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(1.13 s H 38l , CNT HRP .
HRP CNT/ GC r (1.90 + 0.44) x10 2mol/cm?,



2 - 163 -
HRP CNT/ GC 8.00 x 10" *mol/ cm?, CNT/ GC 24 %
HRP 10
2.2 (GOx 5|: a
3 @Ox-CNT/ GC 0.1mol/LFBS(pH6.9) _ OF
cv , a S s
. 3 mol/ L 24h ol
, ( 3 b). T 1 E
' @x -07 -6 -0.5 -04 -03 -0.2
(FAD) | E/ ¥ (vs.S5CE)
QOx ONT/ &C FAD 3 GOXCNT/ GC 0.1 mol/
. ( 3ml/L L PBS(pH 6.9)
) FAD  QDx
(€0 ( Fg.3 cydic voltanmograms of the
3b) , FAD ( GOx-CN T/ GC dectrode in 0.
QDX FAD ) [34.35] N&fion 1 mol/L PBS (pH 6.9) with
FAD CNT/ C&C FAD-CNT/ CC (b) and without (a) incubated
3 mol/ L 48 h ' in 3 mol/L guanidine hy-
68 %: 12 d ’ N drochloride for 24h an
CDx CNT/ GC 1 rate:60 mV/s
3 a,@x Epa= - 0.438V ,Ex= - 0.
ATAVA E,=36mV,E =-0.456 V. , v <200 mV/s :
b v : Epas Ex A B E
Hb-CNT/ GC  HRPCNT/ GC 10 140 mV/s ,
e -0.456+0.001V. ks=1.74+0.42s ',  Jang ! DTSSP(DTSSP 3,3-
dithiobis sulfod nnimidylpropionate ) ks(0.026 s 1)
, CNT DTSSP @QOx .
@x CNT/ &C F (1.38 + 0.12) x10 *nol/ cn?,
QOx 60 nn?%! r T = 2.77x%
10" *mol/ cn¥) 341, DTSSP
2.3 pH
,Hb HRP  GOx pH ,
4 ,GOx pH , . Epa B E°
pH Hb  HRP (). E?
pH - 55.4(Hb) - 60.2(HRP) - 52.2(GOx) mV/pH,
(- 58.5mV/pH,22 ), CNT/ GC ,



- 164 - 2004
10
I
2.4 51
5 Hb-CN T/ GC 0 —
H,O,PBS . , H O, 5 -5t
(28.0 mmol/L) , CV (b) ~-10 |-
H20; (a) , , POy 1) P TR | | IR S Y
-0.3 -0.6 -04 -0.2
’ CNT/ GC E/V (vs.SCE)
Hb, ) H2O;
’ 4 GOx-CNT/ GC pH
H20; ( ). ,
HRP-CN T/ GC Fig.4 The dependence of cydic voltamr
6 GOx-CN T/ GC mograms of the GOxCNT/ GC
PBS cV dectrodein 0.1 mol/L PBSon s
( a) lution pH  The olution pH for
’ . , curveatodis8.5, 7.0, 6.0 and
' 4.5, repectivdy <can rate: 20
(1.0 mmol/L) Ve
( b) .
, ( c d,
) , PBS
sof d
0F =T -
F « 30f ¢
2}
—200 X -
:. 10+ b
= i - b
—400 f' G _ L b ) 1
[ b " 0506040200 D0 01 02 03 04 05
L L. Elves . )
%8 o6 w04 w02 (s)q:; E/ V(v SCE)
E/V(vs.SCE) B6 GO -CNI/GCRBESHASHRRETR

K5 HbL-CNT/GC i ZE A4 H,0,(a) 14 28.0

mmol/L H,0,(b) 0.1 mol/L PBS ¥ ¥ 1%
FRE ML

Fig.5 Cyclic voltammograms of the Hh-CNT/GC elec-

trode in 0. 1 mol/L PBS ( pH 6.9) with ab-
sence (a) and presence (b) of 28. 0 mmol/L
H,0,

the curve (a) in the different current scale

scan rate; 100 mV/s the inset shows
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Fig.6 Cyclic voltammograms of GOx-CNT/GC elec-

trode in 0. 1 mol/L PBS (pH 6.9,a) and
with of 1.0 mmol/L ferrocene monocarboxylic
acid(b),(c) and (d)are the bioelecvtrocata-
Iytic responses of GOx-CNT/GC electrode to
the oxidation of glucose in 0. 1 mol/L PBS
(pH 6.9) of 1.0 mmol/L ferrocene monocar-
boxylic acid containing 12,5 mmol/L or 25.0
mmol/L glucose, respectively  sacn rate:
1 mV/s
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Direct Hectron Trander of Redox Prote ns and
Enzymes Promoted by Carbon Nanotube

CAIl Cherrxin®, CHEN Jing
( Department of Chemistry, Nanjing Normal University, Nanjing 210097, China)

ADbstract : The redox proteins (enzymes) , such as hemoglobin (Hb) , horseradish peroxidase
(HRP) and glucose oxidase (@0x) were immohilized on the surface of the carbon nanotube modi-
fied with glassy carbon (CN T/ GC) eectrode, regectively. The experimenta results showed that
the redox proteins (enzymes) underwent efective and stable direct electron transer reaction at
the surface of CN T/ GC electrode with a pair of nearly symmetrica redox peaks in phoghate
buffer olution. Theforma redox potentia , EY , isamost independent on the scan rates, the av
erage vaue of E® for Hb, HRP and GOx is - 0.343£0.001, - 0.319+0.002 and - 0.456 +
0.001 V (vs. SCE pH 6.9) , repectively. The dependence of E° on the pH of the buffer solur
tion indicates that the direct eectron trander of Hb and HRP is a onedectron-tranger reaction
process coupled with one-proton-trander , while the GOx is a two-electron-trander reaction pro-
cess coupled with two-proton-trander. The experimentd results d demonstrated that the immo-
bilized Hb and HRP retained their biogectrocatalytic activity to the reduction of H,O,, and im-
mohilized GOx can catalyze the oxidation of glucose in the presence of ferrocene monocarboxylic
acid. The method presented here can be easly extended to immobilize and obtain the direct dec
trochemistry of other redox enzymesor proteins.

Key words: Carbon nanotube, Direct electrochemistry, Hemoglobin, Horseradish peroxi-
dase, Aucos oxidase
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