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il

— B L B JE I L B R AR OB ME R E R B & L CE R S FuU(Loesche, 1976),
ZDORRNT YR NIZAEAET D NRPEDORIE O A ST U, )5 9 BRd 3 2 95
JAMERBE S A LI A A7 4 VB BT D L HCIE EoMZ BET 5 2
£ ® % (Loesche, 1976; Theilade, 1986), B JERIFEIEME 1372 & 2D TH - T
bR AR ORE AL 2. BEom ERERIRERE L, AR Z RS
(Hajishengallis et al., 2012), BEJEFITA X% 2 &7 o/ EEIYIZ I T
b & < BB D IEYYE T & 5 (Niemice et al., 2008),

B IR I R PR & B JE R DFEFR T o 0 | o PR L A NSO B A e & Dl
AR OB R E DR WRIER S Z R E T 5 W EHR OB TH 5
(Philstrom et al., 2005), F£7=. #RRITARRME S CHEMAZRMHE 7 718D
AT IE & 72 R BB 12 B8 L 5 % (Theilade etal., 1966), R, 1 &2 13 595
DOHEEITLIZREBETH 0 | MR OB L 0 EAR T v FARONZ & 2R
& UL AR AT BRI O KICE D 2 & 53 & S (Philstrom et al., 2005),

t FOWERE DRITIEOHBEERH D EBE X BN TEY (Persson et al.,
1990; Nakano etal., 2002) . H B OVRFEIE L LCHE S 7 3MThiv T K 51z,
WX AR D ROFRTH D EEX LN TS, DRI EIC AN CEHH
THMENE T DHEREEOLEWETH Y . TOPFTHHMLASE HS), AT

WANTTH L (MM), ATV LT 7 A4 R (DMS) (XA RO FE e JH K YE
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& L THILILTUWD (Tonzetich, 1977), F£7=. T HALFEWE ITHFPR L CHIFEME
Fifk# (VSC: Volatile Sulfur Compounds) & FEIEN TN 5,

AWFFERITLART L O . A X O AR Porphyromonas gulae \ZF8¥ %
e R 2 WS LTV D08, XD P gulae (ZB3 DR ILME T&E TR
W, Fio, RAOBHIBGT DR 20w ERICET 2w E O, S 61T, B
MO RZRET DIEIRIEML SN T RN LG, A XOHRIZET
DRI < AN & ORIRIE B B & 2o TV 72RUY,

= 2 TR, FFIC A 2 HK P gulae O FimA s Z2FRE L, 7
M2 RT3 2 2 & & B, 5 IS XONRBEHEEZHL L, DR Ltk

JEIi K O s & D BRI 2B 98 LTz,



o

2 213 Porphyromonas gulae O fimA % A 7 D
[FIE B & O F Rk



1. /NFF

b N OWEFICBIE L7SMfE L I E TICE < BESITEY, ZOHT
% red complex FFE & FEXALD P gingivealis, Treponema denticola, Tannerella
Forsythensis 13 (ZBIEZR o JEIH DOJFIA & 72 5 Z & THI B AU TV S (Socransky et
al.,, 1998), A X 2B WTH, red complex FEFEZ & & 7= 1 &7 (2 B3 %
AT TR DS o AR 2> DR S AU TW D 25, B O BIEFE & O RIFBARIIART
fifE B S 4L T U720 (Kato et al., 2011; Booij-Vrieling et al., 2010; Yamazaki et al., 2012),
ZD—J57 T, Porphyromonas gulae (7> CIl% P gigivalis & MIE. £7-1%. P
gingivalis DBV L MRS NIO)ITBROARLFFO 7 T LRMEHKMEME TH
D WL ONDOMOTFFEMETE S & HIT, 2 < OBEMFEIZ IS THJEH & B L
T\ % (Fournier et al., 2001), HAEE T2, P gulae 31 X (Kato et al., 2011) 3 X
U1 =2 (Khazandi et al., 2014)D O EN S STV 5,

P gingivalis 1ZERFBIZSFH 41kDa DY T 2=y v THDH 747V Y
YH R E (FImA)DHEE TR ESNTEMELZA L TEBY, ZOMEILHEE
RIZI T 2 EEAREIA - & L THE 54TV 5 (Yoshimura et al., 1984; Dickinson
etal, 1988), F7=. P gingivalis @ fimA A& 1T GO L2 U CTIFEL TR
D, FCLEREAARZFEOIRREMEIZIBWTHMERR fimd B+ THHZ &
5. P gingivalis OFEEMEDO R 1L FimA EEWEENH DL ST d

(Dickinson et al., 1988; Hamada et al., 1994), /NI TlX. FimA 1314 X5 0B S
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N7z P gulae {2\ TRE &R TE Y (Hamada et al., 2008; Yamasaki etal., 2012),
t MK P gingivalis ® FimA & FEFEMER BV Z & 234 STV % (Nomura et
al., 2012; Yamasaki et al., 2012), & b3 P, gingivalis ® FimA (% 6 % A 7 O&Ex
FRIA~VELE X OTb B2, A XH K P gulae ® FimA 1X 3 % A 7 Oi&fs 7H(A
B BHEBIOCHE)IHHEINTEY . 20 OB BRI &R O BEELE &
R BE LTV % (Kuboniwa et al., 2010; Yamasaki et al., 2012), P. gulae |31
R D IR TENERS, v U ANEE O RIERCEER SR L, &
F X FE R EM A2 38814 5 (Lenzo et al., 2016), 3 % A 7 D FimA EixH o Lk
TlE, CHUD P gulae 13 AB L OB RO P gulae L0 HIFEMENTRL . BHEZ
R E AT HAXDOEBM LI OERAY TRIEN L& WEIAE THRIH SIS
(Nomura et al., 2012; Yamasaki et al., 2012),
A X B LR L 478 THI 80% 23 B J8 99 2 38 9iE LTI U (Harvey etal., 1995),
B R IR T D ST s O B AT IS b AL KT T (Cave et al,
2012), R bR S ERICEREE T S MEREICAE H L72FZEiEn < oe
WA X 4TV B 23 (Booij-Vrieling et al., 2010; Pérez-Salcedo et al., 2011; Pérez-
Salcedo et al., 2013; Khazandi et al., 2014; Pérez-Salcedo et al., 2015), HF& Dl D
WA OX R E WA & OBEIC OV TR STV ARy, Ll
DO, HEIR Y A7 OO 2 R LEeNE U R LB 21T 9 12, R =2
BT 2 FE 2 P R OIREMEZ TR D Z ERNEETH D, RIS TIE

F Wk P gulae Bk Z77BEL . fimA BAR T DOESIZKEE LT, £7-. IRERRHE
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FHIE VT, P gulae BRO% fimd SR TR ORFFNEL i LTz, &6
(T, WEMRRED R D K and BERIES NI AEAR T TRIED S O fimA BAR7H

Doy g7,



2. MRtE J5iE

* P gulae DIRAL & 85E S

Kato & M J5{5(Kato et al., 201 DIZHE > CTHr#fE L 7= P. gulae % Table 1 |Z/R 7,
FUBNT T =P T E, AT T (Seed-SwabRy-1 £ 721 2, RHHMEE, HR)
R LA ESEEEDURTF B OB fx D GBI L 4 CTRAF L 7%, LA LN
[T CHFFE RIS LTz, BRIT 5% B iMmiE, ~ > (50 mg/mL), A+ T4
(5 mgmL)Y&AH D~ U FF 4 —RA Y A (trypticase soy; TS) F& KB (Becton,
Dickinson & Co, Franklin Lakes, NJ, USA) (Z#&fE L, 37°C T 7~10 H M. 55
R CHZE L, MEZ 0BT DR, 7L — 0 bKEK 4 DDan=—
EIUENNIE I T T L, 10% 7)) UEAD TS 7 1 2 T-80°C THfE
RMFELTce ENENOGHITHEN T DT, P gulae th% CDC BN B MK
FE K K5 Hi(Becton, Dickinson & Co)lZ#EfE L, 4~10 HfH, #A FTHE L, &
EHMREREN EICGEon-an =—%28 L, ~3 (50 mg/mL)EB LA T
T (5 mg/mL)E A @ Todd Hewitt (TH)HRIAEZHIZ N 2, BR&KSMHTFC1~2 H
[l OB, LLTFOFEBRICHEM L7,

Oy BlEUT-ERRDS Pogulae T D Z & OREFRIL, Kato © D J5¥5(Kato et al., 2011)
IZHEV, 16S U AR Y — 2 RNA B FOHRERINZ IV FRET L L b, P
gulae FP 277 4 ~—Z MW THEAHE LN D Z LI X VR LT, £ THIK

(KESHCER3 U 72 P gulae #£7)> & Gentra Puregene Yeast/Bact. Kit B (QIAGEN Inc.,
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Valencia, CA, USA) # T4/ 4 DNA ZHiti L7=, Z D%/ . DNA % §§H
& LT, 16S UARY—2 RNA Bis S LICE ST 14 ~—@BUA B X
W 1540R) BE WP gulae ¥ .77 A4 ~—% F\\ T PCR {£%1T > 7= (Table 2),
PCR #£IZ & % & s 7 OHElEIX, TaKaRa Ex Taq® (Takara Bio. Inc., Otsu, Japan) % f
VT, 20 ug/mL @ DNA2 uL B X OV 7 A ¥ —(20 pg/mL) 1 uL % & Tp42 5 20 ul
TITV, PCR OHEMESIZ I iCycler Y —~ /LA 7 —(Bio-Rad, Hercules, CA,
USA)ZEHA L7, 16S VYA Y —ARNA BB FZ2 8 EICREF SN T TA~v—%
4% PCR ¥ A 7 /Lid, 95C T 4 43[Rl OB M A i L 72 1%, 94°C T 30 #0 /]

DEENE, 60°C T30 BROT ==V 7 72°CT 14 30 B OMERKIEE 30
T A 7 NATV, Ttk DM RS 72°CT 7 5MfT - 72, P gulae FsR07 7 A ~
— %l L72 PCR Tl, 95°C T 4 43R OBV M 2 5 L 7= %, 94°C T 30 B D
B, 2°C T30 MO T =—V 7 72°CT 30 BRIOMERIEE 30 1 7
ATV IRBE DM EOSE 72°CT 7 AT - 7, ¥EiE L7- DNA Wi 2 0B 2
7291, 168 VAR Y —2A RNA BB TOHBITIE 0.7%DT Ha—RAF V%, P
gulae $FRT T4 ~—Z T2 TiX 1.5%D 7 T a— R 7 V% W CERTK
®aAT o T, TIVIFARREKIZEM LI B{b=F 2T 5(0.5 pg/mL) THEL, UV
FEHA T Tl L7z,

PCR THiME L 72 16s U AR —2 RNA Bz X, QIAEX # it F v b
(Qiagen, Dusseldorf, Germany)Zf# [} L T4 /L7 S %, pGEM-T Easy X7 ¥

—(Promega, Madison, WI, USA)~7 1 —=17 %17\), Big Dye Terminator v3.1
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(Thermo Fisher Scientific, Waltham, MA, USA), BigDye Xterminator (Thermo Fisher
Scientific)35 &2 OY 3130x1 Genetic Analyzer (Thermo Fisher Scientific)z fifi F§ L Ttk
BLH DfEMT 24T - 7= (Fasmac Co., Ltd, Kanagawa, Japan), 55 U7- AL S 1%,

National Biotechnology Information O — % ~X—Z{Z#% 5 BLASTN 2.0.5 71
7 A (Biotechnology  Information server, National Center, http:
/www.ncbi.nlm.nih.gov/BLAST/) il L CTHRE L7z, WEOFREX. BEFD P
gulae ¥k Td 5 ATCC 51700 @ 16S U RV — 2 RNA O EERCS] E 99%LL EDE
BERTHLZLZMRTHZLIZEVIToTe, 2NHDHITIZEY P gulae & i

ELTZ 15 KRELL T OEBRICHER L7,

- fimA S T O EL A BT

P. gulae 5yBERED fimA BAG 1 O IERLY| & fENTT 5728 @ PCR 351X, E b
B3k P gingivalis fROEK fimd Bl FEANICESWTERISNIZT T A ~—
(33277-F/R. 6/26-F/R ¥ X TN HG564-F/R) % fifi F§ L 7-(Table 2), PCR D HIE i lZ
I% TaKaRa Ex Taq®Z il L. 95°CC 4 Sy DM A Feki L7-1%., 94°CT 30 B
OB, 60°CT 30 BRHIOT =—1U 7 72°CT 1 % 30 BHEOMERIE%
30 ¥ 7 ATV, I DM ESUGIE 72°CT 7 2 T- 72, 1 57 PCR FEWIT
0.7% 7 Hra—A7 NVE W EXUKEN Tt L, R L HiEE Rk —7
TURAY TN LT, 1§D N fimA B O EERSIL, Yamasaki D

J7 1% (Yamasaki et al., 2012)IZ7¢ > T, HEE Y Z 7 I 7 BRI Z#i 1% |
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CLASTAL W (DNA Databank of japan) &  Tree View software

(http://taxonomy.zoology.gla.uk/rod/treeview.html) (Z & 2 T SEE21To 2 &

(Z &0 R A ER LT,

- b N RBEARMESE I (HPALF)Z %3 5 85 OV, 1R A DR

b b AR IR HE ZF 4 i (HPALF; Human Periodontal Ligament Fibroblasts)(Z,
10% 7 B VRIIE & A O BVE MR AR Hi(Lonza) 2 1 L, 37°C. E LR
FE 5% CH:# L7z, P gulae ® HPALF #AE~DFIERER L OMR ABEDOFHEIL,
Nomura © @ J7{%(Nomura et al., 2013)I29E > CT{T> 7z, HPALF fifdiZ= > 7 /1>
v MR E TRER ., Mg 1x10° cel/mL ICFHEEL T 24 =L L— b
(ImL/wel)~EFE L. HUAEWEIERINO RS Z FV T 37°C T 24 BrEE L7-,
BRI A B BRI 1% PUAEWEIETINOE: 2 FHV TR 1x107 colony-forming
units (CFU)% & 20 P. gulae 1% 300uL % HPALF Mif@IZ N 2 7=, fI&RBRIZRB W
TIX. P gulae % BFESAM T C37°CT 1.5 BRI S &H7-%. 1 mL @ PBS T3
[EEE U, i 2 A4 2 72910 | mL OWEARE K EINZ T2, BARBRIZBW
TlE. P gulae ZWHERSAMETF T 37°CT 2 B s &€72%. 1 mL @ PBS T3 [
Vet Uiz, 0%, MIRERHEICHET DT XTO P gulae #%HET D720, 7V
4 <A (300 pg/mL), A b =% —/1(200 ng/mL) M L 7= B #0181 mL %
WML, B FC37°CT 3 RIS L7z, £ D%, 1 mL @ PBS T3 [EFEHL,

MU Z B 27201 1 mL OWFEZARRAKZIRIN LIz, 5 - RARBR T,
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HPALF i ds LN P gulae % 3 Tl B 7B /K 2 BEBEAT IR L. CDC S5 B A if.
WFERESHNZFERE LA T C 37°CC 48 KRt L7, MilalcfrEFE 73R AL
7oA UL, P gulae % HPALF #ifa & & 6 ITE# UIMIKIEREF ) HAEIR L7
HEE S, HPALF e A & £72\0 T = /L C P, gulae % 5538 U IMIRFEE RS HiH
SR LT-MEREE LWz BT 2 Z L2k R T,

HPALF HIfEIZ 8255 L 7= P gulae 1%, Nomura & 0 J5{%(Nomura et al., 2014)(Z 7
CCEAMEBEFHEME TR Lz, £3. MEOf 7 L7z HPALF #Mild% 3%/3
FIRNLT VT RCTHEE L, =4 ) — /)L THlKE -7 F T b a—) )L CHihsig
B UTo, SRR LT T AAI v La— el L, EERE ST
(Hitachi S-4800; Hitachi High Technologies Corporation, Tokyo, Japan)Z Ji\ > C81%2

L7,

« A A R
AFNT R TV UL (MTT) ZHWolatigsEikiiit, Nomura D5k
(Nomua et al., 2016) % — 22 L CTf772 > 7=, HPALF fifldiZ=> 7 1> M7z
% FE TRE%., MRz 1x10° cell/mL [ZFH%E LT 24 7 = /L7 L — K (1 mL/well)
R L. PUAEWE IO A VT 37°CC 24 BeE: 2 L 7o, B8R 2 B
DR 1% . PUAEWEIETIN ORI Z FW TR 13107 colony-forming units (CFU)

&L P ogulae IR 300 uL % HPALF AAEIC /Y S W7, BERSM TN T

37°CC 6 FFffE52% . 1mL @ PBS T3 [mIPed L. MR IS5 3 2 /E 2 58
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BEELT-DF X~ A (300 pugmL)B LA fr=4>"—/1(200 ug/mL)%
EHTHERR 1 mL 2% 7 = /VIZIRINL, 37CTE 512 18 FEHA v & 2 _—
L7z, IZ. 1 mL @ PBS C 3 [RIPEE L7212, 4V = /L2 100 uL @ MTT (Sigma-
Aldrich Co.)¥AR(5 mg/mL)Z N L7z, 37°CC 4 RIS, 0.01N OIEFEAIR
R LT BTV uiiigT Y 7 A1 mL) &2 &Y = VICERINL ., S| T 5 KR
BT 5 LICLVIRERFES YT, TO%, BEIKRIL96 V=7 L— MNMIoy
HEL. 96 N~ 2771 — kYU —%—(Thermo Fisher Scientific, Waltham, MA,
USA)%Z VT 595nm TOWNEZRIE Uiz, MIBOMEAERIL, P gulae % &Y
SHTWARWHIRIZ X T 5 P gulae % &Y SE - Mila0EIG TEHE L, 3 HO%E

BRI AR R ZE TR LT,

« HPALF i & F\ 72 in vitro B TRRRER

HPALF #a 2 N7z in vitro AIGIRERER 1, Inaba & D J5{%(Inaba et al., 2004)
\Z9€ > 7=, HPALF i@l 6 )X LA Tar 7Ly MIebETHEL, WA
TITAF v I Ty T O THICZA Y T v FEERL LT, IRIZ, 2X10"CFU 8
D P gulae £k 600 pL Z ML, 37°C T2 KA o F 2 _X— L1z, £
D, A bv =4V —/1(200 mg/mL)} L W7 > ¥~ A (300 mg/mL) 2N AE L
oA 1 mL 23RN L I8 BEfl A > F a_X— kKL, A7 T v FOENL O

DaE HFE % Image] 7 k& FHWCTHERT L7,
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« PCR % JEZ L7z fimA P55 1 DB %

A XH¥K P gulae 53BERED BRI LN CHLD fimd Bis T2 MET 5774
~—(Nomura et al., 2012, Yamasaki et al., 2012)i%., = 2 H ¥ P gulae ® B Al L
CHLD fimAd Bin T OHRNZENENEH Lz, —FH T, RX=2lRD P gulae 5y
HERK 10 BRD 5 B 4 RO A fimd B TI2IX, A XHKD P gulae 53 BERD A
W fimAd BIG DV N—RAT TG A4 <= —=DFEET HEINEE EN TV, 747
— R T A ~—=FET AN EEN TR -T2, 2T, Rafko A,
BB LU CHD P gulae BRD fimd BI5TOEEOEINZHETHZLITLD A
BIRRFF R 2 B TSN AR E L T AR O 7 + U — N5 A ~—(Pgufim-
AF+) % 4% L 7= (Table 2, Supplementary Fig. 1), PCR (% TaKaRa Ex Taq®% {#
L. 95C T 4 Zr Ml OBIEVE 2 S L 7= %%, 95°C T 30 MR DEVZEM:, 60°C T 30 #
D7 ==Y 27 72°CT 30 BEOMEIGE 30 1 7 ATV, IREOME
FOGIE 72°CT 7 3 T - 720 £33 54072 PCR EEMIE, 1.5% 7 H v — A 7L CTEXR

PKEh L7z,

« OERA T TRIRIZE T D P gulae O fimA B 534

TSRO AER D 7Rk & T2 341, R R B B B2 D 7K
ARG ECHEM LT, RMEERA Y 7TRRIE, W E 72137 7 F U B o721z
BRI RBE Lok = 99 B /BRI LT, AMER D TR Z BRI L 7o % =

DR, 0.3~205% T 0 EHT 6.4 Th o7~ MIEZERT HBIZIX, %

16



D NWEICARERONE LA L, REBR~O TRZGT2, QERD THIRIE
Kato & @ J5E(Kato et al., 201 )WZHE> T, A ESASE VURTE B OO # PR HEREL L
7

Fa O EARE XA ESEFEDIATFA MOV C, Finch © @ J55(Finch et al.,
2016) I > TR AT kLT, A DOBRIWIRANCEFHEL, 0 2 T#A7R L],
1 Z RO EICHES AR H D], 2 2 THREOWANH D], 3 &0 0
BEOWANRH Y, WEIZKATND]E L, Mx T, HAA=2T HRIRMICEE
fliL. 0 Z TR L], | ZHAKICHBNRRIEDRH D1, 2 2T REWVEFPHT
FAEDBIEL S RS A0 5 |3 & TRFICH M 2 £ 5 B R RIENBIER S,
OARRZFIELTWD L LTz, WEBOEIERIL, A8 & HRER oA
fEICE > TRHME L, 0 2872 L, 12 2K, 3-4 Z2HRE, 5-6 xEEZRWE
JRE Uiz, SRIAD HEREL L 72/ DNA (2%, iR P gulae |24 R 72
TI7A~—%MT PCRIEZITST-, £D%, P gulae D3MEDRIKIZA fimAd
BAR TR M 727 F A ~—(Table 2)% FV T PCR #1T\>, fimd &fn 1A%

HE LT,

- HEEHEAT
FAHEMT I 1% GraphPad Prism 6 (GraphPad Software Inc., La Jolla, CA, USA)%
EH UT=. In vitro DEER & @8 EER O KRBT 571X, Bonferoni's £ Tfi#

Hr L7, Fisher D EMEMERIEIL, BARSLHWAREZFIEL TV DR = &R
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JEARRE D R 22BN T, P gulae D5 fimA Bin T O Z % i 5 72 DI H

Wiz, PAEZDY 0.05 LA FOHAIS, HEHFMICAEREEDH D & Lz,
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3. R

« P gulae & FimA D4y W FvEE

%22 99 Lo O FERR) DS BTz 394 HOME O 21 =—% 168 U R —
2 RNA &8s 7#Hr L7= & Z A, P gulae, Bacteroides pyogene. Pasteurella
multtocida. P. macacae. P circumdentaria 72 E %< fH I, Zhvb oo
=—0 5 b, 16S U KRV — L RNA Bin - HEIERSIHENTIS X O P gulae R 570~
TA~—% M L7z PCRIEFENTICE > T 15 2 =—2 Pgulae THHZ L %
Mzl Uiz, 2B D P gulae 53BERRD fimA i&in1- DY FERCH 2 74T L 725 5.
P gulae (F A, BEBIOCHD 3 XA TOBEMLTFHICHATE S Z L3
HnE 7o 7= (Table 3), P gulae 158D 5B, AN 10k E KB L L, RWNT
BN 4 KFBO AL, CRUX 1 BROATH -T2, A% (C04Db3), B A (C13Db2)
BELOC H(C26Db4)D fimA &5 1% b EITHEE SN2 7 2/ BEESIE, R
Lo TRELSLEZ2 > TW(Fig. 1), FIRERWZ L1, 13 L2 LR amn bl
AL BRID 2FED P gulae ¥k713 57 S 4172 (Table 1, Supplementary Fig. 2), 1
KD P, gulae Bk D FimA BLOHEE T X/ BAECSI D% < 1. A XH KD P gulae
RO FIimA L OHEE T 2/ BRECS & 99%~100% D 5V MH R 2 7~ L 72 (Table 4),
LL7enb, xafsko ABIKD 9 5 4 #£(C04Db3, C05Db10, Yc9b, Yc2la)
Tl A XHRD ABBRDO T I BEESI & OFFEITED 95%~96% & 00K\ Vil

R Llc, A XBILORanboBESiiz P gulae ® FimA OHEET I/ BERC
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FI73 BAERL LT Riifit 2 Fig. 2 1077, A X &R anb sz P gulae D
FimA ®O7 I/ BREHITRBLHE L CTRERITIREST 2R A0 bivzn, A
XHKD P gulae tkE OHFIMEDIRNR B RD A BIED 4 #E(C04Db3,
C05Db10, Yc9b, Yc2la)TldA XHED P gulae ¥z &£ T HWNZITHE L TW

7’»
—o

» HPALF HEfE~DEEG T3 5 P gulae AR D52

HPALF M AF3E L= A AUER(C03Db8, C20Dbl)E L O B HUER(CO3DbY,
C13Db2) DEITZEN T 2x10°~6x10*CFU T v . HPALF filIc@ A L= A
kR L OV B BRO B EUT 1x10°~3x10° CFU T - 7=(Fig. 3A. B), ZiZxt
L C. HPALF HMfEIZfHERB L OMRA L7Z C BURK(C26Db4) D EEIL. ZNEh
2x10° CFU £ L W' 5x10°CFU Th - 7=, C HIK(C26Dbh I LU F BB S i
T2 HEEIR A E O E SN D TALOD P gingivalis T3 5 OMZ314 #Ri1%. A IEkB
F OB BRI ARERIZE W ~DO M ERER L OMRABEZ /R L72(P < 0.001),
o, EEMEFBMEIT RO, A TR LB BURE & ik LT, C BUERIC
BWTEL L OFEBMIUTATFE LT D18 0578 C = 72(Fig. 3C), & BT, HifukE
SRR Tld, B BRI L OY C BURRIE A BURR 7R & ONTIRRRYLEE & bhig U TRy Vil
JaEFEINH] % 7~ U 7= (Fig. 3D, E). in vitro BVEIREHABRICB WL, WITho P
gulae #E % &Y S 7235128V CH HPALF a0l ERE O 23580 i

2. CHIBRIZI W The b W 2 78 L 72 (Fig. 3F. G),

20



- HERIAIZET D fimd BRI S5

PIEDORANLERLIZIEEAEDOOVERD TRKIX, P gulae \ZFFFN 72
TIA~—% R\ PCRIEIZ LY P gulae \ZBPERIGZ 7R LTz, P gulae BitERR
RIZDOWTIR, Fig 4A IR T4 fimAd B FRUIFF B2 7 7 4 ~—ZEH L T
fimAd B TRE/RE L, £72. 99 IEOR IHBEROEREEIC LY, /iy
(n=20), BEFE (n=41), HEE (n=24). BIE (n=14)IZ57FH Z}(Table 5), Niin & b
JEIR O FEREFE & ORNZIXIEDOFIREN A B vz, Fig. 4B 12 O ERE{A D PCR IEIC &
2 FRATRE B O MILF 2 oRm 3, fimd O ABLT, BREB IO CH LY LEEICEHN
FE TR SN7Z(P<0.01) (FigdC), X512, BRI RE L bk U TR ERE
IZBT D RHBEENAEIZE (P <0.01), C BUIEEFRICHANEERICBIT S

B B N B 0> o 72(P < 0.05) (Table 5),
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4. %

plih

B JEP 3 NP EBIM I BV T b K< R B 5 AR E TH 5 (Niemiec
etal, 2008), ITHE, R IV THJEN UM TR & B i & oD BEEL I DU T
ERZ Y TN O < D) vifiE E 40 TE Y (Booij-Vrieling et al., 2010; Pérez-
Salcedo et al., 2011; Khazandi et al., 2014; Pérez-Salcedo et al., 2015). P. gulae I3 =
a2 O EIRE & 58 < BIFR LTV B (Pérez-Salcedo et al., 2013), 4 DT & AL DR
TIHEERR B TN D &V HiENH 5 A3 (Harvey et al., 1995), ZALE TIZ P
gulae DIFIFIKR T & i ERIE DO BMRITIEIC SN THE LT, HEWHD Y 227 5
BWRaERETDHZEIIRETH -7, AFETIE, *anbo8L7 P
gulae 1%, & S>BA3BELT= P gingivalis 3 Z O XS 38E L 7= P gulae & [
ROPERTTHY, HEREBLEETIEAKRE T TV Y Z 7T
% FImA % 21— N2 fimd BIn 2 RAT 2D TIERWINE WD REZ LT
2o 3. 22O BE LT P gulae % T fimd #RIET 5 & & HIT, &
B 2RE B 60N T D72 DI o A BT 21T o 72, T ORER. K an
508 U7 P gulae ¥RIE 15 BR9XTH fimd @ is %A L TE Y. FimA OHt
ET X BBANE3 2 A T OB TR T2 N TET,

EES T 15 RO R 2R D P ogulae D 5 5, 10 #RIT fimd i&fn 155 A Y
THY, 4R BRI, ZLTIHENCHTho7z, FHKD P gulae EDF

FimA BLOHEET X/ BELYIIE, A XKD P gulae D4 FimA B & & [Rl—1E
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BLOELMEZ R L, % fimd BT OBRESEEITA X L 3 a CRERETH -
72(Yamasaki et al., 2012), L7>L7203 5, XIHEKD P gulae kDO ABRID 5 5 4
BRIZ, R LTSN L IR Z =% LT, 202 &b, AR P gulae
ROPFNIT R 2RFR 27 XV BESI A G T 200N D5 2 ENRB I LT,

AWFGETIX 15 ¥R D P gulae ¥k % 578 + 5528 TX 7223, Porphyromonas J& DS
BIINHETH D Z L, WERIZEIT D P gulae ORI R % & T
IR S TlEevn, £ T, 2D OBERIEND P gulae 2 77HE - & THZ 272
<. BRI SHHE L7/ DNA &2 AW T fimd & a8 2 4% PCR #
HRE2MN LTz, ZDFIEX, P gulae D fimd & in+8 & = OEEOHEREE &
DOBIEMEZ T 5 FTAHTH L LB X b5,

22D APERIED B4 fimd BIo 2T 272900 PCRIEAfENLT ST
720, A XOAERAT TRIKO fimd ROBRBEIZHNONTWE T I 4 ~—%
VT PCR %47 7-(Nomura et al., 2011; Yamasaki et al., 2012), Z DfEF, 1=
D AR fimA BT OWIERS 2T LT & 2 AABIERRIE S (FERARA
F)., FanboEES AR 10D 9 B 4TI, A XD AR fimA & {51
O LRI SN T+ V= FF T4 =TS T 2B FEAIDEE L7220
ZEMHBMMEIRST, EIT, AETIERanb oS T X To A T
Pgulae \Z3G@ LI2 7 4+ U — RT T A ~—% i lZ@it Lz, Zhicky, x=
O ARERAR S A B fimd BT EHEETHZ LRI LI, 20 ARIO 7

U — N7 Z A ~—OHIEEH)IX, GenBank (http://www.ddbj.nig.ac.jp/ )28k S 41
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TWBA XHEKD P gulae DTRTH AFBNZHIBL TWD Z LD, AAFZEIC
BILAR BMEBIOCHREBET I8 T4 ~—13xa/2iF TRA XIZ
BEHT LN TE LT ERESNT,

T FRIZ 3 B ME OFHE - RARRIXEE2RFEK - TH 0 . MO
FRSLAZ VT M B AR A K C & % (Pizarro-Cerda & Cossart, 2006), P, gingivalis 13 JE 1
WSRO - RAREZ AT DM, fimd B TN R D &R B
725 2 EMEE & TV S (Nakagawa et al., 2006) , — 5 C. P. gulae D& £
JA~DAFFE AR ABEIZ DWW TR L7728 E 13 23V E TITAFAE L TRV, AFSE
IZBWT, CHLP gulae BRIZEIRIEMHERR E L THIGID T P gingivalis & [FlER
(2. A BURRIS OV B AR & EEi U TR BT VO B AR BHAE 2R R L 2ok D A+ 5 -
RARBEH LTV, ZOZ 05, P gulae DIFFIEI fimAd iz AN L0 R
72D T ENIRMEE T, AR TIE. P gulae 57 BERE DI R 2 FEM T 5 72 D1
BRARMERRAE LRI 2 AN 223 AR A RG> R = £ 72134 X Bk O
FRIESRRME TR 70 Eth ORIk 2 AW 21T O WERH DH EEZ B D,

ABFSETIE, NSRRI X O invitro BIEBIEEARBR 21T\, P, gulae DI
Julzxt4 % HPALF MR ST DWW T ST L7z, MRz v T, B
RIE LN C HLD P gulae #%1% HPALF OfMIEHGE 2 A B (206 L=, £72. P gulae
D JEGL DM DO WEERE 2 TN T D E D DEFRD T2 in virro Rl TRHER
BREAT -T2 2 A, TXTOD fimd BT LD P gulae 53 BiERK DS HPALF Al fic 0 35%

EZIH L=, $RlZ. CH P gulae FRIZ. A BIEESS B RUIRRICIN 2 SRR MERE & L
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THEHID UB P gingivalis KL D bWl 2~ Lo, ZHHORERNG, P
gulae DIEGIT fimA BAG TR0 &7 th BRAR ORG &2 7538 3 5 "IREMEN
HY . T CH P gulae DEEYE LT= 3 2 CIEEEMBOBED U 27 BEH L
EZbhb,

Z A OW AR IIMENALDNTIEE T 2B H D | ZAUTA X OWJE N & [H
FROFE R Td o 7= (Yamasaki et al., 2012), A X TIL P gulae ORI IR RE
PHEALT 2 EE <20 EREBS R A X b L ATRHARZFIE L TV
HA XNZEBIT D P gulae DRRHFEIZENEI 63.6%E 77.7%TH D | &K %%
JE L TWD A XIZEIT D P gulae DFHIZEE1E100% T & - 7= (Yamasaki et al., 2012),

ZHICK LT, 23D P gulae OREHEFRIZHERBIZD D HFH 90% T -
Too TNHDFRERNG ., HEMREICEAD LT X AL i L TRra o Ak
VL P gulae BNEH LT WNWEEX BND,

AW TIE, A DORE & BN OIREES Finch & D J14(Finch et al., 2016)iZ
P> TR L7z, s & 88 2% A HIB 3 5 72 0 O tiAE & O K O FEATNIC 1L
B XBRAENTH L0, R X BRERET D12 DII TR T B AT 9 M2
RV | FNESDOREEZD Z & ORBESOR ADHIE~OEMEE 2 | A6
FTIHATO RN T2, REFFEIZEBN T, P gulae D fimA A5 TR O R L i JE
REE L OBHMEZ BT Z N TELZ LD, A RITHEME OHE KO 72
ED LV FEMRIENT BT ZEDRLEE LN EERIBND,

X 3D ARRIRIZIBN T, P gulae D AR, BRI I ONCRDOSMRIZ, £
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IENHK 75%. 30%F LY 20% Th o 7=, A BT JE 1 O FE EICBIfR 722 < &
WEIS TR SN, BEUSTEEOWEREZAT 5 32T, CRITEE R H
AREFT DR TEOVRIHEREZ R LIZ, 202 Ebh, BEE CHBO P gulae
N DOEE W EFRFEEHE CTH D Z EDRB I EEREERTO C
D P gulae DFRHZRIT 30%FE i X 72 o 72,

ARFEBRIZBWT, F2® P gulae C BIITRVIFFEMEZFFO L OO, =R IT
oA LY BARNZ L2V L7z, LA L, 2 OEEITA R0 EER TI3EH T
Xhemole, £, Pgulae (21X, v U ADOWERET WO THTEE OF K
INZ #5542 RgpA, RgpB, Kgp & W\ o772V U8 UV ERBT D86 2 HEa
THEVWIHENRDH D Z LB (Lenzoetal., 2016), 5 1E P gulae DIRGAREESC
INESIZEE D P gulae HRLDOE Y 2V | FimA LI OIFRIFRIN -0, BHE 7255

RS D ATREME D & HM ORI ONWT b 21T ) LERH D EER D,

26



5. /N

AKWFFETIL, R aBHRD P gulae D fimA Bin T RIDOFRER L OV E AT -
72 KD P gulae O fimd B T1Z AR, BREBIOWCHID 3 ¥ A 715
FAS AU, CRBRIT o AR BERRAE SRR LS okt L oV iRt E 2 s LT, — T, C
D P gulae 13 A LB ALD P gulae & 0 HIRWHEREZ /R L7, B
EPEEOWEF ORI, CRUTEEREEHROR AL ALNDLZ LR
HIA UTe, Fo. REBRTHNL L7Z OFERIED S P gulae O fimA 851 % 5y
520 FEWFHFIEL, 2a0EERY) 27 2FHiT25 2 L ICAEHTHD
EBEZ DN, LLEOKRMIERER G, P gulae 134 X & Rx 2|l Lo HE
2R B JE R T V. FImA OZARMEDRIEMEICBIG2 Z L 6 e
729 P gulae ® FimA RO HIL, HEEWIOREFRO Y 27 2 TT5 2 &

WWERHTOD EEZD,
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Table 1

Information regarding cats from which P. gulae isolates were recovered in the present

study.
Breeds P. gulaestrains Age (years) Sex Periodontal conditions
Japanese bobtail C03Db8, C03Db9 3 Male Normal
Japanese bobtail C04Db3 15 Female Normal
Japanese bobtail C05Db10 11 Female Periodontitis
Mix C20Dbl1 6 Female No information
Scottish fold C28Db2 9 Male Gingivitis
Japanese bobtail C29Db1 10 Female Normal
Munchkin YC9b 4 Female No information
Japanese bobtail YCl18a 8 Female Normal
Japanese bobtail YC2la 0 Female Normal
Mix YC35p3, YC35a 15 Female No information
Unknown C13Db2 12 Female No information
Mix YC34pl 11 Female No information
Japanese bobtail C26Db4 7 Female Gingivitis
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Table 2

PCR primer used in the present study.

Specific primer set Sequence (5°-3°) References
Confirmation of bacterial species
SUA AGA GTT TGA TCC TGG CTC AG Nomura et al. (2006
1540R AAG GAG GTG ATC CAG CC
Detection of P. gulae TTG CTT GGT TGC ATG ATC GG Kato et al. (2011)

Determination of fimA alignment
33277-F
33277-R
6/26-F
6/26-R
HG564-F

HG564-R

Specification of fimA type
Type AfimA
Pgfim-AF+
Pgfim-AR?
Type B fimA
Pgfim-BF
Pgfim-BR
Type C fimA
Pgfim-CF

Pgfim-CR

GCT TAT TCT TAC GGT ACA TTC ACA

TTC ATA CGT CGA CGA CTG CG Nomura et al. (2012
TTG AGG GTT GAT TAC CAA GT

AAC TAC GAC GCT ATA TGC AA Nomura et al. (2012
TAG ACA AAC TAT GAAAGT T

GAT TTG CTG CTC TTG CTA TGA CAG CTT GTA Yamasaki et al. (20

TTT AGT CGT TTG ACG GGT CGA AGT

TTG TAG AAG GTA ACG CTA CCA TTA GCG TAG This study

CTT GCC TGC CTT CAA AAC GAT TGC TTT TGG

TAA GAT TGA AGT GAA GAT GAG GGA TTC TTATGT  Nomura et al. (2012

ATT TCC TCA GAA CTC AAA GGA GTA CCA TCA

CGA TTA TGA CCT TGT CGG TAA GAG CTT GGA Yamasaki et al. (20

TGT GGC TTC GTT GTC GCA GAA TCC GGC ATG

2The reverse primer was designed in our previous study (Nomura et al. (2012).
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Table 3

P gulae and P. gingivalis isolates examined in the present study.

Species Name FimA types Length of fimA4 (bp) Accession number of fimA Reference

P. gulae C03Dbg* A 1152 LC372924 This study
C04Db3 A 1152 LC372925 This study
C05Db10 A 1152 LC372926 This study
C20Db1 A 1152 LC372927 This study
C28Db2 A 1152 LC372928 This study
C29Dbl1 A 1152 LC372929 This study
YC9b A 1152 LC372930 This study
YCl18a A 1152 LC372931 This study
YC2la A 1152 LC372932 This study
YC35p3® A 1152 LC372933 This study
C03Db9%* B 1161 LC372934 This study
C13Db2 B 1161 LC372935 This study
YC34pl B 1161 LC372936 This study
YC35aP B 1161 LC372937 This study
C26Db4 C 1167 LC372938 This study

P. gingivalis  OMZ314 I 1044 D17798 Amano et al. (1999)

25P oulae isolates were recovered from the same swab specimen.
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Fig. 1. Alignment of the putative amino acid sequences of the type A, B, and C fimA4
genes of the P. gulae isolates. Asterisks indicate amino acid residues that are conserved
among all three sequences. Dashes indicate gaps when multiple alignments were
performed. Alignment was carried out using CLUSTAL W, available from the DNA Data
Bank of Japan (http://clustalw.ddbj.nig.ac.jp).
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Fig. 2. Evolutionary relationships among P. gulae isolates from dogs and cats and P.
gingivalis isolates from humans based on the putative FimA amino acid sequences. The
neighbor-joining method was used to construct the phylogenetic tree using CLUSTAL W
(DNA Databank of Japan) and Tree View software
(http://taxonomy.zoology.gla.uk/rod/treeview.html). Pgu and Pgi indicate P. gulae and P.
gingivalis strains, respectively. The numbers shown on the tree are bootstrap values.
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Table 4

BLAST-based identification of proteins with high homology to the putative amino acid
sequences of fimA genes from cat isolates obtained in the current study.

P. gulaestrains isolated from dogs with highest similarities BLAST results

P. gulaestrains Strain Name Accession

(FimA types) (FimA types)  number References Identity (%) Similarity (%)
C03Db8 (A) D024 (A) BAL46681 Nomura et al. (2012) 382/383 (99) 382/383 (99)
C04Db3 (A) D060 (A) BAL46689 Nomura et al. (2012) 368/383 (96) 372/383 (97)
C05Db10 (A) D060 (A) BAL46689 Nomura et al. (2012) 368/383 (96) 372/383 (97)
C20Dbl1 (A) D034 (A) BAL46684 Nomura et al. (2012) 383/383 (100)  383/383 (100)
C28Db2 (A) D066 (A) BAL46690 Nomura et al. (2012) 383/383 (100)  383/383 (100)
C29Dbl1 (A) D034 (A) BAL46684 Nomura et al. (2012) 379/383 (99) 381/383 (99)
YC9b (A) D066 (A) BAL46690 Nomura et al. (2012) 365/383 (95) 371/383 (96)
YCl18a (A) D034 (A) BAL46684 Nomura et al. (2012) 382/383 (99) 382/383 (99)
YC21a (A) D066 (A) BAL46690 Nomura et al. (2012) 365/383 (95) 371/383 (96)
YC35p3 (A) D024 (A) BAL46681 Nomura et al. (2012) 382/383 (99) 383/383 (100)
C03Db9 (B) D077 (B) BAL46697 Nomura et al. (2012) 385/386 (99) 385/386 (99)
C13Db2 (B) D053 (B) BAL46696 Nomura et al. (2012) 385/386 (99) 386/386 (100)
YC34pl (B) D053 (B) BAL46696 Nomura et al. (2012) 385/386 (99) 386/386 (100)
YC35a (B) D053 (B) BAL46696 Nomura et al. (2012) 385/386 (99) 386/386 (100)
C26Db4 (C) D049 (C) BAM14715 Yamasaki et al. (2012) 386/388 (99) 387/388 (99)
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Fig. 3. Effects of P. gulae infection on HPALF cells. Adhesion (A) and invasion properties
(B) of P. gulae isolates in HPALF cells (*P < 0.05, **P < 0.01, ***P < 0.001 versus
C03Db8 infection). (C) Representative scanning electron microscopy images showing
adhesion of P. gulae to HPALF cells. Bar = 10 um. (D) Light microscopy images showing
morphology of the HPALF cells infected with P. gulae isolates during the cell
proliferation assay. (E) Cell proliferation as measured by MMT assay following infection
with P. gulae isolates. Data are expressed as the relative ratio of infected/uninfected (no
infection) cells and are means = SD from three independent experiments (*P < 0.05, **P
< 0.01). (F) In vitro wound healing assay using HPALF cells infected with P. gulae
isolates. Bars indicate the scratched wound regions at 0 h. (G) Rates of wound closure
determined from wound healing assays. Data are expressed as means + SD from three
independent experiments.
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Fig. 4. Primer sets for identification of fimA from swab specimens. (A) The locations of
the primer sets for detection of fimA genotypes. Long arrow indicates the entire length of
fimA. Short arrows indicate the primer positions. Primers were designed based on the
nucleotide alignment of the fimA genes. (B) Representative results using swab specimens.
Samples in lanes 1-8 are specimens collected from eight different cats. Lanes: M,
molecular size marker (100-bp DNA ladder); A, C04Db3; B, C13Db2; C, C26Db4; W,
sterile water. (C) Detection rates of fim4 genes from swab specimens. Significant
differences indicated by *P < 0.05, **P < 0.01.
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Table 5

Distribution frequency of fimA4 genotype among P. gulae-positive isolates recovered
from swab specimens obtained from cats.

Healthy (n=20) Mild (n=41) M oderate (n=24) Severe (n=14)
Age [mean + standard deviation] 37 £ 06 47 £ 0.7 79 £ 1.1* 129 £ 1.4*
P. gulae-positive 18 (90.0 %) 37(90.2 %) 23 (95.8 %) 12 (85.7 %)
A positive 15 (75.0%) 34 (82.9%) 16 (66.7%) 10 (71.4%)
B positive 4 (20.0%) 11 (26.8%) 15 (62.5%)** 3(21.4%)
C positive 1 (5.0 %) 8 (19.5 %) 5(20.8 %) 4 (28.6 %)*
Untypeable 2 (10.0 %) 2 (4.9 %) 0(0%) 1(7.1 %)
Single type 12 (60.0 %) 20 (48.8 %) 12 (50.0 %) 7(50.0 %)
A 11 (55.0 %) 19 (46.3 %) 6 (25.0 %) 6 (42.9 %)
B 1 (5.0 %) 1 (5.0 %) 5(20.8 %) 1(7.1 %)
C 0 (0 %) 0 (0 %) 1 (4.2 %) 0 (0 %)
Multiple types 4(20.0 %) 15 (36.6 %) 11 (45.8 %) 4 (28.6 %)
A and B 3 (15.0 %) 7(17.1 %) 7(29.2 %) 0 (0 %)
Aand C 1(5.0 %) 5(12.2 %) 1 (4.2 %) 2 (143 %)
Band C 0 (0 %) 0 (0 %) 1 (4.2 %) 0 (0 %)
A,Band C 0 (0 %) 3(7.3 %) 2 (8.3 %) 2 (14.3 %)

* P<0.05 and ** P <0.01 versus the healthy control group.
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1. /INFp

ORI AN 2 AT D E LG, R, RV T Iy, Tx=
IS &V o T RO G RE AW D RIE T dH 5 (Sandra et al., 2007), Z 4L 5
RMEBALAEMD 5 B, FiAb/KFEMHS), AF VAT T HZ U (MM), ¥ A F L
VT 7 A RDMS) & o 72 R PER LA #(VSC: Volatile Sulfuric Compounds) i

CAROFERWE & L TEER STV 5 (Tonzatich, 1971; Kazor et al., 2003),

VSC IIEMT R /B THDIAT A =RV AT A U ISHE I S D 2
& T, HIEIL MM, %313 HS (272 5 (Lopez del Castillo-Lozano et al., 2007), = 5
IZ MM 5 “IREGIZAER SN S DN DMS TH 5 (Higginsetal., 2006), £7-. P
gingivalis. T. forsythia =° T. denticola &\ > 7=t FCTHIBHILD 85 E A 1 X
%80 VSC ZEAT D 2 & NS 31TV % (Persson et al., 1990; Salako & Philip,
2011),

INET. & FOHRZHET 2RI RKEE LI KD ERHEBRA ERTH
o7z, LU, BRERBRITEMR CEBNRFHMINE TH 5720, AROMANRE
MIFHECE 2o 7o, 2072 BRICE W TS HRIZET 2058w E 134
R, TR, DRZHET L7200, =T 07 o~ NREHEKRBEGICEA S
DO D, =TV u~EAROERNSTHSH HS, MM, DMS % & &9
ETHRLENTRERMA T A7 a~ NTIT77 4 —Thb,

b hOOR & ERITINEICEONERT D 2 &G STV D (Villaetal.,
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2014), F7=. A X O EIHE L INEICHEWEE{ET D (Yamasaki etal., 2012), & D
ZEMD AXDOAREEEIFIZEBNTHIEOHBEMNENRH Y | I VAR
BEND VSCIRENELS 2D & TRITE 208, RESWO N RARET L HE
IHESLSNTWRWZ &b H Y, TOFEMIIARHATSH 5,

LLED Z N BAMZEL, A—TF V7 a~ il DA X O RJEEEHLT 5
&L BT, A XDHR & Fn MO R & OBIRPIEIC DWW TEET 292 A/

ELT, LT OEREZIT-T
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2. MBHE 5B

[f X 0 BEEEOMHL]
- B

IR 6 IO B — 7L R(A A 2B A A 4JC 4~11 )2 L7,
TARTOE—Z/VRIFER 2142°C, M 55+5%, 12 P BRGSO F == T,
F—=YNIZENENEE L7z, EH(CLEA dog Diet CD-5M® ; CREA JAPAN, Inc.,
Tokyo, Japan)ix 1 H 2 [Fl5- 2, —[FEIB I 10 KflZ, ZFEIBIEXY T 17 K25 2
720 FERKITAGEK & B HOK S 7z, 37T O FEERFHE [ ZRRAT K F O By FRZ:

BaTARINT,

- RO R RHE

ARFERITEE L7 3 AR, &ATE BRBICAROUEZFER L7z, £3. HE
IT—H BIZERERER & 4 —F X b U v (DS pharma Animal Health Co. Ltd, Osaka,
Japan ) COFHlZ Z N ENFEHE L7z, BRERBRO X a7 13— ANOFHMhEIZ L D5
R CIENE LTz, BREA 271X 0~3 Z AW, 0IZA RPN & 1EbThc
ARZECDBEIC, 2130 LORVAREZKE, 33O ARICHW ., 4 —
ZAMY AR MR ER D 2L T, IERNICH 2 F A — U bEamE IR L, &

DIENT L - T 5 BTS2 B TH 5,
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s =TT a<lZk D VSC ORIE

VSC OHIEITA— T /L7 1~ (CHM-2, FIS Inc., Hyogo, Japan) & f L 7=, X
DIEY 7 id 1 oM, R & FsE ORIBRIZ ITmL >V P28 A LB L
2o VU INERIT AT, SV TVrdoL< D E2EFRIELZ L, 3H
HOWBI R Do721%IC, v PiEA XOOENLHREE L, Z0%, FERY
YT NA0mL)EA—T 7 awOMADICHA L, WEITBEMICE—F 1
JRYDT—HE XY=L o TThIZ, 4 5% BIERKE T L3 FD VSC
DIRFEIA— T V7 a~<NE TR ER D51 23 L ng/mL $ L < 13 ppb T

RENTZ, T DOIERE 3 ATV, £ OVEE LA EEO D RE S L,

[f XD B & & AR K& O ER & ORRME]
L7/

BT 7 43 PEO B — 7 L R(A A 19 B, A A 24 B, 1~16 fin) % i
Uiz, REBRTHEM L7 =7 VRIZLLTORFISE TITE DA XIFERI L,
I UTeo SRR 1R, BIOEBRIHEA ST b RO TBAIEERZ LT
D, FEERO 3 p AUNICTHH#ELZ L TWARWNWZ EThD, BE— 7 RIF=R
21£2°C, 1BJE 55+5%, 12 REEBIRF A O EE T, ¥'—VRNICZENENEE L
Too BRIIHIRD R T A 7— F& G272, #a/KIZKEKZ HHRZOKSE7, 73T

D EFRFH L FRAT KA OB FZRZE B = TRRB S iz,
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- A7 O AT

B JEIE O FFAIG X 8 A 36 KOV & A 84 TRk L 72, IR FE4L(CL Calculus
Index)ix Ramfjord DFHHE(A 2T 0-3)&fEH L, e LEz A7 0, HAMN
WD 13 LT 2B e a A7 1, Waswmo 1/3 LIk 2/3 Kz > 5%
HrEAAT 2, TPl EEAa7 3 & Lz (Ramfjord, 1967), HAZ% L (GI
Gingivitis Index) |% Loe & Silness DaFiiE (X =7 0~3) Z—H#k B LT L.
ANEE R A RN RV AZ 22T 0, BMNEREICERNRBO LN D £7-
X, B RN OZIBREO GG EE AT 1, WA FEICH & 27 fER
EOEORFREBOLEAZ AT 2, 227 2 X 0EOIERIGS(EMR, 185,
M5 72 O)OWARES O FE . O RS OFRINARD N GG AaT
3 & L7z (Loe & Silness, 1963), 723, A7 VU > 73— AOFHLHEIC L > TEhi

L7,

- M E O RE KT VSC DORIE
S ORI E XM S~ > % (PHC Co. Ltd, Tokyo, Japan)Z ff fl L 7=, VSC ®

WETA—=T N7 a~EEH L, METETER LIETE L FRRIZAT - 72,

T RTCOMEITEIEHEREREE TR Lz, eV, £0135m 0 H 5 A

T a—7 2 h®D t FEIL PRISM #iit > 7 F(Graphpad software, San Diego, CA,
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USA)Z A U CHERHIENT 24T - 7oo ARIREHTIEL P AE 0.05 LU T DA Z #7091

HEE L, Fo, MHBEREOBEIL Pearson DAHBARE A LT,
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3. R

CEHBERBR, A—T X RV v 7Tk BEHE
BHRERBOMREIZ2IEOA XNV LORNVOREKLEDHAaT 2 THY | 7

DO 4ENRRNARZE LD AT 3 Thote, =T A MY v T ORERILT

RTOA XA T 43-50 Thote, ZHUTEY, RERTHER LAY

— IV RITFNOBZRE L TWAEZ ENbho iz,

s =TT u<llk D VSC ORIE

PIEX, 3 AL FRTOIGEERT & 412 6 PLT X TOA XTIV THEM L7z,
3T NTOD VSC 23A X DRI S 7223, VSC IREE AR TR -
TUW/=(Fig. 1), 3 HREIDOA VSC IBE L ZOAFEICB W T, AEREIT R
72(Fig.2), £7-. BHEOFIEO VSCIREZ IR LIZHER, AERETIRO LN

72/ o 72 (Figl), ZORERMN D, VSCITREFOFEL 1T 72\ L HIBr L7,

- VSC O Lk
A =TI N7 a~vBERFEEIC I > T MR L 9 54 VSC ORIEN /R
SNTEY ., 5 OfEIX HS 23 112 ppb, MM 73 26 ppb, DMS 73 8 ppb TH 5,
6 BT X TDA XL MM, DMS (2B T, BEZEX -EVMEEZFF-> Tz,

— . 28O A XOHS IZTFME LY HIEVMETH - 7=, F7-. HS OEMELVY 2 JL
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#2 LT, BRERBROML A7 2 THHo7- (Tablel), A XOHORIZEEN
% 3 FED VSC OEFEIL HS, MM, DMS DJEIZEMETH -7, VSCEEDEF
fEIZxF3 2% VSC IEDOEIGIL, T2 HS 2% 45£14%, MM 7% 31£12%,

DMS 78 24£13% CTh->7-, ZAUEL, HS & MM B ADO AR L[FERIZ, A XOOR

IZBWTH, FHEAAERBERYE CHD Z A2 REBL TS,

- VSC [H] D FH B
HEZFEB (P<0.05) 28 VSC OEEM TR TX 7=, £ LT, bRV
IX HS & MM B2 S n7/-, fHEEIX HS & MM [E] T 0.5824. MM & DMS [H]

T 0.5698, HS & DMS [T 0.4531 Th -7z (Fig. 4),

« VSC ¥ & i & O FHES
VSC EJE & Fifin & OFHES 2 A U 7245 8. & b RUWHBIIX HS & AFEHnfE I @]

AN (Fig. 5). L2rL. ZOMBICHEEIA ST,

S HRER . HRL AR D AR D s
B, A RIZR T DM OB AT 2720, 1-6 KD B — 27 L R(n=11)
% Group 1, 7-16 %D B — 7 /L K(n=32)% Group2 & L. {KE, MIE%. CI. GI.
BEFRBR, HS. MM, DMS. X VSC(HS+MM +DMS)% Lt L 7= (Table 3), <D

f e R & E A ORIEHE B TIIAERENRD b o7z, LA L, Group
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2D CLE GLIEGroup 1 KV b AEREMEAZRL, BREABRIZIH VTS Group 2
L Group 1 LV AEREMEZ R LI, MA T, Group 2 ® HS, MM, XVSC I

Group 1 LV b A EICEMETH -7,

ARl BRI, PR MR ORI

(RE, ME%, CL GI, BRERHR, HS, MM, DMS, XVSCIZEBW\T, Y4
72 0 CHARGM: &2 AT L 7= (Table 4), = DR, KHE L DMS IZEDHEBICx LT
LA BEZRMEMNE O bR oTo, Filin & BRERER & I ITPRED BV
A EIFHBIMEDFES HTo(r = 0.7317), £7-. FHlns HS, MM, XVSC & DR

ZIXHREE O B ARBAVEDGE D B v = 0.4804 — 0.5061), “#i& CI, GI & D
B S PR O A B A MBI 2GE® H 72 (r=0.6023 - 0.7301), =DO— T, #
EE L CI, GI, % VSC LD TOMEMIIAEETIEIH L LDDFHMN->T(r =
0.3022 - 0.4018), CI, GI. & HS. MM. XVSC & ORIIZFNENFREREDOH
B MRBMEN RO BN (r=0.3412—-0.5684), 45 VSC [ COAHEIMEIX HS & MM
ORI FRRE OF B2 FEIMEE = 0.7626)035588 Hit, HS & MM iZZhEhn X
VSC & OMIZHE 258\ W FEBIM(HS vs X VSC; r =0.9852, MM vs X VSC; r =

0.8586)H3 8D HALT~,
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4. &

ph

T, A XOBERNEF RN 0% L7720 [ B b A XOBERNEREIZR-
Tl eMbAXOARNBEVEE 2> TS, B OO R & HJERICIEREE
MDY & U (Yaegaki & Sanada, 1992), i JEJREPEMEE 1L VSC 2 AR T % 2 & 2350
BTV S (Persson etal., 1990), L22L7R23 5, A XOwgEmRIZ B 209013
HINTWDL 0D, MO REZRNET D HEPHELSN TN RN EbdH
D AR & AR & OBTEMEIC OWTRIEZFEMIIA TH D, £ 2 TAETIL,
b MNZBAFE SN VSCIREHIEM 7 n< + 7T LD A X DR H VSC
TR E ~DEHIZ W TIHE Lz,

AREBRIIFET, BRERBREA—T AN v T LD RPEEIT-72, B
RERBRICB W TCIL 2BEDO A X THRED OB 4FED A X TEEDO O R 1R S
Nize A—F AR v 7T A NOFERIZETDA XTAaT 4.3-5.0 TH VY | HE
ORI EDIRENEFICE N EBRbholz, TRHDZ &b, EBIC
EHLIZT RTOA XITRNAREFF>TWNWDH I Ebnol,

F—=I N7 a<P I LHRERBRND, A XOMEKUSE £41D VSC DKk
JEIX, £ HS 23 190ppb, MM 73 127ppb, DMS 73 88ppb T& ¥ . HS>MM
>DMS DIETERE CTH -7z, ZhuddE et o R (Avincsal et al., 2016)
Y5 L. HS THI 10 £, MM T#J 50 £, DMS THJ 300 fi5 & IEH 12w

ETHhD, BHERR TR TE 5 VSC OfEIX. HS T 112ppb., MM T 26ppb.
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DMS T 5ppb & &#15 (Tonzetich & Ng, 1976), MM & DMS (2B L Tix 6 SE4
TOA RZEBWTREEZ EE > TV HS IZBWTIL 2 DA X TRIfEA T
B> T, £72. ZO2FHOA X(#2 EM)ITERERBRICKB W T, tho 480X
HIRNA 2T 2 2R L CWEfEETH -7, LEDZ Linn, 35O VSC idk
N EFRIERIZA XO N ROFRWE TH D Z Enibinrolz, S HIZ, DMS (TR
T RIS, BRI O OBERIZ L2 ARICEEL T Z L2 b
(Tangerman & Winkel, 2007), DMS Z{l|E C& 54— T /7 a<|dA XD H R
O IR QSN O TR B A2 2 T & 2 FTREMEDS RIR S 4L72,

b FOHRITERER, ABENSERE SO RIWEDEEIZL VIR 7257
(Waler, 1997), EERZIZ VSC IFRENE <, FIRBOFI% TIXENED b
WO HE Y & D (Snel etal., 2010), AR, PR VSC R D H AL E) 2 5
I 5 7 OICREED R ICHIE 24TV ETRT & TR O VSC IR & It L7z &
A, HEAKFERRA TN AN T X TIEEBRNCEWVEAINZR LN H DD,
WTHOREKICBW T O A EREITRD b iehrole, ZORRNDL, BEHITA X
DORICKE B BERIES RN ERNbnotz,

3 fi> VSC IEMOMBEEZ TR 2 A, TNENOMRER CHE M

MR BTz, F b RVMBIEIEEAKRFE & A TF IV AT 752 TR b, FHE
225013 0.5824 ThoTe  Wifb/KFEATFAANTG T2 T MZBWTHIED
FABEME N R 5TV D (Snel et al, 2010), ZHHDZ NG, B hEAXDH

FENHIE = XL L TW A RIEEME DR H D . A XEIRE OMEE L EEL LTV 5
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AIREMEDS R S 4L7c, FAUTIN A, FEZ HEPME #2033 DD VSC & AR
LILBEORHREE AL HT L LNBRHNT,

WIT, VSC ILE & Fllin & OFHBINEZMENT L7, £ OfER, i b 7RV VHE I3
fLkFE LFERmOB TR LN FERETRD bR oTc, ZORRITAE
DEBRTHA LA XOEN DN LITRINT D RN % 2 bz,

E— 2R 6 BEAMH LI ERICB W T, KERIZA—T L7 o~ & ffi
THZ LT, A XM VSCIREDRIETEZMESL LTc, T D728, IRO IR
ELTHER, WEWR, Flinl ORRMELZTHE L7z, & MIBWT, 1RIFMEIC
PENEALT D Z RSN TV A (VillaAetal,2014), £/, HEKRIZOR%Z
FEAL & (Tonzetich, 1977; Rosenberg & McCulloche, 1992; Pham et al., 2012), i/
T & TREENE SR VI FHER L DL H Y (Kortegaard et al., 2008;
Hirai et al., 2013), AFFFEREDATHEICEB N TA XITBWTH Ml E & HITH
JE O REERENEINT 5 2 & NEE & TV 2 (Hirai et al., 2013), ARFEBRIZIBUVT
b, BE—=7VRK 43 BHO CL & Gl [3F s & OFIZIEOMHBVENEO b Z &)
5. A XOWEFITNE & & bICEBT 2 2 LRIz, AT, HiE
R L O VSC LR E ORICH EOMBEMERRD SN2 Enn, NRE
s> TS 220 D Z &ALz, F72, BRedBIEA VSC L0 &4 &
OARPRIER m -T2 Z B, VSC LIS b A RO RDFRWER H 5 Z &
DEZONT, LEOZ X0 xR EEEIHROEERY R 75 7 X —

ThoDZ ENHIAL,
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% VSCIZHBW T, DMS [ZEDHIEHER & MO biieirolz, P
gingivalis |Z HS & MM |Z A. actinomycetemcomitans < HS & DMS (ZZLZEHVIE
OFBIMED TR H AL, MEMIZ L > THEAT D VSC KRR TNLH I END D
ENHE XN TS (Kuroshita et al. 2010) , ZDZ EnD, A XOHEFHEIL
DMS Z1F & A EPEARET, DMS IZ O BA~OEEN DN EVRBE I N, £
7z, B hOARIZEEN S DMS ITAHIEFIC L 5 Akt Lo ko A R
DOEAICEA G T 25 Z &N STV % (Tangerman & Winkel, 2007) , 2D Z &
MDA XIZEWTH DMS (THFFEDOFE & B L THBENOREN L5327
REMENEB X BTz, £0O—F T, HS, MM, XVSC [ZZ1NZENDOMICTRVIEDHH
BAMERFRO bz, ZOZENH HS & MM IZA XOOROERFRTHSH Z
EXVHIBI L, HS & MM % BEAT % P gingivalis & %72t JEIR RME R 23 0 5L
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Table 1

Background data of the beagle dogs (N=6) used in the present study.

Age Body Weight Organoleptic OraStrip®
Dog ID Gender
(year) (kg) score score
#1 female 4.8 12.0 3 5.0
#2 female 53 12.0 2 4.7
#3 male 7.5 14.0 2 4.3
#4 male 7.9 11.0 3 5.0
#5 male 9.1 11.4 3 5.0
#6 male 10.6 12.8 3 5.0

The scores of the organoleptic test and OraStrip® test are the average of 3 determinations.
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Table 2

The concentrations of hydrogen sulfide (HS) > methyl mercaptan (MM) > DMS and
total VSC (ZVSC) in oral air from six beagle dogs.

Dog ID HS (ppb) MM (ppb) DMS (ppb) YVSC (ppb)
#1 169 + 81 163 + 92 77 + 28 409 + 175
#2 81 + 38 53 + 31 85 + 42 220 + 62
#3 63 + 24 58 + 33 52+ 29 173 + 59
#4 339 + 136 195 + 83 94 + 351 628 + 153
#5 272 + 103 197 + 139 96 + 49 565 + 226
#6 387 + 187 173 + 60 154 + 46 714 + 242

Average 219 + 164 140 + 100 93 + 51 452 + 262

Data are expressed as means + SD. The threshold concentrations of malodor for HS,
MM and DMS are 118 ppb, 26 ppb and 8 ppb, respectively.
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Fig. 1. VSC levels (ppb) in oral air from dogs (N=6) during 3 consecutive days (day 1 —
day 3). Data are expressed as means + SD. XVSC: HS + MM + DMS.
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Fig. 2. VSC levels (fold vs. day 1) in oral air from dogs (N=6) during 3 consecutive
days (day 1 — day 3). Data are expressed as means + SD. The concentration on day 1
was 244 + 141 ppb for HS, 103 + 65 ppb for MM, 75 + 34 ppb for DMS and 422 + 199
ppb for ZVSC.

YVSC: HS + MM + DMS.
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1 —day 3). Data are expressed as means + SD. ZVSC: HS + MM + DMS.
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Table 3

Influence of age on clinical parameters

Group 1 Group 2

(Age:1-6) (Age:7-16) P-value
Body weight (kg) 11.4 £ 0.9 125 £ 22 0.034
Oral bacteria count (10’ CFU) 32 £ 25 3.40 + 24 0.16 (NS)*
Calculus index 1.0 £ 0.5 2.1 £ 06 0.000004
Gingival index 0.8 £ 0.6 1.8 £ 0.8 0.0003
Organoleptic score 1.5 £ 0.7 29 + 03 0.00005
HS (ppb) 108.5 + 99.2 523.7 + 509.6 0.000010
MM (ppb) 529 + 413 181.7 + 179.3 0.0005
DMS (ppb) 245 + 164 345 + 304 0.18 (NS)*
2 VSC (ppb) 1859 + 132.4 739.9 + 656.3 0.00006

Data are expressed as means + standard deviation (SD). * No significant difference

(P<0.05).
SVSC: HS + MM + DMS.
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Table 4

Pearson correlation coefficients among clinical parameters

Age Body weight 0BC cI Gl 0s HS MM DMS £VSC
i ] -0.0336 0.2282 0.7301 0.6023 0.7317 0.4804 0.4900 0.0910 0.5061
g NS* NS* (p<0.01) (p<0.01) (p<0.01) (p<0.01) (p<0.01) NS* (p<0.01)
Body weight -0.0689 -0.0078 0.0710 02619 -0.1067 -0.2343 0.0409 -0.1433
v NS* NS* NS* NS* NS* NS* NS* NS*
OBC 0.3134 03022 -0.2401 0.3478 0.4018 0.1410 0.3826
(p<0.05) (p<0.05) NS(p>0.05) (p<0.05) (p<0.01) NS* (p<0.02)
ol 0.7372 0.6997 0.5684 0.4648 -0.0212 0.5623
(p<0.01) (p<0.01) (p<0.01) (p<0.01) NS* (p<0.01)
al 0.4955 0.4824 0.3412 02657 0.4756
(p<0.01) (p<0.01) (p<0.05) NS* (p<0.01)
o5 0.3789 0.3195 0.1261 0.3837
(p<0.02) (p<0.05) NS* (p<0.02)
Hs 0.7626 02021 0.9852
(p<0.01) NS* (p<0.01)
0.0471 0.8586
MM
NS* (p<0.01)
02134
DMS o
YVSC .

OBC: oral bacteria count, CI: calculus index, GI: gingival index, HS: hydrogen sulfide, MM: methyl mercaptan, DMS: dimethyl sulfide,
VSC: volatile sulfur compounds. *No significant difference (P<0.05). ZVSC: HS + MM + DMS.
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Abstract

The Study on periodontal disease in companion animals

Periodontal disease, which is defined as a chronic inflammatory disease of the
periodontal tissue, is most frequently observed in small companion animals, such as dogs
and cats. Approximately 80% of cats reportedly suffer from periodontal disease at 4 years
of age, which affects their overall health and wellbeing. Periodontal disease develops
when periodontitis-related bacteria form a mature biofilm through coaggregation with
endogenous bacteria in dental plaque. Periodontal pathogenic bacteria are able to alter the
environment of the periodontal tissue, even when present at low levels. This can induce
an abnormal host immune response that may lead to tissue destruction and establishment
of periodontitis. Several periodontitis-related bacteria have been isolated from
periodontal tissue specimens collected from dogs and cats. Porphyromonas gulae (also
known as P. gingivalis resemblance bacteria or P. gingivalis of animal type) is a gram-
negative anaerobic bacterium that produces melanotic pigment and has been implicated
as one of the key bacterial species involved in the establishment of periodontal disease in
many animal species. At present, P. gulae has been isolated from the oral cavities of dogs
and cats. Although several investigations have focused on the periodontitis-related

bacterial species that have been isolated from cats, the role of specific bacterial genes and
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proteins in the development of periodontitis in cats has not yet been investigated. The
investigation of the pathogenicity of major periodontal pathogenic bacteria in cats is
important and will aid the identification of cats with a higher risk of periodontitis. Early
dental treatment can then be implemented to these animals as an effective preventive
measure.

Halitosis is another common problem encountered in companion animals and
can cause significant problems in the relationship between an affected animal and its
owner. It is generally attributed to an increase of anaerobic bacteria in the oral cavity.
Volatile Sulfur Compounds (VSC) produced by these bacteria are primarily responsible
for halitosis. Organoleptic examination is currently the standard assay used to evaluate
halitosis; however, it lacks objectivity. Therefore, the development of an alternative

halitosis assay, which is both objective and quantitative, is required.

Chapter 1: Identification and molecular characterization of P. gulae fimA types among
cat isolates

P gulae, a gram-negative, black-pigmented, anaerobic bacterium, is one of

several major periodontal pathogenic bacteria found in animals. Bacterial fimbrial

structures that are formed at the cell surface are composed of FimA, which is a 41-kD a

fimbrillin subunit protein. FimA was originally identified in P. gingivalis cloned from a

human. Subsequent studies revealed that FimA is also expressed in bacterial isolates
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from companion animals. For example, P. gulae FimA, which is highly homologous to
P. gingivalis FimA, has been identified in bacterial strains isolated from dogs. The FimA
from dog P. gulae and human P. gingivalis have been classified into three (types A, B,
and C), and six (types I, Ib, II, III, IV, and V) genotypes, respectively. Each genotype
appears to be closely related to severity of periodontal disease. P. gulae strains are
cytotoxic to human gingival epithelial cells and cause systemic inflammation and
toxicity in mice. Studies comparing the relative pathogenic abilities of strains expressing
each of the FimA genotypes have suggested that type C P. gulae with are the most
virulent. Indeed, type C P. gulae have been detected at high levels in an oral cavity swab
specimen taken from a dog with serious periodontal disease. To date, although some
studies have focused on the identification of periodontitis-related bacterial species in
cats, none have investigated the roles of specific bacterial genes or proteins in this
process. Therefore, in Chapter 1, I analyzed FimA diversity and virulence of P. gulae
isolated from cats and investigated whether that diversity affects periodontal condition.
P. gulae isolates were identified from samples of tooth plaque collected through

oral swabs from the periodontal tissues of cats visiting the animal hospital. The fimA4
nucleotide sequence was determined from each isolated P. gulae strain, and a phylogenic
tree was constructed based on putative FimA amino acid sequences. To evaluate the
adhesion and invasion properties of each of the P. gulae isolates, periodontal ligament

fibroblasts (HPdLF) were infected with cultures of each P. gulae strain adjusted to a
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density of 1x107 colony-forming units (CFU). Next, the effect of each strain on cell
proliferation and migration was investigated using in vitro cell proliferation and wound
healing assays. Finally, to investigate the general distribution of P. gulae fimA genotypes
among cats, oral cavity swabs ware taken from cats visiting the animal hospital, and a
PCR-based method was used to determine the P. gulae genotype present.
The putative amino acid FimA sequences from 15 P. gulae isolates obtained
from 13 cats were classified into three genotypes (types A, B, and C), and showed 95%—
100% identity and similarity to P. gulae obtained from dogs. The type C strains exhibited
stronger adhesion properties to HPALF cells and higher invasion rates compared with the
type A and type B strains. Furthermore, the wound healing assay revealed that the type C
strains significantly inhibited cellular proliferation and the scratch closure of HPALF cells.
Finally, a PCR-based method for identification of P. gulae fimA genotypes was
developed and used to analyze 99 oral swab specimens obtained from cats. The
distribution rates of P. gulae type A, B, and C strains were found to be approximately
75%, 30%, and 20%, respectively. A high level of type A strain was detected regardless
of the severity of periodontal disease. However, high levels of type B and C strains were
detected in cats affected by moderate and severe periodontal disease, respectively.
In summary, three fimA genotype of P. gulae isolates derived from cats were
identified and classified. The fimA genes were classified into three genotypes, type A, B,

and C. Although the type C isolates were less prevalent than type A and B isolates, they
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were the most pathogenic for HPALF. Furthermore, the molecular technique used to
classify P. gulae fimA genotypes developed in this study will be useful to predict the risk

of periodontitis development in cats.

Chapter 2: Establishment of a simple gas chromatography method as a quantitative
measurement method for dog halitosis.

There is halitosis as the clinical manifestations appealed from dog owners. Room
breeding rate of dog was more than 80% in this country and a relation of owner and dog
became closer. The primary cause of halitosis is considered to be volatile sulfur
compounds (VSC), such as hydrogen sulfide, methyl mercaptan, and dimethyl sulfide
produced by pathogenic bacteria, which proliferate as periodontitis progresses. In recent
years, dental clinics have quantified VSC using gas chromatography- and semiconductor
sensor-based measuring instruments and odor sensors. However, a diagnosis of halitosis
in dogs generally relies on organoleptic test. Although organoleptic test is easy to perform
it lacks objectivity. Therefore, the development of an alternative halitosis assay, which is
both objective and quantitative, is required. The present study aimed to assess the
association between oral malodor and periodontitis in dogs.

Laboratory Beagle dogs were included in this study. Oral halitosis was evaluated
using an organoleptic test score and OralChroma™ to measure the oral levels of the

following VSC: hydrogen sulfide (H2S; HS), methyl mercaptan (CH3SH; MM), and
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dimethyl sulfide (CH3SCH3; DMS)
The frequencies of detected VSC were in the following order: HS > MM > DMS.
No significant change was observed in the levels of VSC before and after food intake. In
addition, a significantly positive relationship was revealed between oral malodor and
periodontitis, both of which are age-dependent in dogs.
In summary, this investigation suggested that aging is an important factor for oral
malodor and periodontitis in dogs. Therefore, the quantification of the level of VSC
would be a useful method to predict the probability of a companion animal developing

periodontitis.

To conclude, the results presented in Chapter 1 showed that P. gulae was the
important periodontal pathogenic bacteria common to dogs and cats, and FimA diversity
was linked to pathogenicity. It is possible that the identification of the FimA type in a P
gulae strain isolated from oral swabs would be useful to predict the periodontitis risk of
a companion animal. The data described in Chapter 2 suggested that VSC present in
breath air cause canine malodor, and the level of VSC is closely associated with aging

and the development of periodontitis in dogs
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