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Abstract

In this study, we investigated the application of biosensors in screening tests for

periodontal disease. First, changes in resonance wavelength during building of self-

assembled monolayers using Orla91 protein and changes in resonance wavelength caused

by binding of mouse anti-human hemoglobin beta-subunit monoclonal antibody ( 1gG

antibody) to self-assembled monolayers were evaluated by fiber optical surface plasmon

resonance (SPR) sensor. Next, changes in resonance wavelength in levels of

hemoglobin were then examined and the detection of salivary hemoglobin present in

saliva samples from healthy volunteers and patients with moderate periodontitis were

investigated. As a result, changes in resonance wavelength during the process of building

self-assembled monolayers and binding of IgG antibodies to the self-assembled

monolayers were detected. Changes in resonance wavelength by hemoglobin revealed a

time-dependent increase up to 1.0 minutes after starting the reaction at hemoglobin levels

of 10 ng/ml-200 pg/ml. The subsequent detection of hemoglobin in salivary samples

revealed that changes in resonance wavelength were only detected in patients with

periodontitis. The above findings suggest that optical fiber SPR sensors are capable of

detecting salivary hemoglobin in periodontal disease screening tests.
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E R 8 FILL EXSRRAL TODHERIZAEH RS Shi, BRIERICZ L<EE
LT 2FETREFE AAHELN Y. BUE, FHRNIMNIIBNT, ANICHER IR, R
ARG R DOF R ATREZR MARCMENR, IR A 50BN U7 AR TS BB IS5 oA o e,
T NAZD TN EEINTND. ZOXH e v~ 7 731 2% Point of Care Testing
(POCT )Erfidiy, AT EMER O FWIFE R, AIRHARICH R Th2 2. hAHEEICIH T
HERRE D HITEY I, WEFHOAZ) —=0 7 R IEH fTEE7e, Ay b7 /3o
AzPHFEL, FEHMETDIEITLY, E RO DI, HEFH O/, oL UEHE
B OEHI RS TS,

W IR A ) — = 7 AN A 72tk BRI BIR T A A~ — I — 1T, MEREME
7'ae’ AL matrix metalloproteinase-8 (MMP-8)Y72 8 MIFETEL , B RHETZ ~DE A 23 H
FEENTWD. HEHED N, (RS2 EIE S &L CTRA T BE ORGEE ST T2 R JE
WRICBE S DA A~ — D —%, BRER TR ~E e DR THL WAL Tk
D, 2001 4E235 2015 AFETIZ, MERENES BE % W2t ER A — = TR O
BT AN HESILTND D). b0t Ickb s, fieh~E7ue
) =TGR IO T MR T M e BRI L SR RO AT — =0 7 7 ARE LT
AHTHHZE D, MEREMEZ 1 S, AR EERITH T TR R 8 A A~ — T —

D—DOTHY, BEWERDAI)—= T NA[FETHHZL . £/, MR ~E/ aE



LU, Ml JE R B RS CH D CPI —K 1 ( Hifl )&= —k 3 (4-5 mm O JER7
vk ) DRI == ZICH R THLHIE Vi E RGN /2> TS, MERER~E S BE Y
W BIRAZ) — = T REDOH I T2 7 AL, BlRE S THE SRS
SNTHEY, YF~— I —FHwEARAT)—=2 T REICH DL, RIFFE TR TS
NAF B —DERRBIGTOM AR, H & EVD R THATHLETTRL, ERLICS
FIR AR OFLREE VD S TIEF IR R B LnL, BIED LA, HEREMES BE
ERWEHARAZ)—= AL, ENO—EOHT BIRARNRFERL CWOD RS
78 THRBRIICHWONAICE o T05. ZDOJRKEL T, SN TOD AT vk
P, B L 0T I a7 THAOL DO LMEEE T, T80 AL ) KRB A D
FhiRe, AT —XOFEIEN) R TEHABTRNEWVIZENE X DL, FHICEEET X
TRRED RS TN,

AT /70 /ey — Gy BB W CHIIR R S 2, BESR, EW, Uk W7 AR
BIEE 3G 355 Tl REA R L C, R0 T ORHOMEEITH A4
P —DBIR N RIS, RS R OF — 2 EHEOMFIENEBL TD 10, KA
FETHRRET D AF =13, FURBUASOG 2 E DRSS ZBIRFIZ, VT VZA LT
BERBVRAE T ICEWT DI LD BB T 7 A/ K| 7T AE LG (Surface plasmon
resonance: SPR) &LV —THY, ZDOJFHEITIEIZL > TOAMEIIND 4B T HIIFAE
THHHETOE THLRE T TATL OIEREZISHLIZLOTHS Y [ Fig. 1

(1)]. Je7 7473 SPR B —i3, B —REDEITROLICIZIEE I\ THUE T, JET



ZAbIE SPR AT ML Dt/ N R 7m ¢ G R A L E L TR IR S LD
[Fig. 1 (2)]. RE 7 TXEAAMGHRIZL, T 74308 OFF B EIAAAET DM E D
JEPTREREMEORIER, T7R0DL0 T, RIEZ ML TEOREDEURICEL T 5.

DZEND AT R A 2 L LS LHURTUR OS2 EITRES DA & 57 TAH AR
D, FEFFEETRVT VA A LR, BRI E DR E =2V 7 D FEEI2T NAAELT
JRSARGERIFE DD B CND 1D, S —oF2hPEICBIL Bellan & ¥, /A4
U —RT 7 mY =i, ZOEEMEO R FIZED, mBEHERE, M OO
~—H—OR 7 E DEFRZ W SR D THDHZEEHEL, Piliarik & 9%, SPR
B3 1990 L N DIEIERR, VT L2 A L CHIRHC PR Z R H Al 7ok an s
T, BRRREE=ZV I REO B THMSN TNDIEREZHEL TWD, — 5T
Pires & 0%, BHEAIICITZE LW RO HNDA, FEAL L TORER S H 23 7]

BEZSRE SRR IZAFAE LRV L TRY, A4 —IC BT A 583 % RiE - Th
D, SHRDMFEORME, ZOMENRHDHEEZZHITWD. LLEOIINL, BRRE~D
NAF A —=DISHITEHRITEA TODD, RS, JRSE L L THWDLDIIRTESF
TEET, RO A A =2 EWRZ WO, A7V —= 7RI O LW S 1377
TELZR.

AHFIED B BNTIET 7473 SPR oY —Z VB F O ~E7mE AR NS LD o

JEIRA ) — =2 T RABEIE DB Z1THZETHS.



MHRELUVFHE

1. HITF7A/\SPREHY—

SPRE Y —T7 0 —T7 121X, £DORMEIZFEEZ30 nmD & E A 72 LTz, E400 um,
EZ10 mMMOA T T AT o7 2 < VFE—R 7748 (F LEM, F3E)% 7] Fig.
2 (1)]. AEEIFEIZIZHL2000 ( OCEAN OPTICS, Dunedin, FL ), Y7 71 /ZI1ZBIF400-
VIS-NIR ( OCEAN OPTICS ), 45 J:22121ZUSB4000 ( OCEAN OPTICS ), fi#thi 7 M
OP wave+ ver.2.04 (OCEAN OPTICS )& FH\W\ Tl 7 7 A/ SPRE L —Z 4B L7 [ Fig. 2
(2)1I
2. HCHBILEDEE

SPREVY—T7 1 —T7 ~DIgG HLikD[EELIZHEL7Z: Escherichia coli DAk =24
737 Tdh%0uter membrane protein A (OmpA ) &Polyethylene glycol with a thiolalkane
(thioPEG ) 7oA RkS#5 Orla9l protein [ Fig. 3 (1) 112k2 H SR LAEORE S I
Orla91 kit ( Orla Protein Technologies, Newcastle, UK JIZH TSz 7 B UiV T
7. ¥, SPRE =7 m—T7 REIIAA SN @O UE & B I T2 ) — ViR
EiTo721%, JVQKE W TR EIT 72, IRIZ, 2 % Hellmanex IT ( Hellma, Millheim,
Germany )iZ25 °C, 10 sy[iEHE, JVQ/KICED+Iriceid L, o LBi A1 T ~7=. IR

\Z, 1 % B-mercaptoethanol ( Sigma-Aldrich, St. Louis, MO )iZ25 °C, 5 srfEliR{E%, 2VQ

KIZED5 B To7z. ERUAEICIVSPRE Y — 7 10— 7 R i D& @i D Beid



BILOF A — At %1771, 0.5 M Tris 2-carboxyethyl phosphine hydrochloride ( TCEP-

HCI)ZiRINL7z1%, 37 “CT10 77/, 1B e A4T 57210 uM Orladl proteinfsik (2,

SPREVH—7m—7%25 C, 20 4rfliziEf%, 1% SDS (225 C, 5 srfliRiEL . [F
FEIZL CTHEE, TCEP-HCITTALERL 7-0rla91 proteini&ik1225 °C, 4 /rREliZiE %, 1 % SDS

1225 °C, 5 rMiRIELT=. 4:%I0rla91 protein® 2% H 1912100 mM HCI 1225 °C, 10
BRNZER, JUQKICEHITIREL, WifaiTo7-.

UL EDRIRIT AT T 7 A /3SPRE I —IC LD IR R E(LA Y T L2 A L THIEL T
1T-7-(Fig. 8). B CMALIROIELEA T >7-SPRE Y —T 00— X ERIHH T2 F
T, 4 CTHRELIZ. AWFZETIL, Orladl protein® Mt lEL T, 19G #EA E &R A
L72\\Orla9 proteinZ A L, [FIEROSA: T CTxi EERRAZ1T 7.

3. MRBIVHIE

FERRIZITPURLL Teh~FZ 1 ( Abcam, Cambridge, UK )& V=, —77, Hilke
LTCwURABiEI~E vy 7 2=y E/7a—F /L IgG Hifk (Abcam), BLW
GanA N hieh~Er vy RI7a—F ik ( TA7LodTr—=, K
B ) ZFV 7=, BiiRI30.05 % Tween20 ¥RANY Bk E A BLAHE K (PBS: 50 mM, pH
7.2) THIRL, EBRITAEL.

4. BCHBILRLIG hiAnFEe
B AR LA HE SR 72 SPRE L — 7 1 —7'%, 0.05 % Tween 2045/IPBS% VT

1 mg/mIDEE TR U=~ Aieb~E /a7 2=y T/ 7a—F )L 196G Hiik



TAIRIZ25 °C, 20 4y [iRiE, PBSIZ25 C, 4 4r[fiRiE4 52 TO0rla9l proteinéfit A&
7= (Fig. 4). YL EOWERI R THT7 7 A /NSPREH—IZL DB RA VT VA A LT
HIEL T T 7.
5. NEJOEVERANMFRBREICKIRBEREHEROIEK

PEUEREL L L T-~F 2/ 2 %2 PBSC10 ng/ml, 1 pug/ml, 100 pg/ml, 200 pg/miiZ % #
0.05 % Tween 20{5IPBSIZ D20 pg/mIZFHFE L 72 am A R Y ¥ e b ~E 2/ me
RY7a—FGUR (T T7LyYTr—<, KB ) 2L, 25 C, 45 RS S
7=, ZO%, T|IRIZTI,510 x g, 2 /[l LaBEATTVY, RIEEBRER, HEPBSIZRE
LHIEIZH (Fig. 5). AFETIIARIEZ pre-mixiEE LTz,
6. ~NEJOEVEE

~EZ e OMIL, SPREVY—T7 10— o B LIS A LIz~ APtk
~NETBREY T =y R/ Z7a—F )L 196G HURD, SauA/NERT ik ~E 1

VR 7o —F NV HUR LB A R R TR LT~ e A RO R D h—T

:I:l Llll

kL, ME T HZETHIBR R EL, 2O AR T 58I EEL D

Ell

(Fig.6). SPREV I —7 10— 2k T 5T/ 0 OFEAIC LD IR R AL O HIE
IINERDORT A= —F %, FCRER6 ms, FER[R124300 [A], AL— U 7ML, 3

R RTHHIEIER : 35 5400-800 nm, PRAFHIFE30 P, PRAFIFMHEIZ0 43L& L TITo7. HIEFR0.5

57, 1.0 43, L5 SR IT DM EROIEREIT o7, BEMEXTIREL TIgG AN AR

720 0rlag protein 2 W TCRIBED FHEERZTTVN, T DI K28 FERF A SO E LTz,



7. #REHOHR

PEAERRRE L LT B ~E 7 a e ORIER, BG4 v yT10 ng/ml, 1 pg/ml, 100
Hg/MID AR BT B B OIERRE1T 7=, fEHTICIT SPSS version 20 (H AT A -
—eT A, BR) 2RV
8. ERE

B ¥ R S B ST A I BT R A e o SRR B~ SR BE L, B R R A O e, H A A
T3 P23 DN TE 8D 2 B B9 72 W7 L UELO)C T S R M ol JE e SRR SIT2b D DO D, ARBFTE A~
DBINZFEDPFHIL, 3 OLL FIOR T RSB LT @M JE kB2 4L, @
BRI T AT 2 4 D54 LaBa U, ws O EICBLC, 18 AR BH I,
Ta—bE LRy MES (probing pocket depth: PPD ) 4 mmPL_E DN MELE T D /31
WL EFEAET 2b 0L, #EHEHEIIPPDIA T3 mll F T r—E v 7R Hi il
( bleeding on probing: BOP ) 23FBD LIRS DELTZ. FRAMEUE I KGR D K&
FETRHEBOBIENRDHLHD, EIRL TODH O, i35, H LINIZ I JETERZ 51T T
b0, 537 A LINICHEEOIRARH LD LT, AFRIIA A mEEELZE SO
AR (KRBT 5AL008) &2 TiTo7.
9. ARERRE

B COWBRE W JE IR R ZAT 7. &R A HI1% PPD, clinical attachment
level (CAL), BOPXL7-. PPD, CAL, BOP{ZHu-Friedy #L:#¢ (Hu-Friedy, Chicago, IL) CP-

15 Fu—7 %L, 6,805 THRIEL.



10. EEREEIME LVREFS &

MEIE, spitting method 1% FlW TR IR A BRI L 72, $REUA B ST AR F =7
Z( GC, B ) & AV T3 mIERE L 7=, #1213 A O], SiERB LU A& %21T
DIRNIOITHEE L. MER BRI B R, 15 ml .O0F2—7 2B L, T -80 C
IZPRIFLTZ.

11. R

MERER A%, 1.5 ml 0T =—712 1.0ml Z37FL, =T 25 C, 9,510 xg T2 43f#H,

RN LAy BER AT 72(Fig. 7). TD%, REFEIL&aa A RE# e ~T

rae R ra—F NV HHRED SIS L.



1. BCHBEEOEE

H CARR LI OSSR L D S R LT, &AL EREERE O JIE BRAARE, JIER TR
FMEEDHA LRA L M@t BRI E LRLER LT, ZORER, JUQKkE=F ) — /L ORIE
BRAAREC AL T RFLE IR R I3 2 k72K, ZNEN617.4 nm, 669.6 nm TdH->7=. Hellmanex
0 D ILIEH K25 IXBA4EIRF620.7 nm, 540 F)1%£621.1 nmTdh->7-. B-mercaptoethanol ®
IR R EIE, BHAARE618.2 nm, 60 F01%618.3 nm, 240 F)#£618.5 nm T o7z, Fiz
Orlag1 proteinSiE ~DiZ1E (Orla® )LD BEA LI, BAAIF624.8 nm, 1140 7
#626.6 nmTH»Y, 1 %SDS (SDSD ) TixZ b7e<, B £13619.3 nmTH-7-. =5
(22[5] H ®0rla91 proteinis ik ~DiZi& (Orla® ) (ZkAHLm 2L, BtaRFRB IO
60 Fb1%13624.3 nmTZEAL72h 7273, 180 #12624.9 nmiZZE{bL, 2[E1H D1 %SDS
(SDS®@ ) DI K 1E, 619.8 nmé7a->7-. 100 mM HCID R H; 1325k 72<620.1 nm

Td-7-(Fig. 8).

2. HECMBELE~DIG REDRES

B AR LA RS 7-SPRE Y — T 0 — T e~ ZF L B/ B 7 = B

E/7a—F )b 196G FUREIRICIRIEL, FUROFE S IC A IER R AL EHIE L=



%, 19G Hilikza & £722  PBSO LR £13619.3 nmTHY), (2L DI £ 2 LI
DO ST, BRI IR~DIRIEIC LA B K2 Wi, BltARE619.3 nm, 60 F0#
619.5 nm, 1740 F51%619.6 nmTdh-7-. T D% FEPBSICIRIEL /-2 A B FIX

619.8 nm CdH->7-(Fig. 9).

3. ANEFOEVEH

PURZRE G LIZSPREL Y —7 0 —T % N T, SanARE#Y hFhieb~esme
RV7a—F VHUREE A LT ~T/ e v a2 E LR R, ~T/ae R 10 ng/ml,
100 pg/ml, Ti&, SUGBHARL.S 73 £ THREFUKAFRI72 L0G R AL OIS D Hh, 1
ug/ml, 200 pg/mITiE, SUGBAAAL.0 53 F TREFUKAFHIZ2 3L B2 L O TRD B

7= (Fig. 10, 11).

4. BREBRDER

SOGREEI0.5 47, 1.0 47, 1.5 Zp O/ IR EICBIT I E 2 b a7 vy L, & Mk
BB AR EROIEREI TR, 05 2 TIXY =0.3X +4E-14, R2=1, 1.0 4 TlZ

Y =0.4X-0.1,R?=1, 1.5 43y TiXY =0.4X - 0.0667, R? = 0.9231 CH~>7=( Fig. 12).

5. BEWBRBIUVERK/NTA—5—

2 ZLofdEE (HL BrE-27 %, H2: &PE-32 % L2 Lo E R EE (PL:

BYE-52 %, P2 &E-58 ik )DOEEFEHRB LMK ST A—Z—%Tablel (2737,



¥IPPDIE, P1EP2SHIEH2EV IRV MEA KL, £ 24 P1:3.5 mm, P2:3.2 mm, L}

H1:1.6 mm, H2:1.7 mmToh-o7-. £7-, SFECALIZZE4L P1:5.1 mm, P2:3.6 mm,

FOH1:1.6 mm, H2:1.7 mmToh-o7z. FHBOPIE, HIEH2 TIdE ST, P1EP2TIE

ZIZEI55.9 %, 45.8 % Th-o7=. MER~FZ ot O HIZ LD R K2 IZP1EP2

DA THRHEN, MOS0 253 E 2 bTE£41.99 nm, 1.19 nmTH

-7z (Tablel).



AT TAT 1T 7A/SSPRE D —ICB DRI RRFHZ LY, SPREVH—T 1
— 7 FHIZ OmpA & thioPEG 7 57250rla91 proteinZ T H AR LA HES 95
ZLT, 196G HUARDEELNATRE THAZENRIBENTZ. ZL T, K77 A/ SPREL Y —
kB ~EZ e oL, SPREVY—Fa—F 1@ ELLZIgG Hiikic~TS ar
ZHIMCHASE TR T 2D TIERL, &an/NEi#klgG fiikE~E/ vt % pre-mix
IECTREBEL, SEEGIREL TR 1O 5 T BA RS HZET, 774/ 3SPREV
=5 FTREZR L USRI R LA VIR TEHZEDVRIRS . E6IT, FRIRH
BRATHHEEL CRE DRI MERZ, 500 BEUERIC LY, IRGWERETHZET,
FERE F A SR E B L CHEE T2 e AR AT RE CTH DT LD RIR ST

7, B OB EIEOREEICBEIL T, Fex ITRTHSONER L, @01, MBS
1, AR, EERWERE OMBEREK TR THLY 7 v Z— DM RS DB R
HEERT DY T A =T == A (V7R E)ITER L, SRR T 2325V 7k
RO —REA~OISHNED SN TNDHIEIZF B LT-. Nagasakin®, HrikEk
e ) T CHLOPEGHE T E SN R E 2R T DI RRIZI W T, HURDTENEA
PEGOD L[ EIZ Lo THYRE L, PRSI B OIS 2 ELTHIET, BV R
AT HPURIER DT TEHI L2 WAL TS RBFEIC IV THEZEL 7-0rla9l

proteinlZ k5 H CAHARLIEE19G FLiRD#E S, BIOEZ vt Rt iINagasaki s D



HIZHOPURTEVE DI IBHERF 2 R T 28D THY, 196 FURDL ELAFERICEHT 5 LT
HLOEEZHNS. Le Burmb2Z, E. colifi KD E @R A1 THhH0mpAL
Staphylococcus aureusH 3 protein A Z domain?Y D@t &2 7 ZERIL 7=, Zhic kb
SPREVH—7m—7 RO B AR EIENIZRELE 52 X7 OmMpATI A AF v — /LR EL
THWIAFEIL, Z domaini i APLIRD & LIRS A9 D2 & T RIZAERAL 23 BLAIE L<ALA
L, FUROIEEHERRRB L O — D E D EFMGROLNLZEEREL TS, AL
TlX, SPREV Y —T7 m—7 K~ H CAREIEOESZZ, OmpA & thioPEG 7 572
%0rlagl proteinZ v 7zLe Brun®?% 220 J5 1L TIT o CAHIZEND, LI PUROTENE
HEFFRB X OB — D E D ERAPAEL TODIENRIBESND. ARFFEICBWTH O
WALEDRERE AT~ 712 EBITF HSPRAY ML LI B DAL & R E L T- &2
%, Orladl proteinfLB D FERZBAZE 72 G K O 2 b8l g2 S - Fig. 8(5,7) ]. ZaH
OfEFIELe Brunb?Vo B CAHRRALIEOREEEIZ BT 2 L — B LIZb O THY, AW
F1F7%0rladl proteiniZ % H CALFMEIROREEZ R TH DO THD. LaL, Le BrunbD
BETF v RO —THHIEND, B —ROENR LIFTEEIZONWT, T
B EE# OB —RE OIS % ORFRE THL. ML A SRk S
LT —7u—7 FHICEELSNZ0mpALL, 19G FUEICHHTHFE AR A ZHL
TEY, KL TIEvTAFlEh~E e YT 2=y E/7r—TF L IgG HLikEfE &
ST, ZORER, 196G FUAESHE~DRIEAL I JD 0T & O AN R T &7 [ Fig.

9(2)]. ZNHLOFERDL, Le Brunb@ D5 E—HTHHLDTHY, OmMpA~DIgG HLikD



FEAEZERLTNDEE X HILD.

RIZ, ~EZ7 R ORHIZEEL T, AMFETIE TR FEBRICIS T, Orladl proteiniZ &
% H CALRM LA~ DL, v~ T Aieb~E e YT 2=y '/ Z7a—TF )L IgG i
ROREEEAT 1A%, EHEANEHE L OBHEAT 7223, SPREV Y —TF 1 —7 Rl D
19G Hiike, ~E7abt L OREGIZL DRI R AR T2 L3 CERNT(T — X
HEFR). Lyons2N%, SPRAA A B —I1C kD HZ L 0 DR T A g £ 728
b3, HEF I DRIRD TS —T BT D e A MIERGUAZ NN 228 TL3A%
(IR L2 8BS LTS, ARFZEICB W T, &an/ Ry hieh~trne
RUZa—F Wik ~E/ae U LA S, RSN E B A IR 2 O B X
IS, RiEEBRER, PBSICHREBL-. ZLC, RSN B E A RIFETD
~NETRE O, BpH T 2R T O~V U AL E S e T =y MR /e
—F L 196G FURIZEORRIILT=EZA, JLIBIR R DOZAL D Y ATREL 72D 2 L3 B L7
272(Fig. 10, 11). AR LIc~EZ v FREIZBWT, BUSHIE (0.5, 1.0, 1.5 47 )
TIERERMK AR 3G R L DSFBO DT ZED D, MEMDIERRIZL D E B A 6E
THHIEDIRIBINTZ(Fig. 12). LIALRNE, AFFEICBWTEH e/ —7 "1
— 7 BUZHIBR D o= 7o8d, BBMEOREEN RO, SPREV Y —T m—T OB
&, MERO LR BMEDOHERITA B OMFTIRETHD.

WA, WERA~E7 e ORI I D W A7) — =0 T2 e L T, & LE

I

PE B R BB DB BRI TR & ENDMER~F 7 ne U &t T o7z, MR R



LF v, TIT—8, UVTF—2A4, IgA BERRFT, HHNIEFIZHEK T HLIDZ IR0
RTFR, ElR, B RO NNV EY NG TN TS, ZOZEND, MERIIE 2 DR E
W ~DIE DN AT 723 B 72 D T BEVED B <, FRICA~E7 B OBER~DIR AL A
PENITIB M B 0, DPEE/ S TROLNDIENHLNEIRSTND2, LoLeiss,
MER RSy FICAFAE T H~E e %, SRR AR R D E R 5281, MER
\CAFAET D5 T BME S L R T D LT L7 8 DRANEWE R, 2< 0 B HWE LIS D
ZNTRG D FERF RO ECSEINEETHD. ABFFETIE, ZhHDOREICH LT
MR D1 Loy BELER RS L OV BB ORI E, Z D% O AR ORI X Dpre-mixiEz
FAWTIERF R SOSZIHI L. ZORE R, SUSKEFL.0 e TRELZY A, HL,
H2 BERE L 7= R AR D DIX MR~ 7 e e KA g B bidf i En s, P1, P2/h»
SERI L 72 ME AR AR CIE1.99 nm, 1.19 nmOD I B (L R3FRBO DIz, L LIRAS, K
FFE TRV 7 34 FEFIOHTHY, 5 1%ILHE /252 OWERBRIROR EZTT
W, ZORMRESC, HEMEOMRALE THD LRI, EEHAZ)—=2 7 R ~0

JEHE, ZDOEMCE B TR TR O R, FRFF LS GLETHD.



AWFFEDRERDD, H CARACIROREE, GanA NMEBHURIC I Dpre-mixiL, BLU
MR O3at Doy BEALERIC XY, R R AO7R BORA N R TR A~F 7 e B AN AT BE TS
ZENRHBNERY, Je7 7A73SPRE W —7% BB ~F 7 v e 4 IS 32 B ] s A

J) == TRAE~DIGHNTRE THDL I LD RISz,



FRAMEZ DITHTZ0, HIEE, TR Z B0 U7 K 7K FPe i w7 Rl i 7 B
AAEREERRWER T B REEIRIRIE RO 2R U ET . F A B EL
T AR BT A LR o S SO RE R E R N R R S B, 2p NS
BERER AT KA BIANER, HERER A MDY R E9lBURICE QIR 0=
ZERLET. FHT 748 SPR B —Hilie, fix OEBURLEE < 2HBI E2 TS-
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Figure legends

Fig. 1, Schematic representation of an electron density wave propagating along a metal —
dielectric interface.

( 1) The propagating surface plasmon can be excited by p polarized light. In the optical
phenomenon of Surface Plasmon Resonance, a metal-dielectric interface supports a p-polarized
electromagnetic wave, namely Surface Plasmon Wave (SPW), which propagates along the
interface. When the p-polarized light is incident on this metal-dielectric interface in such a way
that the propagation constant (and energy) of resultant evanescent wave is equal to that of the
SPW, a strong absorption of light takes place as a result of transfer of energy. ( 2 ) The output

signal demonstrates a sharp dip at a particular wavelength known as resonance wavelength.

Fig. 2, The system of fiber optical surface plasmon resonance sensor.

The fiber optical surface plasmon resonance sensor is constructed with multimode fiber SPR
sensor probe (D), halogen lamp: HL2000 (@), spectrometer: USB4000 (), optical coupler:
Multimode fiber 1x2coupler (@), softwar: OPwave+ ver.2.04 ((®). This system and operation

skills were supported by Dr. Kure and Dr. Shiokawa.



Fig. 3, A schematic of Orla91 protein.

(1) Domain structure of Orla91 protein and ( 2 ) a model of the Orla91 and Orla9 proteins.

The scaffold protein part is in red and the Z domains in purple. The linker region is in green

and is shown as unstructured.

Fig. 4, A schematic of self-assembly of protein monolayer on gold surface.

(1) A model of the binding antibody on the Orla91 protein and ( 2 ) a model of the array

proteins on gold surface.

Fig. 5, An illustration of immune complex formation.

Rabbit anti-hemoglobin polyclonal antibody conjugated gold nanoparticle was added to the

purified human hemoglobin solution to form the immune complex.

Fig. 6, A schematic of hemoglobin detection and subsequent determination of resonance

wavelength change using fiber optical SPR sensor.

(1) Amodel of inserted SPR sensor probe in the sample solution that include immune

complexes. ( 2 ) A model of wavelength change occurred by hemoglobin detection using fiber

optical SPR sensor.



Fig. 7, Saliva collection and processing method.

After collecting saliva, all samples were centrifuged (9,510 x g, 2 min) to remove particulate

matter, then clear supernatant were transferred into appropriate test tubes.

Fig. 8, SPR curves measured during the adsorption of Orla91 protein on gold surface.

SPR curves before and after each procedure on a gold surface (1- 9). The change of resonance

wavelength of 1.8 nm (624.8 nm-626.6 nm) in (5) and 0.6 nm (624.9 nm- 624.3 nm) in (7)

characterizes the amount of Orla91 protein adsorbed, which corresponds to a self-assembled

monolayer.

Fig. 9, SPR curves measured during the adsorption of 1gG antibody on self-assembled

monolayer.

SPR curve before and after IgG immobilization on a gold surface coated with a self-

assembled monolayer of Orla91protein (1- 3). The change of resonance wavelength of 0.3 nm

(619.6 nm- 619.3 nm) characterizes the amount of 1gG antibody adsorbed on self-assembled

monolayer.

Fig. 10, SPR trace of hemoglobin binding to sensor surface.

Black solid lines in all graphs indicate the total reaction of resonance wavelength change



associated with hemoglobin detection by using fiber optical SPR sensor immobilized with

Orla91 protein. Gray solid lines in all graphs indicate the non-specific reaction of resonance

wavelength change associated with hemoglobin detection by using fiber optical SPR sensor

immobilized with Orla9 protein. Color solid lines (green, pink, yellow, blue) in all graphs

indicate the specific reaction of resonance wavelength change associated with hemoglobin

detection.

Fig. 11, Changes in resonance wavelength by hemoglobin detection in time-dependent

data.

Color solid lines (green, pink, yellow, blue) indicate the time-dependent data of resonance

wavelength change up to 1.5 minutes after starting the reaction.

Fig. 12, Hemoglobin Standard curve.

Color solid lines (red, yellow, blue) represents the standard curve generated in either reaction

time (0.5 min, 1.0 min, 1.5 min).
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®) Software

(@ Halogen
lamp

@ Multimode
fiber1 x 2coupler

=
=

@ Spectrometer

@ Multimode fiber SPR
sensor probe

@ Multimode fiber SPR sensor probe ( SEIKOH GIKEN, Chiba )

(@ Halogen lamp : HL2000 ( OCEAN OPTICS, Dunedin, FL )

@ Spectrometer : USB4000 ( OCEAN OPTICS )

@ Optical couple : Multimode fiber 1 x 2coupler ( OCEAN OPTICS )
® Software: OPwave+ ver.2.04 ( OCEAN OPTICS )
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Tablel

Table 1. Clinical paremeter of healthy subjects and patients with periodontitis.

Healthy subjects Patients with periodontitis
H1 H2 P1 P2
Age (years) 27 32 52 58
Gender male female male female

Number of teeth 28 28 17 28

Mean PPD (mm) 1.6 1.7 3.5 3.2

Mean CAL (mm) 1.6 1.7 5.1 3.6
Bleeding on probing ( % of site ) 0 0 55.9 45.8
Resonance wavelength change by ] ) 1.99 119

Hemoglobin (nm)

PPD: probing pocket depth, CAL.: clinical attachment level
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