classified into a “Recurrence group” (with recurrence or progression
of periodontitis, ¥ = 112) and a “Stable group” (without recurrence or
progression of periodontal disease, N =27). Significant differences
between each group were analyzed by Mann-Whitney U-test. (B)
A cohort study. At the beginning of the SPT phase, subjects were
classified into “High serum IgG titer” and ‘“Normal serum IgG titer”
group in each strain of periodontal bacteria. Significant differences of
periodontitis recurrence ratio within 2 years after intensive periodontal
treatment between each group were analyzed by Pearson’s x* test.
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