38 ( FENXT HUAXUE) 11
2010 11 Chinese Journal of Analytical Chemistry 1533 ~ 1537
?(.\‘_//_-\_/‘/_-\'_//1\_/‘/1\‘_//_-\_/-‘/_\‘_/-/_\;3
: %

N S S T
DOI: 10.3724/SP. J.1096. 2010. 01533
1 1 1 1 * 2
' 215500)
( 210018)
( GE) ( Mb)
H,0, o 0.1 mol/L (PBS pH7.0)
6.48/s; -0.34 V(wvs * SCE) 8.06 x 107" mol/cm’ .
( DMSO) .
Mb/NiO/DMSO H,0, H,0,
0.8 ~24 pmol/L; 0.039 pmol/L.  H,0, 0.21 mmol/L
417 mA c¢m’ L/mol o
1
1 23 _
4 5 6~11
o ()
612 13 ( Mb)
( NiO) ",
NiO
Al Al Al Al 3 o
2
2.1
. ( ) CHI660C (
); TU4901 ( )
( Gemini ); Vector 22 FTHR ( Bruker ) o
M1882 ( Mb )
A:2.0 g/L Mb ; B: 4.0 g/L NiO ( DMSO) ; C: 4.0 g/L
NiO 0
20100318 ;20100611
( No. 20905010) . « 2008 ( No. KLACLS08007) .

( No. €S200808)

*  E-mail: hxju@ nju. edu. cn



1534

38

2.2
15 .

( GE) 0.2641 c¢m’

5 min
6 (1)
Mb/GE

WAW7( 05)

:(2) NiO/DMSO/GE
: 10 pLA +5 wL H,0; (4) Mb/NiO/GE
10 pL A +5 pL DMSO; (6) Mb/NiO/DMSO/GE

18 C

6 4 °C .PBS( pH 7.0)

2.3
GE
CHI660C
(18 £0.2) C.
20 min
15 min
-350 mV
Mb “Mb/DMSO
KBr

NiO-Mb  Mb/NiO/DMSO

3

3.1 Mb/NiO/DMSO

Mb/NiO/H,0

o

Mb/NiO/DMSO/GE

Mb/NiO/DMSO

Soret 409 nm ' . 1

Soret
NiO/DMSO.NiO/
I II
1700 cm ™'
1620 cm ™' N—H
II

Mb/NiO/DMSO
3.2
3 NiO.Mb.Mb/NiO/DMSO
NiO
Mb o
3.3 Mb/NiO/DMSO/GE

4 o Mb/NiO/DMSO/GE

( f) o

20

2 NiO

~DMSO

Mb

DMSO

-0.3677

20

(

0.05 wm

5 uL B+ 10 pL H,0; (3)
10 mL A+ 5 ul C; (5) Mb/DMSO/GE
10 pLA+5 pL B

2h
6
( SCE)
SCE
17 18
I 1600 ~
I 1500 ~

I
2) Mb/NiO/DMSO

NiO

-0.3127 V N

DMSO



11

0.2

0.1

Absorbance

0.0 /4

==

360

3

A\ ——

400 440 480
A/mm

1
(¢)

Mb/ NiO/DMSO( a)
Mb ( d)

Mb/DMSO ( b)
NiO/DMSO (e)  DMSO ( f)

Mb/NiO

Fig. 1
SO ('b)

Uv—vis spectra of Mb/NiO/DMSO ( a)

Mb/NiO (¢) Mb (d) NiO/DMSO (e) and

DMSO (f) solutions
Mb: Myoglobin; DMSO: Dimethylsulfoxide.

Mb/DM-

1535
a
1505 b
;\3\ W
g 1538~ 1654 d
§w °
= o €
g 1539, 1654
s
= 1537,\1654
1250 1500 1750 2000
v/iem™!
2 NiO(a) Mb/NiO (b) Mb(c) Mb/DMSO (d)

Mb/NiO/DMSO ( e)
Fig.2 FTHR spectra of NiO( a)
©

Mb/DMSO( b)
Mb/DMSO (d) and Mb/NiO/DMSO (e) films

Mb

3 NiO(a) Mb(b)  Mb/NiO/DMSO( c)
Fig.3 Scanning electron micrographs of NiO(a) Mb( b) and Mb/NiO /DMSO ( ¢) films on a glass
slice
; NiO Mb o
pH7.0  Mb/NiO/DMSO/GE Fe'*?*
E"=-0.34 V.,
o Laviron 2 k, =mnFv/RT( m
) k., 6.48 s, Mb/NiO/DMSO/GE
8.06 x 10~ "’mol /cm’ .
3.4 pH
pH5~10 pH —42.3 mV/pH(r =0.9993)
-43.9 mV/pH * 291 K - 57.8 mV/pH
., pH7.0 PBS
(pH7.0) .
3.5 Mb/NiO/DMSO/GE H,O0,
Mb/NiO/DMSO/GE ~ PBS( pH 7.0) H,0,
GE  NiO/DMSO/GE H,0,
- Mb/NiO/DMSO H,0, 5. 0.1 mol/L PBS
(pH7.0) H,0, -350 mV H,0,
5s 95% H,0, o



1536 38
H,0, 0.8 ~24 pmol/L; 3
0.039 pmol/Lo H,0, 24 pmol/L Michaelis-Menten
Ky Linweaver-Burk Mb/NiO/DMSO H,0, Ky,
0.21 mmol/L, Mb  H,O0, o
417 mA cm’ L/mol Mb 710, (97 mA em’ L/mol) " .
307 5
25p 3
< <
g < 2.0FF 4 mmol/L
E S 0.
a g 1.5F \0 10 20 30 2
—10f 6 C (HZOE)f'{pmolfL) ol g
1.0F
0.8 umol/L §t 4
—20 ' ' ; ; ; 0.5 =
0.2 00 —02 —04 —06 —038 00510715
E/NV(vs.SCE) VC(H,0,)i(umol/L)
0'00 100 200 300 400 500
4 GE (a) NiO/DMSO/GE (b) Mb/GE (c¢) Mb/ tfs
NiO/GE (d) Mb/DMSO/GE (e)  Mb/NiO/DMSO/
5 pH7.0  PBS -350 mV
GE (f) 0.1 mol/L PBS( pH 7.0) 100 mV/s
H,0,
Fig.5 A tric res f sensor at — 350 mV
Fig.4 Cyclic voltammograms of graphite electrode( GE) 8 TIPETOMETIE Tesponise of sensor 4 "
. . upon successive additions of H,0, in pH 7.0 PBS
(a) NiO/DMSO/GE (b) Mb/GE (¢) Mb/NiO/GE
(d) Mb/DMSO/GE (e) and Mb/NiO/DMSO/GE ( f) A H20 B
Lineweaver-Burk  ( Inset: plot of catalytic current vs. H, 0O, con—

in 0.1 mol/L PBS( pH 7.0) at 100 mV /s
3.6 Mb/NiO/DMSO/GE

22 24

centration ( A) and the Lineweaver-Burk plot ( B) ) o

e 15~85 C

Mb/NiO/DMSO/GE Arrhenius
o 50 C Mb/GE
% Mb/NiO/DMSO/GE
NiO
NiO 2
3.7 Mb/NiO/DMSO
-0.8~0.2V Mb/NiO/DMSO/GE ~ PBS ( pH 7.0) 100
0.887% . 4°C PBS(pH7.0) 60 d
94% Mb/NiO/DMSO/GE o
References

Rusling J F. Acc. Chem. Res. 1998 31(6): 363 ~369

Collinson M M Howells A R. Anal. Chem.

Xiao HY JuH X Chen HY. Anal. Biochem.

Liu S Q Ju H X. Electroanal. 2003 15(18):
He P L. Hu N F. Electroanal.

O 0 N AN L A W =

Ozaki S Matsui T Roach M P Watanabe Y. Coor. Chem. Rev.

2000 198(1): 39 ~59

ZhouY Hu N ZengY Rusling J F. Langmuir 2002 18(1): 211 ~219
2000 72(21): 702A ~ 709A
LvovY M LuZ Schenkman J B Zu X Rusling ] F. J. Am. Chem. Soc.
Zhao J Henkens R W Stonehuerner ] O“Daly J P CrumblissA L J. Electroanal. Chem.
2000 278(1): 22 ~28

1488 ~ 1493

2004 16 (1344): 1122 ~1131

1998 120( 17) : 4073 ~4080
1992 327(1=2): 109 ~119



11 : 1537

10 LiuSQ Leech D JuH X. Anal. Let. 2003 36(1): 1219

11 Willner I Willner B Katz E. Bioelectrochemistry 2007 70(1): 2 ~11

12 Xiao Y JuH X Chen HY. Anal. Chem. 2000 60(20): 2263 ~2268

13 Shipway A N Lahav M Willner I. Adv. Meterol. 2000 12( 13): 993 ~998

14 YANG JianXiang( ) LI Zhao-Hui( ) GAO De-Shu( ) SU Guang—Yao( ) . Fine Chemical
Intermediates( ) 2003 33(6): 53 ~64

15 LIU Jian-Hua ( ) YU Mei( ) LI Song-Mei ( ). J. Mater. Engineer. ( ) 2006 21:
110 ~ 116

16 ZongSZ CaoY Zhou Y M Ju H X. Biosens. Bioelectron. 2007 22(8): 1776 ~1782

17 Nassar AEF Willis WS Rusling ] F. Anal. Chem. 1995 67(14): 2386 ~2392

18 Song Y P Peity M C Yarwood J] Feast W J Tsibouklis J Mukherjee S. Langmuir. 1992 8( 1) :257 ~261
19 Zhou H X. J. Am. Chem. Soc. 1994 116(23): 10362 ~ 10375

20 Laviron E. J. Electroanal. Chem. 1979 101(1): 19 ~28

21 Weetall H H. Anal. Chem. 1974 46(7): 602A ~612A

22 Sun H HuNF MaHY. Electroanalysis 2000 12( 13): 1064 ~ 1070

23 Bowers L. Anal. Chem. 1986 58(4): 513A ~530A

24 WangJ LiuJ] Cepra G. Anal. Chem. 1997 69(15): 3124 ~3127

25 LiuSQ DaiZH Chen HY Ju H X. Biosens. Bioelectron. 2004 19(9): 963 ~969

Immobilization of Myoglobin on NiO Nanoparticles Matrix
for Preparation of Novel Biosensor
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Abstract Direct electrochemistry of myoglobin ( Mb) immobilized on a nanometer-sized NiO nanoparticles
matrix modified graphite electrode ( GE) and preparation of novel hydrogen peroxide biosensor were studied.
The immobilized Mb displayed a couple of stable and well-defined redox peaks with an electron transfer rate
constant of 6.48 s~' and a formal potential of —0.340 V(s * SCE) in 0.1 mol/L PBS ( pH 7.0) . The total
surface concentration was 8.06 x 10 *mol/c¢m”. Dimethyl sulfoxide ( DMSO) could play an important role in
the electron transfer between Mb and the electrode. Spectroscopy analysis of the Mb/NiO/DMSO film showed
that the immobilized Mb could retain its natural structure. The electrocatalytic response showed a linear
dependence on the H,0, concentration ranging from 0. 8 to 24 pmol/L with a detection limit of 0. 039 pmol/L

(30) . The apparent Michaelis Menten constant Ky, = for H,0, sensor was estimated to be 0. 21 mmol/L and

Mapp
the sensitivity was 417 mA ¢m’ L/mol which showed a high affinity.
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