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In this article, gold nanostructure modified electrodes were achieved by a simple one-step electrodepo-
sition method. The morphologies of modified electrodes could be easily controlled by changing the pH
of HAuCl, solution. The novel nanoflower-like particles with the nanoplates as the building blocks could
be interestingly obtained at pH 5.0. The gold nanoflower modified electrodes were then used for the
fabrication of electrochemical DNA biosensor. The DNA biosensor fabrication process was characterized
by cyclic voltammetry and electrochemical impedance spectroscopy with the use of ferricyanide as an
electrochemical redox indicator. The DNA immobilization and hybridization on gold nanoflower modi-
fied electrode was studied with the use of [Ru(NHs3)s]3* as a hybridization indicator. The electrochemical
DNA biosensor shows a good selectivity and sensitivity toward the detection of target DNA. A detection
limit of 1 pM toward target DNA could be obtained.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

During the past decade, DNA biosensor has received substantial
development in gene analysis, detection of genetic disorders, tis-
sue matching, forensic and medical applications (Taton et al., 2000;
Gunnarsson et al., 2008). Different techniques have been devel-
oped for DNA detection including fluorescence (Yang et al., 2008;
Duan et al.,, 2007; Qiu et al,, 2011), electrochemistry (Drummond
et al.,, 2003; Liu et al., 2008; Zhang et al., 2009; Li et al., 2010),
electrochemiluminescence (Zhu et al., 2008; Zhang et al., 2008b),
chemiluminescence (Weizmann et al., 2003; Li et al., 2007), sur-
face plasmon resonance spectroscopy (Kim et al., 2007; Seefeld
etal, 2011) and quartz crystal microbalance (Patolsky et al., 2000;
Minunni et al., 2005), etc. Among them, electrochemical technique
affords a lot of advantages such as its simplicity, rapid, low-cost and
high sensitivity (Munde et al.,2007; Sassolas et al., 2008). Currently,
much effort has been devoted to upgrade the detection sensitivity
and selectivity of electrochemical DNA biosensor (Kannan et al.,
2011).

Recent developments in nanomaterials create many opportuni-
ties to advance DNA sensing and gene detection. The nanomaterials
have been widely used as a medium of signal amplification to
enhance the limit of DNA detection (Wang, 2003; Katz et al.,
2004). For example, Chang et al. (2007) constructed a polyaniline
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nanotube array and realized an ultrasensitive detection of nucleic
acid with a detection limit of 1.0 fM. Hu et al. (2008) developed a
nanoporous gold electrode and achieved a detection limit of about
28 aM toward target DNA with the use of multifunctional encoded
Au nanoparticle as signal amplification medium. Chen et al. (2009)
developed a label-free dual sensing strategy toward DNA molecules
using GaN nanowires and revealed excellent selectivity and speci-
ficity at picomolar concentration of target DNA. Soleymani et al.
(2009) fabricated controlled Pd nanostructure modified electrodes
and achieved the sensitive detection of DNA with the estimated
detection limit of about 1 fM. Even though there are a lot of research
works reported for electrode modification by different nanomate-
rials to improve the DNA biosensor performance, the preparation
of nanomaterials or the electrode modification strategy is often
relatively complex. Sometimes, the introduction of some organic
molecules for example surfactant or polymer matrix in the prepa-
ration or assembly of nanomaterials often causes some uncertain
effects in DNA detection. Furthermore, some DNA biosensors based
on nanomaterial modification are still very limited for the improve-
ment of DNA biosensor performance. Thus, the construction of
nanostructure modified electrode by a simple strategy to improve
the DNA detection sensitivity is highly desirable.

Among all kinds of nanomaterials, gold-based nanomaterials
were the mostly used ones for the fabrication of electrochemical
biosensor owing to its easy and rich surface function strategies
and good biocompatibility (Liu et al., 2010). The gold nanomaterials
could be easily attached on the electrode surface by some different
strategies including direct electrostatic assembly, covalent linking,
polymer entrapment or co-mixing, and electrodeposition methods.
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The electrodeposition method is the most widely used approach
for the substrate modification (Seo et al., 2011; Zhu et al., 2011).
Gold nanostructures with different morphologies have been eas-
ily obtained by electrodeposition. For example, Guo et al. (2007a)
prepared hierarchical flowerlike gold microstructures with gold
nanoplates or nanopricks as building blocks by electrochemical
deposition in a high concentration of 24.3 mM HAuCly without
introducing any template or surfactant. Zhang et al. (2008a) fab-
ricated various gold nanostructures on glassy carbon electrodes in
a low concentration of 5 mM HAuCl, solution by a simple one-step
electrodeposition method. Li et al. (2011) obtained dendritic gold
nanostructure modified electrode by electrodeposition in 2.8 mM
HAuCl, and 0.1 M H;,S0O4 solution under a very negative potential
of —1.5V. Although electrodeposition has been demonstrated as
an effective strategy for gold nanostructure modification, the role
of nanostructuring in modulating biorecognition performance has
been less addressed and needs further explored in detail, especially
for these nanostructures with special morphology. The develop-
ment of hierarchical nanostructures with novel morphology may
provide a valuable platform for the applications in DNA biosensor,
and even the protein, enzyme biosensor.

In this context, the hierarchical gold nanostructure modified
electrodes were obtained by a simple electrochemical deposition
method in a low concentration of 5 mM HAuCly4 solution. The mor-
phology of the final gold nanostructures could be easily controlled
by simply changing the solution pH of gold precursors. Interest-
ingly, a novel flower-like gold nanostructure with the nanoplates
as the building blocks was obtained at pH 5.0. This gold nanoflower
modified electrode has been demonstrated with an excellent capa-
bility for DNA immobilization and hybridization. With the use
of [Ru(NH3)g]?* as an electroactive complex (Steel et al., 1998),
the fabricated electrochemical DNA biosensor shows a very good
selectivity and sensitivity toward the detection of target DNA. A
detection limit of 1 pM toward target DNA could be achieved. The
current electrode modification strategy is also expected to extend
for the applications in protein, enzyme biosensor.

2. Experimental
2.1. Materials and chemicals

All of synthetic oligonucleotides were purchased from SBS
Genetech. Co. Ltd. (Beijing, China). Their base sequences are as
follows:

thiolated probe DNA sequence: 5'-SH-GCGCGAACCGTATA-3';
complementary target DNA sequence: 5-TATACGGTTCGCGC-3/;
and

noncomplementary target DNA: 5'-ACTGATGCTACCAT-3'.

Hexaammineruthenium(IIl) chloride (RuHex) and 6-mercapto-
1-hexanol (MCH) were purchased from Sigma (St. Louis, MO,
USA), and tetrachloroaurate(Ill) tetrahydrate (HAuCl4-4H,0, 47.8%
Au) was obtained from National Chemical Reagent Ltd. (Shang-
hai, China). All other chemicals were all of analytical grade and
used without further purification. Double distilled water was used
throughout.

2.2. Apparatus

Cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) measurements were performed with a CHI832B electro-
chemical analyzer (Shanghai CH Instrument Company, China).
Electrochemical impedance spectroscopy (EIS) measurements
were carried out on a CHI660C electrochemical workstation

(Shanghai CH Instrument Company, China). All electrochemical
experiments were performed with a conventional three-electrode
system comprising a gold working electrode, a platinum wire
auxiliary electrode, and an Ag/AgCl reference electrode. The
EIS measurements were performed in a solution of 1mM
K4Fe(CN)g/K3Fe(CN)g in phosphate-buffered saline (PBS buffer,
25mM, pH 7.4, 0.1 M KCl). The scanning electron microscopy (SEM)
images were obtained on a Hitachi S-4300 scanning electron micro-
scope (Japan).

2.3. Preparation of gold nanostructure modified electrode

Prior to use, a bare Au disk electrode was polished sequentially
with 1wm, 0.3 wm, and 0.05pwm alumina slurry and ultrasoni-
cated thoroughly in acetone and water. The well-polished electrode
was then subjected to electrochemical pretreatment by cycling
the potential between —0.2 and 1.5V in H;SO4 (0.5M) at a
scan rate of 100mVs~! until a stable cyclic voltammogram was
obtained, and then the cleaned electrode was allowed to be
dried at room temperature. The pH values of 5mM HAuCl, were
adjusted to a fixed value with NaOH and HCI solution and were
aged for about 12 h. Gold nanostructures were electrodeposited
on planar gold electrode at a constant potential of 0.5V at room
temperature.

2.4. DNA immobilization and hybridization

The probe DNA immobilization on gold nanostructure modified
electrode was performed by dropping 20 wL of 0.1 wM probe DNA
solution in 25mM PBS (pH 7.4, 0.1 M KCI) on the electrode sur-
face for 8 h. The DNA-modified electrode was further treated with
1mM MCH for 30 min to obtain a well aligned DNA monolayer,
following by washing with PBS buffer solution and double distilled
water to remove unspecific absorbed DNA. For the execution of DNA
hybridization, probe DNA immobilized electrode was immersed
into stirred 1 mL PBS buffer solution containing different concen-
tration of target DNA for 1.5h at 37°C. Then the electrodes were
taken out and rinsed with PBS buffer solution and double distilled
water and dried with nitrogen.

2.5. DNA hybridization detection with an electrochemical
indicator of RuHex

The probe DNA or hybridized electrodes were firstly immersed
into 50 wM RuHex in 25mM PBS (pH=7.4) for 20 min, and then
DPV measurements were recorded in blank PBS solution. All the
electrochemical measures were carried out under the atmosphere
of nitrogen.

3. Results and discussion
3.1. Electrodeposition of gold nanostructures on the Au substrate

Schematic representation of the fabrication procedure of DNA
biosensor is shown in Fig. 1. The gold nanostructure modified
electrode was firstly prepared by an electrochemical deposition
strategy and then used as the substrate for DNA immobilization
and hybridization.

Fig. 2 shows the SEM images obtained for the gold nanostruc-
tures electrodeposited at different pHs on gold substrate. It could
be seen that, at pH 2.0, the irregular gold nanoparticles with rel-
atively smooth surface were obtained and closely occupied the
whole electrode surface at deposition time of 240 s (Fig. 2A). At pH
3.0, the popcorn-like gold nanostructures composed with aggre-
gated nanocrystals were clearly illustrated (Fig. 2B). Under pH
4 condition, the popcorn-like gold nanostructures became more
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Fig. 1. Schematic illustration of the fabrication steps of the electrochemical DNA biosensor.

roundish and rougher and the diameter was increased to be about
220nm (Fig. 2C). With the further adjustment of pH to 5 and 6,
some blossom-bud like particles could be observed on the substrate
(Fig. 2D and E). The particle surface was not simply aggregated by
the small round gold nanocrystals but appeared with some sheet-
like nanoplates.

On prolonging the reaction time from 240s to 480s at pH 5.0,
the hierarchical nanoflowers up to about 400 nm had been devel-
oped, which were built by many nanoplates with the thickness of
about 20 nm as building blocks (Fig. 3A). When the deposition time
is further prolonged to be 600s, only protruding nanoplates but
no single nanoflower could be observed on the electrode surface

(Fig. 3B). This indicates that the nanoflowers have grown into one
ensemble with deposition time on the electrode surface. Therefore,
the morphology of electrodeposited gold nanostructures could be
controlled to some extent by careful adjustment of the pH value of
precursor solution and deposition time.

It is well known that the CI~ from a complex anion of [AuCl4]~
will be gradually displaced by the OH~ till the final form of
[Au(OH)4]~ with the pH increase (Guo et al., 2007b; Moreau
et al,, 2005). It is followed by the color change of HAuCl, solu-
tion from yellow to nearly colorless with the pH increase. Also,
the color change could be reversed with the decrease of pH
again by adding HCl. The hydrolysis process of [AuCl4]~ could

Fig. 2. SEM of gold nanostructure modified electrode by a simple electrodepositon method in 5 mM HAuCly solution with different pHs (a) 2, (b) 3, (c) 4, (d) 5 and (e) 6.
Deposition potential and time is 0.5V and 240, respectively. The scale bar in each case is 500 nm.
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Fig. 3. (A) and (B) The high resolution SEM images of gold nanoflowers electrodeposited in 5mM HAuCly with pH 5.0 for 480s and 600s, respectively; (C) the cyclic
voltammogram in aqueous 0.5M H;S0;4 solution for the gold nanoflower modified (b-d) and planar (a) gold electrodes. The electrodes of (b), (¢) and (d) are obtained by
electrodeposition in 5mM HAuCl, with pH 5.0 for 240's, 480 s and 600s, respectively. Scan rates were all 100mVs-1.

be demonstrated by Eqgs. (1)-(4) (Guo et al., 2007b; Zhang et al.,
2008a).

[AuCl]~ + H>0 = [AuCl5(OH)]~ +H* +ClI- (1)
[AuCl3(OH)]~ +H0 = [AuCly(OH),]~ +H* +Cl~ )
[AuCl,(OH), ]~ + H0 = [AuCI(OH)3]~ +H* +CI- 3)
[AuCI(OH)3]~ + H,0 = [Au(OH)4]~ +H* +CI- (4)

The different forms of gold complex result in different redox
potential and, therefore, lead to the different reduction rate of
gold atoms and the morphologies of final gold nanostructures (Lee
et al., 2007; Martin et al., 1997). The standard reduction poten-
tials of gold hydroxide complexes are lower than that of AuCl,~.
The typical current-time (I-t) curves during the electrochemical
deposition process are also recorded (see Fig. S1 in the Supplemen-
tary Information). It could be seen that the currents decayed in
the initial period, and gradually reached a stabilized value, which
corresponds to the nucleation and growth process. At lower pH
value such as pH 2 and 3, AuCl,~ is prevalent, which reduces to
gold atoms at a comparatively high rate, and thus the current
exhibits a transient sharp drop and the stable current values are
much higher than others. With the pH increasing, the values of the
initial decay and the stabilized currents become smaller, indicat-
ing that the reduction rate of gold decreases with the increase of
pH because of the generation of gold hydroxide complexes. Higher
reduction rate could lead to generation of a larger number of nuclei
on the substrate and the final particles are easily agglomerated.
Thus, the obtained gold nanoparticles on the electrode surface have
a high density and comparably small size. With the pH increase,
the reduction rate of gold slows and the initial nuclei on the sub-
strate decreases. The further growth rate of gold onto the nuclei

dominates the morphology of gold nanostructures. The growth rate
of gold at pH 4 is considered to be comparably faster than that at
higher pHs 5 and 6. Thus, the gold nanoparticle with a larger size
could be obtained at pH 4.0 and packed more densely by small gold
nanocrystals. The relatively slow growth rate at pHs 5 and 6 leads to
the loosely packed gold nanocrystals and the flower-like nanostruc-
tures with the nanoplates as the building blocks are finally formed.
In short, the final morphologies were controlled by the rates of
nucleation and growth, which were determined by the pH value of
the solutions. Zhang et al. (2008a) have electrochemically synthe-
sized gold nanostructures with different morphology onto glassy
carbon substrate by controlling the pH value of precursor solution.
Herein, planar gold substrate was employed and the morphology
of deposited gold nanostructures was some different from that on
glassy carbon substrate. Especially, the gold nanoflowers with the
nanoplates as building blocks were interestingly obtained at pH 5.0.
The advised planar gold substrate is considered to have an impor-
tant role in the nucleation rate of gold atoms on the substrate and
the further morphology of electrodeposited gold nanostructures.
But the detailed role is still not very clear till now.

The cyclic voltammetric curves scanned in 0.5 M H,SO4 for the
gold nanoflower modified and planar gold electrodes are recorded
in Fig. 3C. The reductive peak at the potential of about 0.9V is
relative with the reduction of gold oxide formed in the positive
potential scan. Its peak area could reflect the relative surface area of
gold electrode (Trasatti and Petrii, 1992). Based on the area integra-
tion of this cathodic peak, the relative surface area of gold electrode
could be evaluated. It could be obtained that the surface area of gold
nanoflowers electrodeposited at pH 5.0 is significantly larger than
that of planar gold electrode. The surface area of gold nanoflower
modified electrodes obtained at pH 5.0 for 2405, 480s and 600s
is about 2.7, 3.9, 3.2 times, respectively, of that of planar gold
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Fig. 4. Cyclic voltammograms (A) and electrochemical impedance spectroscopy (B) obtained for bare (b), gold nanoflower modified (a), only thiolated ssDNA immobilized
(c), thiolated ssDNA and MCH immobilized (d), hybridized with complementary target DNA (e) and non-complementary target DNA (f) on nanoflower modified electrode in
1 mM Fe(CN)s3~/4~ of 25 mM PBS buffer (pH 7.4, 0.1 M KCl). The scan rate for CV is 100mV s~! and the frequency for EIS is varied from 0.1 Hz to 10 kHz. The concentrations

of complementary and non-complementary target DNA are both 0.1 wM.

electrode. Based on the unique nanostructure and surface area
effect, the gold nanoflower modified electrode obtained at pH 5.0
for 480 is developed for the following DNA biosensor fabrication.

3.2. Electrochemical behaviors of [Fe(CN)s3/4~] at gold
nanoflower modified electrode

The biosensor fabrication process could be monitored based
on the electron transfer of ferricyanide through the modified
electrode. Fig. 4A shows the cyclic voltammograms obtained for
differently modified electrodes in 1mM Fe(CN)g3~/Fe(CN)g*~ of
25mM PBS solution (pH 7.4, 0.1M KCl) at the scan rate of
100mVs~1. A pair of well-defined redox peaks could be observed
at the bare gold electrode with the anodic (Epa) and cathodic (Epc)
peak potential of 0.25V and 0.17 V, respectively, and a peak to peak
potential separation of about 80 mV (curve b). These peaks could
be definitely attributed to the redox behaviors of [Fe(CN)g3—/4-].
The electrodeposition of gold nanoflowers induced a larger back-
ground current compared with that of bare gold electrode (curve
a). Also a pair of broad peaks at about 0.45 V were observed, which
could be attributed to the adsorption of [Fe(CN)g3~/4-] on the gold
nanoflower surface. The direct immobilization of probe DNA on
modified electrode surface induced a decrease of peak current,
indicating that the probe DNA has been successfully immobilized
on the electrode surface and the peak current decrease could be
well assigned to the repellence of [Fe(CN)g3—/4-] by the negatively
charged phosphate backbone of probe DNA(curve c). The post treat-
ment of MCH induced a continued decrease of peak current and an
increase of peak to peak potential separation (curve d). This could
be ascribed to the diffusion suppression of [Fe(CN)g3~/4~] toward
the electrode surface by the formed relatively compact assembly
monolayer of MCH. When the hybridization of probe DNA immobi-
lized electrode with complementary target DNA was proceeded,
the peak current of [Fe(CN)g3—/4~] was observed with a further
decrease. The introduction of complementary DNA increases the
negative charge responsible for the increased repellence of redox
species (curve e).

EIS could provide further information on the impedance changes
of the electrode surface during the modification process. In EIS,
the semicircle diameter could represent the electron-transfer resis-
tance, Rer, which dominate the electron transfer kinetics of the
redox probe at the electrode interface. Fig. 4B shows the plots
of differently modified electrodes in 1.0 mM KszFe(CN )g/K4Fe(CN)g
containing 25 mM PBS solution and 0.1 M KCl at open circuit poten-
tial with the frequency varied from 0.1 Hz to 10 kHz. The planar

gold electrode witnessed a very small Re; value of about 460 2
(curve b). After gold nanoflower modification, an almost straight
line was observed, indicating an improvement of electron transfer
ability of [Fe(CN)g3~/4~] by the modified gold nanoflower (curve a).
The immobilization of probe DNA monolayer on electrode surface
makes an increase of Rer to be 2701 2 (curve c¢), which could be
ascribed to the repellence of redox probe from approaching elec-
trode surface by negative-charged phosphate skeletons of DNA. The
following post-treatment with MCH induced an increase of Ret to
be 4341 Q2 (curve d). After hybridization of the immobilized probe
DNA with complementary target DNA, the Re; was further increased
to be 5008 2 (curve e). Also, it was found that the hybridization
with non-complementary target DNA yielded almost no resistance
change compared with that of probe DNA and MCH assembled
electrode (curve f). The as-observed results fully indicated that the
EIS could be used as a feasible tool to monitor DNA hybridization.
The impedance experiments for modified electrodes were in good
agreement with the results by cyclic voltammetric experiments.

3.3. DNA immobilization and hybridization on gold nanoflower
modified electrode

The DNA immobilization and hybridization onto different
modified electrodes were characterized by differential pulse
voltammetry (DPV) experiments with the RuHex as a redox label.
DPV was employed herein because it could alleviate the back-
ground current effect to a large extent. The DPV results obtained
in blank PBS buffer solution after immersion in 50 wM RuHex of
25mM PBS (pH=7.4) for 20min are shown in Fig. 5. The probe
DNA modification on the planar gold electrode induced the peak
current of about 0.51 pA at the peak potential of about —0.27 V.
A peak current increase of about 0.27 wA was observed when
the hybridization of probe DNA modified electrode with target
DNA. The hybridization efficiency could be obtained based on
the calculation of AIfl,. The AI represents the DPV peak cur-
rent increase of RuHex before and after hybridization with target
DNA, and the I, indicates the DPV peak current of RuHex for
the probe DNA immobilized electrode. The hybridization effi-
ciency on the planar gold electrode was obtained as about 53%.
The peak current for the probe DNA immobilized onto gold
nanoflower modified electrode was about 1.46 pA. The peak cur-
rentincrease after DNA hybridization was about 1.04 wA, indicating
a hybridization efficiency of about 69%. It could be obtained that
the immobilization amount of probe DNA on gold nanoflowers
is not simply proportional with the surface area increase. The
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Fig.6. Relation of the DPV peak currentincrease (AI)of RuHex onto gold nanoflower
modified electrode before and after DNA hybridization with the logarithm of target
DNA concentration from 1 x 107 M to 1 x 10-12 M.

monolayer of probe DNA formed onto gold nanoflowers surface
is considered to be more loosely than that on planar gold surface
owing to the relatively rough surface of gold nanoflowers. But the
hybridization efficiency is largely improved on the gold nanoflower
modified electrode. The control experiments performed with the
hybridization of probe DNA with non-complementary target DNA
on either planar or gold nanoflower modified electrodes demon-
strated almost the same responses with that of probe DNA modified
electrode (curve b), indicating a good selectivity of current electro-
chemical DNA biosensor.

3.4. Detection limit for target DNA on gold nanoflower modified
electrode

The electrochemical hybridization assay was further investi-
gated by varying the target DNA concentration with the use of
RuHex as an indicator. The relation of DPV peak current increase
(AI) of RuHex with decrease in the concentration of target DNA on
gold nanoflower modified electrode is displayed in Fig. 6. A linear
correlation of peak current increase (Al) to the logarithm of the tar-
get DNA concentration ranged from 1 pM to 0.1 M was obtained
with a linear regression coefficient of 0.998. Three independent
electrodes were used simultaneously for the acquisition of each
point in the calibration curve. The low detection limit toward tar-
get DNA was obtained as 1 pM onto the gold nanoflower modified

electrode. It is comparable with or even higher than that of some
reported works based on gold related nanomaterial modification
(seeTable S1inthe Supplementary Information). Even though some
works have reported more high sensitivity, the current direct elec-
trodeposition method for the preparation of gold nanoflowers is
more simple and easier to extend for applications in various biosen-
sors fabrication. The detection limit for target DNA on the planar
gold electrode has also been obtained as 1 nM (see Fig. S2 in the Sup-
plementary Information). The sensitivity could be upgraded with
three orders of magnitude by the use of gold nanoflowers modifi-
cation.

3.5. Regeneration and stability of the fabricated DNA sensor

The regeneration of DNA biosensor is extremely important to
practical applications such as clinical diagnoses and biological mon-
itoring. It was found that the fabricated DNA biosensor could be
regenerated 8 times with about 15% loss of the original signal by
dipping the electrode in hot water (80°C) for 10 min, followed
by a rapid cooling in an ice bath for 10 min. The signal attenu-
ation seemed to be attributed to the loss of thiolated probes on
the electrode surface. The regeneration of current DNA biosen-
sor has been compared with some reported works (see Table S2
in the Supplementary Information). At the same time, the stabil-
ity of the fabricated DNA biosensor was investigated. The probe
DNA modified electrode was firstly stored in the refrigerator at
4°C over 2 weeks and then examined by DPV after its hybridiza-
tion with complementary target DNA. Experiments demonstrated
that the DNA biosensor retained about 86% of its initial
response.

4. Conclusions

A simple one-step electrodeposition method was used to fab-
ricate gold nanostructure modified electrodes. The morphology of
modified electrode could be controlled to some extent by chang-
ing the pH value of precursor solution and deposition time. The
gold nanoflowers with the nanoplates as the building blocks could
be obtained at pH 5.0. With the use of RuHex as a redox indica-
tor, the fabricated electrochemical DNA biosensor based on gold
nanoflower modified electrode could achieve a low detection limit
of 1 pM toward the detection of target DNA, which is about there
orders of magnitude larger than that on the planar gold electrode.
Furthermore, this electrode modification strategy is also expected
for extensive applications in protein, enzyme biosensors.
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