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Direct Electrochemistry of Electrode Modified with Thin Film of Laccase Immobilized in
Nano-Composite of Polyaniline-CoC,0,
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Urumugi 830054, China)

Abstract: Electrochemical methods including cyclic voltammetry, differential pulse voltammetry, electrochemical
impedance spectrometry and chronoamperometry, together with auxiliary means such as F-T infrared spectrometry,
Ultra-violet visible spectrometry, atomic force microscopy, transmission electron microscopy and atomic adsorption
spectrometry were used to characterize the chemical composition, structure and morphology of polyaniline-CoC,0,
nano-composite, to measure the change of conductivity in nano-composite before and after Laccase immobilization
and to investigate the direct electrochemistry of redox protein molecules entrapped in the matrix. Its catalytic
effect on oxygen reduction reaction and performance as electrochemical sensor for oxygen detection were
evaluated subsequently. Results from tests indicated this Laccase-based electrode shuttled electrons from enzyme
active site T, as primary electron acceptor to dioxygen molecules attached chemically in the matrix, achieving the
electro-reduction of O,in the absence of any external mediator with its apparent electron transferring rate: 0.017
s7'. This laccase-based electrode displayed favorable catalytic effect on oxygen reduction reaction (onset potential

for catalysis: 460 mV vs NHE, apparent turn-over frequency for oxygen reduction reaction: 2.6 x10~* s ™).
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Enzymatic oxygen electro-reduction into water should be ascribed to the key process to promote the performance

of biocathode. This Laccase based electrochemical sensor had such advantages as extremely low detection limit

(0.20 pmol - L™ to oxygen monitoring, wide linear responding range of concentration (0.4~7.5 wmol - L™") and high

affinity towards substrate (Ky=122.4 pmol-L™).

Keywords: Polyaniline-CoC,0, nano-composite; Laccase; Direct electrochemistry; Catalytic oxygen reduction reaction; Electrochemical

sensor
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1 cm), & 5THLEE R A DL H-800 %35 5f H 7 & i i
(HZH 52 JEOL 2\, S H & ;200 kV) 44,
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JE | R] 2 B OSCHRCOE T A A B e T I i I
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05 mV BISAE T AT AR 5T I B e T ek oF
TR SEgsrh  SEEFT e S Th BOEE A N, FRE R
b 30 min, I FRR 2L (CV) I i 72 e e 7
AN, SRR AR I - R i-E i
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RIE

Kl 1 4 CoCy0,-2H,0,PAn 1 PAn-CoC,0, 44 K
52 A A L AR AT A BN (FTIR), ML 1 7T
LLE 1 PAn-CoC0, 4K 5 & W 1) FTIR HASE &
A CoCy0,-2H,0 HIRFEW IR | & A PAn [ RFE
WL BR T Co-O MRFAE WL Wil h F 52 & 9 rp It
B OK IR A W & AR R (4 0l 4 T 5915
674.1 em™)Z A, i AT DLW £ 31— 5 1) 0 e g | oz
EAE 543.1 em™ BT, 3 WE IS UE X 1 T -NH- 1) T
A 3Z B Co-N Z A/ FH S | Al & A4 T
B X [AIHEEIE B 49K CoCL0, 5 B A e Z 18] & 4B T 4
FiRR B2 A2 VE

Bl 1 CoC0,-2H,0, PAn Hl PAn-CoC,0, 41K & &1
FTIR %
Fig.1 FTIR spectra of CoC,0,+2H,0, PAn and PAn-
CoC,0, nano-composite
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ROR, S HOR WO R A T RS Ak 200 T 280 nm
1 2 AR BE W Wi X R T2 G Y PAn Y PR R
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Fig.2 UV-Vis spectra of PAn-CoC,0, nano-composite
with Laccase (solid line) and without enzyme

(dashed line)
PC A 2 7 A B S e A A0 BT 18 | 3 R [T Tl
YK E AW ITEE R Lac 3G J18 1.05 U-mg™, K
LR TS Lac LLTE J1(1.52 U-mg™)f¥ 70% , AH XS

T SCHR PO TE 1 A0 ok £ AL 4 TG 52 A W0 0 L TR )
(0.83 U-mg ™) HA B = A MHEALTE F1 X — 45 R R R
SR T — 28 A 1) P AR A RS0 9% e b B T A A
FRL = A T — s W5 | R I i 22 M el
P B A S REALED RIS T P T B bR B
HWAT IR

Bl 3 FAK CoC0, Al PAn-CoC,0, KK B
(4 5 F 7 0 BT (AFM) B8 R 4408 T e AT i T e
RN =GN ARG A T, N 3 ATRVE H, 4K
CoCoOy AT ASHILIN (g JLART T BRI MY ASSP- 11 2R 1T
X LA AN - 8 T B 5 T R Y CoCL0,
a0 K R o e AR & R EY R A T PAn-
CoC,0, 4N K5 A1 ) 52 3R HE 45 Ry Dl 8 i e TR 52
JFREE B W A 2 oA, AT LAHEN PAn 765
A o B2 R B R ELN AN 1 CoCL0, 48 K KL F 4
B T ELAA Y5 B R R R A

B3 <l B FRAK CoC0, ()5 PAn-CoC,0, 41K 5 & M1y AFM JE 571
Fig.3 AFM topography images under tapping-mode of nano-CoC,0, (a) and PAn-CoC,0, nano-composite (b)
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(35.0%) & 1, iX AT BB & K PAn-CoC,0, 41K E 54
XF Lac B W R EA 55 09 7 I BB (RTUA DR T i
W - HERURON L K CoCy0, Fl Lac 43 3% i 24 Jik
12 1% e 22 ) (1 SRV ) B IR ) 28000 ), 5 G At [ T 44
KA A ) 7 2 T A W 11 TR 0 A A 1 T SR AT
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B4 41K CoCy0, (A),PAn-CoC,0, %*E%%(B)&ﬁ% Lac 1 PAn-CoC,0, %*’E%%(C)ﬂ’d TEM & H
Fig.4 TEM images of nano-CoC,0, (A), PAn-CoC,0, nano-composite (B) and PAn-CoC,0, nano-composite

with immobilized Lac molecules(C)

IS 3 W A B % 1) 2% 1Tl 43 s DA B AR I
JI8 V& (75 L35 W im A DMP, WL E1 ph T 1t e 1 7
& DMP AL T BRI B R AR L1 — ),
22 EMAKREEUEBIHERNEEBLERE
A=$%3/-E3-
22,1 [EIT9H KI5 W18 i F A 1 3 A
&l 5 SCRHEL G 2 B GC Ak (), AR E S
P A& i H A (b) LA B [ 28 Lac 98K 26 W46 M Fo A% AE

B S B GO HB (), PAn-CoCaOy 4K 5 4 4 5 At
(b) LA X [ 52 Lac BY PAn-CoC,0, 24K 5 & W& i
AR TE 5 mmol - L Ky[Fe(CN)e]+0.1 mol- L™ KCI
AW LA 100 mV - s FHESAR T CV 2k
B 1 DAy b % 0 A AR [ P AR 0 WP Y Nyquist
i £k

Fig.5 CV curves of bare GC electrode(a), basal electrode
modified by PAn-CoC,0, nano-composite(b) and
basal support over-coated by PAn-CoC,0,
nano-composite with entrapped Lac molecules(c) in
mixed solution of 5 mmol- L™ Kj[Fe(CN)gJ+0.1
mol- L™ KCI recorded at 100 mV-s™, inset:
Nyquist plots at all electrodes described previously

in the same electrolyte

5 mmol - L' Ky[Fe(CN)g]+0.1 mol - L'KC1 1 & ¥ H 41
TS oV gk, LIKGX 3 A AR AE I Ha i 3 e T
73 EIS 35 MR 5 KIS EIFT & . 9K 525 18
Wi s A% SR GC HLAR I CV IZeAHLL, LI J5 g
HL 22 AE, A E TR I FEARON 121.5 mV 2
T 115.3 mV), 3 BB 0 H 3 LUARL 4 /i B2 3T (0 )02
0.967 F10.989), i% & BI 94 K & & Wy Hg K 1 H Al i 4%
P2 T R (O PR TR AR S I 1K 24 309%) -4 = 1 HL Al
L LT PR SN B R s TR E Lac MUANOKE
B G U AR CV A X T R [ Tl T R
AR AR I i 0 rL I T E A 0 MR SR TR A I
FE(TBE T KY) 48.8%), 1 H AE, W &3 K (140.2
mV), 3 AN B R A S 7 4 R] A TR R T EL
F R R T T P T AR LA 3 P BRI, X T I P T
e b 57 A 43 AN 3 L IR T 43 1 BELAS: T HL Y A e
P R S N R AR N SR AN (KL $E Sy =qi Pt i)
TP ) b A 1 8 52 G A6 L R T AT AR T DA AR
Al AT AR SR RN, 5 IR B NKR AR
THT A B g 53 Jr 7 5 (18] 4C), 3 — 45 i 7R 990K
S W3R 5 W o 2 A R4 nT AL R A
P -G PR Fh 2 8] 1 B A7 DK EIS 1% B4
ATLLVE Y, 9K A W8 i A i H BEL AR X T AR
GC HUH , B AR T [ il A oK 52 6 11 P B B AR
AFR T oA [ il 290 K 52 5 48 A H A A B 8 1) 36 o
(ERAnRT TR, AR R A5 11 B A 2 A% far HL BHL 5 4R
GC AL (5 TR 43 B AR 45 18 A0 — 50, X —45
REWE MBS AEGRE G0, 2 K
14 it 73 1 - AT I 35 R I P A 3R T 11 S L PR B X
— 55 5 SCIRIOH T8 45 R I AN

Bl 6A S Ak F # 1R A1 Lac/PAn-CoC,0,/GC
1E N, #f FI 9 PBS(pH=4.4) T #3115 19 CV i £ |
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6 (A) A TH#AR Lac/PAn-CoC,0/GC I PAn-CoC,0/GC 43 BITE N, # I PBS(pH=4.4)H1 Lk 5 mV s SR CV

Fig.6

2k, B2 R 19 BOD/PAn-CoC,0,/GC 43 HITE N,, % LR O, i AT PBS(pH=4.4)TF Lk 50 mV -5 #1344 i 15
CV 4k ;(B) ## 1k 19 Lac/PAn-CoC,0,/GC TEAN 2 B F A R 1Y) Jo 4l PBS(pH=4.4) " LUAS Rl 49 # 3 13 2 19 OV i £k
RS FET g XoF T (1 R, B 0 b, 8 55 0 il 3o 23T D AR DG R BLA I 4R 5 (C) 1R 19 Lac/PAn-CoC,0,/GC 1E N, 1LY PBS
(pH=4.4)T L)k 20 mV - s F14H A [ Ik vl i B R 3645 19 DPV I £k

(A) CV curves of Lac/PAn-CoC,0,/GC and PAn-CoC,0,/GC in N, saturated PBS (pH=4.4) recorded at scan rate: 5 mVs™,
respectively, electrodes in static mode, inset: CV curves of BOD/PAn-CoC,0,/GC recorded at scan rate: 50 mV -s™

in N,, air and O, saturated PBS(pH=4.4); (B) CV curves of Lac/PAn-CoC,0,/GC electrode in deaerated PBS(pH=4.4) in
the absence of electron mediator recorded at variable scan rates of 2, 5, 10, 20 and 50 mVs™ when electrode in

static status, inset: fitting plots of corresponding cathodic, anodic peak currents versus square root of scan rates;

(C) DPVs of static Lac/PAn-CoC,0,/GC recorded at 20 mV-s™ in N, saturated PBS(pH=4.4) with variable pulse height,

from curve a to j corresponding to pulse height at 10, 20, 30, 50, 100, 200, 300, 400, 500, 600 mV

B P12 Ak F #8285 19 BOD/PAn-CoC,0,/GC 43l £ N,
253, 0, AT PBS(pH=4.4) "KM v il
2 NEL 6A AT LU Y 5 SCHRP2REE (1) [ % Lac L
W AR, FE4 8 H AL X E] A . PAn-CoC,0, WK &
YA i A T — X BH R AR IR (RIS
e GC A 7] A 451 4 X ) P9I AT ] 5 95 S L
X3 1 HL AL 2415 55, ST 0 A 06 i 432 49 Sl o 1
431 1220 mV BT, i S5t 04 i, Jit ) 8 0 vy T A
L UL (7,/1,,=0.55) , 11 25 2R 5 SCHR 1O T8 g 58 4% g 4
2 Ty R A 22 BE Rl 45716 W P AR S AL (G R i 0 v A7
252 300 mV), {H AL IR B e e 67 22 B R 98/ (210
mV), 2 B SCHERUSTRT A5 2598 | 106 RT3 1 4 25 1 4R
fE R JE W W] U5 T N, N - R BRHE R e B B A
N, N'-Z R FE IR e v X & A 19 R0 8 R B
(FRHTFE 0l 2), WIHTFTA | 11T Co-N Z IRl AH
AR XA AR R S W A T AR s, TRt
AALIE RIS AR GRS T A I 340~410 mV; 522K
1, [ H A Lac/PAn-CoC,0/GC #EAH [A] #4744
X 10] 90 B PNl BT — R A7 R T A 4R AR I D 0
(A AU FILIA I 06 53 102 T 439 F1 269 mV, A fbid
JR U LA 2245 /N T 40 mV), S AR S5 R AT 33 i
WA P (i,./,.=0.61), HH{EH AL 3540 mV vs
NHE, & Lac {0 T, 3% T, B9 3K H A X R] (3
BRI 700~800 mV vs NHE), I B 235 Lac 1 7
sy T, 19 2K HL AL X ] (SCRRPIHIE 29 2 400 mV vs

NHE), (B A5 7 202 | 12 F A 7 [t i f5 S A D
WETE BN 1.95%10° A -V Il F] 1.35x10° AV, %
T [ 0 K 525 W0 A i P i B 3 T 0 Y S 0 o7 7
0 TR 5 R [ Bl A AR 25 5, P DA B X
Aol 555 1) Sk i i e R PR AN R T R 2 O M 0
T, 590K AW & A 1 S P I A B ok e A AR
SR i BB, B AR E X A ik
15 5 LA il 17 1 v B ™ A A R il I T 0
YUK A BT B LTS M S SR R A TR B
Z AR A i F

TIE B HR B0 r AL 27 £ R R T A 2 T [ e
Lac 1% M ot 5 5 o LA ] B4 /7 30 8 IR 3 0
F . 13 H At S SR I 400K A s i il
AEVLEE B[] F [ 5 Lac K E S YBMiH L CV
M2k bR i 5, IR A9 K EZ A YT
A JHC Al 1y S AR DI, A5 80 104 8 o AR s T DA S
IR — FL AR 1) ) B v T AT B (L o o Tl — 2 1 ) AR
HAEF A FIEBALH AR, 2B AS [E] 1 H A
SR BN 15 AL (BR T, AL LA Lac 4544 Al 4L
TG PEAHIZ ) BOD A, 2 WLE 6A FEE), ME 6A
METTE [ BOD MY 40K & 4 90 18 1 v i 7
N, YRR FE R T R BT AR v ik L, BR T
B AR G K S A v e 3 A S AT R A T 1 A
S5 HAE 5 Z A, 85300 T 690 A1 613 mV vs NHE i
BT 1 SRR R R /i ,=1.55, BN ] 3
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WAL T B5E Lac AR G WM k), Horp (&
HL 074 651.5 mV vs NHE, 5238 BOD {6 ¥ .0 Ty
5T, AR AR R G4 oK A W08 i AR [
Lac i 5 09 CV il £k b 48403 Dt i T RS A6 (8] 6A),
I il T J AR 3% A R TR B A AR A L R R A7 9 1
S5 S0, MR SCHBRPA Ty ok ) Ak G50 ORI A B
it 437 B FR T BE R R A 4.2%1078 mol - em™2, M EU(E
B 5 1R 1 SRR T 22 40 K 22 L 4 R R A R R A
Y15 0 3R G W A i v A 3R T 1Y) L T 0 MR R (3
AR 2.1x107" mol-ecm F1 3.8x107° mol - em™?), TR
s LR 2 T [T R A A (PR A SR D R R
S A 38 A X il ) P B R T A L R A
A3 A 2 T RR LA B v R T A 1 Tl 5 ) o
AT LR 5)4.0x107° mol , AT LA 550 H S HL B 431 o 2K
A S5 2 53 1 70% , 3% 3R WA 5 58 43 il 43 1
75 I 28K A 3 1A %) R BB TR B, T L R R 4R v AR
PN E W o TR A AL, X4
T 5T SRR Y SR T Ik I 07 2 RE e 4 K A [
Lac &4 A I 25 SR A0 — B, M AMATHE 2,
Toi R CTS VE R 2K 8 28 Lac 8 /2 500 i 1]
CTS 1 by Ha A SR TR A 0], #45 JC 2 52 0 g — H A0 1] 17
AW FITR, BNZE bR A SR Y D
BEAS BE WL 22 BT AT 5 95 S5 W U IX 2 I B AR 2 05 5
WL EEA B AT B AL SR R (5 5 B CTS UYL
VE Ry ) ST 1T, % il — F, A B] 1) A 280 - 3B A8 R
FL A Ak S N AT A R BTk

Kl 6B FIEHE B HE— 2545 th T i g oK B A [
JE Lac HUBAEAH [R) LA rh DAAS [) R 57 41 4 3 4R
PR CV TR LK 1 B BH Bl 0 rL 3 -5 451 41 i o4 O
FA M2, WK 6B S H B ETAT LI . B AR 04
P P 2 B R 57 30 R A T R, i LA
T R [ 4 4 O O AR R R R e
#, B BHAR W U 2 LA /i, BB 1 0 $ = A
0.22 FH=E 2 0.60, 177 B BH A 04 F A7 43 531 671 1] 1A [i)
R 7y | BRI UG v o7 17 8 A5 32 W) A s 7 BRI g v A7 (3X
(VAN R S E R S o a o (RGN e o= N A e IR T B A=
R 77 4 A AR N, N - R R R R i AR Ak B B 37 3
), bR AR A A R T 2K Lac W6 P
O T, 55 B ER ) & A 0 B4 i T B o 72
JEAE R AT 3 S A S RN, AT DASE R S oKk
Ay e e 3 M A S s O A2 S A X S B 1]
F14) Tt 335 P T — 8 K S 5 ) e v O P B AT () ) T
i | 33X 5 SCHRPOHR IE 1 [ 2 BOD 1Y LAk ik J K g

G A i HL A 1) LT ST RS HIL RN 8L, AR IE] 6B B I 45
HE A 19T BH BB 0 R, 38— T O AR DG R it R L5 AR
I ARERE 254 i aA B A S A5 2R H T8, F AR R THT
FEL Y P A P o R DA R R A T M R TR A S, e IR
SCHRBUZS H 53w LLA B F A 2 1 2 A3
TR BB 3 RN FBUT R D, N
1.02x107 em?-s™, F FH SCHk24$2E & B9 Nicholson 2
3, MR AR A A U 1 R B D, W HL A 22 AR =
Bow AR oSSR T DL S AR S g A
KT n ESH, AT LU i [ AR 2
Y16 i i B b S A T I S Rk, M 5.6x107°
em- 7, PRI SCHRIIZE H 9 o B 2% 1T R 2 1
SCR RN 2 R BE 3 8 A=DK (k. C), 456 HLTE
MY R R HUR L D, A R TR IR E ¢,
R Ak B3 PR 4 o SR TR LA R T T M
Tl A0 K FGH HR0SIK il BT DA B R )2 R R
0.04 cm, PAAHSEY by, XoF SRS 04 B g 22 T8 kA7 19
— A AL B 5 P A5 A 2 T A F T IR AR T R
M 0.017 s

Bl 6C N Ak G G W) 1 E Lac HL R 7E TG A1
PBS(pH=4.4) 1 LA [6] 9 ik o v B2 A ] 1) Fi 57 41 4
HEIRAF I DPV #1h4k, E 6C 7] LU 24 bk v =
FER /NG | 2k L SR FL A 5 T 6A 1 OVl ZR
bR AR A BT, T Y K b R KB, DPV
b2 L 118 SR f 0 v A7 326 357 £ % 81 2 R Ak I Sk
N, N'-Z R FEBCOR e BH 8+ A R RN, V- R B
W BB LA DL E XN IR AR H TR
A2 0 M S B L T R R O T T v
EAS T B2 T SCHRIPHRE 9 25 RN TR] | I [ i 44
KA AW R AE T AL X AT N B T — A
B A | I AT WL B A A T 1
WA R TR AR S ES G 4
A TR A E A AR, AT LA R 2 ok e g
/NI [ ol 3% P RO BT, R B AR T
PRI F - 5 S B AA T 22 kol e BE K
ity 1% O AVE S AR SR B AL A (S
AT AR T 990K 52 A9 v e 3 P 3 A R Tl 1 1 AR Ak
SR
2.2.2 [ YN K A W AE AR Y A AL SR E TR

(ORR)M:fiE

K 7 A F# AR Lac/PAn-CoC,0/GC 53 5l #E
AT A A EARAT AR PBS (pH=4.4)H"
AR eV ik, I 7 rTLLE B | 15 e A 7F
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K7  Lac/PAn-CoC,0/GC 53 AR AT h 0, Fil
N, M 1L PBS(pH=4.4)11 L 2 mV -5 #95
R CV 4
Fig.7 CV curves of static Lac/PAn-CoC,0./GC electrode

recorded at rate: 2 mV+s™ in N, bubbled and

oxygen-saturated PBS(pH=4.4) in the absence

of external mediator, respectively
A AT DL K T PBS T CV Ol 2 AR AE I I 25
S A E 1) G A ) SR A I 0 F A6 R0 T
FRIEA R A AR | (F 2 [ 8 F A A A0SR R i
T R, F 460 mV AR 5 L SRS N B
F~220 mV BF BB — BRI (X AT LUE R
LA R 1A B4R Lac fhF8M0 N, N7 - 2R BRICR i
YK 15 35 25 F A R T [ A8 Lac WA 405 F
fifi 2 b 2 3 JE ) b By Bl A R 7 Ak 2 1 RS L
E— 25 G N B # ~—260 mV Ak ik B 5 A R
FLI (X AT AU PR [ i A oK 52 0 A 2 W ) 4
O3 FAE R BRI AR R ) i R, — NS E
S [ i 52 5 0 A8 P AR TS 25 A0 R ) L i A
TG, 25 5 oS Vi i b AR AR BE AR B ) 4 1E 1Y
K2 T8%) , X 7t 47 3¢ W] v A 5 1T (361 2 1) ik A %0 A b
THRRE, X—HR 5K 6A M E 4 iy [ e
BOD %K 4 Wy 76 AH 7] Fi, A i rb I 285 2R A — 2
AN A5 T K [ B F A PAn-CoC,0y/
GC A W i iy i b UA SRR RE BV i AR 7E TG 4
FIAE S R B W BT AR 1 OV A B B X
A, AEXT TR I AR T IR A T i FL A 970 mV
vs NHE, %1 it F A% £ 48038 J5L (%) 8 H 4 i 8% i ik
510 mV , {EATSER LU HL T B AL ) B E Lac HL
AR 2734 T 3 A R[] P 5 41 41 DX T 0 Bl P v W 4 1
AL SR IR ALRE , S5 L IR GG FL A2 400 mV
vs NHE) [ 40340 J5 8 HL 55 22 | 5 SR 3 g
B P B 5 H T A BRI ) AR DS 4 HR A7 (530
mV vs NHE)H23E 5 SCHRIR 8 Y [ A6 A A W] 7

S A A LA IR R K IR B AR A R T
I TEAES W Lac W& PEH O T, #:52 THASG TH
LR IH A6 (H R SORF i AR s 25 T ALY N,
N’ - 2R BEIC IR e BH B 11 Bl B DA il 4010 0 vl 3
AT PR FRIE S AIRAS I AR A A AL A J L 3 (A 200
mV ERF Sk o) X6F B AR 3 1 T AU — R T LA B AR S
AR LB E 0 4.2 pA-em, 45 G TR
145 H [ g o F i R B T, A j=nk LF(k,
Shy 2% U0 R A Ak SRUIA RS S R n o SR R
NS TR, — A g B R 1T [ 22 1Y Lac 08
ST P RS AR TR
3, A [ AR S 4% B AL 1T | 4R A R
KA T B [ A S AL A, SCHRPOdL 4 H LA
e BB 0 HL 900 6T e [ 45k v AR 8 % o 3 R 7 AR A
L, MR G 2 I A5 A0 S 5t AT A B8 Hh A0 D s i
1555 HLFHCR 4y ] LIS B e A b [ Lac i
bS8 5 A 7K 43 110 26 L 5 50 1 FR A 2.6x10
s, X — BfE B K T SRR GE 9 5(E (0.07 87,
ESWEBRT Lac (065 40 K 45 6 1 Fi A SOWZ 30T (R 408 5040 Ak
R 22x10% s7), X —BEIE L T Lac 361G Ty 1
T I8 BE A 90 53 f M 7K o311 SO0 3 R90.034 s71)
B R A A A A o R S PR 27 T IS A
R B RO LR A 0 A R A A R K G e [ g 4
KEZAYW5SEE Lac 50T Z (B9 52 44 AH BAE X
iE Lac M EALRCRAFE B R FE M | 3 X 5 PAn-CoC,0,
R 1) Ak 5 K RN R T Y 3545 %55 D) S BK
223 [l FE R A AL T A A EE B A | A
e M & pH {E it 52 M

8 A Sy [v] —Fk v il & 11 1 g L Bl S0
FHY PBS(pH=4.4) T 44 0T 15 CV M4k 1A BR A 1k
HL O 2 B2 I L T MNIEL 8A AT LA B 5 4% R —
TJF il £ 1) Lac/PAn-CoC,0/GC HL A # BR A Ak H Ui
B RE W R 2 AN 3K R W2 L] i P A A A b AR
R A RAF i E A%, B 8B N Lac/PAn-
CoC,0/GC TRSMAN PBS Hh 348 FT 154 B4 1L
FL L %% B 5 R MR ARG TR it 7 I5F 1) 1 OC R it kL AR 8B
A, B Y Lac/PAn-CoC,0/GC HLIK FE A<
TFN ) PBS 37 B A7 05 RN e HE B FE 4 CCUKAE
HAEAE 7 d e DR A 2 B B IR A b H 3 22 S AR /N
(5 B A4 A P %35 B8 1 B IR R B2 S 10%), 1 HL 4R
W R U LA T A I B O (G A R LT A R eV
ATLLVE BN P4 ), BE A G A7 i) ] 28 < [ il
e A SO I P R R 2 2205 T o, S I T it 7 )
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& 8  Lac/PAn-CoC,0,/GC Ak S0 B 1 fE 119 7 44 (A, A< 303008 FH 2 (B) A B Tk /p H- T A T I 70 46K 81 G 3R (C)
Fig.8 Reproducibility of catalysis for ORR(A), long-term stability of catalysis for ORR(B) and dependence of its catalytic

effect on temperature or pH(C) for Lac/PAn-CoC,04/GC

I 10 d S5 R Ak AU TR B R B R A i
F7 21 d J5 A ARV R AT 2R W] LLOR B2 00 46 1B A K 24
47.2% , 3% — 45 T A T SCHR PR I8 25 2R (7] R UL R
TARAE 21 d JEMERE FRERELR RWIIRE A 15%), K
8C [ il Hy % 7F 4 AR A B A W] pH A PBS % Wi
o U R 3 (2 mV s, 5 R I E AR A AL
T B -pH KR M DL IR A pH (B 24 AR
(2 mV -s™) T W 0040 B e Ak FL It 2 B — I B OC &R
ek, B 8C W LAE i 4K E S WIE E Lac &1
FL R A R0 SR P R S T BT Lac 284, FPPE—A i
£ pH ME, 1B 59U Lac A, A pH (A H AL
4.4 3K 2 W SR 32 18T 15 22 1) Lac B FAEALIE P L
JIT Ak B SO 858 & A T B S A A e A A T
J1-pH KR W HUFE Lac AE7EW 1 22 5, #i5 I pH=
4.4 B Ay I3 T A P AR A b SR S i 1 AR
pH B 1 AR AT DLW 31 78 I U 22 5 [N Bl
TREETHE, TE 328 K =2 Hir Ak R i 1 H i 2% B B UL 2
LMETEm, TSR AT 328 K =2 S A B i 1k i U
o PE R HUR B kA 25 0 SR PO S [ G AR Y
HE AL PRI 2 B IR B OC R AR TR L, 3 3R WY 0k v A
2T 1) ]l 28 R AR T RE LA fk 2 0 B A OB X
Lac, 1M 25 ik B2 4 85 ) A2 M DI 3t 1 P b B o3 M g
IR R T S O A R I B 53 DA AR SR T
F18 T ol 2B A I 7 ), R A0 T v KAl T A B e vl
HEAL BN 1) 2 VLS AL E R 24902 43.5 kJmol ™, 1M il 42
PE 75 AL RE I K 2902 66.3 kJ - mol™,
2.3 ElEERENRBLFERBAOMERE TR
BRI T RE AL 2 A SRR S A I I 26 Ak &
Yyr— Lo e b G W 2 A, i RS [ B 4 DY i
B LI Sk 2 W B 8 48000 5ok, — A B
204 i — P AR (1] W] DA S A R0 H IR AR (TC iR Rl

et 1 H, A Al 2 DL B L T B8 10 7 Q) I A R
fi 388 3ok A D0 o iz H Yt 194 T =X A o R T S IS )
4853 F R B2 18] 9 O Lac/CoC0/GC HLHK TE
AT T ARE TR PBS(pH=4.4) , 73 LI A [+]
PR S SR PBS(pH=4.4) I 77 A= (4 Wi 1 H, 3 %%
JE SR OC ZR 2, 47 e U 2 o il e A P A A A AL
R, YL 285 ) 8015 N ) 4 i P R B ) G R
M2k  DNEL 9 R BT LA . 1 86 P AR o] DA A A
A TR T, R e O TG b e AR T AR ROV
0.43~7.5 wmol - L' M FIN |, S i 5 A<
WRE S REOR T R RO ZRME G Rk — [l Pl A X R

9 IFHFHL R FRAE Lac/PAn-CoC,0,/GC X 4 AL I
FA L RE | e P A X6 7 A R AR A v U 2 — S
W BUEIEOE R 1t £
Fig.9 Performance for oxygen detection of Lac/
PAn-CoC,0,/GC characterized by
chronoamperometry in stirring PBS(pH=4.4),
electrode in stationary status and applied
potential at 160 mV, inset is corresponding
double reciprocal plot of limited catalytic
current density vs concentration of

substrate-dioxygen
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1) RELE R 0.006 A - L+ wmol ™, iX — BUH HIE AL T
SCTHRIOHZ 5 1) 5T 5 M — 22 BE B 40 K A8 [ 22 Lac HLAROXT
AR BUE(27.3 AL wmol ™), {H H X 4 (1 46
R (RS 0 By s S 7 S HL T B L 3 A%
S 5 A v O 22 T A5 1 F IR R T I FL 3 - IS A
b7 (111 S O D G AN 7 - 1= B ST O (1)
0.20 wmol - L™, 3 —HU{E AN Ay SC K1 185 iy [ il FL
(7.8 wmol - LY 1/39, MBLEIRL L-B £ 0 & Fr 1%
F14) ] i P AR R 4020 1 0 Ky BUEL (1224 umol - L) 2K
F ARSI £ W 8 5E Lac B9 PAn-CoC,0, 91K E &4
AE 1 PR AR R 40 R R AR i, AS(HLZE 328 8 T STk
6V 3 114 [T it L AR 6T 40 A 2 1) (Ky=3.22 mmol - L),
17 LR 8 1 SCHRSR 8 1 [ F A% X 443 5 14 5
F3(191.0 wmol - L), &b H 5 W b 480 Ak 32— [ il F
e ¥ YL IR ] G 2R i 4 (BT W) (9 AR 3R B i 4R 0 1
BIHAEH 2 1(0.024 5 wmol - L™, LA K A B 1
gy oK 5 4G W i 2 b 1 ) BT Y B ng (2.8 X107
mol) , AR SCHRPIZE H AV =k (b, 2 T8 Ak 27 WL i
AT T IO R EO VT LGS by 9 026 71,

W BT ARAT A T A b B AH DG R Y B ) 2 S
BAE — 0 F AT X LR B, [ Lac HL K24
JE 4RG3~ 1 238 G A1 T il 2 IR A AR 8 LI
TG AR Z R B iR A X R W]
AR B P 48053 T A I T A BB A 2 13 3k 7Y [ i
Mo PERE B R 781 B Y KR A W R R R
JIMETHE S, A BRI AW E fe R4 45
BB B AT LA T 2 i R 8 A S0

3 & it

FIH PAn-CoC,0, 44K 52 5 WA [ 3E Lac 1)
AR AREE A 2 W B, P 3L B DA R T A2 B T £ P 1)
ROV FSE R 2T Lac, #E— 20 & 1 [T 3 A Al
K OGS BR F B3R AE T M BFA0K 5 & W 1 454
FUEAR, LA Al 27 5 gl ik 1 ot v bl i) 5 M e, A0F
¢ 1 A SR T [ T A B P T RS R AR ML e
JEPERE, TEUCEERAL PP TR S A AR AR IR
T RE S B 45 AR Y, [ w2 oK 52 5 W08 i v A 7
04X H A5 DX TR) A R — A X A7 2 3 g 0 O
T, BHER AL (5 S ) A BRI i 5 17
R T Tl F A A e 114 4 D AR B LAV (460 mV
vs NHE)FIAL TR 0 k27 W B 48070 3 (EL it L A AL
857 13 T B 32 BRI IR B 4 20 1 B Ak Ry oK i et
T, KRR GNOK A5 W 1] T A R O R Y

fEAC PR RE B BN | R I P | B2 1 A K pHL i
SEVE LA by v D R A A A SRR ) K
SR W B AT R AR A ARG IR 2L B T T W 45 e ) 2
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