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ABSTRACT

An electrochemical DNA biosensor was fabricated by self-assembling probe single-stranded DNA (ssDNA)
with a nanogold decorated on ionic liquid modified carbon paste electrode (IL-CPE). IL-CPE was fab-
ricated using 1-butylpyridinium hexafluorophosphate as the binder and the gold nanoparticles were
electrodeposited on the surface of IL-CPE (Au/IL-CPE). Then mercaptoacetic acid was self-assembled on
the Au/IL-CPE to obtain a layer of modified film, and the ssDNA probe was further covalently-linked
with mercaptoacetic acid by the formation of carboxylate ester with the help of N-(3-dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride and N-hydroxysuccinimide. The hybridization reaction with
the target ssDNA was monitored with methylene blue (MB) as the electrochemical indicator. Under
the optimal conditions, differential pulse voltammetric responses of MB was proportional to the spe-
cific ssDNA arachis sequences in the concentration range from 1.0 x 10~* to 1.0 x 10~¢ mol L~ with the
detection limit as 1.5 x 10~'2 mol L~ (30). This electrochemical DNA sensor exhibited good stability and
selectivity with the discrimination ability of the one-base and three-base mismatched ssDNA sequences.
The polymerase chain reaction product of arachis Arabinose operon D gene was successfully detected by
the proposed method, which indicated that the electrochemical DNA sensor designed in this paper could

be further used for the detection of specific ssSDNA sequence.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In recent years electrochemical DNA biosensor has been widely
applied due to the advantages such as high sensitivity, rapidity of
response, simplicity, low cost, miniaturized and automated devices
[1]. The research activities in the preparation of electrochemi-
cal biosensors for detecting DNA hybridization have dramatically
increased over the past decades with the development of new
materials and novel fabrication processes [2,3]. Among the prepa-
ration steps for the DNA biosensor, immobilization of biomolecular
probes on a desired substrate electrode is the most important
process because the performances such as sensitivity, selectivity,
accuracy, reproducibility and lifetime of the sensors are signifi-
cantly affected by this step. In general, the surface of the substrate
and/or the terminus of DNA have to be modified for the stable
immobilization of DNA probes. Various surface modification meth-
ods such as affinity binding [4], covalent attachment [5] and the use
of nanomaterials [6] etc., have been demonstrated to be effective
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ways for the DNA immobilization. Also different detection meth-
ods including label-free or label-based approaches have been used
for the hybridization reaction, which are dependent on the nature
of the electrochemical signal from DNA itself or the electroactive
indicators near the electrode [7,8].

Recently nanoparticles have been widely used in constructing
the electrochemical DNA biosensor due to their unique char-
acteristics such as high surface area, excellent biocompatibility,
good conductivity and strong adsorption ability. Among them gold
nanoparticles are the most commonly used metal nanoparticles
[9,10]. The presence of gold nanoparticles on the electrode surface
can not only maintain the biological activity of the immobilized
biomolecules, but also promote the electron transfer rate with
electrocatalytic activity simultaneously [10]. The enhancement of
DNA immobilization and hybridization can also be achieved with
a gold nanoparticle modified electrode [11]. Yang et al. described
a DNA electrochemical biosensor with gold nanoparticle incor-
porated in the poly-2,6-pyridinedicarboxylic acid film modified
electrode [12]. Also gold-based electrode has attracted special
attentions for electrochemical DNA biosensors due to the well-
defined self-assembly of thiolate at the surface of gold through
Au-thiol binding [13,14]. Gu et al. [15] covalently bound the
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single-stranded yeast DNA on 3-mercaptopropionic acid mono-
layer self-assembled gold electrode surface and further studied the
interaction of immobilized ssDNA and dsDNA with methylene blue
(MB). Sun et al. [16] covalently immobilized oligonucleotides on
a self-assembled aminoethanethiol monolayer modified nanogold
electrode for the target DNA sequence with daunomycin as an
electroactive intercalator. DNA hybridization detection could be
accomplished by electrochemical stripping of the nanogold ssDNA
labels with increased sensitivity [17].

Ionic liquid modified carbon paste electrode (IL-CPE) is a new
kind of working electrode prepared by using ionic liquid (IL) as a
binder and a modifier. Due to the specific properties of IL such as
high chemical and thermal stability, negligible vapor pressure, high
ionic conductivity, wide electrochemical windows, low toxicity and
the ability to dissolve a wide range of organic and inorganic com-
pounds [18,19], IL-CPEs were demonstrated to exhibit advantages
including wide electrochemical windows, inherent electrocatalytic
ability and anti-fouling ability [20]. Different kinds of IL-CPEs had
been fabricated and applied to the electrochemical detection of
electroactive molecules. Safavi et al. [21] investigated the electro-
chemical oxidation of phenolic compounds on an IL-CPE, which
exhibited higher stability than commonly used working electrodes.
Sun et al. [22] studied the direct electrochemistry of herring sperm
single-stranded DNA (ssDNA) on IL 1-butylpyridinium hexafluo-
rophosphate (BPPFg) modified CPE. IL-CPE can also been used as
the substrate electrode for further modification with redox pro-
teins or nanoparticles, which exhibited many new characteristics
and potential applications [23,24].

In this paper, a novel electrochemical DNA biosensor was
developed by self-assembling probe ssDNA sequence on the gold
nanoparticle decorated IL-CPE with the fabrication process shown
in Scheme 1. IL-CPE was prepared using BPPFg as a binder and
the gold nanoparticles were electrodeposited on the IL-CPE sur-
face by applying negative potential of —0.4V with electrode in
5.0mmol L-! HAuCly and 0.5 mol L-! KNO3 mixture solution. Then
mercaptoacetic acid was self-assembled on the surface of Au/IL-CPE
and further covalently linked with the ssDNA probe by the forma-
tion of carboxylate ester with N-hydroxysuccinimide (NHS) and
N-(3-dimethylamino-propyl)-N’-ethylcarbodiimide hydrochloride
(EDC). The ordering of self-assembled probe can be increased by the
length of mercaptoacetic acid molecule. The hybridization reac-
tion with the target ssDNA was monitored with the commonly
used methylene blue as the electrochemical indicator. Under the
optimal conditions, differential pulse voltammetric (DPV) oxida-
tion peak currents of MB were proportional to Arabinose operon D
gene fragments of arachis. Finally, the fabricated DNA biosensor
was successful applied to the detection of polymerase chain reac-
tion (PCR) products of Arabinose operon D gene, and the method
showed the advantages such as the simple preparation procedure,
high selectivity and broad linear range.

2. Experimental
2.1. Apparatus and chemicals

A CHI 1210A electrochemical workstation (Shanghai CH Instru-
ments, China) was used for cyclic voltammetric and differential
pulse voltammetric measurements. Electrochemical impedance
spectroscopy (EIS) was performed on a CHI 750B electrochemi-
cal analyzer (Shanghai CH Instrument, China). A three-electrode
system, which was composed of a modified IL-CPE as working
electrode, a Pt wire as auxiliary electrode and a saturated calomel
electrode (SCE) as reference electrode, was used throughout. Scan-
ning electron microscopy (SEM) was obtained by a JSM-6700F
scanning electron microscope (Japan Electron Company, Japan).

1-Butylpyridinium hexafluorophosphate (BPPFg, >99%, Lanzhou
Greenchem. ILS, LICP, CAS, China), graphite powder (aver-
age particle size 30 wm, Shanghai Colloid Chemical Co. Ltd.
China), chloroauric acid (HAuCly, Shanghai Chemical Plant,
China), mercaptoacetic acid (MAA, Tianjin Yuanhang Chemical Co.
Ltd., China), N-(3-dimethyl-amino-propyl)-N'-ethylcarbodiimide
hydrochloride (EDC, Sigma, USA), N-hydroxy-succinimide (NHS,
Shanghai Medpep Co. Ltd., China), Sodium dodecyl sulfate (SDS,
Shanghai Hengda Fine Chemical Co., Ltd., China) and methylene
blue (MB, Shanghai Chemicals Plant, China) were used as received.
All the solutions were prepared with doubly distilled water and
other chemicals used were of analytical grade.

The 22-base oligonucleotides probe (probe ssDNA), target com-
plementary sequence DNA (target ssDNA), one-base mismatched
ssDNA, three-base mismatched ssDNA and noncomplementary
sequence DNA (ncDNA) were synthesized by Shanghai Sangon Bio-
logical Engineering Tech. Co. Ltd. (China), which were related to
Arabinose operon D gene sequence of arachis. Their base sequences
were as below:

Probe ssDNA: 5'-NH,-GTC CAA GTC GCA ACG CTG TGG T-3/,
Target ssDNA: 5'-ACC ACA GCG TTG CGA CTT GGA C-3/,

One-base mismatched ssDNA: 5'-ACT ACA GCG TTG CGA CTT GGA
Cc-3,

Three-base mismatched ssDNA: 5-ACT ACAGCGTTACGACTT GTA
Cc-3,

ncDNA: 5'-TCA CGC AGA CGT TTT GCC GGT A-3'.

The DNA sample for polymerase chain reaction amplification
was extracted from arachis oil. The PCR reaction was performed
on an Eppendorf Mastercycler Gradient PCR system using oligonu-
cleotide primers for Arabinose operon D gene of arachis with the
following sequences:

Primer F: 5'-GCA ACA GGA GCA ACA GTT CAA G-3’
Primer R: 5'-CGC TGT GGT GCC CTA AGG-3’

2.2. Fabrication of MAA/Au/IL-CPE

Ionic liquid modified carbon paste electrode was fabricated with
the following procedure. Initially, 3.0 g of graphite powder, 1.0 g of
BPPFg and 0.5 g liquid paraffin were mixed thoroughly in a mortar
and further heated at 80°C to form a homogeneous carbon paste.
A portion of the carbon paste was filled into one end of a glass tube
(@=4mm) and a copper wire was inserted through the opposite
end to establish an electrical contact. Prior to use, a mirror-like sur-
face was obtained by polishing the electrode on a weighing paper.
Gold nanoparticle modified IL-CPE (Au/IL-CPE) was prepared based
on a reported procedure [25]. In general, gold nanoparticles were
electrodeposited by applying —0.4V for 300 s to a freshly prepared
IL-CPE placed in 5.0 mmol L~! HAuCl4 and 0.5 mol L-! KNOs. Then,
the Au/IL-CPE was rinsed with doubly distilled water and dried in
air for further modification.

MAA/Au/IL-CPE was prepared by immersing the Au/IL-CPE in a
5.0 mL of 10.0 mol L-! aqueous MAA solution for 24 h to form a self-
assembled monolayer. Then, the electrode was rinsed thoroughly
with doubly distilled water to remove physically adsorbed MAA.
The electrode was dried in air at room temperature to obtain a
modified electrode denoted as MAA/Au/IL-CPE.

2.3. Fabrication of electrochemical DNA biosensor

Immobilization of probe ssDNA sequence was achieved by
immersing MAA/Au/IL-CPE in 5.0 mL of 50.0 mmol L~ phosphate
buffered saline (PBS, pH 7.0) containing 5.0mmolL-! EDC and
8.0mmol L-! NHS for 30 min at room temperature to activate the
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Scheme 1. A schematic representation of the electrochemical DNA biosensor.

electrode interface. Then 10 L 50.0 mmolL~! PBS (pH 7.0) con-
taining 1.0 x 10~ mol L-! probe ssDNA sequence was applied to
the electrode surface. After being dried in air at room temperature,
the electrode surface was washed with 0.5% SDS solution and PBS
for 3 times successively, to remove unabsorbed probe ssDNA on the
electrode surface. Due to the covalent interaction between the car-
boxyl group of MAA and the amino group of ssSDNA, a stable probe
ssDNA film was formed on the electrode surface and this is further
denoted as ssDNA/MAA/Au/IL-CPE.

The hybridization assay was carried out by immersing probe
ssDNA/MAA/Au/IL-CPE in 50.0mmolL~! PBS containing different
concentrations of target ssDNA for 40 min at 40°C with stirring.
Then the electrode was washed with 0.5% SDS solution and PBS for
3 times successively to remove the unhybridized target ssDNA, and
this hybridized electrode is denoted as dsDNA/MAA/Au/IL-CPE.

2.4. Electrochemical detection

After hybridization the modified electrode was immersed into
5.0mL of 2.0 x 10> mol L~! MB solution for 10 min, which could
accumulate MB molecules on the hybrid interface, then the elec-
trode was washed with 0.5% SDS solution and PBS for 3 times. The
electrochemical response of MB was measured by differential pulse
voltammetry in a 50.0 mmol L-! Tris-HCl buffer solution (pH 7.0)
with a pulse amplitude as 0.001V, a pulse width as 0.05s and a
pulse period as 0.2 s.

2.5. Polymerase chain reaction procedure

Amplification of Arabinose operon D gene fragments was car-
ried out in a final volume of 25uL in 0.2mL tube containing
200.0nmol L-! each primer of Arabinose operon D gene sequence
primer F and primer R, 10x reaction buffer B (Promega, Wiscon-
sin USA), 2.0 mmol L-1 MgCl,, 200.0nmol L~ each of dATP, dCTP,
dGTP and dTTP, 1.5 units of Taq DNA polymerase (Promega, Wis-
consin USA), 1.0 nL DNA template purified from samples. During
the PCR procedure, DNA was initially denatured at 94°C for 30s.
PCR conditions were optimized as follows: 35 cycles of amplifica-
tion (94 °C for 30s, 56 °C for 30s, 72 °C for 30 s) and final extension
at 72°C for 5min. 6 pL each of the PCR products were analyzed
by electrophoresis separation (5Vcm~!, 40 min) on a 2% agarose
gel containing 0.5 wgmL~! of ethidium bromide in 1x TAE buffer
(40.0 mmol L1 Tris, 1.0 mmol L-1 EDTA, 40.0 mmol L-! acetate, pH
8.0). The PCR products of Arabinose operon D gene were kept at 4°C
before use.

3. Results and discussion
3.1. SEM image of the modified electrodes

SEM was used to study and compare the morphology of differ-
ent modified electrodes with the results showed in Fig. 1. On the
IL-CPE a uniform surface was observed (Fig. 1A). Due to the high
viscosity and good conductivity, IL can disperse the graphite pow-
der in the paste, which is in agreement with the previous reported
result [26]. After electrodeposition of gold nanoparticles on the IL-
CPE surface, the interface appeared with dendritic gold structures
(Fig. 1B). The nanostructure was symmetrical to the bone-axis, and
many small nanoparticles appeared and interconnected linearly on
the IL-CPE surface. The results indicated successful deposition of
gold nanoparticles on the IL-CPE with an increased surface area and
a three-dimensional dendritic structure [27], which was further
used for the formation of a self-assembled film.

3.2. Electrochemical behaviors of modified electrodes

Cyclic voltammograms of different modified electrodes in a
1.0mmolL-! [Fe(CN)g]?>~ solution were recorded and shown in
Fig. 2A. A quasi-reversible redox behavior of [Fe(CN)g]>~/4~ was
observed on IL-CPE with peak-to-peak separation (AEp) of 110 mV
at the scan rate of 100mVs~! (curve a), indicating the good con-
ductivity of IL-CPE and the result was attributed to the high ionic
conductivity of IL in the carbon paste. While on Au/IL-CPE the redox
peak currents increased with the AE, decreased to 77 mV (curve
b), indicating the presence of high conductive gold nanoparticles
on the electrode surface. After the self-assembled of MAA, the elec-
trochemical responses on MAA/Au/IL-CPE were decreased (curve
c), which was due to the presence of negatively charged MAA
monolayer on the electrode surface hindered the electron trans-
fer of negatively charged [Fe(CN)g]3~/4~. The electrode responses
were further decreased on the ssDNA/MAA/Au/IL-CPE (curve d) and
dsDNA/MAA/Au/IL-CPE (curve e), indicating the presence of DNA
film further retarded the electron transfer rate. According to the
Randles-Sevcik equation [28]:

Ipc =(2.69 x 10%)n32AD12C*y1/2, where I is the reduction peak
current (A), n is the electron transfer number, A is the electroac-
tive surface area (cm?2), D is the diffusion coefficient of K3[Fe(CN)g]
in the solution (cm2s-1), C* is the concentration of K3[Fe(CN)g]
(molcm~3) and v is the scan rate (Vs—1), the electroactive sur-
face area of different electrodes can be calculated. By exploring the
redox peak current with the scan rate, the average electroactive
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Fig.2. (A)Cyclic voltammograms of different modified electrodes in 1.0 mmol L-! K3[Fe(CN)s] and 0.5 mol L-! KClwith scan rate as 100 mV s~!; (B) electrochemical impedance
spectra of different modified electrodes in 1.0 mmol L-! [Fe(CN)s]*~/4~ containing 0.1 mol L-! KCI with the frequency sweep from 10* to 1.0 Hz. Electrodes used from a to e
were IL-CPE, Au/IL-CPE, MAA/Au/IL-CPE, ssDNA/MAA/Au/IL-CPE and dsDNA/MAA/Au/IL-CPE, respectively.

area of IL-CPE and Au/IL-CPE were calculated as 0.163 and
0.241 cm?, respectively. The results also indicated the presence of
gold nanoparticles greatly improved the effective area.

EIS can be used to probe the interfacial electron transfer resis-
tance (Ret) on the modified electrodes, and the semicircle portion
observed at high frequencies in the Nyquist diagrams corresponds
to the electron transfer limiting process. The Nyquist diagrams of
different modified electrodes in 1.0 mmol L~ [Fe(CN)g]>~/4~ solu-
tion were recorded with the frequencies swept from 104 to 1.0 Hz
and the results were shown in Fig. 2B. The interfacial electron
transfer resistance (Ret), which derived from the semicircle diam-
eter of impedance spectra, was equaled to 56.6 €2 for IL-CPE (curve
a). After the electrodeposition of gold nanoparticles, the R value
decreased to 40.9 2 (curve b). By immobilizing gold nanoparti-
cles on the electrode surface, the increase conductivity and surface
area would be expected to encourage additional electron trans-
fer between electrode and electrolyte. On the MAA/Au/IL-CPE and
ssDNA/MAA/Au/IL-CPE the Ret values increased to 137.9 Q2 (curve
c) and 151.3 Q (curve d), respectively, indicating the presence of
MAA and ssDNA could hinder the electron transfer of ferricyanide
on the electrode surface. On the dsDNA/MAA/Au/IL-CPE, the Ret
value was further increased to 157.7 2 (curve e), suggesting that
DNA hybridization led to the increased resistance for electron
transfer at the electrode surface, and this was a further proof of the
hybridization reaction between probe ssDNA and target ssDNA. The
EIS results were also in good agreement with cyclic voltammetric
responses of [Fe(CN)g]3~/4~ on the modified electrode.

3.3. Performances of modified electrodes

MB is a phenothiazine dye that is a commonly used indicator in
the development of electrochemical DNA biosensor [8,15,29-31].
MB can exhibit differentinteraction models with ssDNA and dsDNA,
which depends on both the DNA sequences and the experimental
conditions such as ion strength, MB concentration and buffer pH.
Ozsoz et al. [31] reported the specific interaction of MB with gua-
nine bases in DNA sequence. MB also can interact with phosphate
framework of ssDNA by electrostatic binding, while the electro-
static effect and intercalation with the major or minor grooves
of dsDNA helix are coexisted, which results in the higher affin-
ity of dsDNA with MB and can be used to distinguish the dsDNA
and ssDNA [15,32]. Fig. 3A showed the differential pulse voltam-
mograms of MB at different electrodes in 50.0 mmol L~! Tris—-HCI
buffer solution (pH 7.0). On the IL-CPE an oxidation peak of
MB appeared at —0.326V (curve a), which was attributed to the
electrode reaction of phenothiazine group. On the Au/IL-CPE the
oxidation peak current increased (curve c), indicating the higher
conductivity of the electrode surface due to the presence of gold
nanoparticles. While on MAA/Au/IL-CPE the response decreased
a little (curve b) because the MAA self-assembled monolayer on
the gold nanoparticles immobilized electrode hindered the elec-
tron transfer of MB on the electrode. On the ssDNA/MAA/Au/IL-CPE
the response was increased (curve d), indicating that ssSDNA was
successfully immobilized on the MAA monolayer. MB can inter-
act with ssDNA by electrostatic attraction and accumulate on the
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Fig. 3. (A) Differential pulse voltammograms of MB at the IL-CPE(a), MAA/Au/IL-CPE (b), Au/IL-CPE(c), ssDNA/MAA/Au/IL-CPE (d) and after hybridization with the non-
complementary sequence (e), three-base mismatched sequence (f), one-base mismatched sequence (g), the complementary ssDNA sequence (h); (B) differential pulse
votlammegrams of MB on ssDNA/MAA/Au/IL-CPE after hybridization with different concentrations of target ssDNA sequence. Concentrations of target sSDNA sequence from
atogwere 1.0x107%,1.0x1077,1.0x 108,1.0x 102, 1.0 x 10719, 1.0 x 10~'" and 0 mol L-1, respectively. Insert: plots of I versus logarithm of target ssDNA concentration.

electrode surface. The electrochemical response was further
increased on the dsDNA/MAA/Au/IL-CPE (curve h). After hybridiza-
tion with the complementary ssDNA sequence the dsDNA
molecules were formed on the electrode surface and more MB
molecules were expected to intercalate in the dsDNA structure,
leading to a large electrochemical response.

Fig. 3A also shows the selectivity of the electrochemical DNA
biosensor that was hybridized with different sSDNA sequences
related to target ssDNA sequence, such as the noncomplemen-
tary sequence (curve e), three-base mismatched sequence (curve
f), one-base mismatched sequence (curve g) and the complemen-
tary DNA sequence (curve h). The highest MB oxidation signal
was obtained at the electrode hybridization with complementary
ssDNA sequence (curve h), indicating that the largest attachment
of MB occurred at this electrode because of the strong affinity of
MB with the formed dsDNA. The peak current of MB was very
small after the ssDNA probe was reacted with the noncomplemen-
tary sequence (curve e), indicating that the hybridization reaction
was not achieved in the solution. The little increase of the peak
current was due to the non-specific adsorption of ssDNA on the
electrode surface. After the ssDNA probe was hybridized with
the one-base mismatched sequence (curve g) and three-base mis-
matched sequence (curve f), the peak current increased was much
smaller than that obtained from the result of the complemen-
tary ssDNA sequence. Also the one-base mismatched sequence and
the three-base mismatched sequence could be recognized via the
different changes of the peak current of MB. The results demon-
strated that this DNA biosensor displayed higher selectivity for the
hybridization detection.

The sensitivity of this electrochemical DNA biosensor was
examined using the immobilized ssDNA probe to hybridize with
different concentrations of the Arabinose operon D gene target
ssDNA sequence. With the increase of the target ssDNA concentra-
tion in the solution the oxidation peak current of MB was increased
gradually with the typical differential pulse voltammograms shown
in Fig. 3B, indicating more hybridization reaction occurred on the
electrode surface. The change in MB anodic peak current before
and after hybridization was linear with the logarithmic value of
the Arabinose operon D gene target ssDNA sequence concentration
in the range from 1.0 x 10~ to 1.0 x 106 mol L-! with the linear
regression equation as I/iA=1.005 log[c/(molL~1)]+20.11 (n=6,
y=0.996). The relative standard deviation (RSD) of peak current
for the 7 repeated detections of 1.0 x 10~7 mol L-! target sequence
was 2.7%, indicating the good reproducibility. A detection limit of
the Arabinose operon D gene target sequence was estimated to be
1.54 x 10~12 mol L~ (3¢) (where o is the RSD of the blank solution,
n=11).
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Fig. 4. Differential pulse votlammograms of MB on MAA/Au/IL-CPE (a),
ssDNA/MAA/Au/IL-CPE (b) and ssDNA/MAA/Au/IL-CPE hybridized with the PCR
product of Arabinose operon D gene sample (c).

The stability of ssDNA/MAA/Au/IL-CPE was further investigated
by hybridizing with the target sequence and the results indicated
that the ssDNA sequence could be tightly immobilized on the elec-
trode surface due to the covalently reaction. After 14 days storage
of the modified electrode at 4°C, 98.1% of the initial sensitivity
remained, indicating this modified electrode was a stable platform
as electrochemical DNA biosensor.

3.4. Specific sequence detection of PCR product of Arabinose
operon D gene sequence

The hybridization detection of the PCR amplified real-life sam-
ple of Arabinose operon D gene of arachis, which was extracted
from arachis oil, was further performed by the developed method.
The Arabinose operon D gene amplified samples were diluted with
50.0mmol L-! PBS (pH 7.0) and denatured by heating it in a boil-
ing water bath for 10 min, and then frozen in an ice bath for
2min to obtain the ssDNA solution. The ssDNA/MAA/Au/IL-CPE
was immersed in the solution of the denatured PCR amplification
product from Arabinose operon D gene sample. After hybridization
the electrochemical detection was conducted by the experimental
procedure described in Section 2.4 and the results are shown in
Fig. 4. The MB signal at the MAA/Au/IL-CPE (curve a) was 58.0%
smaller than that at the Arabinose operon D gene ssDNA probe
electrode (curve b), indicating that the presence of ssDNA on the
electrode surface could adsorb small amounts of MB molecules by
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electrostatic attraction with the oxidation peak current appeared.
This peak current could be used as the background value and the
current differences before and after the hybridization was used
for the qualitative detection. The MB oxidation peak current was
increased to 12.3 pA after the hybridization with PCR product of
Arabinose operon D real sample (curve c), indicating the successful
accomplishment of the hybridization reaction with dsDNA formed
on the electrode surface. This significant difference of the MB sig-
nals between the Arabinose operon D gene probe ssDNA electrode
and at the hybridized dsDNA electrode confirmed that this DNA
biosensor could effectively detect the PCR product of Arabinose
operon D gene sample that extracted from arachis oil.

4. Conclusions

In this paper, an improved DNA electrochemical sensor was
developed by self-assembling a probe ssDNA on a nanogold deco-
rated IL-CPE and further applied to the detection of the PCR product
of Arabinose operon D gene sample extracted from arachis oil. The
surface of the modified electrodes was characterized by different
methods including SEM, cyclic voltammetry and electrochemi-
cal impedance spectroscopy. The mentioned method provided a
simple strategy for the preparation of gold nanoparticles modi-
fied IL-CPE and the gold nanoparticles deposited could be easily
controlled to some extent by choosing different solution concen-
trations, deposition times and deposition potentials. Due to the
presence of gold nanoparticles on the IL-CPE surface, a stable mer-
captoacetic acid self-assembled film was formed, which was then
used for the covalently link to the probe ssDNA sequence. This DNA
electrochemical sensor was applied to the detection of Arabinose
operon D gene sequence of arachis with a dynamic concentration
range from 1.0 x 10-11 t0 1.0 x 106 mol L-! and the detection limit
of 1.5 x 10~12 mol L-! (30). The PCR product of Arabinose operon D
gene sample extracted from arachis oil was also detected satisfac-
torily.
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