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ARE3zix. TElectron Transfer Reactions at Enzyme-Modified Electrodes] &% L. HEBTEMA N, 5
ENbER SN,

% 1 ZF [General Introduction] TiE. AAETHWV =L Ky O REBEETHD ISvH—+H (Lac). EVYIL
EvAFi24—tE B SLvER X/ Y oFxF/) VEHBRET IV ILa—RTEROAYF—F
(PQQ-GDH) DHEE L BEERIS. CHLDEREMHEBOESILEFECETMBEA DX LIZETEZINIE
TOWRLGE., AARDER L BMITDONTHRAT,

% 2 Z [Redox-Mediated Electron Transfer Reactions at Th-Lac and Th-PQQ-GDH Modified GC Electrodes ]
T, MEV4E Lac (Th-Lac) & ittt PQQ-GDH (Th-PQQ-GDH) # ZF N ENEERL 1= 5 v ¥ —Hh—K > (GC) TR
TOLEYIRATA I 3N LE-EFBIRELEERETORI/ N ABREEMADLHIZOVLTHRR
f=o Th-Lac F =[x Th-PQQ-GDH Z & M;EF7IL TS U ERICTIW AT ILTE FBAKRERBETHIETYY D
HEEZNLTHESE., BEBA—ARUF/Fa—JLIZEBESERR. Thzx CEEBLICEEILT S &
T. Th-Lac 1&8FE4E & Th-PQQ-GDH IEEFEABDIERIZHIN L =, Th-Lac IEEFEEH & U Th-PAQ-GDH 1EEE
BOESREEEE BRETEM. JILD—RXABILEM. CNOOREERZEQRERGFE) #BHSHNICL
Tz BRNATREEMUNIAHY—F : Th-Lac EEFER, /N1 47/ — F : Th-PQQ-GDH 1SEFE4E) Z4H
HIT. ZOENFE (HEREE-—BRERFEENREENFEE - GRERE EHEOEREEKREHE) 51
L.

%5 3E [Redox-Mediated Electron Transfer Reactions at BOx-Modified Electrodes] Tl&. BOx k&
BETCOLFYIRATAI—FEZNLEEFBIRIGIZTDOWTIRAR Tz, BOx % edge-plane pyrolytic
graphite (EPPG) &E4% & GC EAB L [Tk & T. BOx {&£H EPPG (EPPG/BO0x) E 1% & BOx &£ GC (GC/BOx) EAE %
{5 L7=, EPPG/BOXx BB TIL BOx DEEEFHEERE TE S, GC/BOx EAETILBOX DEEREFEHE
EHRTELRWIEZRE L. 22 - TP /-ER-B-TFIRVIFTJ)2-6-RILRVER) (ABTS*/ABTS &/
WFFOSDVAILEAXTH LT /8 U/ AFY ([Fe(CN)l “*®)EL Ry IR AT I -2 ELTHEAL
<. EPPG/BOx BB L GC/BOX BIBICEWVWTLRYIRATAI— 2 %N LEBRETREICDLNTEHMICEH
Rfz, BONFERIZEDWT, BOx ® T1 fiY 4 b (REBERISICHT BEEEG) & T2/T3 941 +

(Eﬁ%a_x}iﬁf}l ®9 BEMEEA) O EPPG RV GC BEREADERE L VBRSSP FREFBERIS (T1
YA LS T2/T3EHY A FAQEFHE) ICDONWTHMICEEL., E8L BUx DR EBRETRECDE
FEHAHDXLEDOHBEEFHELMZ LT,

% 4% [Direct Electron Transfer Reaction at BOx-Modified GC Electrode] Tlk., ZITE FEZE
)kL,szJ)lxrl-i‘:\‘—:/xa'-)bt)bn—x(CMC:o)& ZBN—HR>F/ F1—T (MNCNTs) #ES L. GC BABICRE S
T GC/MWCNTs/CMC=0 BB ZEH L., S 5(Z BOx %, ZORAICHFEHETHI7I/BEEED HN-FH &
GC/MWNCTs/CMC=0 EABE LD CMC=0 D7 IILTE FEDRETERT DI v IHEEEZN LT CMC ITRHESED
Z & T. GG/MWCNTs/CMC=0/BOx EtB & {F&L L=, Z 0 GC/MNCNTs/CMC=0/BOx =B T®D BOx D EEEFHZEH
KU BOX N FHNEFBERIGDOVWTEHMICHANT, EXRIEZENENE BRBLUVUTILIVHATTORERKE
. BRETER. T1 YA L& T2 Y1 FOXEREETEM (L )G E) #HLMNITSHEHEIC, F
EREAM, BFETEM. TIHY A L& T28Y A FD £ HBHED pH (TIKFFEL. pHIEQEMIZONWTEA
BRARANBET S ($9-60mV/pH DAE D) &L EHLMZLTz, SSITBOX D T1 YA k& T2/T3
#A+H -+ @ GC/MWCNTs/CMC=0/BOx BIE~DEME LK UBRSFRNEFBIHRIGICOVWTEHMICESE L. BER
ERXREDEFBEHA DA LEFBHLMZLT=,

% 5% lGeneral Conclusions] Tl&X, AARTHEON-RREEZHRIELT=,

fE#5 © FSCEEIT, P 2000 55 & FEIC 300 GEA LT ORI D2, b L<IZTL 800 #5a 1Rt L T<Zaw,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

Electron transfer reactions at enzyme—modified electrodes have been studied in this dissertation.

In chapter 1, the background, importance, outline and motivation of the electron transfer reactions
at enzyme—modified electrodes have been mentioned.

In chapter 2, a MET (redox-mediated electron transfer) between the electrode and Th-PQQ—-GDH (thermophilic
pyroloquinoline quinine (PQQ)-dependent glucose dehydrogenase (PQQ-GDH)) modified on it was investigated
in the absence and presence of MPMS (5—methylphenazinium methylsulfate) through the bioelectrocatalytic
glucose oxidation reaction by the Th-PQQ-GDH. A MET between the electrode and Th-Lac (thermophilic laccase)
modified on it was investigated in the absence and presence of ABTS (2,2  -azino-bis
(3—ethylbenzothiazoline—6-sulfonic acid) diammonium salt) through the bioelectrocatalytic oxygen
reduction reaction by the Lac. Thus, a glucose/oxygen biofuel cell was set up with Th-PQQ-GDH modified
electrode used as bioaode and Th-Lac modified electrode used as biocathode. The performance of the cell
was investigated in different temperature.

In chapter 3, a MET between the electrode (edge—plane pyrolytic graphite electrode or glassy carbon
electrode)and BOx (bilirubin oxidase) adsorbed on it was investigated in the absence and presence of
mediator ([Fe(CN)g]® or ABTS) through the bioelectrocatalytic ORR (oxygen reduction reaction) by the BOx,
and in addition its overall transfer mechanisms were proposed briefly including the DET (direct electron
transfer), MET and an IET (intramolecular electron transfer) from the Tl site to the T2/T3 cluster site,
in which an uphill IET reaction during the catalytic ORR was suggested.

In chapter 4, BOx-modified electrode, in which BOx molecules were immobilized covalently on the MWCNTs
(multi-walled carbon nanotubes) noncovalently functionalized with biopolymer of CMC (carboxymethyl
cellulose) on the GC electrode, was fabricated. DET of the BOx at BOx—modified electrode was investigated
under anaerobic and aerobic conditions by CV (cyclic voltammetry) and DPV (differential pulse voltammetry).
The formal potential of Tl and T2/T3 sites of BOx were estimated by DPV. The probable orientations of
the BOx contacted with electrode and the probable mechanisms of DET from the electrode to the BOx and
IET between Tl site and T2/T3 cluster site of the BOx were proposed.

In chapter 5, the concluding remarks of the dissertation have been addressed.
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