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TF2lo] 2L sl &4 9 laccase(Rhus verniciferays self-assembly techniqueS- ©]-&3te] S84 o] A7 F
®9e 5L BEE T vSAS AHHEQIT. laccase= diphenol, diamine 5-& 4taell o3 AEAE F e ox-
idoreductase®]t}. o] 73-$ AkAE peroxider} superoxide 5-2] F7HA A Glo] E7HR] A 47%} o] dojudr). B-
mercaptopropionateE ©]-&3le] FHA= HWHo] SM31E W self-assembled monolayerE BAIA|Z] F, SAEHo A &
AsE d laccase(pl = NE FA714 Q18 o3 nAHAZ F, &8 AY-AFE o3 A om HIEH| nAH

=& BT £, e FAG RN 58 HEFOZVE surface coverageE A4St ASEA| &V}
monolayer2 € S-L #13lG ). laccase’} A E AL laccase?] 712 Q1 ABTS(2,2-azino-bis-(3-ethylbenzthio-
line-6-sulfonic acid) £l G2 ABTS7} A3lE e A0 2RE 1A H laccase’} AL 711 US-2 &l w,
I E2EIE 4£°CA 2-3Y B¢ X&ES AF3ATE GA 79 surface coverage ZHE] 1 AFH F4 FE& & 5
o)A, EHo| T E laccasest A4 laccaseo] H|3le] 10~15% HE o] FLHENE KXl USE L 4+ o
A}, B3, laccased] AtA 9] A7)8lEHA g9 SujR A Gotol] tjste] St e} AFEHA THAHE 9ol
Hlmate] BetE), F A o AAABAI} glolE Arsde] Euj2 218581A) 11, Fe(CN) & JAALAR AL
g ol Al 2ul2 L3S I 4 AT} o] AL FAE M2 A Q] dEo| laccase ZHE] 7|ATTE A
L JA A azideF o] &5 AFoZ thA] 3 A A + AU

Abstract — Copper-containig enzyme, laccase (Rhus vernicifera) was immobilized onto gold electrode using self-
assembly technique and its surface properties and catalytic activities were examined. Laccase is an oxidoreductase
capable to oxidize diphenols or diamines by 4-electron reduction of molecular oxygen without superoxide or
peroxide intermediates. The electrode surface were modified by B-mercaptopropionate to have a net negative
charge in neutral solution and positively charged laccase (pI=9) was immobilized by electrostatic interaction. The
successful immobilization was confirmed by cyclic voltammograms which showed typical surface-confined shapes
and behaviors. The amount of charge to reduce the surface was similar to the charge calculated assuming the surface
being covered by monolayer. The activity of the immobilized enzyme was tested by the capbility of oxidizing a
substrate, ABTS (2,2-azino-bis-(3-ethylbenzthioline-6-sulfonic acid) and it was maintained for 2~3 days at 4°C. The
immobilzed laccase showed about 10~15% activity compared to that in solution. The laccase-modified electrode
showed the activity of electrocatalytic reduction of oxygen in the presence of mediator, Fe(CN);". The addtion of
azide which is an inhibitor of laccase compeletly eliminated the catalytic current.
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£ URe AR gAda B Fj2 Zedivks Aol &
HA 3, HZole BEZAZFZ A i tfAl AF4} laccase 5
& ¥ AAE o) gl A7) Ed] APHm JYoh B

Ao M= FZAb Rhus vernicifera tree laccaseE AE3IE

], 221 110,0000]9, o] Foj|A ofn]=Ato] 64,0000] 1, g
38}E0] 46,0009 glycoprotein®|t}. Rhus laccase2] pli= thef
9 A2 FALANME AAFH o2 FA3tE wA Ao
laccase= ko2 U] 7j9) Fao|2(Cu™)E 7HA 1 U3
o] R-Eo] utg-e] B/da}e](active site)Z 2HE3IH o B2 Ut
49l 7o) ERIE tpe-l, 2, 39) A E59) 3
g2 FREDG. typel sieol shte) Feloleel gl oA E
600 nm 2 oA Z3A L& F5HHen=5700 M 'em™). o
2hA §47 FE4E 77 51, type-1& blue copper site?} F-2
t} type-29| = GA] shte] Fejoj2o] =, YukA e 3
T2 FASE B384 A 2A-& B9 normal copper siteZ} &
At} type-3oll= F | FE|o]o] wbFAA FA] L (antiferro-
magnetic coupling)¥]o] 911 330 nmollM H-& F3Fc). type-
29} type-39] Al 7}e) TFelo] 2L 3.8-3.9 A Alo] 2 R glojA]
trinuclear copper siteg} 22]7|% T} laccased]] 2]3l Zul)
WSS type-l FH0) gl oflieabEol ola] WAE 254 ¥
- (hydrophobic patch)e]] $-g17)d 0] Ag}aled 1A} Ak317F Yol
U] type-1 sites] 8elo] Yolukm, olm) A WA= cystein-
histidine © 2 o}£0}2] o}u) At AFHE we} type-29} type-3o]
Ashs Atk AEFo] Abae] 29 487} Blo] dojut
. T}(Fig. 1). trinuclear copperol] 2]3F AkA 9] UL peroxide 3+
EAE AR gol A 444 #AE Yol F 890
2 243t} ol laccase AHSIAIFIE 7129 FFC disto
& Ae X (specificityyS 2tA] & 1 o]+ type-1 F29] &
Z=4] E.EJ]| hydophobic interaction®l o]} A =7 HEoz
ad21x o}, 7129 £Fo|+ mono-, di-, polyphenolfF(hydro
quinone, 4-methylcatechol)?} amine-(p-phenylenediamine, 2,7-
diaminefluorene, ABTS(2,2'-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid))7} ¢lch. AAE AH) He] uhgo ALE=H= 713
2 = urishiol,coniferyl alcohol, dehydro-N-acetyldopamine, 1,8-di
hydroxynaphthalene, parasperone 5°] 223} It}
FAE Rl Ao AAE Ae] Ats-Ee A9E +810 mV(vs.
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Fig. 1. Proposed active site structure of laccase and schematic
diagram of catalytic reactions.

NHE pH =7.0)°] 1L, laccase€] -] X}}(copper site)= +400~+780
mV(vs. NHE at pH=7.0)9] A4S =0} webA laccase=
@A) 30~410 mVe] FALE AT AaE BEZ AFH BAAA
FE olF £L& Eujy} € Aolth oH EISjHEo) EAER
o] FAHTI e Ao T ALE B SUAA F= AV}
d#A e o] gick 38HAQl WA E H71HQ] A2 1}
e BAE@RE AR SPIM £ oJes F shue 4lxe] 84
o] B& AAYE Yo 2 319 oA} F§o] o] ozt A
olg), B AR A ALE3} laccase= F-3 =& 9] (+500~+800
mV vs. NHE at pH=7.005 7} 3 QQojA], Ak 3gofl glojA
43 7} 2 oo}

laccaseo]] )3 AbAgkAu Ao #Ag A= £33, AsEt
2 o @e ARyt QAT A7)EstEel AT
2] BA ¢t} laccase?] H=F A 9] 11342 fungal laccaseo]]
ate] §3 Z& 3EA g o] g3l AlEs] 2 o7t g,
A 8 4 713 9] Mgl thale] BABIGTSP E d7de
tree laccaseZ ©]-&3}<, B-mercaptopropionateE HIHH| F
ZA|H SAM(self-assembled monolayerys HAAI7] 1, I $oll
AA7 A Pe o] Rl 422 AN &4 WA= A
23} 1A E laccase?} ABTS A3 &HE FA3l1 925 Hil
&l b B =FoM e of9} o] A H laccase WA
o] EHE Ar|3etz el EAZALL 3 AFH 49 E
#2g AHS ¥ ustuat ok

2.4 H

laccase:= Rhus vernicifera(chinese)2 3-8} o]u} &aj#] =

& ©]8-3}4] aceton powder(Saito Co., Osaka, Japan)ZFE] F
Z3lo] AABHTEP? E49] FEE 614 nmo A 9] T (ea=
5700 M 'em )2 HE] ARSI, EA FFE(activityys 8 mM
MES(4-Morpholineethanesulfonic acid) ¢4 (pH5.3)22 e
1mM ABTS £82 7|22 3lo] 23R ).” A3l <3 44
= ABTS'= 405 nmol| A 733 E4 (s =35,000 M 'em™ )2 B
o2 FA9 FAE A o)t o] FHx: Wl o3
laccase®] specific activityE AAFIAE=], 0.40~0.54 pmol/mg-
min(turnover number = 45~60 min~y7} Lol At Fug TR gt
€ 27+ 1 min 27 433 £ F2EHE /S o 4 ATk

laccaseZ DA =H AMES AL F2] Yol F& T2
2 Eetol= Feje] FHF(1emx1em) F2 ARG A=
0.70 cm’y& AHEEHITH S 432 EH-L piranha £ (H,SO;:
H,0,=4:1)0 B 23+ EF0] AolF 1 23} 7o) 38 A= A
L F A2AE & T E718 Aok FHSHEHe] AR
A HREAE 1M Ao A 9] 8 AF-AYaHe=E
el ® 21818 W SAMS FAsHA Y5t ARA A
2 &7)9 JErEE 4ulE 3 3 mM B-mercaptopropionate £
Ao e, o7ld) F wd FAHFE gao] vl E 1, 42
oA of 6~24X17F A= F2o| FUTH. F4854 P-mercaptopro-
pionate oA 7o} 0.1 M <14t 4E-8-(pH 7.0) 2.2 Ao}
F3 7o AE 88 AMEEl TE 0.15mM laccase £Yol]
£CA A 3F Ax Fd1o] E47) SA5E | ASFH AA
Moz IHEES Sk

A73eH L BAS 50 W & EG&G 3628 o| 83191,
NEAFTOZE Ag/AgCE AME3IG e, BE M= NHE
st WMEAA Busgeh. dAFe2E BF9E ARSI
t}. o2 Zou} AATIAE 99.99%F & o4, BE Al
reagent grade & A3}t
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3.1. Laccase S A0 A2 X7 |5l&t

FA =3} fe|eki(glassy carbon, GO)A =, 3 B-mercapto-
propionate7} A ¥ FA =L o]-£3] 0.15 mM laccase -§-44}
N ¢¥ HP-ARTHE AWRYT. £54% U, T
GC AF& AHES Aol 4ts), 848987 #25A g
t}(Fig. 2). 1234} B-mercaptopropionate”} S E FA=2L o] &
3hd eF +320 mV(vs. NHE)|A] 5927}, < +380 mVol| A
A8} 8977} #AFECHE” = +350 mV, AE, =60 mV, Fig. 3(a)).
4 B9 ARV AZede ZA el X7he] A
we) pasigln $99 BYol A4 FRYo waH, B
AYEY} +350 mVellA +330mVE LAY Wt o]Ed
< @ESFSCHFig. 3(b). ©)RAL ol 482 laccasert 1A
d A5 £3 HAA-AFIH(Fig. 93 AT 1R &
58 393 £ FeeE3 laccase Afolol AAAY 1
go] o]FojX|A| ¢ kAo AZXHE B-mercaptopropionate

3

Current (uA)

——
1k
21
(a)
-3 | ]
500 400 300 200
3

Current ( UA )

(b)

-3 ] |
500 400 300 200

Potential ( mV vs. NHE )

Fig. 2. Cyclic voltammograms of 0.15 mM laccase in 0.1 M pho-
sphate buffer at (a) Au electrode, (b) glassy carbon (GC) elec-
trode at scan rate of 50 mV/sec.

2 WAAF|A AT laccase AlodlE HARpH o] FhEsiA S
<} 4= 9t} 3}, B-mercaptopropionate’} TAE AZFE 3] &
T 8§99 laccasedt ARAG 0] o] Foix|r}r} AlZko] A b
A] laccaseZt Aol LA™, AYH laccaseol] ¥ AAHAG
o] hF-E-& A TS & 5= AUt

3.2. =g Hot-MFHo| 2|5t laccase 12| Eol

A H laccased] £FAG-AFIHEL WH(Fig 4), +300 mV
Aol A g B5-27h, +360 mV A4 Ak} 5927t b
Elx 1 Bgo] RG] S & & vk 598 Afa
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Fig. 3. Cyclic voltammograms of 0.15 mM laccase in 0.1 M pho-
sphate buffer at f-mercaptopropionate-modified electrode at scan
rate of 50 mV/sec; (a) initial, (b) final.
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Fig. 4. Cyclic voltammograms of the laccase-immobilized elec-
trode (A =0.70 cm? in 0.1 M phosphate at pH 7.0 at scan rates;
(a) 50 mV/sec, (b) 100 mV/sec, (¢c) 200 mV/sec, (d) 500 mV/sec.
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(ABy= A9 60 mV =R AF==d FAEEZT 200 mV/sec
o2 Z71% uztA] A BIA Fpa 4kst #d B8 W9
228 FLANE )= +330 mV7}E QolRch. 28T FAREES}
50 mV/secollA] 500 mV/sec2 Z713E Y 599 AF7T A
HAog Zrlalqit. olHF ANEL BT ¥ F3d £2
o &5k AHst-ghg) HHe-lE B3 7, o] A2 R E laccase’}
AFAoz AFHULS AU 5 Yot 53, 898 A
ZHAE)7} 60 mVel Ao 2HE] A H laccaseRe] AxPAL0]
Hl7}E A & & (quasi-reversible) o] FF-& & 5 UATF.

FAEE T} F71elE Mg B9t HolF g #EY & e
b oA o AAY 5 gle A 2l 9yl T #F
EdA Cu(t Cu()e] PA F=E ui§ t27] g T
AP P i Fxol W3 JMAE F Ut a8 &
& gl o) Aat-ghglel o3 FRAQ Wiyt dojue= A
& UgurzQ) FAto|tk? wiehr sYE whoe] 44 iz
F Qe FZZ HEoleE "= Azte]l dElA Hi, 1 A%
& AL-AFIHANA e AXF 218 -7t "olAl
A He Ao ALsNT). E Ao T2 HslEE=
FA O] wE A5E-¢Ele RYoE NFH R §FE
e, 0.1~1% Alolol] dojup= Ao AYd  glvh

tree laccase &} < zElol] dig Y AE olv] AYAPES
o]-g3ted ZAE ul gt} o]RL U2 AGEAE A3 A
o]7l 202 pH 7.5 4 +394 mV, pH 7.004 +430 mVo]c} 2%
E dFoA A48 A 149 laccase] AH3}-3 M=
- +330 mV(pH 7.0)1dl, ©] - oA G-H oA SAHE gF=
ofzt th2t}. o] R laccase7} W 1AFEHA ofH 723
ol ¥EE doy|u, O M F4 A TRE HIAA §
A A} ol EHE Ao E AYY 4 Ut

33. &2l JMot-NH =0 o8t surface coverage =&

&8 AG-AFY AP S B3t AFEH 14 € laccase?
%S 2%l nor) WA FAT] HAUHS 1M 3 &
Aol o] Atsluto] FAHE AlsHE-9-EY] HAHOZHE o]y
G WYL o] &3t AA3NA AT FR7) H3e] 0.70
cm®H| AsHE-$-dle] Az o Aite AsEe 784 Coln, F
A3 HAjo] ©)g AstaFo] 400 °Clem’ o] B2 AAHA
£ 2.0 cm’0| 3 roughness factore= 2f 2.80] ©t}. o] AFE of
£5te] 19 laccased] F& 5437 9131 laccase7} T AE
AZL 0.1M QA g8 (pH 7.0)014 o}F e FAEEQ
2mVisecO 2 ¢ AY-AFIME AUHFig. 5). obF H2
FAEEE AL 5197) g AFFHA 1A F laccaser}
AR dd9 F AsiEolzl Aolgt A 4 vk 8L £32
AG-AFZHIA B B2l ARA de Heposy
| surface coverageZ =45t} 53] ¥ & 53] A& H3HF
£ 38%x107C, 3.7x107C, 2.6x107C, 3.4x107C, 3.9x 1077
Co A HF AsIFL 3.5x 1077 Colr}. laccase 3 24 47)
9] Cu(lly} 9471 wfiol| laccase Floll= 44217} R 3HA =
B2 899 laccase®] e [3.5x 107(C)(4X 96485(C/mol))=9.1
x 107" moleso]t}. A=) A|HAo] 2.0 cm’)EZ surface co-
verage= 0.45X 107 moles/cm’]t}. o] gL JFnEHS B2
3}o] glucose oxidase(GOx)¢} BHlw3led W GOxE £
15,0008 78 B¥AZ @ 22 ¥ 58am’e] WA Zreh. of
M o 2 2E] GOx7} ordered packing®)o] QIvtx 73t AL
ol27 AAtzgko] 2.9x 1072 moles/cm®| T} 1aj} FAUF 1A
= uj+= random disordered packing®l= Aoz <A deH,
o] Z+e Yk o 2 ordered packinge] oF 60%0]7] wjEo}**?
GOx7} monolayerZ AFHE Ao 1A= o surface coverage:=
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Fig. 5. Cyclic voltammogram of the laccase-immobilized elec-
trode in 0.1 M phosphate at pH 7.0 at scan rate of 2 mV/sec for
the determination of surface coverage.

1.7% 10" moles/cm’e|t}.*? B Ao x| AHR-3l laccase?] dimer
sion A2i# A FAT, FH o2 7PA3te] GOxo 399t H|
wale] Bkt FA4o BeFo] Y uf A Fo] x| AAlT
2ol vlHEEE, GOxe AE(8.6 m)E A= M.W.=15,000)
3} laccased] EA}ZH(M.W. =110,000)2. 28] laccases] &<
Atsle] 21 16.7 nmo| 1L, laccase 3+ Ex}7} AAR|S= WAL
219 nm’o]t}. o] gto ZHE] laccase”} ordered packing® 7-$-2]
surface coverageE AAFSIA 0.77x 107 moles/cm’0] =&, random
disordered packing® Z4-$E 0.46x 1077 moles/cm’o|T}. A A2
23 AY-AF AP L 3 gL surface coverage S 045X
107 moles/cm®] 2.2, ¥ A3 o] WO laccaseZ FHF
Aol TAAF)E AZEH| monolayerZ Y] Q= How A
& 4= 9lch

34. 7|, ABTS2| 2bsjof| st ZofE x|

laccase7} TAE HAZF-E ALL3le] laccase?] 7]2<l ABTS &
Ae] Atgle] et Zvjans AHRYrh o] AFL laccasert
1Y AF Ar|ge o AE JEFA 3, o] AT
ABTS 294 ©10] @43 234 laccase’} ABTS H3}o]| o
& a3 E JeEl =R & AuRgit. 9, 234 =2
3 mM MES(4-Morpholineethanesulfonic acid) buffer, pH 5.32 o]-&
3] 1.0 mM ABTS €342 Fu]alct.” F4]3 1.0 mM ABTS
£ 1.0 mLE UV-E quartz cuvette ¢t 211, laccase7} LG H
AZE 910] 406 nm(ews=35,000 M 'cm ol 4 oF 8Y F<F
&Moo g2 FREE ZA3A Azt ME 3= H3lE 7
3R tH(Fig. 6). ABTS &-Hoi laccase’} TAHE HAFE SIS
] ABTS £-99} Ho] XA3] AdFMo2 ygs F&E + 3l
Art. o 80X AEAXE ABHezE FFEs} FUlsitrt
a2 o] Fol= AXBANA Heju= ACZRE AFHH 1
AH laccase?] EAJo] F 80A7F A= A&EHE & F AU
oluf AZF A TPH laccased] Ao 2 Q) FF=9] F7}F
Z vehe AR o AFHEHOZHE] laccase’} Dol
Uzt glatel 2l laccased] A w|Eo| ABTS7} 4H3lE & A
AR E &AN5l7l sl FFEES =4 wnlct laccaser} 17
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Fig. 6. ABTS oxidation by immobilized laccase: 1.0 mM ABTS in
8 mM MES (4-Morpholineethanesulfonic acid) buffer; pH=5.3,
under air, T =4°C.

H AFE AEE ABTS 402 wAsy AP st ¥k
o} oln FFE H3lETE ABTS §98 oA g whel wa}
A 3Tt WA laccaser} WAHE AL ABTS §9o] g
A& v ABTS7} 2487t & A& AFo] 1A H laccase?] &
o= Qa dojue AYE sk

laccase7} ABTSE 1HeA|7)3=0 S10iA, 5ol 1AH laccase
7t &4 ol = laccasest & BAE ZEAE doliy] 9
3, A5 E W) 23 H laccase?] specific activity S &3 8}o] &
3 laccase2] specific activity 9} B dted B gtrh. oA A
surface coverage(0.45x 107 moles/cm’)Z5-E] laccase2] %S 7|
2ksh 0.45% 107*(moles/cm®) X 2.0(cm?) X 110,000(g/mol) x 10°
(ng/g)=9.9x 107 mgo|t}. Fig. 60|41 %7]¢] AJ7te| w}2 E=}
& W8l 0.012 Abshr2 4], 1823 4H3lg ABTS9] % [0.012
(Abs/hr)/60(min/hr)}/[35,000(M 'em ™) X 1.0(cm) X 10°(mL/L)/1.0
(mL)]=5.7% 107" moleso|t}. 18]22 1A% laccase2] ABTS
9] 4ba}ol| 3t specific activity= 5.7x 10™(mol)/[1.0(min) X 9.9
% 107 mg] = 0.058 mol/mg - mino]c}, LA}l 4] laccaseS] specific
activity= 0.40~0.54 mol/mg-mino] 22 1A F laccaset: £H
/49 laccaseo H]3)] ©X] 10~15% A 9] activityE VeER T ¢)
5 ¢ 7 Utk oA 540 R YT E YERITY] B
T ASHEH gl o3 dd Hef W 5o 0
2 A o2 Y= HojR: Ao Yzhgr)

3.5. A4 2llof| cfst ZnjF 1)

QoA AF3E vhe} o] laccases 7|2 & AF3A]7] 2 o)
AAUE AAE o] 838l A2 E SUAIE 2 si=
oxido-reductase®|t}. laccase’} 712& AFSIA| 7| = ] &3 Q)
E ACERE T¥ gEge 44 B9 Sujads dojuin

Qe Aoz AZrEL), o|u) laccaser} AHAS FYA 7| =0 WG

g A= 78S AEA P o g ZE9) Hed, B g
£ 71A dlalel] A58 AMgsle] ARE FFsHE A4 A7)8t
L4l Fuk-g-ol WSty w Bt}

3.5.1. Laccase 2N A}ol| Al o] Ak& 391

B AN e AA, AAAEAE AMSEHA g A3 14

H laccase7} 4At49] A7|38HHQ FAwk-GoA Euj2 =}-E-3)
EAE AH BT, HA, £ 4=, B-mercaptopropionate
7t 23" FAZ, 2 9dol laccase’t TAH FATL AL}
A2E ESAT 0.1 M AL AF 8- (EH 7.0)001 4 4akhe) A7)
3514 Q) #AukE-S v wEte] Betsd, 25 0.0 V vs. NHER
o SAAZA] Fhok Atae] o] Yoy Ao BAEY
(Fig. 7). ©]$-7] B-mercaptopropionate”} ¥ A=3} laccase}
IAE AT A4 g A7t FAS9] A4 Y AYEns
g 9 AYoA e = Aoz Hol ARAGA glo] A2
TAE laccaseRrO 2 A2 WHEol glold EojETAE
EhiA] fethe AS A8 $= ok Fe(CN);$} laccasert

HoAQlE §99 &8 AGAF YL oj22 E= A4E9Y
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Fig. 7. Electrochemical reduction of O, in 0.1 M phosphate at
pH 7.0 with (a) bare Au electrode, (b) B-mercaptopropio-

nate-modified electrode, and (c) laccase-immobilized elec-
trode under 1 atm O,.
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Fig. 8. Electrocatalytic reduction of O, by 0.15 mM laccase in
the presence of 1.0 mM ferricyanide with GC electrode (A =0.14
cm’) at scan rate of 2 mV/sec under (a) Ar, (b) O..
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7] stollA] Zpzt A gkt GC AFE AMR3LAL, FAEEE 2
mV/secZ 3t of2F oA PL & HL-AFFHL2 Fe
(CN)FFE Qe AS-9 X sged), Aag E3AZ] Aole
29 2o AFIE Tkt 48 B9l gAdke Aol #
Z= ThHFig. 8). o} AL Fe(CN); 71 BAHHA] HALE laccase
2 Edlo Alad AEsty] wiEo] A7is EHET % A
oz dyE £ 9l

AARHALAE 0] 8% laccase?] 443 #AHL Fig. 9A¥
Ueld 4 gtk Fe(CN) 7} A EHOZRE HAE o} Fe
(CN)F 2 845]9, ThA] Fe(CN)s 7} laccaseox ol HAFE A€}
o] laccasered 2 FUH 1 FHR] G4} A AStEE A3t
2 Alpo] AGsle A4t B2 39EE P2 A9 5 9
). BE F49 AxEE 4 W 9Xda gled Fe
(CN) 7} &4 W= SatEo] BojrbA gAxle]el AAE Ae
3 F= Aoz AZH.

laccase7} AtA9] A7)13eHHQ) YNkSol FujE AEFE
T thE o2 893ly] )5t laccase2] WHS-AAAQ] NaN,
(sodium azide)E AFR-3} laccase §-4& AFAZ XA F Ny
2 A7k =9 89 B98 AR 2ags #2328 7 e
dl(Fig. 10), 0|R-& of=X E¢17] 3Ny && AY-dF 1
Y3} Ax)grh. o] laccase?] JAA| Q] Ns 7t AbA ] A3 A
o thA AE3sle laccase AFAFY Eojut-$-S A 2)5}7] wF-o]
t}. o]t ATNESZRE] Fe(CNK S HAAGAR A&

/ Fe (CN) (% Laccase ., o,
Au +—¢e" Xe- %e
\ 2H,0

Fe(CN) ¢+ Laccase ,,

Fig. 9. Schematic diagram of the mediated catalytic reduction of
0O, to water by laccase.
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Fig. 10. Effect of azide for the electrocatalytic reduction of O, in
0.97 mM ferricyanide and 0.14 mM laccase with GC electrode (A
=0.070 cm? at scan rate of 10 mV/sec; (a) under O,, (b) under
O, with 0.54 mM N;.

Current (uA)

1 | ‘ |
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Potential ( mV vs. NHE )

Fig. 11. Electrocatalytic reduction of O, by the laccase-immobiliz-
ed electrode in 1.0 mM ferricyanide at scan rate of 2 mV/sec
under (a) Ar, (b) O..

laccase”} AtA 9] A58 Q1 FAutgo] lojM Fuj= ZHE
e & 5 Ui

3.5.2. Laccase 425 o83t k4 &4

AXALHA 2 Fe(CN) 7} EAsHs §olA laccase7} 1A
B AFE o] g3t A4 A7)5H8HAQl FARtE oM &
w2 2H83E=XE dolH trh(Fig. 11). laccasert TAH A=
&AM, ARAALA Y Fe(CN) 7F EA8E 8948 o2&
T AT IHAAA G Ak ol dig o3 AY-AF
ZAojt}. 4tae E3hE Aol B B8 ARV olEZe R
¥3lg A9u Frlehs Ao2RE, Ao 14 E laccase7}
244 Bgukgo] vz 2H4e & 5 ATk old &< el
ZA31= Fe(CN)e' = ZAE laccase?] F 02717 FAtE o
Eo]7} B-mercaptopropionate”} 1AZH AFOZRE HAE A
glolA] laccase2 AAE AR T 2 2t o]2FH AT
o] Y laccaseTto 2 Eujags B 4 gIAT, A
AAGA7F EAF o ASFFH] DA E laccaseT A9 A7)
3490 Seutgd glojA Em2 23 FAEU

4.4 B

ZAZxHe| B-mercaptopropionateE ©]-43t] SHEE 9
self-assembled monolayerE EAA1Z] & AA7|A €2 11
AN Z! Rhus laccases= AR W GEAZFOZ B 9l ¢
4 AAT, 71A4 di A aHst AL e, S48l
H)5ke 10~15% A =YL & F UJT}. T3, Rhus laccases &
ol Mt el o) Al AxpAR A7} Qe 7-F-ellrt
Aad) A7 sEA o] 22 2Ha3E & F AT

#@Ael =
B 47E FHetAg SAGTIA 961-0304-0362 R AT

N zoetATA &2 ATH| BSRI97-34442) 2ol <5}
o} o]Folg on olol A=Y
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