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Abstract: The electrochemical quartz crystal microbalance (EQCM) technique was employed to monitor in situ the
adsorption of glucose oxidase (GOD) onto bare Au, Au-electroplated, and carbon nanotubes(CNTs)-modified Au
electrodes. The enzymatic specific activities (ESA;) for GOD adsorbed on various surfaces were measured from the
mass of adsorbed GOD obtained via EQCM characterization and the charge for oxidation of enzymatically generated
H,0,. The results showed that GOD could adsorb on the investigated surfaces with different adsorption amounts, and
the adsorbed GOD was enzymatically active to some degree; the modification of CNTs increased the adsorption
amount of GOD and the response current to glucose, but the ESA; decreased with the increase of the amount of
modified CNTs; the Au electroplating on Au electrode also increased the response current to glucose, but the ESA;
changed little after the electroplating.

Key Words: Electrochemical quartz crystal impedance; GOD adsorption; Enzymatic specific activity(ESA);
Carbon nanotubes; Au electroplating
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Table 1 Parameters obtained by fitting experimental
Afy responses given in Fig.1 according to Eq.(4)

Electrode a,/Hz a,/Hz a,/Hz /8 Ty/S g

Au -114 78.9 36.4 3.69 84.8  2.45%x107°
CNTs/Au  -1412 1271 229 78 401 3.87x107
Au/Au -250 187 60.2 49.1 659  3.27x107°
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4 6.86 1] PBS AW M.

=250

£ -500f
= -7501
2\'—1000—
-1250}
-1500f o o
40
430 &
20 &
J10 9
540

=500 0

1 L L 1
500 1000 1500 2000
t/s

1 AEEHRERE A FA AR, X GOD R B iE iz
Fig.1 Time courses of simultaneous Af; and AR,
responses to the GOD adsorption on Au (a), 3.22 kHz
Au/Au (b) and 2.01 kHz CNTs/Au (c) electrodes
solid curves: experimental, circles: fitted according to Eq.(4). 1.00 g-L™
GOD was added into PBS (pH 6.86) at time of zero.
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Fig.2 Current-potential responses of a GOD/Au
electrode at various potential
(a) GOD/Au electrode added 10.0 mmol L™ glucose, (b) bare Au
electrode added 1.00 pmol-L™ H,O,, 0.0670 mol-L™ PBS (pH 6.86)

222 BRI OR JE B 1)

BEL T TIPSR B AR SR THT (.2) W B &S GOD i)™
A BIAEAL AL L UL, AR T2 RS L O A e T
it Al HHERIE ¢ BRI 4 Pros. S
JE(6)2X 1) Michaelis-Menten 51 1224 FAE),

Ai=Ai . c/(Kytc) 6)
FH A R RII FEL AL, Ko 2OV FGH 28

% H SigmaPlotR Scientific Graphing Software
Version 2.0 #4:, 528 (6) IELMERIE B 45 S 5 5256
SEHREIT, SRS KW(E S T 322, Kuff L SCHkE 2
(4—20 mmol - L") K, 15 HF 8% ¥ 7 Xof 0 2 M 114 S5 1
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Fig.3 Current response at different pH values
in 0.0670 mol - L™ phosphate buffer solution, containing 10.0 mmol+L™
glucose, potential applied: 0.700 V (vs SCE).

1/Ai=0.0535+48.5/c, Ky 15 {E 5 15 907 mmol - L.
X AT SR PR A AT A 30 e 1 [ A M SR DA 3% 2
S5 IR BR R, R S B0 15 2 A X A K vk
JEE L /INm S L EBUE R, X H AR R g0 sk
K, FET AE LR, w2 6) A AL vk LA )
JoI )@, (R, A S ¥ /2 Lineweaver-Burk J7
(e RPN 2 G RN E =Y AW Rs
2.3 WRHiEs ESA; HIEEIEME

KA EQCM $2 AR, fii: [ % i 119 ESA, {ELFIAH
XF i P (ERA) AT #2 2 (T) TH5E1). BSA i o o
I 5 W A W S M, BDZE 60.0 s N7 A2 1.00 wmol
H,O, XTI TG, i HLO, L HL B A,

ESA=ny,/ Amc=QH20/ (zF Amgop) (M
TN no, J I EEUE L R ALRAE T 60.0's
Bt 52 2B 5 1 HLO, 2, Am, R 52 GOD 1 i &, z
1 H0, Ak B L TR R (AL 2=2), F ikdin

Ky, TEAS 5 5 (016 G0 1 M DL A 210 2 45 S AL W GOD By BT Amaon AT 48 X (3) AT 43
WHEE T 5.16 pg & MBI H AR, £ @IEIE%‘?&%J BT,
F2 4 HIEAMER
Table 2 Data analyses for Fig.4
Electrode  Label in Fig. 4  Afyu/kHz Amy/pg Aficon/kHz Ameop/pg  Ky/(mmol -L™) q: ESA(kU-g") ERA(%)
Au g 0 0 -0.072 0.120 45.4 1.59x107 1.38 4.34
CNTs/Au c -1.38 2.22 -0.528 0.850 57.8 2.07x107* 0.588 1.86
b -2.01 3.23 -1.03 1.66 36.2 4.30x107° 0.282 0.89
a -3.12 5.01 -1.31 2.11 34.3 7.38x107° 0.251 0.79
Au/Au f -1.90 3.04 -0.172 0.270 43.8 4.59x10™ 1.28 4.04
e -3.22 5.16 -0.183 0.291 61.6 4.43x10™ 1.28 4.04
d -5.70 9.16 -0.197 0.320 72.5 1.30x107 1.34 4.23

Amy and Afyy denote the mass changes and “dry” frequency shifts after CNTs modification or Au-plating on the Au electrode surfaces,
and Amgop and Aficop denote the mass changes and “dry” frequency shifts after GOD adsorption on the bare and modified Au electrodes.

See the text for definitions of other symbols and nomenclatures.
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1.56 pA, Amaop=10.0 wg, B I AT 155 1 iE 2 GOD
B ELIE 1 ESA, O 31.7kU-g™.
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12 2 $idls m o, (1) R4 AR B CNTs (&0 o
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XF 60 mmol - L™ AR ATHEV R, 1A L HL I 0.86 A
(& 4 12k o)l in®) 1.38 wA(HIZE a), B Au BB |
129 0.32 pA(E 4 #iZk g). (2) Bl AR EBE4 e
3.04 pg WK F] 9.16 g, WG ESA; F1 ERA
AR, H 58 Au AR 45 SRRSO, i R i i
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(Bl 4 2k d). (3) Au HAI B854 )5 ESA, JEAREF

141
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Fig.4 Current responses of enzyme electrodes as
functions of glucose concentration in pH 6.86 PBS
potential applied: 0.700 V (vs SCE), symbols: experimental, solid
curves: fitted according to Eq.(6). The definitions for labels a—g
are given in Table 2.

AR, 1 BH W B B4 oK 4 ks 1 GOD HA L
PSS T TG PR T CNTs 800 19 4 B Ak b RS
h AN ESA; T FE, B8] CNTs 5 GOD &4 T
SEAMVE R, {58 0 B 7 LU PERREAIR, B CNTs AR AT
Fb 4 UKL B /N - 5 H P RN () A 2 T 4, T
FEHL AR AN T B SN ) HoO, A HL A2 4 Ak
ARG 4 HL A b CNTs B4 ol [ Tl o 34 0 1T il
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