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Electrochemical Properties of Polypyrrole—Glucose Oxidase Enzyme Electrode:
1. An Influence of Glucose Oxidase on Redox Behavior of Enzyme Electrode
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Abstract

Glucose oxidase was immobilized in polypyrrole by electrosynthesis. The enzyme had an influence on the
redox properties of a complex enzyme electrode. In the cyclic voltammograms of the enzyme electrode, new
peaks were appeared at the potential around 0.7 V vs. Ag|AgCl in additional to the typical peaks for polypyrrole.
The more immobilized, the stronger the peaks became. During the cycling, the pH of electrolyte solution was
decreased to about 4.4. The reason for that is to be the proton released from the carboxyl in the glucose oxidase
in order to keep on a charge neutrality of the oxidized enzyme. This fact suggests that the new peaks in the
voltammograms are caused by the redox of glucose oxidase.

In the AC impedance spectrum analysis of the electrode, the diffusion of electrolyte anion was limited because
of chained structure of the enzyme. The faradic impedance was large since the glucose oxidase is an insulator.
Therefore, when glucose oxidase is entrapped, the enzyme should be limited in amount. Because the growth of
the polypyrrole is accompanied both charge transfer and mass transport. For the traditional electrosynthesis, that
means amount of enzyme present in the electrode is limited to as much as film growable.
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Fig. 1.

Cyclic voltammograms of PPy and PPy-GOx enzyme electrode. (@) PPy. (b) PPy-GOxX prepared

in the solution with 0.5 mg/ml GOx. (¢) The same membrane as (h) but cycled in the
electrolyte with 20 mmol/dm3 glucose added. (d) PPy-GOx prepared in the solution with 10

mg/ml GOx.

EH4 DEAL TYAy 29, 2dyes A
J1EstE #AL FlAz otk ¢d =Hyg nE
Ao A4S ZASATIY, AihE DEAY Algd
Eddoz DAY ®ab opl#y, mEA Ales)

=

axgde AP dEHge] T Pt 7+ 5
H7iEey AdE FAsA foel

g Aavt BAFez ddyeln, Ea e
ol= Tz E 7HA7] wel, 1A F& Frh A
At EdA e 4% % A 2
BAE oppiA Ao @8, nAs F& FL M)A
He gaeha whge] Astate] B4 dSo2A A4

521

=& 7IHE] ojHA o

weps 2 dFeME Bt nygEe e
BEA-EHAY nEA BgAe Arded 544 &
29 2387 PlAE g3 d¥ dF2F}E B
o}

2. MUy
A4ARFE HAFFHeE polypyrrole (PPy)el
glucose oxidase (GOx)E RAXES aAzsigch
EAdZe Az 9YEe 02 mol/dm’ pyrrote

(SIGMA), 0.1 mol/dm® KCl (ALDRICH)<] 05 &



1 KIEEME Vol. 13, No. 6, June 2000.

1.0 mg/ml GOx (TYPEI, SIGMA)E H71@ 4
def Iny03-SnQe (ITO) ¥ FElE AT, @7
A2 Ag| AgClE digda3) FxAgez ALEE)
o, HAYHQ 3HF A2dE AHEs +08 V vs,
Ag| AgCIZ 300 mC/em’3¢t AATPYeE 4
st 28 X442 Ag | AgCl FEH3o dig
gtelct,

£8 AYHF 549 23L& 05 mol/dm® KCI
FEAelq 10 mV/sY FAEEEZ -10 V ~ +05
V ") #=3stdrt. PPys) PPy-GOx 443
of theted ERld FAL FF S pH ¥3E 2
Ye & a4t Zahner Electrik® IM6 Al2g& o] &
&d Fug W3l o& PPy ¥ EAAFY BF
AL ggdE SAsIge, o] o YFEL 5 mV
oln, £ HHYE= 2 Mg ~ 001 22 3t

ey FRle wE £4ASFe] AAHFY &2H
& | mmol/dm’ p-quinone® T EEHE 0.1 mol/dm’
phosphate buffer(pH 7.0°14 +0.35 V& 91713«
ARE9y HAH W3E Hsid

3. 4Fdn ¥ HE

GOx9 FHFMFER)e] 42071 d&Fe] pH 70
¢t FHYeME 22 dide] 5ol polyaniono 2
A PPyel & AbE% A4 AFFAEE 3 E§4
g 3%

a9 12 AdFdges Axg PPy dE 2
PPy-GOx HA2ZAFe w#HHd wE HAFEH
th 2§ la)e PPyd] A 438 J4oln,
0V Y2 dxgd sarzt g #4,
PPy-GOx B9 AF&Hd #ddts 29 19
{b), ), (XME PPyel HYHA A o o
07 Ve 09 V B2oA Mz Ay maEe)
#F&EHAT olRe vny Folzl nEA Algg
G GOx& 4tz gdd g% 3 59 F A7 4
2 448 5 9le}

AA, GOx7t PPy8 & Aled wlgslq i
EY=EE A$ PPy F Alse nEEZ dgA
BaA Hed, 2R GOxd A3l Fegele)
T AME TR BRE W 7|¢l@ch 1 A
ofg] Mo #FL AEEo ¥EFA BoHT] ol
Al g 458w mygo] Hate] #FEe] of
g Fo B o AR «uA 4 P4
He A2 474 5+ Utk o}RAL Bredas (8]
ol3le] AgE FAYH vlB &, valance effective
Hamiltonian A4H2t #7188 d¥s] 329 vw

b

J¥2 8 AYHAR 5449 54 F E£99 pH

H3l (q) PPy. (b) PPy-GOx A4 M=

Fig. 2. Variation of pH in the solution during the
potential swing. (@} PPy. (b) PPy-GOx

enzyme electrode.
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Fig. 3. AC impedance spectroscopy of PPy and
PPy-GOx enzyme electrode. Filled circles
stand for impedance profile of PPy, blank
triangles PPy-GOx prepared with 05
mg/ml GOx and blank squares PPy-GOx
prepared with 1.0 mg/ml GOx.
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Fig. 4. Current response of PPy-GOx enzyme
electrode according to injection of different

glucose concentration.
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Fig. 5. Lineweaver-Burke plot for calculation of
the apparent Michaelis-Menten constant.
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