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

YANG Yang HUO Wen-Shan ZHOU Zheng ZHANG Qi ZENG Han™
(Laboratory of New Energy Materials Chemistry, Chemistry and Chemical Engineering Academy, XinJiang Normal University,
Urumuqi 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. lts 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 pwmol - 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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1.1 EEFnikH

= Z %M (Lac, % H Trametes Versicolor, 7 &t
68 000), 02T Z & fL il (BOD, ¥ H M.Verrucaria. 43
Tt 79 000),2,6-— H A FE K B (DMP) W H 58
Sigma LKA A BRA R, HIME I #— Pl
b ; FE R BB S BEEA /N T 90% , 43 F & 250 000,
@5 K CTS), WH EiETHEEDHARAGR LA, =
IK A B RS (CoCy04+ 2H,0) | HE R (H,C,0,+ 2H,0 ) FTH:
b BLAL SRR R Ml I 24 4R A E 2Rk
RGBT, S5 B 022 sh s 0.2
mmol - L™ (% 8 B2 £k 9% vl (PBS), ¥ W pH (B35 I 5
WEIR S AR R TR VA WA B LU R R s, I T
W Milli-Q BB 4K Be il N, O(PE 22t >k A e 5t
FER), 2K15 B B 0 Al (78 Sigma A A,
BRUKER TENSOR-27 BT 4P %Y (15 5] BRUKER
N KBr R F), H 37 22000 B 5 WO g A2 (H
A HITACHI 22 F), F AL . B0 A K A 5500 I
W et EE T, IS E I . 190~900 nm), U-2810 %4
AN L BT (AAR R AR, @ IR
1 cm), &5 HEE R A DL H-800 %35 5f 7 b i i
(HZH 52 JEOL 2w, i i % 200 kV) A4,
CSPM-5500 #4577 A (b B N A T 40 2K AX
i A BR 2 7)), 2R H <5200 122X (tapping mode) ; Zahner
Zennium AL 2% T AE 3 (Kronach , 75 [E]) , CHI-1140A
AU 22 3 A4 (CHI Ine, L RRAE), 3 f HL )
(GCE, HA% 3 mm, W HRKHEIAE R THA RS
), U AU SR HUAR A S S Ll AR, X AR B 22 HL AR

F O, A Bl A SR DL 35004 BB 4R, 1.0 A1
0.5 wm S AL ER R A | P P9 IR AN =k B ZE KR
PSR 2 K, BFIK 2 min, SCHPUNJCERIR LA | BT
A HL AR HL A X Sk AR G T B o S0 S L AR (NHEE) 17
1.2 BEE-CoC0, MAKkESYHH &

YK B R Bl (CoCL0,) 1 1l #5 2ok 72 2 2% SCHRUSIfi]
R K 1.0 mmol CoCy0,-2H,0 & F 3 ¥ 1F 4k rf
BEAH A 1.0 mmol BFAH 1) FEFR | BFES S I 2 h &
HBEBIBRBER T, A 50 mL KT 70 CKIEH
TSR 3 b, 7= R Al K s 2 b AR

W 1 25 1 91K CoC0, 0.089 g i 7 43 HLTE 50
mlL B R (0.5 mol - LYE W, A 0.75 mL i 5
P B 40 min, % 55K 101 PR Z A
S o B R B, AR R RS S50 min, AT U8 H
4K MK G BV R O (6 |55 °CF .28 T4
24 h, 1532 HF5 ¥ PAn-CoC,0, HKE S,

1.3 EESMAXEEWEIHERNEE, EEBLE

BN R R ERE

FREL 2 mg PAn-CoC,0, 41K EZ A WMA 1 mL
pH=4.4 MR EL 22 vl , 875 43 1 30 min J& A3
1R W 43 HOM , a1 H i Lac 1 mg, # 71964 30
min JEHUCE T 0 CUKA R 12 h, FFEEERE 59
T8 000 remin™ T B0 UTFE 20 min, 8] LI WS
PL/b & PBS W VEUURUE B0 B IR BB A 3
U, T IRV 3R B0 TR | BB B T RS R B S 0
BRI R G WO IS R A
ItIa, S Lac BRER— I3 2500 5 H 55 70k
JE AT 2 BEOSCHRCOE T ) A B e T I AT I
[l 525 W TP B 2K Lac M9 1 (mg - g™, P07 0T £ 20K
FH AR 1) T o) 41 S A OB Lac BEH
Or RMBARRT Lac B S pL FERE9K &
Yy vk 2 WAL # S Y GCE b, BRI 2 L CTS(J%
N 1.5%) WIKCREW (K ORI
3.0%) i U 2 3t AR FR A, 410 ERAR T 4 CUKFE N
T 6 h F 715 3 [ 42 Lac SEBEMCBRN, H5H
Lac/PAn-CoC,0,/GC , ZEfBlh ] L] #8 Xt Lt LBl PAn-
CoC,0/GC.,

SR 8 A =0T WL 43 6 B ¥ (UV-Vis) il i PAn-
CoC,0, A AKZ AW E Lac 15 M WBOETE A2 LY
FLR TR T e BRSNS ik 7 v 43 0l il & [ e /A
[ %€ Lac 1Y PAn-CoC,0, A KA+ 5 54, BE 5 53 5
R BUX SE g K T 5 A 200 L JF 2450 3 Uk A AE
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B A AL (ITO)VB S 7 b 1 TR 5 4 A L (il o
AT E P D E 1Y 4 2 7E 190~800 nm . il
W ER T AT B B [ R T Y LI D 2
HEHTSCR7 s BRG] & 9 [ 2 54 5 mg 5 3mL
pH fH >} 4.4 115 PBS 1 100 pL /9 10 mmol -L™ DMP
RAWCAE 1 min J5 08 iR T DMP A4k
Y 2,6- AR R IR BRTE 470 nm 2R YOG | id
SO B I 1] 5 R 4k 2, 6- — HV AR AR ) JBE K
W R ECH 49 600 Lemol™-em™, % SR J1 5L
71 min WEAL 1 wmol DMP JIr 5 24 li§ 119 1 (1U),
HAL A P 9 P 2 T RRLH R R SRS H 1 7 6 DL K[ Fe
(CN)GVERERET FEAT AR | R4l AN [R] 42 4 3 3 4R A
FHL Y — FEL S T 4 v B9 B A 0 s 3 7 B0 5 S
ML R M A E AR A R a] P AS PAn-CoC,04/
GC MTEPERTEAUN 0.10 em?, Ui B AL 220 76 5
B = A A Tt P 4T LA Lac/PAn-CoC,0,/GC E
S TAEHA AN & ARAT AR (9 PBS 22 th i (pH=
A4VEN BRI, ML BEPT IS (BIS) I il 2 7E
FF L ~235 mV, B335 [ 0.1~10° Hz, 28 it i
G5 MR 5 mV BT 34T ok bk AR 22 3%
(DPV) 1 £ (9 I 5 2 7E HL A7 5 1 -0.4~0.6 V, B iR L
B0 5 mV BISPE T AT AR 5T I B A A T 4 i fb 2
TR Se s rh  SERFT e I S h BOEE A N, FREE
b 30 min, I PR 2L (CV) I i FE b L e 7
AN, AR RS AR I - i-E i
I RN IE SR, BV LAHE S 10 B hifE), fEfk1L
SR SRS TR S TSR ) PBS 2% th R P R DB s
AL 0, 2/ 15 min WA O, AT, S5
W T HERE O, AU, T A 8 1 R TE (25.0+0.4)
C R AT, SCHE R R IR S 0 1 A A F U
Xof FL R )T P R TR — AR TS DA B PR
FEL 7 BT A L AN A2 114 FEL JE 25 L e el A 2 11T [T 8 L
e A SRR ST
1.4 EMAKSEESYEIHBIRIELEBUFZMEE

2R AR

K FH IR — o3l R TR (-C) TF A Lac/PAn-
CoC,0/GC XA MIALBEIERE  1-C 12 5 1 il H A
TEEH —RINIAR 0, R PBS I (pH=4.4)
FE E FL R I SR e R F I — BRI O &R il 4R A
F, X —RIIAE O, WE R PBS I AR N, i
FE PBS 3 W H I A [ A U 25 AR L PBS ¥
W (LR FE R 292 260 umol - L) 11 il 15 | 48008 i i
0 22 SCHRIO DA PR 47 10 3 % Bz A 67 AR Sy T A

LA
2 HRSUE

2.1 PAn-CoC,O, MAKNTEESYHHRILEN

RIE

Kl 14 CoCy0,-2H,0,PAn 1 PAn-CoC,0, 44 K
52 A 0 AE B AR 4 T AR % BN (FTIR), MV 1 7T
LLE . PAn-CoC0, 48K 5 &5 W) 1) FTIR HAE &
A CoCy0,+2H,0 HYFFAEM W% 15 PAn BYFRFE
WL BR T Co-O MRFAE WG Wi i i F 52 & 9 rh It
Bo & A7 AR W kAR EE B8 (43 W AL T 5915
674.1 ecm™)Z A0 30T LLLER B — A7 1 W i g | o7
ETE 543.1 em™ BT, 3 WA X 1 T -NH- 1) T
A5 Z B Co-N Z IR MV FHsE | (il & 2B T i
B X [RIHEEE B 94K CoCL0, 5 B A Z 18] & AE T 4
TR B2 ) A2 AR H

— = - CoC,0,2H,0
PAn-CoC,0,
' = === PAn

1000 2 000 3000 4 000
Wavenumber / cm!

Bl 1 CoC0,-2H,0, PAn Hl PAn-CoC,0, 41K & &1
FTIR i
Fig.1 FTIR spectra of CoC,0,+2H,0, PAn and PAn-
CoC,0, nano-composite

Kl 2 24 PAn-CoC0, 44K 5 4 Wy i Bt [ il iy )5
19 UV-Vis X FCIE DIEL 2 AT LU Y . B REAN K 2 &
YR AE 560 nm BEIE 30— X5 R F 90Ok E A9
V5P Lac WG PHEAL Ty B ALDS Cu® d-d BC A7 BR AT Wk
W AR WO 53R S Lac 19 Cu® d-d FCALER
IE W I (605 nm) @A L A #5145 nm , 3R W]
G Fh Cu Y d-d FL 7 BRAF W IETE Co*-N(R A%
8¢ Lac 4 FH A &R AR E P 1Y N i) Fl/sL Cu-N
BRI sZ B SER G R 4 BB 53 24 he
REOR, SHOW O R A T RS Ak 200 T 280 nm
1 2 AN BE W Wi X R T2 G W PAn Y PR R
W, 3X — G WG [ g 2R b T i R G W 4
I 4R )R 5 [ 2 Lac WML Cu &+ Z Y
AHEAE HIXO i Bl T, 35 PR O AR S Cu B 7 1A
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2 PAn-CoC,0, #K & W [ B i J5 19 UV-Vis 1
Fig.2  UV-Vis spectra of PAn-CoC,0, nano-composite
with Laccase (solid line) and without enzyme
(dashed line)
T o7 AR L 57 A Y B S S A U B A | 3 e [ i
YK E AT EE K Lac 3G 10 1.05 Usmg™, K
AR TS Lac LLTE J1(1.52 U-mg™)f 70% , AHXF

T SCHR P TE 1 A0 ok £ AL 4 TG 52 A W0 0 L TR )
(0.83 U-mg ™) H A m AT 773X — 45 SR B
SR TG — 28R A ) 10 AR E A PR X Rl A s 8 8 TR A
FRL = A T — g WS R I o 22 Hh s e
P B AR S REALE B ST  H TE BA dE
HWAT IR

Bl 3 FAK CoC0, Al PAn-CoC,0, KK B
(4 5 F 7 0 U8R (AFM) B8 R 4R 408 T e AT i T B
RN =GN ARG A, N 3 FTRLE H, 4K
CoCoOy AT ASHLIN 1y JLART T 1R A ™Y ASSP- (1 2% 1T
X LA AN S 2R TR B2 T R Y CoCL0,
a0 K B o e AR A BRI A I PAn-
CoC,0, 48K B 4y ) 52 B0 H 45 o 6 g i 2 T FE 5
JEREE B W] WA 2 oA, P AT LAHEN PAn 765
A o B R B R ELN AN E B9 CoCL0, 48 K KL F 4
RSk I A Y5 B R R R

B3 <l B R BAK 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)

&l 4 53 51 91K CoCy04(A), PAn-CoC,0, 1K
A W) (B)FE 22 Lac 1 PAn-CoC,0, 91K 5 %) (C) )
I WABE(TEM) IR B, ML 4 7T Y L 45 1Y
YK CoCy0, 2 U H ASHL I ) B bk 25 4y | L v i A 3
IIERIRAIK CoC0, HHE A BT R W98
FER 28544 33 T U5 PRk AR B2 3 A 40K CoCL0, HESE
F COOH [H] 1Y %58 1 5 By 1 5 iz (&1 4A) 5
PAn-CoC,0, 44K & 45 W) (1 T8 550 W) 52 B0 1B AR BN
FW LA 3B IR R AR LR YEIE 35 1 o — 8 5340
KL AH B 48 B8 T 1 TC A2 T 14 1A 7 45 44 (181 4B) ; T
[ % Lac 9 PAn-CoC,0, 24K & & W T8 50 5 i 0
HEA W 2R A B ERIR S R A E R T i
TAOKE SR Ao T8, Bl LI
SRENG G R B BRI, e ST ghok
AR AT DL A TE € B TR T IR 5 (K]

4C) , 3 W 7% 8 43 i 4 LA RS ol e g AR T 5 T M
KEGWFRME, X T T ROR R 07 A L5
Lac 73 TG PR T B 9 817K 53 45 G 00 Z 18] 1Y
- YERRUL

BEAb 5 S5 IR RGO E A Y5 15 50
Fit 2 1 EE G A AL RE ORI K 22 AL 40 0K 4 R 7P
o, HXF Lac #1308 (20.3 mg-g™) 1 A 4 %K
(35.0%) & 1, iX AT BB & K PAn-CoC,0, 41K E 54
XF Lac B W R EA 5 09 7 o s 86 (RTUA DX T i
W - HEBUBON DL K2 CoCy0, F Lac 43 3% I &
122 1% e 22 ) (1 BV T B IR IR 2800 ), 5 G At [ T 44
K G W) R 2 THTHR Ry S 1 RN A AR 1 S A
R 25 00 Wi AR A R R Y
il o i LA M AR U5 3 Y MR E S L
Oy UTRETE 250 1 Y 0 1 g A I | s o A oy
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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)

3 W oA 15 % 11 4 T A 43 gl 2 DA T AR I
JBE 7% (76 L35 W RO A DMP, W22 1) i T3k Y A il £
& DMP AL T BRI AR AR LK — ),
22 EEAKESYEHEENEEBLERME
A=$%3/-43-
22,1 [EITE A Y8 i F A 1 B A
&l 5 SRR G 2 B GC Ak (a), AR E S
P A& i H A (b) LA B [ 8 Lac 98K 26 W0 16 M Fa A% #E

150 F NS

1 1 1 1 1 1

00 02 04 06 08 10
E/V (vs NHE)

S B GC H (), PA-CoCaO, 40K 5L 2 1 65 1 1
(b)LA K &1 5E Lac [ PAn-CoC,0, 9K & & W& i
AR TE 5 mmol - L Ky[Fe(CN)o]+0.1 mol- L™ KCI
AR L 100 mV =57 ST CV ik,
B 1 DAy b % i A0 A AR [ P A BTV TP Y Nyquist
h £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 - ™! Ky[Fe(CN)gJ+0.1 mol - L'KC1 1 & ¥ H 4
iAoV gk, DIKGX 3 AN HU R AE I H i 3 e T
73 EIS 35 B 5 KIS I FT & . 9K 525 W18
Wi s A% SR GC MR CV IZeAH L, AL J5 g
HL( 22 AR, A —EFEEZ I FEARON 121.5 mV T 2]
T 115.3 mV), I3 BB 04 H 0 FUAR 4, /i B2 3T (90 )02
0.967 F1 0.989), i% & B9 K & 5 Wy Hg K 1 Hu A i 4%
P 2R T FR( R T ARSI T R 24 3090) I 4 T LR
L TE PR SN B R s T E Lac MUANOKE
B i AR CV A X T R [ T R
B AR T 06 P, I R PR A 3 P 2R TR B B R
FE(TRE T KY 48.8%), 1 H AE, W 3 K (140.2
mV), X AN W A S50 4 W] A BT R i EL
FL BR3P T R P BRI, X AT I P T
e b 87 AR 43 AN S LA T 41 BELAS: T F 0 M e
T L SR 3 T 0 SR AR B RN, (B T A R
TP ) b A 1 it 52 G A6 U FL R LT AT AR T DA AR
Al AT A SR RN, 5 IR R NKR Bk
BT A B g 53 Jr 3 a5 (18] 4C), 3K — 45 i 7R 990K
B AW AR 8 5 0 5T 5 A 4 T DUAAE H
FM -G PR TP Z 8] 0 < B A7 K EIS 3% B4
AILLVE Y, 9K A W8 i H A i H BE AR X T AR
GC HLH , B WA T [ il 2 oK 52 110 v B B AR
AFR 7 2A [ il 290 K 52 5 4 A Hl A A B 308 1) 4 o
(ERAnRT TR, BB A5 1 B A 2 A% far v BHL 5 R
GC AL (55 TR 3 B AR 45 18 A0 — 50, X —45
REWIE M B BAEIRE SR, 2 FAE
14 it 53 1 - AT I 35 e I P A 3R T 110 S L PR B X
— 55 5 SCIRIOH T8 45 SR I AN

Bl 6A S Ak F i kR A 1 Lac/PAn-CoC,0/GC
1E N, # F1 9 PBS(pH=4.4) T 4 31519 CV i £ |
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Fig.6

(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
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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
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effect on temperature or pH(C) for Lac/PAn-CoC,0/GC
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