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Abstract

- Guangjiu Li?

The authors describe a voltammetric method for the detection of the nuc ssDNA sequence originating from Staphylococcus
aureus by using a carbon ionic liquid electrode modified with electrodeposited three-dimensional graphene (3DGR). Probe
ssDNA was electrostatically adsorbed on the modified electrode by a potentiostatic method. The porous structure and large
surface area of 3DGR greatly increase the amount of immobilized probe ssDNA on the interface, which is beneficial for the
reaction with target ssDNA. By using Methylene Blue (MB) as the electrochemical probe, the reduction peak current of
MB (best measured at —0.30 V vs. SCE) can be used for detecting hybridization. The differential pulse voltammetric
current of MB increases linearly in the 1.0 x 10™'% mol L™ to 1.0x10°° mol L™ nuc concentration range, and the
detection limit is 3.3 x 107" mol L' (at 30). The DNA sensor was successfully applied to the determination of the

PCR product of the gene in pork.

Keywords Electrochemical DNA biosensor - Three-dimensional graphene - Electrostatic adsorption - Potentiostatic reduction -

Differential pulse voltammetry

Introduction

Electrochemical DNA biosensor is an efficient tool to an-
alyze specific DNA sequences [1]. Due to the specific
recognition process of DNA hybridization and the use of
electroanalytical methods, electrochemical DNA biosen-
sor has showed the properties including good sensitivity,
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less response time and cheap cost operation [2].
Nanomaterials such as metal and carbon with various
morphologies have been applied to the preparation of
electrochemical DNA sensing platform [3, 4]. Li et al.
reported a functionalized multi-wall carbon nanotubes
based electrochemical DNA sensor for breast cancer
marker detection with the advantages sucn as time-
consuming and low detection limit [5]. Gao et al. pro-
posed an nanostructured electrochemical DNA biosensor
for cauliflower mosaic virus with silver nanoparticles de-
posited on graphene oxide (GO) nanosheets modified gold
electrode [6]. Chen et al. described a sandwich-type DNA
sensor for Mycobacterium tuberculosis with polyaniline-
reduced graphene as redox nanoprobe [7].

Graphene (GR) is a sp® bonded carbon nanosheet that
exhibits specific performance including large interface area
and high conductivity, which can fast the electron transfer
rate and has certain electro-catalytic activity [8].
Electrochemical sensors with the usage of GR had been sum-
marized with the properties including wide electrochemical
windows, good biocompatibility and so on [9, 10]. In general
GR is not stable in the aqueous solution and easily agglom-
erates by van der Waals and 7 restacking, that restricts its real
applications. Three-dimensional (3D) GR has aroused in the
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electrode modification [11]. By controlling the reaction con-
ditions, various methods have been described for the fabri-
cation of 3DGR and its related composites [ 12]. Among them
electrodeposition is of higher efficiency and lower-cost. The
operation is also easy to be realized by electrochemical
methods including voltammetric technique or potentiostatic
procedure [13]. Sheng et al. explored the fabrication of
3DGR electrode by one-step electrochemical reduction of
GO, which showed outstanding performance in
supercapacitor [14]. Wang et al. synthesized a 3DGR sup-
ported Pt nanoparticles nanocomposite by electrochemical
method for methanol electrooxidation [15]. Tian et al. de-
scribed the formation of 3DGR based on a two-step electro-
chemical synthesis, which showed promising application for
bone tissue engineering [16].

Ionic liquid (IL) has unique performances including
good chemical stability, fast ionic conductivity and stable
electrochemical windows, which has been acted as
supporting electrolyte or modifier of the working elec-
trodes in electroanalysis [17]. Opallo et al. reported the
electrochemical sensing of ILs [18]. When IL was used as
the binder and/or the modifier in carbon paste electrode
(CPE), carbon ionic liquid electrode (CILE) was con-
structed with high conductivity and remarkable electrocat-
alytic activity [19]. The high viscosity of IL can bind the
graphite powder together with good dispersion. Also a
layer of IL can be formed on the surface of graphite pow-
der, which provides the organic groups for the further
reaction. Momeni et al. used a nanostructured copper hy-
droxide modified CILE to voltammetric detection of met-
formin [20]. We have fabricated CILE or modified CILE
as the substrate electrodes to construct electrochemical
sensing devices [21-23]. The combinations of modifiers
with CILE often provide an excellent electrochemical
platform for the sensing applications.

In this paper 1-hetylpyridinium hexafluorophosphate
(HPPF¢) was selected to fabricate CILE due to its good
electrochemical performance [24]. On CILE surface
3DGR was decorated by electrodeposition to get
3DGR/CILE. Then the probe oligonucleotide sequence
was immobilized on 3DGR/CILE by electrostatic adsorp-
tion to obtain a DNA modified electrode. The presence of
large surface 3DGR with interconnect porous structure
increases the surface concentration of oligonucleotide se-
quence and its high conductivity is good for electron
transfer. Methylene blue (MB) is chosen as the electro-
chemical indicator due to its excellent distinguish ability
to ssDNA and dsDNA, and the responses of MB were
enhanced greatly with the sensitivity for target ssDNA
sequence detection increased. This new DNA sensing
method was further used for the nuc sequences from
Staphylococcus aureus and its polymerase chain reaction
(PCR) product analysis successfully.
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Experimental
Apparatus and reagents

Electrochemical experiments were performed with CHI 750B
electrochemical analyzer (Shanghai CH Instrument, China,
http://www.chinstr.com). Three-electrode procedure was used
with saturated calomel reference electrode (SCE), platinum
wire counter electrode and 3DGR/CILE working electrode
(® =4 mm). Photos of scanning electron microscopy (SEM)
and energy dispersive x-ray spectroscopy (EDS) were record-
ed on JSM-7100F field emission scanning electron micro-
scope (Japan Electron Company, Japan, https://www.jeol.co.
jp) equipped with x-ray energy dispersive spectrometer
(INCA X-act, Oxford Instruments, United Kingdom, http://
www.oxford-instruments.cn) with the operating voltage of 5.
0 kVand 20 kV, respectively.

HPPF¢ (>99%, Lanzhou Yulu Fine Chemical Ltd. Co.,
China, http://www.ilssale.com), GO (>98.5%, average size
of 0.4-1.0 um, average layer thickness of 0.73 nm and C/O
ratio of 1.4, Garmery Materials Technology Co., China, http://
www.sinocarbon-cas.com), graphite powder with average size
of 30 um (Shanghai Colloid Chemical Ltd. Co., China,
https://shjthg.cn.china.cn), MB (AR grade, Tianjin Yongda
Chemical Reagent Ltd. Co., China, http://www.tjydhxs;j.
com) and LiClO4 (>99%, Chengdu Kelong Chemical Ltd.
Co., China, http://www.chronchem.com/cn) are purchased
commercially. Other reagents are of analytical reagent grade
with doubly distilled water for aqueous solution.

The 22-Base ssDNA nuc gene sequences are from
Staphylococcus aureus O46 chromosome, complete genome
sequence ID: CP025395.1, which are provided by Shanghai
Sangon Biological Ltd. Co. (China, http://www.sangon.com),
and used according to the instruction without further
purification. The sequences are as follows:

probe ssDNA: 5-TGG ACG TGG CTT AGC GTA
TAT T-3';

target ssDNA: 5'-AAT ATA CGC TAA GCC ACG
TCC A-3";

one-base mismatched ssDNA: 5- AAG ATA CGC TAA
GCC ACG TCC A-3';

three-base mismatched ssDNA: 5'- AAG ATA CGC TAC
GCC ACG TCT A-3';

non-complementary ssDNA: 5'-GCG GTT GAA TCG
GCG ATG GGT G-3'.

PCR experiment was realized with Eppendorf
Mastercycler Gradient PCR system (Eppendorf, Germany)
and oligonucleotide primers used are as follows:

Primer F: 5'-CCT GAA GCA AGT GCATTTACG A-3';
Primer R: 5'-CTT TAG CCA AGC CTT GAC GAA CT-3".
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Electrode fabrication

CILE was prepared as substrate solid electrode using the for-
mer procedure [11] and polished before use. Then 3DGR dec-
orated electrode was fabricated with potentiostatic method
that reported previously with little modifications [14]. By put-
ting CILE into a mixture solution of 3.0 mg mL™' GO and
0.1 mol L™" LiCIO,, potentiostatic reduction was performed at
a fixed potential (—1.30 V) for 300 s with magnetic stirring.
After that CILE was took out, rinsed with water and dried by
N, gas to get 3DGR/CILE.

Construction of electrochemical DNA sensor

The prepared 3DGR/CILE was immersed in a 1.0 x 10~® mol
L' probe ssDNA sequence with 50.0 mmol L' pH 7.0 PBS.
After fixing the potential at +0.5 V for 400 s, probe ssDNA
sequence was modified on 3DGR/CILE by electrostatic ad-
sorption, which was named as ssDNA/3DGR/CILE. Then it
was cleaned by 0.5% sodium dodecyl sulfate (SDS) solution
and water three-times in turn.

Hybridization was carried out with dropping 10.0 uL target
ssDNA sequence solution (in 50.0 mmol L' PBS) on
ssDNA/3DGR/CILE and reacted for 30 min at 25 °C. After
that the electrode was further cleaned by 0.5% SDS solution
and water for three-times to get dsDNA/3DGR/CILE.

Voltammetric analysis

The dsDNA/3DGR/CILE was used as the working electrode,
which was inserted inside 2.0 x 107> mol L' MB (in
50.0 mmol L™! pH 7.0 Tris-HCI) solution for 10 min accumu-
lation with the following washing with 50.0 mmol/L PBS (3
times). Then three-electrode system was put into a 50.0 mmol
L~! pH 7.0 Tris-HCI buffer and differential pulse
voltammetric curves were scanned in the electrochemical win-
dow from 0.2 V to —0.7 V. The instrumental parameters were:
pulse amplitude 0.05 V, pulse width 0.05 s and pulse period
0.2 s. All the voltammetric data is the average value of three
times parallel measurements (n =3). Scheme 1 displays the
fabrication and detection procedure of this obtained electro-
chemical DNA biosensor.

Procedure of PCR

The spoiled pork was used as samples, which was mixed with
10 mL Staphylococcus aureus enrichment broth base (BJ-
PYJ0285, Jingbang, Shanghai, China) and incubated in
25 °C water bath for 2 days. Then the sample solution was
centrifuged at 12000 rpm for 240 s to obtain the precipitate,
which was re-dispersed by 100 uL sterilized water and used
for DNA extraction with DNA extraction kit (Beijing Tiangen
Biotech. Ltd. Co., China).

PCR amplification of nuc sequence was performed in a
25 uL solution, which was composed of 200.0 nmol L
primer F and primer R, 10 x reaction buffer B, 2.0 mmol L™
MgCl,, 200.0 nmol L' of dATP, dCTP, dGTP and dTTP,
1.5 units of Taq DNA polymerase, and 1.0 uL template from
samples. The experiment was performed by initially denatur-
ation of DNA at 94 °C (30 s), and then set for 35 cycles of
amplification (94 °C, 30 s; 56 °C, 30 s; 72 °C, 30 s) with final
extension at 72 °C (300 s).

Results and discussion
Choice of materials

3DGR has the merits of connected conductive networks, fast
mass transfer rate and large specific surface area, which can be
synthesized by electrodeposition directly on CILE electrode
surface. Also CILE has the advantages such as high conduc-
tivity, wide potential window, outstanding anti-fouling ability
and stability. Therefore the combination of 3DGR with CILE
can result in a specific biosensing interface for the DNA im-
mobilization with increased sensitivity.

Characteristics of electrodes

Figure 1a shows SEM image of 3DGR/CILE, indicating an
interconnected and porous microstructure of 3DGR, which
is in good consistence with the previous paper using sim-
ilar procedure [7]. The elemental EDS mapping image of
3DGR on CILE surface is shown in Fig. 1b, which give the
uniform distribution of C and O elements. And the atomic
ratio of 5.3:1 is calculated by elemental analysis, which is
much higher than that of GO (1.4:1), implying the reduc-
tion of GO with the reducing of O-containing groups [25].
Electrochemical reduction is an effective and controllable
method to synthesize 3DGR. The 3D structure on the elec-
trode can provide an increased interface area that is favor-
able for the further fixation of ssDNA sequence. Therefore
ssDNA sequence was loaded on 3DGR/CILE due to the
attraction by carbon materials at selected potential.
Raman spectroscopy is an effective technique to monitor
GR layers, defects and strain and so on [26]. As for GO in
Fig. 1c, two obvious peaks at approximately 1339 cm™ ' and
1596 cm ™' are observed, which are typically corresponding
to D and G bands [27]. The D band is associated with A,
mode and reflects the defects and edges in graphite materi-
al. The G band is aroused from the E,, mode, originating
from the in-plane sp> C=C stretching motion [28]. The in-
tensity ratio of D and G bands (Ip/Ig) for 3DGR is estimated
as 1.27, which is larger than that of GO precursor (1.06),
revealing that the sp> domains decreased upon the forma-
tion of 3DGR [29]. The results can be due to the increasing
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Scheme 1 Fabrication and detection process of this electrochemical DNA biosensor

trend in the formation of new domains of conjugated C
atoms and the increasing defect density, which is indicative
of the partially reduction of GO during the electrodeposi-
tion process [16]. In addition, well-defined peaks of 2D
band at 2678 cm ! and (D + G) band at 2916 cm ' are ob-
viously observed, also indicating the efficient reduction of
GO by electrochemical technique [30].

Cyclic voltammograms of four electrodes were scanned
with curves overlapped in Fig. 2a. Well-defined redox peaks
of ferricyanide are observed with different responses. On

3DGR/CILE (curve d) the responses are larger than that of
CILE (curve a) with the background current increased, indi-
cating that the high conductive 3DGR with porous structure
can increase the Faraday’s current and charging current. The
specific 7t interaction between aromatic groups of IL molecule
with the 7t-electronic GR is also existed on the electrode with
the stability increased [31]. The presence of probe ssDNA
sequence on 3DGR/CILE leads to the decrease of redox peak
currents of ferricyanide (curve c¢) and the current responses on
dsDNA/3DGR/CILE (curve b) are further decreased. The

(1]

Intensity/(a.u.)

500 1000 1500 2000 2500 3000
Raman shift/cm’

Fig. 1 a SEM image of the surface of 3DGR/CILE; b The EDS mapping image of 3DGR on CILE; (C) Raman spectra of 3DGR compared with GO
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phenomenon can be ascribed to the negatively charged DNA
molecules on the electrode surface blocked the electron trans-
fer of [Fe(CN)g]> "* from the solution. The electroactive sur-
face area (A) of electrodes were calculated according to
Randles—Sevcik eq. [32] with [Fe(CN)]* " (1.0 mmol L ™)
as electrolyte. The plot of /,. against the square of scan rate
(v"?) was shown in Fig. S1, from which 0.365 cm?® was esti-
mated for 3DGR/CILE. The result is 1.8 times larger than that
of CILE (0.204 cm2), indicating that the presence of 3DGR
can provide larger platform for ssDNA modification.

Electrochemical impedance spectroscopy (EIS) can record
the interfacial impedance changes after modification, which
was performed in a 10.0 mmol L' [F e(CN)6]> 7 and 0.1 mol
L™ KCI mixture solution with curves listed in Fig. 2b. The
resistance of electron transfer (R) of CILE (curve a) was
145.71 Q with that of 3DGR/CILE (curve d) as 75.30 €,
indicating the high conductive 3DGR on the electrode
lowered the interfacial resistance. On ssDNA/3DGR/CILE
(curve ¢) and dsDNA/3DGR/CILE (curve b), the R, value
increased to 111.43 € and 150.2 €2, proving the electrostatic
repulsion was present among the polyanion in DNA structure
and the negatively charged [Fe(CN)]* . These data indicat-
ed that DNA was successful immobilized on 3DGR/CILE by
electrostatic adsorption. Electroadsorption is a commonly
used method for DNA immobilization on carbon material,
which has been reported in the preparation of electrochemical
DNA sensor [33]. At 3DGR modified electrode ssDNA is
adsorbed at the positive potential by electrostatic effects and
the porous structure of 3DGR increases the adsorption
amounts, therefore the ssDNA modified electrode can exhibit
better performance.

Electrochemical investigation of the modified
electrodes

MB is often selected as an electrochemical indicator in DNA
sensing with excellent distinguish ability to dSDNA or ssDNA
sequence [34]. It has been reported that MB has three interac-
tion models with DNA, including electrostatic binding,
grooves intercalation and preferential binding of MB with
guanine bases [35]. As shown in Fig. 3, DPV curves of MB

010  -0.30 0 60 120 180 240

on various electrodes were recorded with a reduction peak
located at —0.30 V (vs. SCE), a typical reductive reaction of
phenothiazine group of MB [36]. On ssDNA/3DGR/CILE
(curve d) the largest responses indicated the synergistic effects
of ssDNA and 3DGR on electrode. The increase of effective
area of 3DGR can enrich the loading of ssDNA with more
guanines present for the accumulation of MB molecules.
The high conductivity of 3DGR can also fast the electron
transfer of MB molecules. Therefore the largest current value
appeared on ssDNA and 3DGR co-modified CILE.

Optimization of the experimental conditions

The conditions including MB concentration and adsorption
time of probe ssDNA were optimized with the results as
2.0x 107> mol L™ and 8 min respectively. Detailed data and
figures are shown in the ESI and Fig. S1.

Selectivity

Selectivity was checked by the hybridization using the elec-
trochemical DNA sensor with various mismatched ssDNA
sequences and the results were summarized in Fig. 4. On
ssDNA/3DGR/CILE (curve a) the largest peak current is as-
cribed to the electrode reaction of MB that interacted with

90.0 e
80.0 |
700 d
60.0 | I

g 50.0 i

= 400
300
2001
10,0

0 T T T T T T T T
020 010 0 -0.10 -0.20 -0.30 -0.40 -0.50 -0.60 -0.70
E/V

Fig. 3 Differential pulse voltammograms of 2.0 x 10~> mol/L MB on (a)
CILE, (b) ssDNA/CILE, (c) 3DGR/CILE and (d) ssDNA/3DGR/CILE
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guanine bases on probe ssDNA sequence. Hybridization with
complementary ssDNA sequence results in the smallest peak
current (curve e, 47.4% of the initial response), which is due to
the formation of dsDNA on the electrode surface that
prevented the interaction of MB and guanine on ssDNA.
Hybridization with noncomplementary ssDNA sequence has
96.8% of the initial value (curve b), indicating that no hybrid-
ization take place on the electrode surface. The nonspecific
adsorption of noncomplementary ssDNA sequence is present
and can block the interaction of MB with guanine.
Hybridization with three-base (curve c¢) and one-base (curve
d) mismatched sequence result in 73.7% and 60.5% of the
initial value, showing that the mismatched ssDNA can hybrid
with the probe ssDNA on the electrode surface with the par-
tially formation of dsDNA, which limits the amount of gua-
nine residues to interact with MB. The result proves that high
selectivity with excellent distinguish ability is achieved for
analysis of various ssDNA sequences.

Sensitivity and stability

Target ssDNA sequences were detected by this method
with curves overlapped in Fig. 5. Hybridization resulted
in the decrease of the current of MB along with the
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Fig.5 Differential pulse voltammograms of MB on ssDNA/3DGR/CILE

(a) and hybridization with target ssDNA sequence (from a to h were 0,

1.0x107"2, 1.0x 107", 1.0x 107", 1.0x107%, 1.0x 10°%, 1.0x 1077
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increase of target ssDNA concentration, indicating that
probe ssDNA sequence took part in hybridization with
dsDNA formed on the electrode surface gradually.
Therefore the interaction of guanine bases on ssDNA se-
quence with MB was hindered and less MB molecules
existed on the electrode with the reduction current of MB
became smaller. When the concentration was smaller than
1.0x 1072 mol L™!, the current of MB at —0.30 V (vs.
SCE) was almost unchanged. The differences of the cur-
rent value (Al,) of MB before and after hybridization
showed a good linear relationship with the logarithmic val-
ue of target ssSDNA sequence concentration from 1.0 X
107" mol L™" to 1.0 x 107® mol L™". The regression equa-
tion was plotted as Al,(nA)=5.14log[C/(mol L H1+67.9
(n=7, y=0.998) with the sensitivity calculated as
84.82 pA/(umol L' ¢cm?). The detection limit (DL) was
estimated as 3.33 x 10 "* mol L' (30), which was smaller
than a previous report with electro-reduced GR modified
CILE for the detection of MON810 (4.52 x 10 "2 mol L™ 1)
[37], indicating that the surface area of 3DGR/CILE was
larger than that of GR nanosheet modified CILE. Therefore
more probe ssDNA sequence was present on the electrode
surface for the further hybridization with improved sensi-
tivity. Also a systematic comparison of the analytical pa-
rameters of electrochemical DNA sensors was summarized
in Table 1, which indicated the method had good analytical
performance. Seven ssDNA/3DGR/CILEs were prepared
and used for the detection of 1.0 x 107 mol L' target
ssDNA sequence with the relative standard deviation
(RSD) got to be 3.65%, proving the good repeatability of
the preparation procedure. In addition, after a week storage
of ssDNA/3DGR/CILE, the Al, value for 1.0 x 10~ mol
L' target ssDNA sequence is about 97.86% of its initial
determination value. The results above indicate good sta-
bility of this DNA biosensor.

PCR product analysis

Sample of nuc gene from pork was amplified by PCR and
further analyzed by electrochemical DNA sensor. The PCR
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Table 1 Comparison of performances of different electrochemical DNA biosensors
Electrodes Indicators Methods Linear range (mol LY DL (mol L) Ref.
ERG/CILE MB DPV 1.0x1071-1.0x107° 452x10712 [37]
CTS-Co;04-GR/CILE MB DPV 1.0x10'21.0x10°° 43%x1071 [38]
rGO/SPE - DPV 25x1071%7.5x107" 1.5x107"2 [39]
75x101-75x107°
MCH/SH-P1/AuNPs/PGE - DPV 20x107°-3.9x1077 1.0x1071° [40]
SPGE - EIS 20x10"M1.5x%x1077 8.5x 1012 [41]
MWNTs-COOH/GCE Daunomycin DPV 20%x107%-50x107 1.0x1071° [42]
AuNPs/TB-GO/GCE - DPV 1.0x107'"-1.0x107° 29x107"2 [43]
ECR/GCE MB DPV 5.0x10722.0x1071° 9.8x 1071 [44]
Al(II)/CPE MB DPV 1.0x107-1.0x107* 23x10°8 [45]
aptamer/rGO-ssDNA-AuNPs/GCE - EIS 10-1.0 x 10° cfu mL ™" 10 cfu mL™" [46]
3DGR/CILE MB DPV 1.0x107%1.0x10°¢ 33x107" This study

ERG, electrochemical reduced graphene; GO, reduced graphene oxide; SPE, screen-printed electrode; MCH, 6-mercapto-1-hexanol; SH-P1, thiol
terminated capture probe 1; AuNPs, Au nanoparticles; PGE, pencil graphite electrode; SPGE, screen-printed gold electrode; MWNTs-COOH, multi-
walled carbon nanotubes functionalized with a carboxylic acid group; GCE, glassy carbon electrode; 7B-GO, toluidine blue-graphene oxide; £CR,

eriochrome cyanine R

product solution was diluted with 50.0 mmol L' PBS, water-
heated at 100 °C for 10 min and frozen in ice-bath for 2 min.
The resulted ssDNA sample solution (10 L) was dropped on
the surface of ssDNA/3DGR/CILE with hybridization and
voltammetric detection performed based on the procedure.
As shown in Fig. 6, the reduction peak of MB on 3DGR/
CILE (curve c) is estimated about 34.53 pA (RSD, 2.1%),
which is smaller than 59.65 pA (RSD, 1.8%) on ssDNA/
3DGR/CILE (curve a). The result is ascribed to the reaction
of MB with guanine bases of ssDNA sequence present on the
electrode with accumulation effect. Hybridization with the
PCR sample results in the decrease of MB current to
39.77 uA (RSD, 2.7%, curve b), indicating the formation of
dsDNA with less MB bound. Therefore the method can be
used for the detection of sample solution containing the target
ssDNA sequence.

900
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Fig.6 Differential pulse voltammograms of MB on ssDNA/3DGR/CILE
(a), after hybridized with PCR product of Staphylococcus aureus nuc
sequence (b) and 3DGR/CILE (c)

Conclusions

By using the electrodeposited 3DGR modified electrode
as the working electrode, an electrochemical DNA sensor
is constructed by immobilization of probe ssDNA se-
quence on 3DGR/CILE with electrostatic adsorption.
3DGR has large surface area and porous structure, which
can act as interface for increasing the adsorption amount
of probe ssDNA sequence. Also the interfacial conduc-
tivity is accelerated on 3DGR modified electrode surface.
Therefore the voltammetric current of MB on the modi-
fied electrode is enhanced greatly due to the synergistic
functions of the modifiers. This electrochemical DNA
sensor has the properties including low-cost process,
good sensitivity and low detection limit, which exhibits
the potential application in specific ssDNA sequences
detection. The 3DGR modified electrode can also be ap-
plied in the fields of electrochemical sensors or biosen-
sors with extensive usage. However, the electrostatic ad-
sorption of ssDNA sequence on the electrode surface is
random, which limits its hybridization effects due to the
disorderly arrangement.
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