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W2 (DY —FHV Ry Z AR ~—% 7T 7 NEEG LAY — NOB%] TiL, B
FERWCTEHEZIRILT DA A H Y — ROfEERIEE LT, Y —FNHOAT 4 =—2%2H6F
HZLVRy I ARV —% T T 7 NEALEI—RT Ty 72N T, ZRTh—R v Emi i
LT, AT 4x=—% L LT, 22-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) %, %%
& LT Laccase & JHW-EEEMIC LD . ImACM? A B2 AMERCERE B, £/, V=7
VRyZ AR ~w—%2 =R 7Ty 7 EIRELTERLEEmE Ik, =R 77
v I FREANV Ry 7 AR ~—%7F 7 NEA LIZEMD SN, Laccase NH A —R T T v 7~
DEABENDREATOND Z Ea2RLin, S5, MFTOEFETHL T2 > T2 HERES I
SOWTOERZMFT L., Laccase & DILAFIZ L0 ABTS N0 fiE+ 5 2 L A B0 L, DAY
DM O s 2 1R LTz,

%3 % [EMEWE Laccase & W2 IG5 CTlx, SEIREEL~DOFEL 72> TND I —
N T Ty 7 ~OMBRRE A D SR O JIE Z2 33 5 72012, &S WIE 722 B M2 RE SR (2
H Lot 217 -7, HilitEE Laccase & HiEME Laccase, 35 & O Glucose oxidase (GOD) % 41— 7R
VT Ty TS S, WAERERTEME ORI & IR IEIEC KD IREEERENT 21T o T2, WA
B OIEMRHEN S, B—R T T v 7 ~OWFEIZ LV FEME Laccase 38 X O GOD Tld kg IZiEME
WIS % — 05T, HIiEWE Laccase TIEWAERTOIGHENMZIFHERF SND Z L 2R LI, Fiz,
WA RIITR D & /X7 B O " IRAEEFEATIZ &0 | IR Laccase <° GOD & Friss L C 24 Laccase
T =R T T v 7 ~OWHEIZ L DIEEF DT ECRBT DBEELN Vi L a2R L, B4R
OWEERFEF\ZAE D KIE 2T 5 720121, IEEF IR o EZ b2 M35 2 ENEETH
HZ kaRLT,

4% PEG Efilia W iG] TlX, h—R 7T v 7 ~OWEEEIC LV KET 58
FEHWDRIZBWT, I—AKRr 77 v 7 OREEMIZ X RO IIEMHNZ OV TRE L=,
71— 7 Z v 7 ~~ polyethylene glycol (PEG) % W% &t 2 BI/AKLALERIZ L ¥ | GOD D KIEIZEE D
DB EDN G S D Z AR L, FRCEUKKS 2 A 5 diacylglycerol PEG ZH\WA Z & T
GOD DOWAENKIEIZINHE E D 2 & &m Uiz, E£7o, B OWERRAE D3N] S 7o BRI EER %
B EET D70, FoRmIZ NHS 25243 % PEG 2 vy, NHS ££& GOD 07 2 / Jh & ofp
MEAIC L VEERZEENT D TE & MELEBIEZ AW CEMAEESE Z [EE(LT 2 FIEZMRE L,
T)—RKHADOAT 4 =—2%52HFTHL Ry AR)~—% 777 FESIZIVEE(L LI —R
VEME O CERILFEN R Ml 21T > 7=, NHS 5524795 PEG & GOD 2 s ¥7=9 %
TH—R U BHAFEELIZRE, I—R 2 EM% diacylglycerol PEG T&ffi L7z 9 X THiZ LR
BIC X VR ZEE LR T, BEOME LY WL a— ABR{LER A 15T,

H5E RIELANSHORE] Tk, KaXXOBRERIEL, SBDOBREZ R,

PLEES 51T, KiwSCTIEAA AREEE L O @ PERE b~ 1A 1 TR & i S 7z B sR = ol R
MAERRRET D E & B, MEREBELNATTEEE LR TN —R 7T v 7 ~OWY RN
WO BER O KIGEZIHIT 2 Z S ITkh LT,
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Biofuel cells are fuel cells which use enzymes as catalysts, and thus can use safety fuels, such
as glucose and ethanol. However, the biofuel cells have a serious issue to be solved; the issue
is their low power density caused by their low current density. The low current density result
from slow electron transport through redox polymers and deactivation of enzymes upon
physical adsorption on hydrophobic carbon. In this thesis, a high-surface area,
three-dimensional oxygen-reducing biocathode was fabricated using redox polymer grafted
carbon black to reduce the electron transport distance, and the deactivation of enzymes upon
adsorption was reduced by two methods: the use of hyperthermophilic enzyme, and the
surface treatment of carbon black. For the construction of the biocathode, a redox polymer
with 2,2'-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) as a mediator was grafted onto carbon
black. The electrode made of the redox polymer grafted carbon black yielded higher
oxygen-reduction current density than that with linear redox polymer without grafting. Then,
the methods to reduce the deactivation were investigated. The hyperthermophilic laccase
with an optimal temperature above 90°C retained the activity upon adsorption on carbon
black. The comparison with mesophilic enzymes revealed that the retention in secondary
structure was important in the retention of the activity. The other method was the surface
treatment using poly(ethylene glycol). The surface treatment effectively reduced the physical
adsorption of enzymes. Concomitant immobilization of enzymes using ammonium sulfate
precipitation with cross-linking increased the current density compared with the
immobilization by a previously reported procedure. In summary, this thesis succeeded in
solving two main problems of biofuel cells, the slow electron transport through the redox
polymer in the biocathode and the deactivation of enzymes upon adsorption on carbon black,
and provides the direction for high-performance biofuel cells.
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