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Abstract
In this paper, a simple one-step electrochemical method was employed for the deposition of gold nanostructures. Dif-
ferent morphologies (Au-nanorods and Au-nanoneedles) were obtained using different concentrations of gold chloride 
(HAuCl4·3H2O) solution. The gold nanostructure-modified surface was used for the fabrication of DNA biosensor, which 
was characterized by cyclic voltammetry and differential pulse voltammetry. The DNA immobilization and hybridization 
on Au-nanorods and Au-nanoneedles showed a detection limit of 10 fM and 0.2 fM, respectively, with wide dynamic range 
of 0.2 fM to 10 nM. The Au-nanoneedle electrode showed improved detection limit, which is fifty times lower than that of 
the Au-nanorods. The electrochemical DNA biosensor showed a good selectivity and sensitivity towards the detection of 
target DNA. The enhancement in response of DNA biosensor would be an exciting addition in clinical diagnosis due to an 
improved detection limit.

Keywords  Gold nanostructures · Electrodeposition · DNA immobilization · DNA hybridization · Electrochemical DNA 
biosensor

Introduction

Recently, biosensors have received a great interest due to 
their potential applications in different fields of medicine, 
industry, food, environmental and agriculture. The devel-
oped biosensors showed highly sensitive and selective 
response in clinical diagnosis (Janegitz et al. 2014), DNA 
damage (Hajkova et al. 2017; Hlavata et al. 2012) gene 
detection (Povedano et al. 2018), genetic disorder (Lee et al. 
2017; Fojta et al. 2016), and several biomarker detection 
(Sohrabi et al. 2016; Huang et al. 2017) among many other 
applications. The biosensors are easy to prepare with low 
cost and high selectivity. These promising characteristics of 
biosensor make it a potential candidate in the advancement 
of our health care systems.

The recent development of DNA biosensor is strongly 
dependent on its performance which requires optimal ori-
entation of DNA, immobilization of DNA probe, and spac-
ing for target DNA hybridization (Saeed et al. 2017). Some 
probe DNA with enzyme or redox molecules are used for 
hybridization detection confirmation. Nowadays, different 
nanomaterials such as carbon nanotubes (Rasheed and Sand-
hyarani 2017; Jiang and Lee 2018; Fortunati et al. 2019), 
gold nanoparticle (Alim et al. 2018; Hun et al. 2017), quan-
tum dots (Kokkinos et al. 2015), and silver nanoparticles 
(Huang et al. 2014) are being employed for DNA immo-
bilization and confirmation of DNA attachment on sensor 
surface.

The nanomaterials have been used to improve sensitiv-
ity and signal of DNA biosensor. Among these nanomate-
rials, gold nanostructures (Au nanostructures) are strong 
candidates due to their unique optical and mechanical 
properties, along with good chemical stability (Moham-
med et al. 2014; Nakano et al. 2014; Soleymani et al. 2009, 
2011). There are several methods for the synthesis of Au 
nanostructures. However, the electrochemical synthesis of 
Au nanostructures has been extensively used due to its 
advantage over chemical synthesis such as size, shape, 
morphology, and growth rate that can be well controlled 
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by deposition potential, current densities and salt concen-
trations (Li et al. 2013). Fu et al. (2016) has developed a 
novel electrochemical immunosensing protocol for neuron-
specific enolase (NSF, as a model analyte) by the use of 
gold nanostructures. They have electrodeposited the gold 
nanoflowers on electrode and observed the enhancement in 
sensitivity towards NSF detection. Similarly, Mogha et al. 
(2018) has developed gold nanoparticles based DNA bio-
sensor for mycobacterium tuberculosis. Their work indi-
cated that the high detection efficiency of 0.1 fM and high 
specificity (92%) to mycobacterium tuberculosis target 
DNA by the use of gold nanoparticles of 6 nm diameter. 
Liu et al. (2010) has also developed simple strategy of 
electroless deposition for gold nanoparticle (AuNP) modi-
fication on the conductive substrate. They observed the 
enhancement in immobilization and hybridization of gold 
nanoparticles, along with the increase in detection limit to 
about three orders of magnitude. A high surface coverage 
and different shapes of Au nanostructures were obtained 
in less time by electrochemical methods compared to the 
other methods (Elahi et al. 2018; Li et al. 2013). These 
electrochemically synthesized Au nanostructures of differ-
ent shapes make them a versatile tool for different applica-
tions such as DNA bio-sensing (Tan et al. 2014).

In this work, we have investigated the effect of gold 
chloride (HAuCl4·3H2O) concentration on morphology 
of gold nanostructures. The aim is to examine the electro-
chemical properties of the interfaces and the physical state 
of gold faces. The gold nanostructures were prepared by 
simple electrochemical method and changing the gold ion 
concentration. These electrochemical synthesized struc-
tures are further used for the fabrication of DNA biosensor. 
Furthermore, the dependence of structure morphology on 
efficiency of DNA hybridization was examined. The Au-
nanoneedle nanostructures showed an excellent capability 
of DNA immobilization and hybridization. The fabricated 
electrochemical DNA biosensor shows a high selectivity 
using ruthenium hexamine [Ru(NH3)6]3+ as an electroactive 
complex and sensitivity towards the detection of target DNA 
(Zhong et al. 2012). A detection limit of 0.2 fM towards 
target DNA can be achieved. The currently developed meth-
odology of electrode modification can also be employed for 
protein and enzyme biosensors.

Experimental

Materials and chemicals

The thiol-labelled DNA (IS1002) was commercially synthe-
sized from Sure Bio-Diagnostics and Pharmaceuticals with 
the base sequence as follows:

1.	 5′-SH-TTC​AGG​CAC​ACA​AAC​TTG​ATG​GGC​G-3′ 
(sequence 1)

2.	 5′-CGC​CCA​TCA​AGT​TTG​TGT​GCC​TGA​A-3′ (comple-
mentary target DNA sequence of 1)

3.	 5′-AGA​CTA​ATC​CAT​ACT​GAT​AAG​ATC​C-3′ (non-
complementary target DNA sequence)

where SH-5′ refers to HO3PO-(CH2)6-SS-(CH2)6-OH.
The chemicals used for the synthesis of gold nanostruc-

tures (Au nanostructures) were hydrogen tetrachloroaurate 
(III) trihydrate (HAuCl4·3H2O) and perchloric acid (HClO4) 
(Sigma-Aldrich). The hexaammineruthenium (III) chloride 
(RuHex) and 6-mercapto-1-hexanol (MCH) used for electro-
chemical study and DNA hybridization were purchased from 
Sigma-Aldrich. All chemicals used in this experiment are of 
analytical grade and all solutions employed were prepared in 
milli-Q water. The glassware were autoclaved before using 
them for the preparation of DNA biosensor.

Apparatus

Electrochemical impedance, cyclic voltammetry and dif-
ferential pulse voltammetry (DPV) were performed on 
CHI760D (CH Instruments, USA) electrochemical work-
station. A conventional three-electrode cell, a working gold 
electrode (CHI101, diameter 2.0 mm), platinum auxiliary 
electrode (CHI102, diameter 2.0 mm) and silver/silver chlo-
ride reference electrode (CHI111, 3 M KCl), was used. Elec-
trochemical measurements were performed in 10-ml glass 
cell. The electrochemical data for differential pulse voltam-
metry were collected with pulse amplitude of 50 mV, pulse 
width 50 ms, pulse period 200 ms which was recorded in 
the potential window of − 0.06 V to − 0.45 V with incre-
ment of 0.001 V vs. Ag/AgCl at scan rate of 20 mV s−1 with 
current sampling for the last 20 ms. Ag/AgCl at scan rate 
of 20 mV s−1. Cyclic voltammetry was performed between 
0 and 0.4 V at scan rate 50 mV s−1 and potential step of 
5 mV was used to assess the response of electrode. Elec-
trodes were also characterised using electrochemical imped-
ance spectroscopy (EIS). The EIS response was measured at 
ambient temperature, at polarization potential of 0.208 V in 
frequency range of 100 kHz and 0.1 Hz with amplitude of 
10 mV, and the impedance spectra were fitted to a Randles 
equivalent circuit to determine the charge transfer resistance. 
All electrochemical measurements were performed in 1 mM 
hexaammineruthenium (III) chloride mixed in 0.1 M KCl 
solution (RuHex). All measurements were taken immedi-
ately after adding the reagents to the solution.

The atomic force microscope (SPM 3100, Veeco Instru-
ments, Inc. and JEOLJEM-2100) and field emission scan-
ning electron microscopy (FESEM) were used to study the 
surface morphology of gold nanostructures. X-ray diffraction 
(XRD) was performed on an X’Pert Pro X-ray diffractometer 
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(PANALYTICAL Xpert Pro) which was operated at a volt-
age of 40 kV and a current of 30 mA with CuKα radiation.

Gold nanostructure preparation

The synthesis of gold nanostructures (Au nanostructures) 
was carried out via an electrochemical oxidation/reduction 
in a simple three-electrode glass electrolysis cell schematic 
shown in Fig. 1. Initially, gold electrodes were polished with 
1 µm and 0.05 µm alumina powder followed by ultrasonic 
cleaning in acetone and water. Electrochemical pre-treat-
ment measurements were performed in H2SO4 (0.5 M) until 
stable cyclic voltammogram was obtained. The electrode 
was then dried at room temperature. Gold nanostructures 
were electrodeposited on clean plain electrode at a potential 
of − 0.08 V using 4 mM and 15 mM concentration of gold 
chloride as shown in step 1 of Fig. 1 (Mahshid et al. 2016; 
Tian et al. 2006).

DNA biosensor fabrication

The thiolated DNA was immobilized on electrode which 
was modified with gold nanostructures using 2 µM DNA 
sequence 1 (probe DNA) in phosphate buffer solution 
(0.1 M). The Au nanostructure-modified electrode was 
dipped in probe DNA solution for 12 h in step 2. The non-
specifically adsorbed DNA was then removed by incubat-
ing electrode in blank PBS solution for 1 h. The Au nano-
structure/probe DNA electrode was further treated with 
1 mM MCH to obtain a good orientation of probe DNA 
(Veselinovic et al. 2018). The electrode was washed after-
wards with PBS and deionized water and dried with argon 
gas. In step 3, the probe-modified electrode was immersed 
in solution having different concentration of target DNA 
(complementary and non-complementary) in PerfectHyb 
Plus hybridization buffer (1 ×) (Sigma-Aldrich), for 1 h at 
room temperature to obtain the maximum strand displace-
ment on the surface. Finally, the electrode was rigorously 
washed with PBS and water to remove physically adsorbed 
DNA. The limit of detection (LOD) was calculated as the 

DNA concentration corresponding to a threefold of stand-
ard deviation of blank solution (Hajkova et al. 2015). The 
parameters of calibration curves were obtained from the ori-
gin Pro. 2015 software.

Results and discussion

Surface morphology

Surface morphological analysis of Au nanostructures syn-
thesized by electrochemical technique was performed by 
FESEM as shown in Fig. 2. The effect of varying concentra-
tion of gold chloride is shown in Fig. 2a–c. Figure 2a shows 
the gold film sputtered on silicon surface. It shows a smooth 
surface of gold forming small islands distributed uniformly 
all over the sample. However, the two different concentra-
tions reveal two different structure morphologies. At low 
concentration of 4 mM, the overall morphology features 
show a rod-like structure formed of diameter in the range 
of 100–120 nm. At fourfold higher concentration of gold 
chloride, a remarkable difference in morphology appeared as 
compared to the one obtained for 4 mM concentration. The 
structures are appeared to be needle-like instead of rods and 
are found to be fewer as compared to Au-nanorods. When 
the concentration of gold chloride increased to 15 mM, these 
needle-like structures showed a series of peaks and valleys. 
These needles were ridge and had inconsistent shape. This 
suggested that the concentration of gold ions play a critical 
role in the kinetics of nanostructure formation. Interestingly, 
higher gold ion concentrations did not create a greater abun-
dance of needles but rather promote thicker and smoother 
shapes.

The average length, width and the aspect ratio were cal-
culated for Au nanostructures at varying concentrations of 
gold chloride solution. Au-nanorods with average length 
of 207 ± 4 nm having an average diameter of 105 ± 2 nm 
for 4 mM concentration with aspect ratios (length/width) 
1.97 were formed in significant amount. Furthermore, the 
increase in concentration from 4 mM to 15 mM has reduced 

Fig. 1   Schematics of preparation of DNA biosensor, step 1: electrodeposition of gold nanostructures using different concentrations of gold chlo-
ride, step 2: immobilization of probe DNA, step 3: attachment of target DNA (complementary and non-complementary) sequence
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length of nanorods while increased their diameters. As a 
result, the aspect ratio was decreased by a factor of 3.75. The 
Au-nanoneedles became thicker and shorter resulting in an 
increase in aspect ratio and hence Au-nanorods emerged as 
a high-quality Au-nanoneedle.

Structural analysis

Gold nanostructure formation is monitored by X-ray diffrac-
tometry (XRD). To study the structural properties of syn-
thesized Au nanostructures, X-ray diffraction spectroscopy 
(XRD) was performed. Figure 3 shows the XRD patterns 
of Au-nanorods with 4 mM (bottom), and Au nanoneedles 
with 15 mM (top) gold chloride concentration-dependent 
Au nanostructures. The major diffraction peaks observed 
were (111), (200), (220), (311) and (222). The ratio of 

the diffraction peaks (111) and (200) is found to be very 
small. It confirms that Au-nanorods and Au-nanoneedles 
were dominated by (111) face. Thus, (111) planes tend to 
be preferentially oriented parallel to the surface of the sup-
porting substrate. Therefore, the Au nanostructure (which 
was electrochemically synthesized) was composed of pure 
crystalline gold with face-cantered cubic (fcc) structure (Sun 
et al. 2004). This sharp peak indicates the crystalline nature 
of Au nanostructures.

Cyclic voltammetry (CV) was performed to investigate 
the surface state at the metal–solution interface, and sur-
face area of planar and nanostructured gold electrode. It 
established a relationship between concentration-dependent 
surface structures with XRD technique. In acidic solution, 
different gold faces show different CV (Hamelin 1996). The 
concentration-dependent CV was performed in 0.01 M solu-
tion of H2SO4. The results are shown in Fig. 4. It is inter-
esting to note that the oxidation peak was around + 1.3 V 
in Fig. 4b, c, respectively, which is a characteristic of gold 
(111) face (Tian et al. 2006). A small oxidation peak around 
+ 1.1 V was also observed. This peak represents the presence 
of gold (100) or (110) faces. However, Fig. 4a represents 
the CV of sputtered gold film. The peak with (111) face was 
much less prominent than the peak observed in case of rod-
like and needle-like gold nanostructures. These results are in 
agreement with the above presented XRD data. Therefore, 
it can be concluded that (111) face was most stable among 
all other faces present in Au nanostructures.

Surface area of Au nanostructured electrode

The relative surface area of the sputtered gold film and Au 
nanostructures electrochemically deposited on electrode 
can be evaluated by columbic integration of reduction peak 
(Park et al. 2011). The relative surface area of gold elec-
trode can be evaluated based on the area integration. The 
relative surface area of the planar electrode with nanostruc-
tured electrode is 1:2.7 for 4 mM concentration. However, 

Fig. 2   FESEM micrograph of Au nanostructures. a Sputtered gold film, b Au-nanorods with 4  mM concentration, c Au-nanoneedles with 
15 mM concentration of gold chloride (HAuCl4·3H2O)
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Fig. 3   XRD patterns of the gold nanorod and nanoneedles for 4 mM 
(bottom) and 15 mM (top) gold chloride concentrations
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the relative surface area was 1:3.6 for 15 mM concentration. 
This enhancement in surface area for modified electrodes 
showed a prominent effect on the performance of DNA 
biosensor.

Electrochemical behaviour of Au nanostructured 
electrode

Cyclic voltammetry

The electron transfer through hexaammineruthenium (III) 
chloride (RuHex) was used to monitor at different step of 
DNA biosensor preparation process as shown in Fig. 5a, b. 
Figure 5a represents the CV obtained for different steps of 
preparation of DNA biosensor on Au-nanorod electrode. 
While Fig. 5b constitutes the changes in current observed 
for biosensor preparation on Au-nanoneedle surface. The 
measurements were performed on electrodes at the scan 
rate of 50 mV s−1. It can be seen that well-defined peaks of 
anode (Epa) and cathode (Epc) at a potential of 0.17 V and 
0.23 V, respectively, were observed for planar gold (Au) 
electrode (black line). After deposition of Au-nanorods and 
Au-nanoneedles, the peak current increased and a peak-to-
peak potential separation showed decrement. This indicates 
a better electrochemical behaviour at electrode surface. In 
both cases, Au-nanorods and Au-nanoneedles, a decrease 
in current was observed by immobilization of thiolated 

DNA (Probe DNA). This suggested that the electrode had 
been successfully modified with probe DNA. Furthermore, 
a decrease in current was observed after DNA hybridiza-
tion of probe DNA and target complementary DNA (pink 
line). The potential separation ΔEp = Epc − Epa was also 
evaluated. The peak-to-peak potential separation came out 
to be 0.0703 V for planar Au surface. After the deposition 
of Au-nanorods and Au-nanoneedles, this separation was 
decreased to 0.0599 and 0.0584, respectively, which suggest 
that the voltammetric response strongly depends on the sur-
face area. It also indicates an increase in the electrochemical 
reversibility of RuHex reactions at the nanostructured elec-
trode surface. The peak current drops from 10.1 to 7.7 µA 
and 11.6 to 9.5 µA for Au-nanorods and Au-nanoneedles, 
respectively, with the immobilization of DNA. A further 
increase in potential separation of 0.0623, 0.0812 V and 
0.0670, 0.0875 V was observed after immobilization of thi-
olated DNA, and complementary DNA on Au-nanorods and 
Au-nanoneedles electrodes, respectively. This describes an 
improved adhesion of DNA on nanostructured electrodes 
and good reversibility of the nanostructured electrodes.

Impedance measurement

Impedance measurement (EIS) provides information occur-
ring on the electrode surface. This leads to an impedance 
measurement of the Au nanostructures which were per-
formed in the frequency range of 1 Hz–10 kHz. The EIS 
plot shown in Fig. 5c, d consists of two regions. One is 
semi-circular part in high-frequency regime and the other is 
straight line in low-frequency regime. The semi-circular part 
corresponds to the charge transfer resistance Rct between the 
electrode and the electrolyte solution. Also, its intercept at 
high frequency on real axis corresponds to electrolyte resist-
ance (Rs). The straight line corresponds to the diffusion-
limited process at low frequency representing the Warburg 
impedance (W). Figure 5c, d represents the Nyquist plot 
of differently modified electrode. In both cases, the planar 
gold electrode showed a smaller semicircle with Rct value 
of about 700 Ω (black curve). After modification with Au-
nanorods and Au-nanoneedles, it almost became a straight 
line indicating an improvement in electron transfer. The 
Rct value was further increased to 1100 and 1500 Ω after 
immobilization of probe and target DNA, respectively, in 
case of Au-nanorod-modified electrode. However, a promi-
nent change in Rct value was observed for Au-nanoneedle-
modified electrode. The Rct value obtained was 2400 Ω and 
3500 Ω, respectively, after immobilization of probe and tar-
get DNA, respectively. This suggests that Au-nanoneedles 
exhibit larger surface area which in turn showed enhanced 
attachment of probe DNA on electrode surface. The results 
indicate that the EIS is an excellent tool to monitor the DNA 
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hybridization process. The results obtained were in good 
agreement with CV measurements shown in Fig. 5a, b.

DNA immobilization and hybridization

Differential pulse measurement of DNA biosensor

The differential pulse voltammetry (DPV) was performed to 
characterize the immobilization and hybridization process 
of DNA biosensor. The DPV measurements were performed 
in RuHex solution. The DPV curves obtained are shown in 
Fig. 6. The modification of electrode with probe DNA (thi-
olated ss-DNA) results in a peak current of about 2.29, 3.88 
and 4.42 µA for planar gold electrode, Au-nanorod elec-
trode, and Au-nanoneedle electrode, respectively, at a poten-
tial of about − 0.15 V. The hybridization of probe DNA with 
target complementary DNA gave a corresponding change in 
current of about 1.09, 2.43, and 3.41 µA. This showed that 
the target DNA hybridized with probe DNA. This change 
in current obtained was used to evaluate the hybridization 
efficiency of biosensor. The efficiency was calculated using 

formula ΔI/Ip, where ΔI is the change in current observed 
before and after hybridization and Ip represents the current 
obtained after immobilization of probe DNA. The hybridiza-
tion efficiency came out to be 49%, 61% and 79% for planar 
gold, Au-nanorods and Au-nanoneedles, respectively. The 
hybridization efficiency was greatly improved by depositing 
the nanostructures when compared with planar gold sur-
face. It can also be observed that the Au-nanoneedle sur-
face hybridization response was higher as compared to Au-
nanorods. It also indicated that the immobilization amount 
of probe DNA on Au-nanoneedles was proportional to the 
surface area. This was due to the fact that the surface area 
enhanced by the deposition of Au-nanoneedles. Therefore, 
the probe DNA and hybridization efficiency improved sig-
nificantly. Wang et al. has reported the hybridization effi-
ciency of about 69% for DNA biosensor using gold nano-
flowers (Wang et al. 2011). The biosensor prepared herein 
depicted an improved response for hybridization efficiency 
after deposition of Au-nanoneedles. An increase in current 
after hybridization with target complementary DNA showed 
a strong influence on the morphology of gold nanostructures. 
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It can be seen that Au-nanoneedle electrode which exhibits 
larger surface area results in a highest increase in current 
after hybridization. This suggests that the amount of immo-
bilization and hybridization increased with the surface area 
of the nanostructured electrode. Moreover, the morphology 
of gold nanostructure had a great effect on hybridization 
efficiency of DNA biosensor.

The controlled experiment was performed with the non-
complementary DNA hybridized with probe DNA (Fig. 5, 
curve b) on plain Au, Au-nanorod and Au-nanoneedle 
surfaces. Almost the same response was obtained as was 
observed for probe DNA-modified surface. This represents 
a good selectivity of our DNA biosensor.

Detection limit for probe DNA

A change in the peak current before and after hybridization 
of probe and complementary DNA was used to evaluate the 
performance of DNA biosensor on plain Au, Au-nanorod 
and Au-nanoneedle modified electrodes for different con-
centration of target DNA. Each measurement was performed 
on three independent electrodes to measure a current for 

single concentration. The DPV peak current response 
increased with an increase in the probe DNA concentration 
as shown in Fig. 7 for concentration range from 10 pM to 
10 nM, 10 fM to 10 nM and 0.2 fM to 10 nM for planar Au, 
Au-nanorods and Au-nanoneedles, respectively, whereas 
Li et al. (2011) produced a DNA biosensor with dynamic 
range of 1 fM to 1 nM with lower detection limit of 1 fM. 
The biosensor presented herein showed a dynamic concen-
tration range of 0.2 fM–10 nM for Au-nanoneedles with 
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surface for different concentrations of target DNA ranges from 1 pM 
to 1  nM, b 4  mM gold chloride concentration, for concentration of 
target DNA ranges from 10 fM to 10 nM, and c 15 mM gold chloride 
concentration, for concentration of target DNA ranges from 0.2 fM to 
10 nM
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lower detection limit of 0.2 fM and it was much lower than 
the values reported in the literature. Moreover, a change in 
peak current (ΔI) obtained for different values of concen-
trations was plotted as shown in Fig. 8. It showed that the 
linear response was obtained to a log of concentration. The 
calibration curve for Au-nanoneedles was fitted with linear 
equation given by

  
The fit gave the regression coefficient of 0.989 for Au-

nanoneedles. In the equation, I is the current and C is the 
concentration of probe DNA. The parameters obtained for 
the performance of DNA biosensor are shown in Table 1. 
It can be seen that Au-nanoneedle-modified electrode can 
detect up to lower limit of 0.2 fM. It is quite low as com-
pared to plain Au- and Au-nanorod-modified electrode. The 
detection limit obtained for plain Au surface was 13 pM. 
Therefore, the development of Au-nanoneedle by electro-
deposition method led to enhanced sensitivity to several 

I(μA) = 4.602 log (C)(M) + 17.56.

orders of magnitude as compared to the plain Au and Au-
nanorod electrode.

Reproducibility and stability of Au‑nanoneedle DNA 
biosensor

For clinical diagnosis, it is very important to monitor the 
reproducibility of the fabricated DNA biosensor. For this 
purpose, three different electrodes were used for the fabrica-
tion of biosensor and measurements were repeated five times 
on each single Au-nanoneedle-modified electrode at a target 
DNA concentration of 1 fM. The fabricated DNA biosen-
sor gave an average peak current of 8.5 µA with standard 
deviation of 4%. The electrode to electrode reproducibility 
was also monitored. These modified electrodes showed a 
coefficient of variation of 3.4%. The results showed that the 
response of fabricated biosensor on different electrodes has 
similar behaviour.

The stability of Au-nanoneedle DNA biosensor was also 
investigated. The probe DNA-modified electrodes were 
stored in refrigerator at 4 °C for 3 weeks. The DPV meas-
urements were performed after its hybridization with tar-
get DNA concentration of 1 fM. The DPV measurements 
revealed that the fabricated DNA biosensor retained almost 
89% of its original current value. It showed a good stability 
of prepared DNA biosensor.

Conclusion

This study presents a simple one-step electrochemical 
method which was employed to deposit Au-nanostructure for 
sensitive detection of short DNA sequence. The developed 
Au-nanorods and Au-nanoneedles enhanced the surface to 
2.7 and 3.6 times as compared to planar gold surface. The 
Au-nanoneedle surface increased the immobilized amount 
of probe DNA which results in an increase in the hybridiza-
tion of target DNA. The fabricated DNA biosensor showed 
the detection limit of 1 pM, 1 fM and 0.2 fM for planar, Au-
nanorods and Au-nanoneedles, respectively. The detection 
limit has improved several orders of magnitude as compared 
to planar Au surface. Moreover, the prepared biosensor is 
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Fig. 8   Change in current obtained from differential pulse voltamme-
try as a function of logarithm of target DNA concentration for pla-
nar electrode (black, target DNA concentration from 1 pM to 1 nM), 
4  mM concentration (red, target DNA concentration from 10  fM to 
10 nM) and 15 mM concentration (green, target DNA concentration 
from 0.2 fM to 10 nM). Three different electrodes were used for the 
fabrication of biosensor and measurements were repeated five times 
on each single planar Au, Au-nanorod and Au-nanoneedle-modified 
electrode

Table 1   The parameters concentration range, limit of detection (LOD), correlation coefficient and sensitivity were evaluated to examine the 
detection performance of planar, Au-nanorod-, and Au-nanoneedle-modified electrodes

Concentration range Sensitivity 
(µA mol−1 L)

Intercept (µA) r2 LOD

Planar Au 0.2 fM to 10 nM 2.75 ± 0.14 − 2.73 ± 0.32 0.968 13 pmol L−1

Au-nanorods 10 fM to 10 nM 3.37 ± 0.25 − 5.69 ± 0.23 0.966 10 fmol L−1

Au-nanoneedles 10 pM to 10 nM 4.06 ± 0.32 1.75 ± 0.49 0.989 0.2 fmol L−1
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expected to show an excellent response for different applica-
tions such as protein and enzyme detection.
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