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WFZERC R OMEEE (9230) :We investigated development of preventive methods for oral diseases
using new drug. Polypyrroles and fructanase inhibited biofilm formation, which cause
dental caries and periodontal diseases. This inhibition effects were confirmed in the
new animal model; NOD/SCID, E2f-17 mice. From these results, it was considered that
polypyrroles and fructanase were useful for development of prevention system for dental

diseases.
AR TE B
(SFEHAL 1)
[ERES T Rt & &t
2009 4F i 7, 200, 000 60, 000 7, 260, 000
2010 4EJE 3, 500, 000 15, 000 3,515,000
2011 4EJE 3, 300, 000 15, 000 3,315, 000
PR
Gy
#wF 14, 000, 000 90, 000 14,090, 000

WRIEF -

B EO5E - #IE : RERFRE T - i RHER S
F—U— RN FT 4 VA FIE T T R R WME T, D 8T8, Streptococcus mutans,
Streptococcus gordonii, NOD/SCID, E2f-17", IgA., 7N 7 X F—F,

1. WML IO 5

1) BEONPESEMENTDIRBELEZD
FEAE O [ AR

Btk . K OB -3 KOV BRECEAY B AR
~Ao TEIFER, WEF 30, 40 FARITIE
IfEATAE FOAHEL, D% D R
BETOEELNEAL TS, TOBRERE
D, A OfE RAR E 5 B0 8 JE P O HE N

IZORB-TNDBLEEZ LN TS, @il
b & bizHfl, wEWREZERET 88
PR OO, BOREE(LSS) F5 X ORRMENE
Jfige7e EHEMLCE TV, AFHENY
THML T2 HIV Y, A EaE,
TR RRRL P % 5 T SE R R R
BB EZZ T -EBE RS RO UMK
T JEE, DEEEE, 1 PEERS Ok~



ROPEEREZRZ LTV, 20X 51T,
A ME A D2, RIEMAEMIZER D 5
BERPE LML TETWDHONBURT
b5,
2) BIEH ST o TWRWEEE /R 4
122 V295 TR B AR W S TR e = 5 D % ]
L TWDOIX, OEEAED D7) THFF
2 % % % 5 ¥ % Streptococci .
Lactobacilli., Actinomyces 72 & D FLERRE
AW THD, ZNOOHMIEIL, AEYD
flala=F—varobtiang 47
SIVBENIFEORNTHAL TS, O
JE R A7 4V DX, EEOBHEIIE T
VAERO NG, ATy 7 ITHHE
IV ER L TCAEREICER ST,
AEDZE LI A E ORI H D
STW5, L., BAEFEOZEN, Nk,
REIRE . RO TRNRA ) O 42 B G
ENED & ERRMAEY R Yy P U — TR
ArAu, KRS K OMEMERY 2R of%aE & &
BT R A 3 EFE L D R R D38
JEIZDRD > TV, L, R
HHENPOIEFHZ2OEMEEZECRLEZNE
MEFRF L B b S8 D FEANIFFE ST
A

2. WEDOHBY

RV IERNZ BRI T D72, Fhx
WZLLRTOWFZEIC K VB S ic S =5
fif DV WK UAEIE 2 FF o T2~ T F ROSHE
WER'BIZREA L Streptococei DK
~OEEIHITDHZ EICEB L, &
® A U # & & £ > Polypyrrole %
Phenylene ethynylene 72 & D/KE&EMEDH
Wik E&W % H W<, S mutans X S.
sobrinus 73 £ O 9 fh R . P
gingivalis<° A. actinomycetem comitans
R EOwEFBEEEOEEFmATE., EHiE
FLBIOANAL 7 4 VAR A~DRE &
O O A EEHAER ~DM R % in vitro
BEW in vivo THETEITD 2 & Z5HH
L7, ¥7-. S. faecium, S. mitis, S.
salivarius B /NA F 7 4V NFERKHIH
MBEEZHRL T, a7 4 — L@ rns
W E % RE LT, ZOMEIE D)
REMRTHZ L HEIE LT, £ DOKE
AL E Y & O TR R O 55
PHIh R & 3 A A7 ¢ v BENHIE % ]
A LT F 7 4 L OFFFEMEAL O E

R ZFH L TRERE T AT LD
WEZATH) LA ET 5,

3. WrEto Ak
VRl 21 AFEIXAREEm AR WT, S
mutans . S. sobrinus, S. mitis. S.

oralis ., S. sanguinis P. gingivalis, A.
actinomycetemcomitans, 7% & O F B E £k
BIOWERDBERRD in vitro \ZET B
EBLONSA T T 4 VAR A~DRN R %
REtd %, FFF OO BER ORI 77 BErk
X, BT ICOBEERT O, AEEMIC L D
R o> P ER A A B E R R % In vivo T
BT 2 72 DI R W OIKR T L
NOD-SCID, e2f-171Z & WG A ALFR L C [
e OMER L& 7 2 —TH DT I TF
=27 F R (SRCRP2) Z#£H L7z~ &
EAERST D, FERL 22 FLIREIC, S
salivarius 76 D/NA K 7 4 )L AFERLM
HEDORERAEITV, 71T A — LigHT
OWEENFET D, 7 DO LN
TWARW S, salivarius | ZBEL T a7 4
— LENT BRI TERNZ e, T
NIRRT 2AT 5, R 2 2 X7 OFEER .
T DOWMEII A T T 4 v WTE RN B S
W& DD in vitro THRETAEAT O, MEHRS)
WME T~ 7 AZFH U728 L 1R
ET AP EFHL CABLEME LW
FAHLZ 2 R T B DR R 5, &
SIZHBAL G &l 7 > 7 B =R
LC, WFEMEASA 7 4V BERLE FIEIC
EDOMABERE T AT A DOWE % I
EE RS

UTFD4A4DDAT v 72X 0ibEW
ROAL A 2 Z T D R R A
N DA DT L, BB
FEEREET D,

1) AFENA AT 4L DR O B
BLOoRJ Y —=7

2) ALEYDRINCNAA F 7 4 VAT
FCANEIE ORE R, FrEds X O & o
RIBE OB ER L O R X O%EE
~OVEH O

3) NAF T 4 VAR A~DLEME
KO & v o7 O EH O fig i

4) in vivo IZBITBILAEWER L O
fil & o7 B OIRIEMAEM IR HAE
H



5) JRIRIEASA A7 1 v LT iR OB %

4. WFFERCR
1) B LWL AT 4 v DI O i O
IKEEVEDEFEALEW T & % 5%
PolypyrrolesiZ CHE{E = — k L7z/NA R %
VTORNEA NT 4RI BT S L
Streptococcus mutans®D/ A F 7 4 )V ATERY
L. A7 8 —ZAREENRVEHIZ T
Mlan, LinLl., A7 o—X &M
BWTEHH SR oTe, Z0
Polypyrrolesit. A7 a—Z{KIFEHD A A4
7 A VAR LT EOIMEIN R TR
LILREWZ EBRBHLNE T, ZOZ EN
5. Polypyrroles i%. S. mutans®fJHift5E
T Z LN TE DN, HES 2 hE A
(ZTERR S 4D FLEASA 7 4 L DT R %
RIBPNWZ EDRHALNE T,

2) LWL T T 4V BRSO
A a—RAEEERWVEIZEB T 2 R
SBERED SA 7 4 NV AFERRRER TR D L |
NAF T 4V ATERRED @V, PR R
RIS D 2 EMNTE 2, @R SRk
ZRMA LT, AT T 4L LRRRFER T3
BoEWE~A 70T LAITTHRITT % &
BEWERIC B W CRBLEN 4 500 B L7 &
BF 74 [HAHA LN ST, FH 5 DG
FAEFIH LT, BlEMia & S A A7 1 0 L5
FlZ BT 2 BB FRBLOEZ BT 5 L. QS
VAT DEAF LTC BB CToh D sunl HIN
AFT 4NV LK ERIET 285+ THD
ZENHOEMNE o T, FT2. gtfB gtfC,
com BIFEEB LW sunl, v s T vz
MEDOEE -7 mbrC, mbrD 1%, L a— A5
AEHIZ BT, pH AR PO ETE T
X DIEHE R, FERSE DNA O iHIC iR < B
D, FIEDBAAF T 4V NIEEIC R
ERTAZEBBHLMNERoT-, ENLHDE
EJZA. DNA OEMASMTHIEL, QS ¥ AT Al
L DI N7 T VA R EICE
BEZITTND I ENEZBNT,

3) B LWL AT 4 )V LA O
Ba R BAHEE R\ AT 4 VA
WFEBRNS . S, salivarius 1L S. mutans &
LEERT DL A7 n—AEHFHEMICINT
NAFTT 4 VLR ZMEIT 52 LRI
MmElpo7-, S salivarius ATCC 9759 D%

& BIE & T il E A RS 5 L L TOFF MAS
fEATIC THE DR EZAT T2, £ DORER
exo—beta—d-fructosidase (FruA) >, /A A
T4 NVABR ST OME TH D Z R
BN EIR o2, Frud X, S. mutans DPEA
95 Grucosyltransferase IZ LA A7 @ —2A&
EREREE LTV AR BITON DRI
AT A—AEnfTHZ L TAALF T 40
LFEREMHIT 2 Z EBHALNE ST, T
D Fruh (TP ORI o — A &2 LT &
DI NDZ bR LMo, BEET
% Aspergillus niger OFELET HTHEKD
Fruh (FH[REIPE 31. 6%, FALME 59.6%) & S
mutans D/3A X7 4 v AR EIHIT 5, &
ST, %< OEIZIAL RFES T FruA 1,

HWENA T 7 4V DERRILEWE & L TR
XRBENDHD LT,

4) NPEEGLE T VB OFEST. & i O
BIES

HER S WME T~ 7 XA Th D
NOD/SCID, E2f-1"~ w7 A% FIH LT, S
mutans® A WERYLT T /VEBR R EHESL T D50
AEAITo T2, b MEERSCHER AR 57 & B A
T HANCAREZ2. 5B AT 5 L HOES
BN EHT RN o7, FFIZIgA
OEBRE CUEEET DL, TAT I,
LAFv, VI F—LE0DEH, avie—nt
LCTHWE=EA L0 b #ERE%1209C
HEIZS. mutansOHWERETEEN EH Lo,
ZOHBEHRRT A7-DIC, Igh: S mutans
LN UORISSE, EO®%ELIZEY I
S. mutansPiiRz R Uiz 1ghy > 7L % (il
L7z, 2OV id, gt ic L v R
ICBWTHDOEERN LRI Z Lo
Too Ko T, MEHEAST ORTAERIZIS T S S.
mutansD EHED FFHIX., HLS. mutanshriEd
FENMRES D> TWDZ ERHALMNE o
oo LPLEZBMEL CURBR-o L, ©F
BIIE LB L, Z0OFETEHEMOK
YeEBRICHEHAT D Z LN TER, T TH
EEREL TOLKRERA 7 m—2K (1% &
A7 =A% EERVWERRZFRFICE 2 72
o TOFER, 27 10— ZKLEFR Z HMT
H2TGEX 0 b FRBICEOESEEN LA L
7o ZIT. S. mutans® O ERYLE T )L % e
NTAHZENTEL, T, ZOETILE
FIF LT, BEEEEAA 47 4 L 230HIF & L
THLNMZLTWETAY 2 F—FEDRED



HREIT o7,

Actinomyces naeslundii<°Streptococcus
gordon jii® HAMBEFECIR A HEFE DR DR
FTHITolc, T ORER, RGBT M EE
XV b ARICEA DEFEELY B ST,

SYWFFERE RO & 0
PolypyrrolesiZE O MBI HZIHI L, 7
W BT —BIEXEHEEREN LTS A7 v
LDRAEMET D2 EnEZX LN, Zh
O OWEIINA T T 4 VLR DRI 5T A
Ty T EMHELTNDEZ EnG, BALTHE
3 AUEsR S 72 DS A A7 4 v BFEEAH]
OF D OPKB T AT LABEETE DL 2
ENREZ LN,

5. ERRERLE
(BFFEAREES . WFSE 003 M ONHLEERFZE 3 12
=)

UEaEamsa) (BH1o14)

(D Matsui-Inohara H, Uematsu H, Narita T,
Satoh K, Yonezawa H, Kuroda K, Ito T,
Yoneda S, Kawarai T, Sugiya H, Watanabe
H, Senpuku H. (2009) E2F-1-deficient
NOD/SCID mice developed showing
decreased saliva production.
Experimental Biology and Medicine
234: 1525-1536.

DOI: 10.3181/0905-RM-173

@ Fujibayashi T, Nakamura M, Tominaga A,
Satoh N, Kawarai T, Narisawa N,
Shinozuka 0, Watanabe H, Yamazaki T,
Senpuku H. (2009) Effects of IgV
against Candida albicans and Candida
spp. adherence and biofilm formation.
Japanese Journal Infectious Diseases
62: 337-342.
http://www0. nih. go. jp/JJID/62/337
html

® Nakamura M, Fujibayashi T, Tominaga A,
Satoh N, Kawarai T, Shinozuka O,
Watanabe H, Yamazaki T, Senpuku H.
(2010) Hinokitiol inhibits Candida
albicans adherence to oral epithelial
cells. Journal of Oral Biosciences.
52: 42-50.

@ Nishiyama Y, Inaba E, Uematsu H,
Senpuku H. (2010) Effects of mucosal
care on oral pathogens in professional
oral hygiene to the elderly. Archives
of Gerontology & Geriatrics. b51:
el139-el43.
http://dx. doi. org/10. 1016/ j. archger.
2010. 04. 009.

(® Senpuku H, Miyazaki H, Yoneda S,
Yoshihara A, Tada A. (2010) A quick
statistically accurate diagnosis for
caries risk in the elderly. Clinical
Laboratory. 56: 505-512.

® Okuda K, Hanada N, Usui Y, Takeuchi H,
Koba H, Nakao R, Watanabe H, and
Senpuku H. (2010) Inhibition of
Streptococcus mutans adherence and
biofilm formation using analogues of
the SspB peptide. Archives of Oral
Biology. 55: 754-762.
http://dx. doi. org/10. 1016/ j. archoral
bio. 2010. 06. 014.

@ Ogawa A, Furukawa S, Fujita S, Mitobe
J, Kawarai T, Narisawa N, Sekizuka T,
Kuroda M, Ochiai K, Hirokazu Ogihara H,
Kosono S, Yoneda S, Watanabe H,
Morinaga Y, Uematsu H, and Senpuku H.
(2011) Streptococcus salivarius FruA
Inhibits Streptococcus mutans biofilm
formation. Applied  Environmental
Microbiology. 77: 1572-1580.

DOT: 10. 1128/AEM. 02066-10

Narisawa N, Kawarai T, Suzuki N, Sato
Y, Ochiai K, Ohnishi M, Watanabe H, and
Senpuku H. (2011) Competence—dependent
endogenous DNA rearrangement and
uptake of extracellular DNA gives a

natural variant of Streptococcus
mutans without biofilm formation
Journal of Bacteriology. 193:
5147-5154.
DOI: 10.1128/JB. 05240-11

© Nakao R, Hasegawa H, Ochiai K

Takashiba S, Ainai A, Ohnishi M,
Watanabe H, and Senpuku H. (2011) Outer
membrane vesicles of Porphyromonas
gingivalis elicit a mucosal immune
response. PloS ONE. 6: e26163
DOI: 10. 1371/ journal. pone. 0026163

Ito T, Maeda T, Senpuku H. (2012) Roles
of salivary components in
Streptococcus mutans colonization in a
new animal model using NOD/SCID. e2f1”
mice. PLoS ONE. 7: e32063.
DOI: 10.1371/journal. pone. 0032063

(k) Gr2a1h)

@D Senpuku H, Role of salivary IgA
antibody against surface protein
antigen of Streptococcus mutans in
diagnosis and preventive treatment
4% Medical Biotech Forum, Dailian,
China, August 10. 2009

© ZRtEHEE. mEICRBT LK) L %
005 IEMEAENKH I & O B4R, HE64lR B AR
RDEFET VR T A FHE, 2009429
HI19H.

® Yoneda S, Narisawa N,
Watanabe H, and

Kawarai T,
Senpuku H.



Identification of new genes regulated
aggregation and biofilm formation of
Streptococcus mutans clinical isolates.
Poster, Eurobiofilms 2009, Italy, Rome,
2-5 September, 2009.

REIE, A— b T =—H—iliEz
FIUH L= EEWMED D NA A7 4 VA
JERIZHOWT | HE82[EI H AR A ks v
R L, A—HFAH—, 2009410H
23H., M7

Ogawa A, Mitobe J, Fujita S, Kuroda M,
Watanabe H, Uematsu H, and Senpuku H,
Study of inhibiting substances from
Streptococcus salivarius to
Streptococcus mutans biofilm formation.
Poster, Eurobiofilms 2009, Italy, Rome,
2-5 September, 2009.

Narisawa N, Kawarai T, Yoneda S,
Watanabe H, and Senpuku H, The effects
of naturally-derived variants in
virulence expression of Streptococcus
mutans. Poster, FEurobiofilms 2009
Italy, Rome, 2-5 September, 2009.
Kawarai T, Yoneda S, Saeki Y, Tsugane
T, Ochiai K, Watanabe H, and Senpuku H.
Water—insoluble glucan—independent
biofilm formation by Streptococcus
mutans under acidic condition. Poster,
Eurobiofilms 2009, Italy, Rome, 2-5
September, 2009.

KH R, BOREHL, RN, RE
/5. Streptococcus mutans /NA A7 4
Jb I DR AR E B AR - OB | 5 51 (]
bR e BE. 2009 429 A,
Ito T, Matsui H, Maeda T, Watanabe H,
and Senpuku H. Establishment of new
mouse model using NOD/SCID. e2f-1"
mouse for initial adhesion and biofilm
formation of Streptococcus mutans,
Poster, 5th ASM Conference on Biofilms,
November 15 - 19, 2009, Cancun, Mexico.
PEHECN . BOERERL, K HE R, #n
L el BEHREE. IR,
RS . Streptococcus mutans M IEIK
WHET VT HARAF DA AT 4 )V LT
FHEFT . 5 83 Bl H AN Fasihas . FRAS
JII, 2010 4E 3 H,

KH Rk, BREHL WREHA, E
B, R EE . IR o BEK
Streptococcus mutans DFHNAA A7 4
NV AEREIG T & Z D& 2o T, &
83 [A] H A A ke, #2311, 2010 4F
3 H,

FOEEHL, RGN, KRR, 1
1BHE. R4

B ye{g. Streptococcus mutans
BRAEROI BT D8R 7 7 ¥
— ORI, 5 83 [Bl A A TR, o
=), 2010 43 H,

21

Yoneda S, Narisawa N,
Sato Y, Ochiai K, and
Roles od sunlL in
mutans biofilm
aggregation. Oral
Presentation, 88th general session and
exhibition of the International
Association for Dental Research,
Barcelona, Spain. July 14-17. 2010
Satoh K, Narita T, Matsui—Inohara H,
Ito T, Senpuku H and Sugiya H, Study of
dray mouth behavior of E2F-1-deficient
NOD/SCID mice, Poster Discussion, 88th
general session and exhibition of the
International Association for Dental
Research, Barcelona, Spain. July 14-17
2010.
Ito T, Kawarai T, Narisawa N, Zhang X,
Kanaguchi N, Maeda T, and Senpuku H,
Streptococcus mutans colonization on
human saliva—treated tooth in
NOD/SCID. E2f1”7" mice. Poster, 88th
general session and exhibition of the
International Association for Dental
Research, Barcelona, Spain. July 14-17
2010.
Narisawa N, Kawarai T, Yoneda S, Ito T,
Watanabe H, and Senpuku H, Apperance
mechanisms of smooth colony variant in
Streptococcus mutans. Poster, 88th
general session and exhibition of the
International Association for Dental
Research, Barcelona, Spain. July 14-17
2010.
WEHEN, BORER, BERE. 7>
P A H 12 X B Streptococcus
mutans /3NA A7 4 v LHEICEI T D 0F5E,
%5 52 [ml g B LA ey . AL, 2010 4F 9
H.
BORERL, RN, SRR R, e
R, TG, MEREE . RfEHEME.
5 @b & M Streptococcus mutans
smooth—colony-variant HIE X =X A
LRI FEBUC B3 2 M. & 52 [EIs AL
FEMEE 2 B, 2010 4F 9 A,
Tuna E1if, RS, RfEHEE. Effect
of polypyrole on biofilm formation of
S. mutans, #5 52 [EIEFHEMEE S, K
. 20104F 9 H,
Senpuku H, FruA and SspB peptide from
oral streptococci and saliva IgA to
PAc (361-389) peptide play multiple
functions in biofilm formation, Aarhus
University, Special Seminar, Aarhus,
Denmark, USA, 7/4. 2011.
Senpuku H, Diagnosis and prevension for
dental caries development, cell to cell

Senpuku H,
Kawarai T,
Watanabe H,
Streptococcus
formation and




communication in dental biofilm
formation. Istanbul University Dental
school, Special Seminar, Istanbul,
Turkey, 7/1, 2011.

22 WARHAE. NS TS XD DER AN N
U7 — 5 & TR L O FTRENE, 5520
[\l B AN R GE 74 Bk, 20114E11
A13H

23 $ARZE IR, FUBEM. WA, AE
Yi{Z . Streptococcus mutans (23T % CSP
(RAFHT BRI M BB AR - D RET. 5 53
[ gl B LA R 2y L I R 2011 4F 10 A,

24 SRABSAE . HHEREN. BEEIRHE, KFEE,
Effects of salivary components on
Streptococcus mutans biofilm 1in
NOD/SCID. e2f1”" mice, %5 8 5 [A] H ASHH
P, Rk, 20124F 3 H,

(PE &R EEAE)
Ok Gt 1)

Ay A (e i N (A% il

FEE  RBIUE. RS KRR 2
A

FERIE © BBV, MRS, KRR 2
Gl

THEA « HTASRr

F5 : 2010-175211
HFE4EH B - 201048 H 4 A

ENADR] - B

6. AT

(D WFFefRERE

JRAE  HZ (SENPUKU HIDENOBU)
ENLRYENF IR « MEEE 0 - BR
W& TR« 20250186

Q) Mgt rfE

W JEFFEEC AN (KAWARAT TAKETO)

[E SLRGRENTZERT - MBS —36 - AF9E R
FFeE2& 5 1 90409079

(3) WFgE /A

HEEFERS (NAKAO RYOMA)
ENJEGERFZEAT « AE S — 8 - TR E
FFeE 25 1 10370959

(4) BFZe sy

BEFE 2 (SUGANO NAOYUKT)
AARRKE: - Wi - HeEe%
WFFeE2& 5 © 30246904

(5) ELEERF T

B IAHE  (WATANABE HARUO)
[ENLRGERFZERT - PR
WFFeE 25 1 70142130




