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PAT ( SBS DNA
17 ) ; DNA 5.0 mmol/L pH7.0  Tris-HCI ( 50.0 mmol/L NaCl pH 7.0)
4 C « DNA 2 x SSC (0.30 mol/L NaCl + 0.03 mol/L ) .
2.2
2.2.1 MWNT/Ag-TiO, 4.5¢ 1.5¢ 80 C
( 4 mm)
CPE o
1 mg MWNT 40 mL. 12 mol/L HCIH6 mol/L HNO,(3:1 V/V)
5h o 1 mg
MWNT 1 mL N N- (DMF) 1 mL. MWNT-DMF 1 mg Ag-
TiO, 50 mL. DMF 5 min 0 5 pl
MWNT/ Ag-TiO, . .
2.2.2 DNA MWNT/Ag-TiO,/CPE MWNT/Ag-TiO, /CPE
1 pmol/L ssDNA 2.0 mL Tris-HCI 2h 0.2%
(SDS) ssDNA ssDNA/MWNT/Ag-TiO, /CPE .
1.0 pmol/L DNA( ¢cDNA) 45 C 60 min 0.2%
SDS ¢DNA DNA( dsDNA) dsDNA/
MWNT/Ag-TiO, /CPE.
2.2.3 1.0 mmol/L K,Fe( CN) (/K,Fe( CN) (( 1:1 V/V)
0.1 mol/L KCI CHI 660C 100 mV/s.
CHI 660C 1.0 mmol/L
K,Fe( CN) (/K Fe( CN) ((1:1 V/V) 0.1 mol/L KCl o 0.172 V(wvs. SCE)
0.1~1.0x10" Hz.
3
3.1 AgTio,
Ag-TiO, (1 Ag-TiO,
40 ~ 80 nmo

18 19
o

1 Ag-TiO,

Fig. 1 SEM images of Ag-TiO, hollow spheres at different magnification
3.2 MWNT AgTiO, Fe(CN), >~
CPE MWNT/Ag-TiO,/CPE  MWNT/CPE. Ag-TiO, /CPE 1. 0 mmol/L
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Fig. 2 Cyclic voltammograms of 1. 0 x 10~ mol/L,  1O2/CPE(d) 1.0 107" mol/L  Fe( CN), "~

Fe(CN), """ at CPE (a) MWNT/Ag-TiO,/CPE
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dsDNA/MWNT/Ag-TiO, /CPE( d) in solution is 1. 0 X
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AR, - 35 ~45C AR, ;
AR, o 45 C DNA  ¢DNA 10 ~ 100 min
AR, 10 ~60 min AR, ; AR, o
45 C 60 min,
3.5 PAT
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AR, Fig. 5 Nyquist plots recorded at ssDNA/MWNT/Ag—
Fig.4 Histograms of AR, ( AR, =Ry xs — Ropns) corre— TiO,/CPE ( a) and after hybridization reaction with its
sponding to the hybridization with different DNA sequences complementary  target under various concentrations:
at 10-% mol /L level (b)1.0x10" mol/L (' c¢) 1. 0 x 107" mol/L
(a) non-complementary sequence; ( b) two-mismatched (d)1.0x10 "mol/L (e)1.0x107* mol/L (f) 1.0 x
sequence; ( ¢) one-mismatched sequence; ( d) complementary 10 "mol/L (g) 1.0 x 10 °mol/L. Supporting electrolyte
sequence( n=3) ; ( Applied potential) : 0. 172 V  us. solution is 1. 0 mmol/L  Fe ( CN), >~ containing
SCE) ; ( Frequency range) : 0.1 ~10* Hz, 0.1 mol/L KCI

( Applied potential) : 0. 172 V( vs. SCE) ;

3.6 DNA ( Frequency range) : 0.1 ~10* Hz.,
dsDNA/MWNT/Ag-Ti0, /CPE
8 min 5 min
dsDNA
ssDNA/MWNT/Ag-TiO, /CPE o ssDNA DNA
dsDNA/MWNT/Ag-TiO, /CPE
o o 4
ssDNA o

DNA o 5 1.0 x



107" mol /L. DNA 5 4.32% . o
4 C 20 d o
21 22 DNA ( 1)
1 DNA
Table 1  Comparison of performance of some electrochemical DNA biosensors based on metal oxide nanocomposites
This work Ref. 21 Ref. 22
DNA . ] 710, ING/GCE
Films for DNA immobilization MWNT/Ag-Ti0, /CPE MWNT /nanoZr0O, /GCE (NG = Gozld nanoparticles)
Detection limit ( mol /L) 3.12x107" 7.5x107" 3.1x107"
4
MWNT/Ag-TiO, DNA o MWNT.
TiO, Ag DNA
DNA o MWNT/Ag-TiO,
DNA o
PAT o N o
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Electrochemical Deoxyribonucleic Acid Biosensor Based on Multi-walled
Carbon Nanotubes/Ag-TiO, Composite Film for Label{ree
Phosphinothricin Acetyltransferase Gene Detection by
Electrochemical Impedance Spectroscopy

ZHOU Na YANG Tao JIAO Kui" SONG Cai-Xia
( Key Laboratory of Eco-chemical Engineering Ministry of Education of China College of Chemistry
and Molecular Engineering Qingdao University of Science and Technology Qingdao 266042)

Abstract A highly sensitive electrochemical deoxyribonucleic acid( DNA) biosensor based on multi-walled
carbon nanotubes( MWNT) /Ag-TiO, composite film was developed. The solution containing Ag-Ti0,-MWNT
composite was casted on the carbon paste electrode surface to form a robust film which combine the advanta—
ges of the good biocompatibility of Ag-TiO, naocomposite and the fine conductivity as well as the large active
surface area of carbon nanotubes. The composite could greatly improve the immobilization capacity of the probe
DNA. The morphologies and electrochemistry of the nanocomposite film were investigated by scanning electron
microscopy and electrochemical techniques including electrochemical impedance spectroscopy and cyclic
voltammelry respectively. DNA hybridization events were monitored by a labeldree method of electrochemical
impedance spectroscopy. This labelHree electrochemical impedance DNA biosensor showed high sensitivity
and selectivity for phosphinothricin acetyltransferase gene sequence assay. The multicomponents films also
displayed a high stability during repeated regeneration and hybridization process.

Keywords Deoxyribonucleic acid biosensor; Multi-walled carbon nanotubes; Silver—titanium oxide compo-—

site; Phosphinothricin acetyltransferase gene; Electrochemical impedance spectroscopy
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