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00 05 10 15 20 A 13 Vit 850 8.7
BB (S A 14 * 1250 34
7 %ﬁﬁﬁﬁﬁ’éﬁ?‘éﬁik@iﬂﬂiﬁ%o(a)EJXJT: R 15 = 952 4.0
J57,0)ZR7TTZ7, BiR 1. Ps =200 daPa, TH 1062 50

BHERE 2. Py = 100 daPa, g 3. P; = 0 daPa, H o
#24. P;=-50 daPa, ASPLIE P;=0daP DEE, TR 7= 174 2.4
#17.8 dB T#H>1=, RF & 1180 Hz THo1=,

K4 EEGREANZAEIHIYROEED
HIRFER#E ASPL

AR A% ASPL

FLHE 1 430 7.1

FLOE 2 340 75

FLHE 3 460 46

FLOE 4 450 35

FLHE 5 450 1.7

FLOE 6 260 11.9

LR 7 490 4.4

FLoE 8 300 8.8

FLEE 9 390 5.1

FLEE 10 430 6.7

69 . . . FLEhE 11 520 11.2

00 O'SJM&QO(kt;zhl's 20 AN 12 310 5.7

FLEE 13 360 7.1

8 i‘t%ff;ﬂﬁjjE?ﬁjé:_?Lng_L%@iﬂuEﬁ%o(a)zzk AHE 14 250 16.7
Zzga?;?ﬁ(bz)s psjijfo/]oiﬁfgﬁ%‘s%ps > IR 15 370 78
daPa, B#R 4. Ps = -100 daPa, ASPL [& P;= 0 A 16 231 17.7

daPa D&EE, #97.3dB THof=, RF (£ 430 Hz T S 378 8.0
ot (R 7 89 45




RS ERGHEAZATIAHNEEZROEED
HIREIREE ASPL

R
FLehld 1 380 6.5
LR 2 310 8.0
FLehld 3 520 11.4
FLehld 4 470 4.0
FLEE 5 460 5.0
FLeh!E 6 330 7.3
FLehie 7 330 8.5
FLehlE 8 - -
FLehld 9 400 5.7
LR 10 490 5.8
JLghlE 11 350 0.8
FAhI 12 - -
FLEhIE 13 520 5.3
FLEhIE 14 620 9.4
FLEHE 15 520 8.2
L 16 - -
1) 438 7.3
PRV 2= 96 21

i TN 405 7.7

W 5 C O MR ZE 96 3.6

5. B

AAFIE T, L 705 149 H OILHIEIZ SFI
BAEZIT o1, ZOREK, THO RF OFEfHEIE
405Hz (FE¥EfR# =96 Hz) TH o7z, Meyer ©
IFHASN RO RFIZB50HZ L FCTH Y | lRADZE
L VIRV EHE LTS O o s
ERRANDZENE T 5720, 20 2D 29 %D
15 4 DWES D3 IEH RIS SFl & 24T - 72, £
OFEFR, RADOFE D RF OFEHEIT 1062 Hz (12
Yff7= =174Hz) Th o7z, AR D RF Oy
EIZRADENDHK) 25 53D 1 Th-oT-, A
DHBFEDORE ZIIHADZEN LD B/ SN,
HHO RF REINT5EZEx 605, LnL, FE
BRIZITHSIE D REIZEADZEN L VKW, Lz
o T, IR OFEORIMEIZRADZN LD /N
EnEBEZLNRD,

FLEh R D ASPL DI 7.7 dB (FEHERZE =
36dB) THV., ADOZN (5.0dB (EHE(FE =
24dB)) LV KEhot, ZTOMEIF, HEhED
BIEO PRI A DTN LV /NE VR, HLhED
FROBBEEMBEAOZR LY KREWZ L%
BT 2,

S 61T, SR TITRA L B2 D | ASPL 234t
HEN#HEICIOTHETE -, ZORRIE. 1
WIRIZIIT D PsD i H O JERERE~D RN
RANIZBITDZORBEI D /NN EERT, Ps
WX, HEOREEFENET DK E LT
X, FICH/INEE X2 D8 E 13O EA DI
WIEERE 2 DD, LIEdi-> T, AR OEH:
FTIMEDOELDOIEFEEITRADOZN LD b
INEWEEBREIND,

6. fEi

FLEN R D B BRI E L, SFI meter 2 BH¥E
L 16 4 OISR O HEFEZRIE LTz, .5
R H AR JE I O FMEIT 405 HZ TH Y |
MANDZNDHK) 25 53D 1 Thol=, JLEhED
ASPL OHIEIX 7.7 dB TH Y . FRADZINDHK)
155 ChoT, LRI FENFITE PO H
JE BB E A~ D BTN R T/h SN T &
DB T2,

HiEE

AR OPFHEBFEREICH I L TTFS o7
B AR+ FHRBE DI =5 755 E B L OHTE %
FEICHEZRLET,

SE X

Dshriberg, L. D., Friel-Patti, S., Flipsen, P. and
Brown R. L. (2000). “Ctitis media, fluctuant
hearing loss, and speech-language outcomes. a
preliminary structural equation model,” J. Speech.
Lang. Hear. Res. 43, 100-120.

2)Wada, H., Kobayashi, T., Suetake, M. and Tachiki,
H. (1989). “Dynamic behavior of the middle ear



based on sweep frequency tympanometry,” Audiol.
28, 127-134.

3)Wada, H., Koike, T. and Kaobayashi, T. (1998).
“Clinical  applicability of sweep frequency
measuring apparatus for diagnosis of middle ear
diseases,” Ear. Hear. 19, 240-249.

4)Zhao, F., Wada, H., Ohyama, K., Kawase, T. and
Stephens, D. (2002). “Middle ear dynamic
characteristics in patients with otosclerosis,” Ear.
Hear. 23, 150-158.

5)Kei, J., McPherson, B., Smyth, V., Latham, S. and
Loscher, J. (1997). “Transient evoked otoacoustic
emissions in infants. effects of gender, ear
asymmetry and activity status,” Audiol. 36, 61-71.

6)Meyer, S. E., Jardine, C. A. and Deverson, W.
(1997). “Developmental changes in tympanometry:
A case study,” Br. J. Audiol. 31, 189-195.
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1. [FL®HIC

A FF 2 TR D T HIRIZAD
EFITENHHMBICEED . E hOFAF X U8
OFWINT 7THE L SN TVD, BELICEB W TIE
LA 1 ¢ 7=V 10~50 TEQ pg B FN TN &
SEbhTns, AL EB LA 4 X
VIOBREIIRSEE 1B, AE 1 kg H72D 50
~100 pg LHEESN TS Y, ZoRIE, EAY
BEOED DA 1 BEIE (KE 1 kg %720
10 pg) LV@EWV, BEOLE ZARIF DX A A
XU UHDOIRE LR OIE I AR KRB
RITFBD LI TV WA, BEFLICEENL XA A
FUUBHOREZNET H 2 LTS5 %, HEITR
HETRTE D,

L2rL. 1 HH7Y ofFLIEEIT 4~12 Bl & X
FoaNKEL, BILFPOILIENED A FAE )
WML, £, A 1 ESH7Z 0 ORFF (100 mL)
DEA F X U PREEIT 0.01 pg/mL & Hied T
EThbn, ZILTEORETITEENKE L
0. ZOXIRPEFRY TR EEZ LN
%o I T, AW T 1 M ORABRIC XL -
THRIZERB LA A ARV HBEOWNE %
HgE L7,

MHREEEE A TRRF

LTS HTRRE

JSTHAE R B ZEE
By # TAGEKR) EX
ISR B ZE
A TR QTP N
NV T AN=T KETA T 4 AL

NRAFAT 4 ANTE =T VY v 7R

wEEe B O BT

BARBNCIIRO XS ICBERE LR E LT, B
FLOBRWMIZN 1 ETHDL, ¥4 FF O
RN EZ DL, ZOHMICERLE A4
XFUUBITIZEA R OERNICEREINZEET
b5 EBETED, AL —mIEETITE
FITH 3 kg 205 10 kg ITHIINT 5, S 5ICKE
10 kg DL OIELR MK FA) 500 L TH D & S
NTWD, L7ed - T LAEMDOFEREZ 6.5 kg,
EROFGE DX A A% FHOEBREE (100
pg/kg + H) Z#HWTHHET 5 &, RO MmEH
2 1 M CTERET XA A X U REI 474.5
pg/mL THD, 2EV, AROXA F X &
FEIEFE 2 ) E 3 5 121% 500 pg/mL FREE D RE A3 4
TLieD,

BAEDH A 4% > O SME ST IEZ, PR
PUARK G & V2 ELISA R ETH D, i,
JIS OED HNERE (GC-MS 1) (g T
TR CH DD, BB LTI NETH D,
> T, BHAFDZ A A% UHHe &2 F NP
RFWETHET 5 720I2iE, LV 5 CHH DM
EIENLETH D,

AWFFRETITZNE T, BREHEEZAESS &
L7eH ATy VHOPEEDORFEZ{T>TE



. ZOfER. TIROFEE T 7 XE G (SPR)
UL E A AR BT T DHURE DT,
100 pg/mL @ 4 F{LZ A AL v HRETE D &
EHALMCLEZYY, UL, BHIED SPR &
IR D DEfli 7o D, I A Ay VA
WESTLHEBEBE L CHEAT LI LIIAARETH
%, £ T, AFRETIE, G RFA 4TV
FHOREZ B L THBLO/N NS Z A 72 7 =
— 7D SPR VOB EToTE VY, L
2L, BUED 7 10— 77 SPR 2 U 11 E R A3
T TN, XA FF U R L R

WHET D2 EIXRETH D,

Z 2T, AR TIEBE T O 7 m — 7RI SPR &
VY EERENT DTN RB L, AL AT
& @RI E T 5720 OB OV THRES
EATHZ L LT, Fio, XA AT BT
W R LT H L L A
XU UPIRATRRETH > 72, ABFIETILS
AFXRVTEDOETNVHELE L TH A A F
HEHENERIL, BREO1ETHLT hT Vv
LT,

2. 7O—J& SPR oY DEH

2. 1 w9 To—JFHE

X 1 ICAHFZECTRIZE Lzt vV 7 e —7 0fi
Xz, ¥ 7 o—7 13RI 1.516 ¢ BK7
A7 AT U, BERIE 1.5 mm TR 1% 50 mm
Thd, BV 7 e—70mEK0 X 5 IZEDIC
WEL TR, —FHaxv oV, o—7F %Ki
HET 5, BroVmiZiz4% 50 nm, SHTHEIZ
78 L% 100 nm Ay Z Y 7N Ko TR
L7z KO XD ICAS LI AR T Y mic A
i 68 EECE Y EICAS LER T T A€ %
Jibke U, &> Wi O U7 el S S i O L
BHER~ L END X ) ICERFF ST D,

2. 2 ZJO—JESPREUHDOLAKE
7u—78 SPR &Y OEERHEK 2 1T T,
VRN S DOWIT L v X TYATIE & LR B —

AAT) X —%B LT, By —T7~Lil
<, B Fu—70m TR LI, B —A
A7)y H— RN A E L TR IZE
Do

JERIE 670 nm D L —H—F A A — K E =13
a7 o TR, RESIE T ML A —
R Eoptds M Lz,

REIE

&7%18 — T
L) /a

50 mm

BK7THSRX —1»
BT 1516

1.5 mm APt

1 €29 70—JnEXR

E—L
2T wH

X2 7A—J& SPR U DLAFK



3. TSI PUDRIERE

3T TV OREITIEDHAIX &R T,
FTBMAGEREINTT P IV BT R —
7Ok oY EREIZEERNT D, ZDL KA
HNRFDVETERM LTt BERBRFOT X/
REFMLY I FRBICRVEBERE#RDOT F 7
Ty EERINIEET D, KIS, T ET7VUO
R E T b7 U UHURERK) 30 3iIRG L. U
AN 2 Z SE 5, T L TIORRAELTZ
REIOHT N7V UhiRE, BEREIEHR LT T
CUNEELTH DT u—T7 8 SPR & Y TH|
ET D, BARNZRBERIE# DT T 2 DEE
FHEZLU 0@ THh b,
D tr¥7o—7 %L bk FEDOIREGHK
10 3R L, B REEERET 5,
2 wHw L -ty Se — T E
10—-Carboxy—1-decanethiol IZ 24 BFEiZ L. &%F&
% 7 VAR F U VE BT B,
3) ANRFINVETEM LIt T —T %
mg/mL) &
1-Ethyl-3-[3-dimethylaminolpropyl-carbodiim
ide hydrochloride (10 mg/mL) DEEIRIZ 30 4
RLUINVAXFIUNVEZEHESE S,
4) BrH T u—T 2RI OT FT YU KE
I 30 439R7
5) ARBHDIEMAL LTz VR F v VL & ARiE T
bSE572H 100 MM DT F /) —/LT I 1210 53
=9,

N-Hydroxysulfosuccinimide (10

RELGSTZRAT SOV

Rt REA AT | 4 i
HREOREEMNET S 3 2\ 7 A
BRSO S —— *X 2\ 5( §

oY —EICERRRTISUVERELTS TrIOUE—RBDRATISDURBERGSES
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4. EEHER

4. 1 TJO—TJESPRREVHDARY kL
BA%E L7 7 o — 7R SPR & oY OB EZ R
LI, FTHBCA v T T o7 BRI
Sy eR%E VT, SPR OWIRAR Y RV ORIE %
1otz ZORRE 4 (a) 12T, XD 5 RIES
L KOLATE 690 nm AT ISR K % FFD A
NI MAPBFLITWD Z ENbND, £2, K
FHERIZ10%6RTE CTH D Z 0D X < SP & Jihitd
TETWDH I ERbnd, £, RE %07V &
U VKR 2 E L7236, WO & 28 e i
ERICEEL T D b, ZZTERLET
0 —7 R SPRE Y BIEFICEEL TNDZ &N
LD,

4M)IIX 4@ D2 DODART ML DFELE L
ST2bDThbD, ZOREFRLID AT MLDOZE{L
I35 670 nm Tl bREUEICBIHICTE 5 Z Lvbn
olz, LIER-T, LBEOERTIILREE 27
VI UThBER 670 nm D L—HY—F A F— K
AR L, FTBmESRE T EmEN LT+ b T 4T
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4. 2 7FO—7J& PRt Y DEIEKEDTE

BA%E L7z 7 1 — 77U SPR & o W O E RS % 5T
95 7=IZ, #E 0.01, 0.05, 0.1, 0.25, 0.5,
%D 7 V&Y KR EERLAE L, b
D7 VY AKREED T RIITHROT v R
Preeatz2 AV CHNE L7 s R 24 1. 33305,
1.3332, 1.3336, 1.3341, 1.3348 Th-o71-, K
s@lczinbor7 V) vKERE 7 v —T7 8
SPR & ¥ THIE L7 RE7m~T, Kb 7k
U v DEEEMNE L 72 DT L2 SPR D15 =734
MLUTWD ZEND5, 5D I & SPR
DIE5 DR E =T,

B4 5(b) DFER KLY | EHrER & SPR DAF 5 DRI
IRIEBR N H 5 Z L 3D, SPR B2 WX
JEITEROFIPAN /N S VEEECTIR, BT E SPR O
BEEOMICHIERBERER S S Z Enmb T 5,
ZOZENDL, R TR L7 v —7 7 SPR

T RNERFICEEL TWAZ b5, F1-.

ZOREFR LY SPR BV O 1 mV (TEITEE
TEL6X1UW’%ﬂ?¢6"kﬁ%ﬁ#cﬁ;)&N=3
U bExmHRERER L LEHEGIClETE S
/N D JEHTRZEAI ﬁ12xmﬂf%5_#bﬂ
-7,

BAEHTIR AL TV 5 SPR & > B D JE TR Ay fiRhe
1K) 1X10° EEbhTn5b, ZD7=h, KB
TR L7 0 —7RSPRE Y HIREN TN D
KD SPR & W & RIEDRERE ZFF>Z L3
Lol

AT 1 /.
45 f B W 08
s : :
R R § 08 //
H : H / (]
4 J= ) 04 /
- _\__'_ . 02 A
38 o\—: P —— ?fa)( 1333 1334 1304 133
B (7)) BT
(a) (b)

5(a Ut DRERER b) BIFREHDDOERK

4. 3 BFREHTFSIOUOEEIL

X 6 (R T b7 Y v R EEL LR
BlErd, KX, ETECOHO 10 45/ Y ik
HRICE e —T7 2R L, IRICEERIERT B
TUVKERRIZE T e —T % 30 iR L.
WY UEERRETHRIC 10 iR LTEfE R 2R LT b,

CORRIVBERERT STV Rt R
HICEELSID Z & T, £ 0.62 V DIEZDE
fe3fgonizZ Enbnd, 1V ozt W
FHNZHKI 1 pg/mm® DX LR EPRRELTND D
ERDOTOT, ZOHEITHI 860 pg/mm” DEEERE
W N7 rynNEELSNT LR TE D,
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BefE ()

6 BRIEHTISOUDEELLER

4. 4 T ErZDUDAE

X 7alZ 2.5 ng/mL OF + 7V ERIE LG
RERd, ZOEELRERICEIO 10 ETY
VIR 2 RE L, RO 20 5 CREIE 257
T TV HUROREZITV, VY ERREET IR
ZRELTND, ZORMRIYRE L o7 fik
ﬂ.ﬂJKLKTWV7V/Z%§%¢5;J:Ci@
SPR DIEZHKI 1 VEILL TWD Z &R bhd,
X 7o IZ7 h TV DPRE L SPR 55 DORERE
Y, ZORRIVBER LT e —T R SPR B
PERNT BTV ORE TRIZA 1 ng/ml @
TRV UNRETE DL ENRDroT,
AWFECHEL L TCLETY IV OKRHET



HA V)

FRIZ 500 pg/mL Th o7z, ZD7h, IHIT 244
DEEENLETH D, S%IL. BRIEHT b7
VUOBENMEEBHRFTLORELTCHES T
LHPETFREZEBE LIZWEBZ TN D,

7.45 0.35

74 g 03
735
3 ‘| . s 0.25 Z
725 e, : R 02
72 '// i . = 015
715 :
. 01
7'050 500 1000 1500 2000 2500 3000 0'050
M (5 FSTVMEE (ng/ml)
(a) (b)
7(@) TrSURE 25 ng/mL DBIFEHERE,
b) 7o UITxtT HRELR
5. £&O

AWFIETIEL A A% A BEICHIET 5
e DI/ DT a—T7 R SPR o E2BFE L, B
HKLIEEZHWTHE AT VEHOET ALY
BLLTCT b IV OREEIT- T,

B L7 o0 —7RISPRE VDR YT a—
TIXEA L 5m, EEX50m Tho7-, BAFE L=
7'r— 7 W SPR & LV O E R A R AN L 72 AR
HIE T E D HRNOJEITFEE(ILL. 2X10°TH Y |
BETIR STV D KALD SPR & >3 LRI RS
ThHZ Z &bl

WIZ, BERERT b7 Y v o REICHEE
fbL, 7 h 7P OREERARLT, ZTO/E, T
F 7Y ORE TFRIZ L ng/mL TH D Z & bo
o7, BEIOWFIETHEE L LTV FIRIT
500 pg/mlL TH o7z, LIzl THKIL, BERE
TN TV OEEEERGTTHRELT, B
EL LTV O FRRZ FZH L7zuy,

Bt

ARWFGTIT I A N F 4 8 7 5 B2 i 4= B R
ORI LY TS E Lz, ZZ2ICHRE
S FRIEA R B 2R < T = L,

SE Xk
DFRIE, B O XA F X HHZONT, 4
ILfE, 50, pl85~pl196, 2006

W. Zhang,

Y. Nomura, M. Sakino,

K. Tkebukuro,

2)M. Shimomura,

K-H. Lee, I. Karube, Simple and

rapid detection method using surface plasmon

resonance for dioxins, polychlorinated

biphenyl and atrazine, Analytica Chimica Acta,
434(2), 223-230, 2001

3)M. Shimomura, Y.Nomura, K-H. Lee, K. Ikebukuro,

I. Karube, Dioxin detection based on

immunoassay using a polyclonal antibody

against octa—chlorinated dibenzo—p-dioxin

(OCDD), The Analyst, 126(8), 1207-1209, 2001

4)T. Akimoto, S. Sasaki, K. Ikebukuro, I.

Karube, Estimation of sensitivity for

refractive index and immunoreaction in a
plasmon resonance sensor probe,

Analytica Chimica Acta, 417(2), 125-131, 2000

surface

5)T. Akimoto, K. Tkebukuro, I. Karube, A

surface plasmon resonance sensor probe with
a novel integrated reference sensor surface,
18(12),

Biosensors and Bioelectronics

1447-53, 2003
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1. [FL®HIC

A, PRERARRIERICB T DA TT 4 v
OENENEE ZEDTWD, FTHIMEILER T
Th D —Mrb%EFR N0 B L T, Failr, BN
U7 NE A LFHAZEE RS S, Fia I L
ToRIBRFD NO OTEME, AR EOZELDE A
RINTEBY, Bax il AANSE LTS,
ZD—J77C, NO R NO & kiR (NOS) DYENE % #am
T5ET, A= —=FFH A F(O,)IcREEIND
NAFTT 4 ANOIENE, EREOELLIER S
NTETW5E, ZA=—=FFH%A NL, FEFITH
WEOEHEZ A L N0 EFUGT D Z & T AF
FA4 FF A F(ONOO) Z/ER L, NO DIEMEZIKT
SHEHDLZEDMBNTWD, Fio, MM FEREE
2IE, N O e RS U F o OERHICL D A—
PR—=F WA RAERTTHER B i ER O (i3 N~
D < REIZFE S NADPH A %3 &4 —¥ RICBIT
HA—=N—FF WA RAERTLEPRE SN TE
D, A=_—=FFH%A FODin vivo U T IVH A A
FHOBEZEMENEE>TETND

BUE, TEBRBRIEBICES B A —/S— A %A
RAERC O TTHE « B ORI, —MRA9IZ, Bk

FEALAE IR ERR A Y
By # =
L [EFFEH MME%&mki
B A B R B R 7R
Hooo®m W OR H
IR R R A

Ir

R

%
B oK T2
A
2

B M om oz
R R TR0 2
O S I

LDL RA—/"—FF %A A LZ—E (SOD) 72
. A= _—F XY A REoOWE & ORIGAR
W) D FE L HUER AL TR MEINE 28 — KB W B
TW5b, LnL, 26O RA2EHEA— —F
%%4%%&&%00&5_kixﬂ%?@éo
AR 2B T, ESR B0t ik W -
A—=N—=FFH A FHEEBFH I TND 08,
ZNHDOHETIE in vivo TDO U T VH A LEHH
MWHREETH 5,
mvwoﬁwﬁﬂﬁﬂ%&z—ﬂ~ﬁ%#4F
TP ORRBIZED | Fx REBICBIT D A=
—ﬁ%%%h@i@%%_%bf\ﬁkﬁﬁﬁ%
HBHZ EntkoE bz, TRETEILA ML
A% BT, ﬁ%%&?—&&bf%w%hf
ET-REERA - FUBLIEMERIES, K0 B2
E%%Eﬁ%%k%f_k#m%ék%ﬁéh
Do Fio, BEK RS EOEMMEIO A KE A
PEDFEM 72 &, KERWEENEDPHIFFTE D,

2. EAR
Hxlix, CNETITSOD 2T ILEZALTILTFE R
WX VEE L=V OBRICKRII LT,



JREEE T LT v MMutges 2 AV 7= ex vivo TD
MR P A= N—=F XA REROREZEZTT> T
W5 D LavL, in vivo FHEI~ORSHOEIC
& E AL SOD DIFMEMERF I LN T — T VAT L7
UKD 2 SR E 72> Te, AAFZET
X, FRICHTRL SOD [EEALIEDOMESLICH A ZEE
HrHL SOD B EALIEDRRT 21T - 72,

HMRER [~ DR EEOBRITIX, FRERR S

e U, HOMESE OIS - 1M
W2 ERROLND, TNETOHETIEH, 7=
qu‘/%% TAT—HESDEITNVELT VT
N2 XD afE L, Pt K ~REEEZ, RV
vva/_ibﬁéb\kaiUx74i—&
DEHEFHINTW =, UL, SOD OFIEEC X
SOD-Pt fRIOEF BB DI MBS L <IX, 7 vH
NT VT B RIZ R DIFERMRFEEICL D, S0D
EHEOMTFICED ., in vivo b L IZF IS
KB TOFHIFEFE ICHETH o7z, £Z T, K
MR TITERBREIIST D SH ROWERMA
FIF L7~ self-assembled monolayer (SAM)?. 33
FORFED N THRIZRH RIS AET DT 7 4
=7 4T F K VZEFEEL, BME LT Au, Pt
Zxtgr e U728 SoD [E e bk & et L7,

SAM & U TiXx. MUA(l1l-mercaptoundecanoic
acid) 8 X Y MU(11-mercapto—1-undecanol) % H
Wiz, BAEAEEZ T MUAMU IRIRICIRIE L, &
JEFEHE EIZ SAM ZHEEE L, SOD % SAM _EIZHE& &
., SOD EEEMEER LIz, £, T7 4=
TANTF REMWEETETIE, Au, Pt IZxFL,

Kx3 FHTOOT 7 4 =T 4 XTF FIZONT,

SOD ~DT 7 4 =T 4 XTF ROEANEL LOE
Fg~ [E EALIEZ R LT,

3. ERAE

3. 1 SAMOHEHEFE KU SOD EEIL

AHFZETIL, SOD FEAIED G 2D 5 72
CTNETITHE LI LD bERBOKRX
WEMZ M L7, #ERICIE Au, Pt UAR (2 mm
X50 mm ; Nilaco, Tokyo, Japan)ZfEfA L. %

NENSCHRESY 2 mmX 2 mm ZFRVD TR L, o
Uit oy & BRONER & L7c, fHIR~ D SAM B A DRIIC
LT OFNEIZ K0 EMRZ e LT,

M % 2.5 M KOH ¥R HfHs TE WY (4 hr) L

Tote . MKFIC TEE BB (6 min) . VTR
Wil ICiRIE S 72 (1 day), D%, HlikicT
Ve 21 65 % HNO, FAIRIZIRIE (10 min) , FFEEHE
AKIZTHE LIz, E51T, AL (A X 0.024
m) (& EMmREmEAZHE L, MK TRE R
% (5 min) ., 0.5 M H2S04 V&K T-0.35 ~
+1.7 V vs. Ag/AgCl SCE, 200 mV/s IZCZE LT
WL FFHILDH FE TQ20~50 cycle)hA 27 U v
R Z A U —(CV) 21T > 7,

EREFMAIC KV PE L7 @M . MUA (Aldrich,
Steinheim, Germany) 33 X UNMU(Aldrich) DIRAR
WRIZTA v F 2X— K L7 (room temperature, 1
day), MUA B L O WU iIFEhEn KT 2 ) — %
AT MR aER L, REtE 201, 101,
1512 L, ZNENIRA LRWREED T 5 HH
DOVIRE B Uiz, SAM Z{ERLL 72213, — M
KEEE L, 30 um SOD (Wako, Osaka, Japan)i®
% (5 mM K-PBS, pH 7.0) HIZTA v FaX—hL
7= (room temperature, 2hr) ., F %2, W3 L 7= SOD
% B EALT % 72912 EDC (1-ethy1-3 (3-dimethyl
aminopropyl) carbodiimide ; Sigma, Steinheim,
Germany) % 5mM & 722 X 512z 7=,

SOD EEEAFE T LI Tt eV ~
+0.5 V vs. Ag/AgCl SCE, 50 mV/s, 10 cycle) %
1T, EECEREOMEGR R LA — /=A% A
RO ZER LTz, A—/S—=FF A FIZ
XA R PEIZ DWW TIE, xanthine oxidase |2 &
% xanthine DOERALI LI HAKT B A —s—F
YA FEHMAL,
(Wako) . xanthine 100 um (Wako) Z & e buffer
FTO VTR, B HERE LT, B
FOMERFOEAFIMZIE, RTF a2 Zy b
PGSTAT12 (Autolab, Utrecht, Netherlands) %
ER L7,

xanthine oxidase 50mU/ml



3.2 TI74=T4XRTFFERAL: S EEIL

SAM (2 & % SOD [E EALRE & [FEED Au, Pt T %
v, BEEACBRAERT O VEE LB G [FARIZIT o 7o,
Au, Pt ~OWERNEEFFOT 7 4 =7 4 XTF K
TN O HE SN TWD A, AENE Au 123 L
T 1% . MHGKTQATSGTIQS . LGQSGQSLAGSEKLTNG .
FKLVRGMEGASLHPA %, Pt {25 L CiZ, DRTSTWR,
QSVTSTK. SSSHINK(7 /L7 7w MET I/ 1
LFFRR) EENEIER LT,

AlENE, ZVE AT VT e RERW, THT 7
A =T 4T F REEANLTZSOD Z{ERL, 77
4 =T 4 T F REASOD & EHEl LR, BX
WE&REmET 7 4 =T 4 XTF RITL YL
LTI VEZ LT AT RIZX Y SOD % [ &AL
L7ZRICOWT, EREIUaE LT,

SOD fHNZT 7 4 =T 4 XTF REBEATLHHRT
X, 774=74XFF K1mg, SOD1mg% 2.5
mM 7V Z VT VT e REETePBS 1 ml IZVAME L.
30 CIZT 1 hr Rt & 872, kX, 2 M Tris-
HC1 #&fEi#E (pH 8. 0) % 100 p 1ML, B v 7Y
VIR EAEIE S, 7L A1 (Sephadex 625 ;
GE Healthcare Bio—-Sciences Corp., Piscataway,
USMIZ TR L7z, D%, 77 4 =T 4 XTF
RN SOD FRICYE 2 D EM A 2 hr RE L

TEMF AN SOD % [& &1k L7z,

BWANZT 7 4 =T 4 XTF REEATDHHR
T, 1 mg/ml DT 7 4 =F 4 X7 F FIEIKITLE
it DEMZ 2 hr RIESE, EWRAEIZT 7 4
=T AXRTF REREIE, TO%R, 77 4=
T4 X7 TF REEEMEZ, 2.5mM Z /L& LT v
Tt FIAHZIZ T 1 hr, 1 mg/ml SOD ¥A#ZIZ T 1 hr,
JEIZIZE &, SoD #[EElk Lz, &Hi2, Ei
T 74 =T 4 _XTF REA%, 2.5mM 7 /L)L
TAFE R, 1mg/ml SOD DIRGAIKIZIRE S &,
SOD % [ &4k L 7= SOD [E &b A & /EH L 7=,

SOD [EE(LDTE T LB TELER V(0 ~
+0.5 V vs. Ag/AgCl SCE, 50 mV/s, 10 cycle) %
TV, BEEBEOMERES LA —/R—F % 1
R~DSHE 2 8 LTz,

4. BRBLUEER
4. 1 SAMIZ& % SOD EE{LDFER

Au, Pt TNENOEMIZHKT L, MUA DI, MU D
A MIA:MU=2:1.,1:1, 1:205@HD
SAM ZH A LT b D&/ L7z, SAM DB A#LE
BOBEPET, 0 ~ +0.5 V, 50 mV/s TCV 217>
2L 2 A PLIZOWTIX, TXTOMUA : MU LD
BARIZ OV T, SAM TEELHTER T OBEIE D E 1
BTET, SAMOEADRHER TERD o7, Aull

OWTIE, MUA :MU=2:1, 1:1, 1:2 TYEfLL

BRI DWW T, FBALANL. 3V (FTic BV T,
ﬁ%’t—ﬁbﬁﬂ SAM DEAZRER LTz, K
(2. SAM A ZFER L7 MUA : MU=2:1, 1:1, 1:
2 D Au FBARIZOUVTIE SOD [E EALIEE 1TV,
JECVIZ LY, SOD DEEI LA — 3 —F %4

RIZx3 2 BOSHE 2 BiE Lz, fid. MUA - MU
=2:1, 1:1, 1:2FXTO Au BMRIZOWNT,
SOD [ E LR D CV I SAME AL 0> 52k
ML, A= X—=F XA RIZHT DIREME LR
O LI T,

VL EOFER LD MUA-MU JRA R, Au (2L
TIZ SAM 2R T 5 DIzt L, Pt Ik L TITA%)
TIHRWZ EDRRB I LT, £72, Au lZ 20T,
SOD |AZIT, CVIREDOE(B A BT, A=
— A XY A R TDINER R ool Z
EMB SOD BEESNTNRNWZ EREZDL
N5, ZHE, H L7- SOD O SEARHEE A, MUA-MU
RGO SAM & OFEEITILAN N TR UNATREMEAS
ExbND, A%IIMAT D S0D b L <L SAM &
EHEL, WORMAGDOEERFNTHILERDH D
EEZD,

4. 2 FTIA4=ZT4RTFFIZk3 SODEEI
DFER

SOD NZT 7 4 =7 4 XTF REHEAL, B
R EEL LT2 R T, Au ~DOWE R 2 RO
HGKTQATSGTIQS LGQSGQSLQGSEKLTNG
EKLVRGMEGASLHPA, Pt TIZ5t3" % DRTSTWR, QSVTSTK,
SSSHLNK D3 _XTHT 7 4 =7 4 T F 2o



T WAERBRERT T OV R OZL D HivT,
SOD MEEL SN TVARNWI LEARENZ, Zh
. 77 4 =7 4 X7 F FD SOD ~DFEAEHA b+
N, RXTF RE T OFRFOWRAE R Z RS DL
EHAE L, 77 4 =T 4 XTTF ROFFOWEFE
Db EBEZLND,

W, BWPNCT 7 4 =T 4 _XTF REEHEAL,
TR IT VT REEHE, SOD ¥R DIEIC BG4
Z{E L, SOD & [EEfk L=/ Tl Au, Pt O3
TDT 7 4 =T 4 XFF KT, SOD WA&EBIERTH
TO CV IR TR B, SOD O [EEITR
e X773, xanthine—X0D 5% Tld, A—/3—F %
YA RIZHT DICEMNERRD e oTe, Z0D
ZEMmB, SOD JEMEAMERF TE TR, b LS
1% SOD-EE MG [H] DB B E 2N HIF I T Ot TV 7R
UNATREPEDS R S 4Tz,

Flo, T 74 =27 4 XTI F REREIEANLTZ
DL, JIAVENLT T E RE SOD OIRGIEIRIZE
EL., SOD ZEE(LLTHA. ETOT 74 =T
4 T F RIZBW T, SOD WA #IERIT: TO CV ¥
FAZEAL D ZRD S 37228, Au (HGKTQATSGTIQS,
LGQSGQSLQGSEKLTNG .  EKLVRGMEGASLHPA) . Pt
(DRTSTWR, QSVTSTK) Tl&, A —/3—FFH A R
KD INBENEITRO b oo, ZHUTK L,
PLIZHT DT 7 4 =7 4 ~T7F R To 5 SSSHLNK
ZRWIZ G, HNEAL+ 0.5 V IZBWT, A—
IN—=F XY A NI DI EMED R ST
(Fig. 1),

[
o

XOD addition

o
o

a
o
T

——:XOD 100 mU/ml

Output current [nA]

: XOD 50 mU/ml

1 1 1 1 1 1
0 100 200 300 400 500 600 700
Time [sec]

Fig. 1 #1#R SOD Bt EMD R —/\—FF
FARISHT DI E

L LRG| PERIEDT Y O E & B E A
IR A== W o NIRRT L2 DITH L,
Bt IR EEEREIXA—"—FF A R
DAERBIITELT Lo T2, Zhid, HlliEic
&% Sop [EHE(LEN DR AEMER LR T
A== F XY A ROERENRHRAZ B 2
TWD, b LT, EFEICED ETORIGE
JEIEWDRRBD LD AR S D Z b, &
RS DA ERTE LT R 72 2 BFRICE SV TV D
AIREME RME ST,

5. f&i

AAFFENZ LD HHIBZR LTz SAMIZ K 5 SOD
DEETIER, BEFEZIET DITIEE S 220
ST, L LT 7 4 =7 4 X7 TF RE M2 S0D
[ EALIETIX, Pt IS4 5 ~~7F K, SSSHLNK %
AW EIT, A== F VA FISEMENRD
DA, Bl SOD EE(LIE E L TORIEEMED R S
Niz, 77 4 =7 4 X7 F ROz EEbEE,
FHMEOEWT e —FThy | A—"—FFH
A R Y BT =T VOBRBIZBNT, K&k T
L= AN —CRDAEEEZ > TS EE X
Do

Eif=3
AWFZEIL, RS NP3 - S HA R B [ |
H2 20 (Fpk1 744FE) ke oz X
DIThbNZbDTHY , Z ZITHE G L B
e

ZE 3k
1) Development of a superoxide sensor by
immobilization of superoxide dismutase
Kosuke Endo, Takehiro Miyasaka, €t. al.,
Sensors & Actuators B(Chemical), 83, 30-34,
2002
2) Superoxide sensor based on cytochrome c
immobilized on mixed-thiol SAM with a new

cdlibration method



B. Ge, F. Lisdat, Analytica Chimica Acta, 454,
53-64, 2002

3) Molecular biomimetics: nanotechnology through
biology
M. Sarikaya et a, Nature Materias, 4, 577-585,
2006



SSRIEHBEBZNE L =18kt o HIZK 5 SAS DEHIFERHEEDRFHFE

WHERAEE AR A RRR AR B - B AUGH L=
W = o 7
HLFERFZEE  ERRPIRIE IR R A B - RIS L 8EE
G I SR TR
[ D PR e g R 250
AR A o B &
72 0 PR 57 g A A B A
B Rk I 4 S3C
FED R MEIR e SR 2 o & —
trr—K B I % H

1. [FL®HIC

FENT I 2 MEAR R SRR SE G RE  (Seep apnea
syndrome: SAS) DHEEFRITHK 2 %if: VT T E
EEHDHEB300 0 ANE D500 0 ANEBVbILTE
V. SAS BE DK 35%7% B B HEERRFZJFIR D
EIRA B L TWD b Twns, HE SAS
BEORBIZCEIEIRAY 77 7KRE
(polysomnograph: PSG) #1772 AL E 2 Wt
TOHZENTETIRIRBITI ZLNTERY, £
D7 DIFERF H DB E O JFIR » FH LIk
3y AU ECHEB IOl ERE T
LTIV D SAS BENZL AFET D,

SAS [T EERER T D RER S ) OATHEE KV PAZE
7l (obstructive SAS; OSAS) & HiAX7! (central SAS:
CSAS) (ZAIE S 29, W DEE b MR
2 X DA (SpO2) DIKTFEMES, MR
DIRD 5 BLIRBPEN LV H DL OSAS THY
HEE L~V ORGEPAZEIZERN T2 DR Z 0,

ALK LTWD SAS OfFEEHA 7 ) —=
7 A CIX RN, O Fx O KR H T O BRI
OSAS TH %5 CSAS TH 5 0O HIEITIHPFE TD
PSG REZFF=72 < TIR DRV, T ZTHEET

PEROBLO LB L TEYfEfEIZAY Y —=
TRRAEZITV, L HEERORHEE THITH
T & DT E 2 B AR IR HE I TR 7 A 2 1 oD B
BNLEEND, b LI DX D 2Rl %E ) 5%
SR, BRI B & 72> T D SAS
BEZ L BYICRE LIREZBSEL 2 L
WARE L 720 | T T D HEE ITIER TR &
WHDEEZHND,
ZZCANIZETIES 1 OMEE LTER LY
Dipnt Y TR 2 L EERORA S ) —
=2 TR RS SRR O R E F R AT RE e
Bl 7o N7 A—2 & B L, ZTOREE K
AFET 5, 2O E UTH IR Uz R
DFRVY|TE O 7 8D D AR Wk & o3 & RIS
HEELIENRNNVALTF VA= 2 —KILT D2
LT B Y DRI K o THERER OFRLHE O
72O DHEEZWNFRER T VT Y X ADORE %
179,

2. SAS BIHIFERED-OIZHICIRELI=/NS



A—HRIZDT
2. 1 REBEMERERIEE SAS BFIFEDOREFR
A AP Bz % It (sympathetic skin response:
SSR) MIER - F - ERAHPIC L Y FE—FH
RRBE— B X RS bR EMAT
BV, REAPROBEIZ LV FHET DITFRADA
FUBRICEDEMENETHHDOTHD 9, &
LA H RN AE T WS & S,
EWRZANBIIIE O D e Wil & L TlE s
TW5, FAIED Z 3L E TOMIE CTITIRIRF D
KELVRKEEICHBEIND ZEERELT
W50, 7725 CSAS DO FRARE DD - < Y
E L7 0 OSAS OME BRI IT 55
HARR RN CHBLT 5 ATREER B 2 b b,
1 OMETH DM FURN 72 < Loy BRI
DOIRVREDF T et /R F A—%2 & LT SSR 2
ERLABM CTHEALDOEEL D RIFREREIND Z
LIZHEHE L, OSAS Rf& CSAS Iz T 2 ME Y
BARF T4 5 SSR # b9 % & 12 SAS Bl &
D783 A—H MR T2,

2. 2 INULRFFIA—RI2& BIRKEIRIEEE)
=¥ & SAS ZHIFEDRARZR

POV AF X A —H D SpO2 & RIFFICHH &
AU % B A FRNRIEE 0D 1 M 25 8h 13 M J2e P8 1 oD 28
b3 D~ OFIREREOE L E b2 b L, i
MR CTONREIRIEDOEE 2 72 53 2 &3
HRTWD D, OSAS W DFFILES ) A gBE - JERE
O ay S EE) & 72 0 IRIKIRIE IS E A 525 2
DD SAS REORIHENR o HRREFRETH D Z
LITHHER LT 899, AR CTIRARBARDE L ZME A
72N R E W D IR AR O Z8 B iR 24 (coefficient of
varigtion: CV) % W= 3D Z v F TORFERS
ROMR DT &L LI210, T7205 HEIFR O
HICHRCICER L VAL F v A =2 L0 15
HNBAREE D CV EE L SpO2 DK & & fiE
W & T £ 0D IR0 B B B L2 A 37 2 i 36 B fn ¥ [
#Heh#R (OSAS TiX CSAS LV < RIET %) &
£V OSAS, CSAS HBIAIEETH D Z & R

LTW5s,

Z ZCARMFIETIZE 2 DB & LTI OfERIC
INZ T SAS OFENEBHFF OVER R T4 L% SSR
BRI RT A—2 E LTINA T, BE
SSR AN & FE S SV A A F T A —
Z & — Kb L. & HIZ CV A 5 7z SAS A&
T2 Y XL ONWTHE LTz,

3. A&

LEIZ XY FE R X F i 23. 416, 1R D
TR AR E 164 (BME44, ktE114) %
FAVN, ZEERIEIR | PHSEPEAREARE IR, | R PR AR P
AT,

BIC— I AKX K D B, BaEs - BEE I A
MU =N K DM EE AR, 5 2 FREloo
NAFFR T A—=ZIZLD SpOs &R, SOHMAIES
2455E & FE— 5 C SSRIEH M EMm 2 #:35 L
7o WRIEARIE O CV EIZIX 1 1R T X H 2 6 fHD
R 1 27— e LT DA R~ LELET 5
Fikw AT, F£72 SSREH A o FEHEBMmENL &
L CRMBRIEINZ FHn e, —I X Z b DES
USOT Fa 75 5% 7Y v 7 EE R 2001z
TA/DZEH# L 7=1% BIMUTST % IV THLY A 2,
REARIES> SSR I 72 & ORIEI T MENT >~
7 I Acgknowledge % v 7z,
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CV225—1)
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n+s l;ﬁ GVp-5(P-57—L)
. 2
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=n = WK IRIES O F 11l
hi=2 6=\ CVp==— "
6 I 5 h; 6 : BRERIBSED B

B1:iREEBRHB(CVIEDE L A
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