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1 ERFHEHE
1.1 RHSNERS

BB E LB (E.C. 1.11.1.7; 250 u/mg; R.Z~3.0) X LW AWML EH R~ &,
HEdAMNHHE ™ oHdaln. mEETHEEE, B 128~132CHEL. MABRA=ZK
ZIBKECH], pHEM pHS-2 IR M E. BWASAARE.

MAZTREZZHF/BPHT, BER 30C, #HMEMHRERS B ER M
ZHH K. Pine 4 E# RDE4 XUEH G H FHRESMBEBRITINHE, 3033 RRAFIERN
ATFIEREREF. HRP FKE &R UV 240 BRUESM AT W XX iH E.

1.2 BENEE

B (HR0.8cm, RWEM 0.503 cn®) A KRR A FEK, FHAAH 6* SHD KM
X, ZBERLTE, RETF pH=26.8 KB E R ¥ (0. 05 mol/L KH,PO,+ 0. 05 mol/L
K,HPO,+0.1 mol/L KNO)HF#HTTERBMUAKEAREZEE. AMEBLEHLE+0. 20~
—0.80 VZIa. FELERBWHEHIMA 0.1 mol/L Mg, 0. 1 mol/L Mt#E +4 mg/mL HRP,
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B &G a4 Bl E B R attrg (PP) B 1l PP/HRP k. BEHBAIHN+0.7 V(us. SCE).
1 22 B A% / 7 4 B4k 40 e 4% (PP/FeCN) HIZR L NS / (F & 8 (L4 - HRP) B3, i [PP/ (FeCN +
HRP) I8}, BEHMBR I INAREHEH 4 mg/mL HRP #4 0.1 mol/L MR +0. 1 mol/L
K,Fe(CN)s. BEHALHN+0.80 V(vs. SCE).
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2.1 HRP ME{LFEEL

Brmib¥EEMEARAE. EHBREEa 2R EMRANEBCEERSYWER
d. O ATHEENEHEREFEDEE, ARSAGHARHERWEENRGHERM,
HERAFEENEBREABREGEROAA. AT FESMERPRER S EERE,
FIRBTERREERMERFRBRAET, A TERM pH=6.8 NBRESHR ARG
WIS IR, SCRAESE, FERAFE LB HRP A E (L HFE T RFESE, AIEEEEER
N BEBEHEWF A 0.1 mol/L KNO,, B LAR & B B &9 72 5 B, 45 48 B 4R i ol &% Bt
], XtBF LB EHAE A BRERMUNTERSYEAIREHER, BZUE5RETA
WA A X TESEM 0.1 mol/L KNO; MM IBYEW +, BE AL EHITE+0.7 V (us.
SCE)R k88 A ¥ 56 PP/HRP . 1 #1%k o F1 6 A HIRTEWA S KA A HRP Bt 2
BMAREGSEN i~ & TTUEH, HRPHFEFERSETB A TR XMPY S5,
RS RSN 1 pm, PR B AN 400 mC/em?. BB S i~ A NEEEF 258
HT k.

P14 c F d 4 BIFRRIELL 0. 1 mol/L K, Fe(CN), Sk 3¢ 1% o R 7 (9 7S & B FI 4 B A ik
AW PHEITHRRESH i~ K, HRP MEEREEREGEE TR, MR cMd LR
RE T B b AR B AL - A R ARTE, TS5 MK o Fl b0 A EFI R T R AR5 i
REMTHE. TREH, I TUEFRMAR, HBRAREGH TEHRMAH0.8 V(vs. SCE)
RAEE.
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EFg, B EXAEHYFETEE
fr. Bt #lB Y PP(HRP+FeCN) i e 1)
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Fig. 1 The i-¢ curves during the electropolymerization

AHMIFIERE. E=+0.70 V(vs. SCE). a. 0.1 mol/L. KNO;+0. 1
ﬁ% Eﬁ.ft"?@iﬁftz:ﬁ%fﬁfﬁﬂﬁﬁ@ mol/l. pyrrole4-pH 6. 8 phesphate; &. a+4 mg/mL

EE' ﬁ'ﬁﬁﬂﬂﬁﬂ?ﬂﬁﬁﬁ’l’ﬁ%, ?ﬁﬁﬁﬁ‘:/‘)\ HRP; ¢. 0.1 mol/L. pyrrole + 0.1 mol/L K,Fe

MAEXTERED. A THEEBESHN (CN)g; d. ¢+4 mg/ml. HRP.
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HRP & &, RITME T 2% &8 58 R RO
i#. HRP 7£ 402 nm 2t 2 Bl H Kbk B & 1Y

Soret $f{iEiE ", HRK{H A 5 HRP K B L& 0.6

XA, LPHEENL.Omm Y ELEE, 1 mL B

WP HRP S EESHM 1 mg, HEXEHEM M < 0.4

0.17. 2K a Mo S FNEBRRESAEHRHK

Wk, HREEHTLATHRE HRP kAR 0-2

A 1.5mg, MESHELIHHEER 8 5mC. N—

2.2 PP/HRP 1% F H,0, 89t :EF %00 w00 500
3R B RS R o HO, B (B Aam

3a). PP E(H 36)F0 PP/HRP AR (I 3c) B L 3X Fig. 2 Absorption spectra of HRP before (a)

R TERF R L2k, MERBRAMH RS, EFE

and after (b) electropolymerization

HEHIEK, FRIRREARAEH. BT HRARER LR FEE, B4 REEFREH
£E—0.7V 4HTFEBEEES HO, MEHXE. AEFL, EHBRKENENSRBERLE
B R R KRS HO, WERIEH., BBK GO B (H 4 MK/, PP BE(E 48
w2, M PP/HRP BE(® 40) BB K. Y4 H,O, ¥ E X 2.0 mmol/L Bf, PP/HRP B & % %t
H,O, §Y " L7 B FAH 5 52 PP BEFIBEBR B AR A9 1.2 5570 1.5 1%, EBEEME, EBRMERF
HER &G T PP A HFEDS O HE ME H,O, 858, K nE H,0, 32 JE, X5 PP
BAGERESHEREX. T BEANERA RN HO, &R

7E R PR B8 I o HRP #1 HO, R P il (B BT Be“tb e 1 7). B ERTSHEN®
FHENH—RYERTEEBREZERERS, NTHFEREREFFEH#HT. £TH 4R
] PP/HRP B M RIER A S HERYW, AT HRP X H,O, iT JF &9 i . 4F F & i it
HRP 5 H,O, £k &% | "5 PP itk R £ H B T2 MA T/, HRP f1X6 i fb 225
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Fig. 3 Voltammograms of GC(a), FP(b. 10.0
mC) and PP/HRP (c. 8.5 mC) electrodes

in the phosphate buffer
Without (curves 1, 3, 5) and with 2 mmol/lL
H,0;(curves 2,4,6). Scan rate: 50 mV/s.
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Fig. 4 Reducuen currents of H,0, on GC(a),

PP(b) and PP/HRP electrodes (c) at
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REBRM, “b&t 1 "W EBRER EEFR, BRAFKETHIERKH HRP.
2.3 PP/(HRP+FeCN)EBEBRAVEBILFTTH

B 5 & 4 PP/FeCN B8 (B 5a. 6)A K& PP/(HRP+FeCN) B H 1% (B 5¢)7F pH=6. 8
ZHEANMBEPHBERRZME, AP HA—XmEiiE, HRP HFEESEETARELHE Lrm
Hk, HEREFEEXAREHEWUMBHAR. GBS ATH, MERGHEMNEX, HAiRGER
AR, ARGEHEVEFES, MERRKYHMK. EREHGHBBERTAS,
WHRHZILRBEFIEMNERENFRARAEERELZREEHRMIEHRE. AT E
F ik, B 5d 2 EFEBERTE 0. 01 mol/L K,Fe(CN) AR P M IEIFREMLE, HENLTE
g E S5 Sa~c LM 0.1 VL E XEEN Fe(CN) EBRRPSERPHRSE
REARR, HEHE Sa~c EHMEREFERBT PP EATHUT, SHFEREHEEETFE
RABPHHASHELRE.
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Fig. 5 Cyclic voltammograms of PP/FeCN (a,b), Fig. 6 Response of PP/(HRP + FeCN)
PP/(HRP+FeCN) in pH 6. 8 buffer solution electrode (613 mC) to H,0, con-
(¢) and GC in 0.10 mol/L K,Fe (CN),(d) centration
electrodes E=—0.05V.

Charge quantity for polymerization (mC): a. 821;
b. 6453 ¢. 610. Scan rate: 50 mV/s.

PP/(HRP+FeCN)5 PP/HRP BB B K EMNZ — & BIEE—0.05 V(vs. SCE)F
BRI Xt HO, 7w i, & 6 mEHEZRTIERM TR BRMES HO, MEHXR. BR,
PP/(HRP+FeCN) BB 1R 7] F F MK B T H,O0, Hf M. &% Fe(CN){™ /) HRP B R
BE(E HO, TR REEERS, IULEFAHTREB RN THES. TELUHER
R RBEHR R TIEREANE. BF Fe(CNDE AI{ER HRP ELEMR CHUEW T W
B, RITAAERREN TRV TR EES &3, Mg ST E
1k

E§ 2 H,0, + 2Fe(CN){~ + 2H*
Bk b Fe(CN)?™ + e
B EL % A T4 o 0K B SR (20 i LT IR B i B SE
PlERRBEELRY, BEEE M FEEN & HRP BRI T, XHEHRP S
Fe (CN){™ Ry B 4L 724 H.O, R K IR (5 R A {5 /K25, 5 PP/(HRP+FeCN) B 1
#itk, PP/HRP B AT HO, MM EMF B BHE, BEEESMIASHHEN PHEF
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Electrochemical Immobilization of Horse-Radish Peroxidase and
Its Bioelectrocatalysis in H,0, Reduction

YANG Fang-Zu®, XU Shu-Kai, WU Hui-Huang, Zhou Shao-Min
(Institute of Physical Chemistry, Department of Chemistry,
Xiamen University, Xiamen, 361005)

Abstract With electropolymerization of pyrrole, horse-radish peroxidase (HRP) was immo-
bilized in the polypyrrole matrix to construct PP/HRP enzyme electrode, and its electro-
chemical behaviour was studied. In the deoxygenated phosphate buffer, the PP/HRP elec-
trode showed an accelerated H,0, reduction, which was attributed to the direct electron
transfer of the adduct of HRP with H,0,. The simultaneous immobilization of HRP and K,Fe
(CN); into the polypyrrole (PP) polymer and the electrochemical behaviour of as-formed en-
zyme electrodes were investigated. It was confirmed that, the existence of K,Fe(CN); in the
polymer enabled the reduction potential of H,0O, to strongly shift to positive so that H,0O,
could be detected at —0.05 V. The related process was explained in terms of indirect redox
catalysis.

Keywords Horse-radish peroxidase, Enzyme electrode, Electrochemical immobilization,
Bioelectrocatalytic reduction
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