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Abstract This article reports on a new square-wave anodic-
stripping voltammetric method for sensitive determination of
nucleic acids. It is based on a target-induced strand displace-
ment reactionwith blocker DNA (labeled with a CdS quantum
dot) from a biotinylated hairpin DNA. First, a hairpin-blocker
DNA duplex was immobilized on the surface of the well in a
microtiter plate via biotin-streptavidin interaction. On addition
of target DNA to the well, the CdS-labeled blocker DNA is
displaced by target DNA from the hairpin-blocker duplex to
form a new target-blocker DNA duplex. This is accompanied
by the release of CdS-labeled blocker DNA. Next, cadmium
ions are released from the Q-dots (by adding 1 M nitric acid)
and then quantified by anodic stripping voltammetry using an
in-situ prepared mercury film electrode. The voltammetric
signal increases with the concentration of target DNA in the
5.0 pM to 1.0 nM concentration range, and the detection limit
is as low as 1.2 pM. The assay has a good repeatability and
displays an intermediate precision of down to 10 %.
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Introduction

Methods for detecting and quantifying sequence-specific
nucleic acids are important in biological studies, clinical

diagnostics, and biodefense applications [1, 2]. Typical-
ly, DNA sequences of interest are present in very small
amount. So, exploring some new amplification tech-
niques that enable the detection of trace levels of a
specific sequence is very crucial [3]. Ongoing efforts
have been made by exploiting bioactive enzymes, indi-
cators and nanomaterials for the amplification of de-
tectable signal [4–6]. Existing DNA-based amplification
techniques mainly consist of polymerase-ligase chain
reaction-based thermal cycling and strand-displacement
polymerase-based isothermal cycling [7, 8]. Unfavor-
ably, the increasing amount of the product during the
thermal cycling is acquired via the repeated thermal cy-
cling in an exponential way. Therefore, the thermal cy-
cling protocols are time-consuming, sometimes nonspe-
cific, and limited to a thermostable enzyme and a labo-
ratory setting [9]. However, the bioactive enzymes are
susceptible to interference and changes in assay condi-
tions during the signal generation stage. An alternative
approach that can substitute the classical amplification
method and does not require the participation of bioac-
tive enzyme or enzyme labeling would be advantageous.

The rapid emergence of strand-displacement reaction-
based isothermal amplification and bionanotechnology
opens a new horizon for advanced development of
new analytical tools and instrumentation [10]. Recent
research has looked to develop innovative and powerful
novel biofunctionalized nanostructures, controlling and
tailoring their properties in a very predictable manner
to meet the requirement of specific applications [11].
Zhu et al. developed an isothermal enzyme-free ampli-
fication and label-free graphene oxide-based SYBR
Green I fluorescence platform for detection of miRNA
[12]. Wong et al. reported ultrasensitive and closed-tube
colorimetric loop-mediated isothermal amplification
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assay using carboxyl-modified gold nanoparticles [13].
Despite some advances in this field, there is still the
quest for new schemes and strategies for improvement
of the sensitivity and simplicity of enzyme-free isother-
mal amplification methods.

Quantum dots (QDs, a kind of semiconductor
nanocrystals) have shown great potential for applications
in biology and medicine, as well as in solar cells and
photovoltaics, security inks, photonics and telecommuni-
cations because of their unique optical, electronic, and
catalytic properties [14]. Inspiringly, the new electro-
chemical coding bioassay depends on the utilization of
different inorganic-colloid nanocrystal tracers, whose
metal components yield well-resolved highly sensitive
stripping voltammetric signals for the corresponding tar-
gets [15]. Kokkinos et al. designed a microfabricated
tin-film electrode for protein and DNA sensing based
on stripping voltammetric detection of Cd(II) released
from quantum dots labels [16]. Zhang et al. reported
an anodic-stripping voltammetric immunoassay for ultra-
sensitive detection of low-abundance proteins using
quantum dot aggregated hollow microspheres [17]. In
this regard, our motivation is to combine the unique
properties of quantum dots with strand-displacement re-
action-based enzyme-free isothermal amplification for
the construction of DNA sensing strategy.

Herein we report the proof-of-concept of a new and pow-
erful electrochemical sensing strategy for sensitive detection
of target DNA by coupling with target-induced displacement
reaction with CdS QD-labeled blocker DNA. Two oligonucle-
otides including biotinylated hairpin DNA and QD-
labeled blocker DNA are used in this work. Initially, the bio-
tinylated hairpin DNA hybridizes with the designed blocker
DNA to form the DNA duplex for the preparation of DNA
sensing platform on the surface of the wells of microtiter plate
via the biotin-avidin reaction. In the presence of target analyte,
target DNA displace the hairpin probe from the hairpin-block
duplex, resulting in the formation of hairpin DNA on the well
surface and target-blocker duplex in solution. The formed
target-blocker duplex with QDs is subsequently deter-
mined by using square-wave anodic stripping voltammetry
at an in situ prepared mercury-film electrode under acidic
condition. The voltammetric signal obtained increases with
the increasing concentration of target DNA in the sample.

Experimental

Material and reagent

Oligonucleotides designed in this work were synthesized and
purified through HPLC by Sangon Biotechn. Co., Ltd.

(Shanghai, China, www.sangon.com), and their sequences
were as follows:

Biotinylated hairpin DNA: 5′-bio-TTTGATACCTACGG
GAGACGAAGTAATGTCAGAAAGGTATC-3′
Blocker DNA: 5′-NH2-TAATGCGTTTGTAATAACTAAG
TCCATTACTTCGTCTCCCGT-3′
Ureagene target DNA: 5′-GAAGTAATGGACTTAGTT
ATTACAAACGCATTA-3′

The underlined sequence of hairpin DNA represents the stem
portion; the bold letters of blocker DNA are complementary to
the bold letters of hairpin DNA; the italic letters of blocker DNA
are the sequence complementary to target DNA). All high-
binding polystyrene 96-well microplates used in this study were
purchased from Greiner Bio-One GmbH (Frickenhausen, Ger-
many, www.greinerbioone.com). Streptavidin was purchased
from Amyjet Scientific Inc. (Wuhan, China, amyjet.bioon.
com.cn). N-Hydroxysulfosuccinimid sodium salt (NHS), N-(3-
dimethylaminopropyl)-N′-ethyl-carbodiimide hydrochloride
(EDC) and 3-mercaptopropionic acid (MPA, >99 %) were pur-
chased from Alfa Aesar® (China, www.alfachina.cn). Bis(2-
ethylhexyl) sodium sulfosuccinate (AOT), phosphate-buffered
saline (PBS), Tris–HCl buffer (0.3 M, pH 7.4), 10×NEB buffer
2 (1×NEB buffer 2: 50 mM NaCl, 10 mM Tris–HCl, 10 mM
MgCl2, 1.0 mM dithiothreitol, pH 7.9), and HEPES buffer
(25 mM, pH 7.4) were the product of Sinopharm Chem. Re.
Inc. (Shanghai, China, www.reagent.com.cn). All other
chemicals were of analytical grade. A Millipore purification
system was used in all runs (18.2 MΩ cm; Milli-Q, from
Millipore; www.merckmillipore.com). The washing buffer was
prepared with 0.02MTris–HCl buffer containing 0.1 % Tween-
20, 0.5 % BSA, and 0.15 M NaCl.

Synthesis of water-soluble, carboxylated CdS QD

Water-soluble, carboxylated CdS QDs were synthesized ac-
cording to the literature with minor modification [17]. Prior to
synthesis, a homogeneous mixture was first prepared by addi-
tion of 14-g AOT into 4-mL distilled water containing
196-mL n-hexane under vigorous stirring. Following that,
Cd(NO3)2 (0.48 mL, 1.0 M) and Na2S (0.32 mL, 1.0 M) were
added into 120 and 80 mL of the above-prepared reverse mi-
celle solution, respectively. Afterward, two solutions were
mixed together under vigorous stirring, and reacted for
60 min under the protection of N2 to yield CdS QDs. Subse-
quen t ly, cys teamine (0 .34 mL, 0 .32 M) and 3-
mercaptopropionic acid (70μL, 3.0 M) were injected to the
mixture and reacted for another 24 h under the same condi-
tions. Finally, the suspension was evaporated in vacuo and
washed with pyridine, hexane, acetone and methanol in se-
quence, and further centrifuged at 15,000 g for 30 min at 4 °C
to obtain the carboxylated QDs.
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Conjugation of carboxylated QDs with aminated blocker
DNA

Conjugation of aminated blocker DNA with carboxylated
QD were prepared through a typical carbodiimide coupling
[18]. Initially, 1.86 mg of carboxylated CdS QDs was dis-
solved into 0.5 mL of distilled water, and the pH was then
adjusted to 7.3 with 3 mM HCl. After that, NHS (11.0 g) and
EDC (15.0 g) were dissolved in the suspension followed with
continuous stirring for 45 at room temperature. Following
that, 50μL of 100-μM aminated blocker DNA was added
dropwise to the mixture and incubated for 6 h at 4 °C. Subse-
quently, the suspension was centrifuged at 13,000g for 20 min
at 4 °C. Finally, QD-labeled blocker DNA obtained was
dispersed into 100-μL HEPES buffer for further use.

Hybridization of biotinylated hairpin DNAwith QD-labeled
blocker DNA

5-μL of 100-μM hairpin DNA and 5-μL of the above-
prepared QD-labeled block DNA were initially mixed in
90-μL HEPES buffer containing 20 mMKCl, 200 mMNaCl,
0.05 wt% Triton X-100 and 1.0 wt% dimethyl sulfoxide. And
then, the mixture was denatured for 4 min at 90 °C, annealed
for 5 min at 50 °C, and finally cooled to room temperature.
During this process, the QD-labeled blocker DNA opened the
hairpin DNA to form a hairpin-blocker DNA duplex. The un-
hybridized hairpin DNAwas removed by centrifugation at 13,
000g for 20 min at 4 °C and dispersed into 100-μL HEPES
buffer (Note: At this step, the un-hybridized blocker DNA
might be also collected, but it would be removed during the
following immobilization and washing process on the well of
microplate).

Strand-displacement reaction process and stripping
voltammetric measurement

Scheme 1 displays target-induced strand-displacement reac-
tion process and measurement mechanism. A high-binding
polystyrene microplate was coated overnight at 4 °C with
50μL per well of streptavidin (10 mg mL−1 in pH 7.4 Tris–
HCl buffer) by covering with adhesive plastics plate sealing
film. After being washed three times with PBS, the microplate
was incubated with 300μL per well of blocking buffer for 1 h
at 37 °C with shaking. The plates were then washed as before.
Afterward, 50μL (per well) of biotinylated hairpin-blocker
DNA with QDs prepared above was added to the micro-
plate, and reacted for 4 h (optimized, please see our recent
report [19]) at 37 °C. During this process, the hairpin-
blocker DNAwith CdS QD was immobilized onto the micro-
plate through the labeled biotin on hairpin DNA based on
biotin-avidin chemistry (Note: The microplate should be
washed in order to remove the un-hybridized QD-labeled

blocker DNA). Following that, 50μL of Ureagene target
DNA standards with various concentrations was added into
the microplate, and incubated for 40 min at 37 °C under shak-
ing (Note: At this step, target DNA-induced strand-displace-
ment reaction was carried out, and CdS QD-labeled blocker
DNAwas dissociated to the solution accompanying with tar-
get DNA). The resulting suspension (~50μL) was transferred
in a 5-mL beaker, and a 50-μL aliquot of 1.0 M HNO3 was
added to release cadmium ions from QD-labeled blocker
DNA (~4 min). Subsequently, 2 mL of acetate buffer (0.2 M,
pH 5.6) containing 10μg mL−1 of mercury ions (from HgII

acetate) was injected to the beaker. The square wave anodic
stripping voltammetric (SWASV) measurement was conduct-
ed on a CHI 760 Electrochemical Workstation (Chenhua,
Shanghai, China) with a conventional three-electrode system
comprising a Pt-wire counter electrode, an Ag/AgCl reference
electrode, and an in situ formed mercury drop electrode (on a
glassy carbon electrode surface, effective working area:
3.14 mm2). The stripping process contained a 1.0-min pre-
treatment at+0.6 V and 2.0-min accumulation at - 1.4 V. The
SWASV measurement was carried out after a 15-s rest period
(without stirring) at an applied potential range of −1.0 to
−0.3 V with a potential step of 4 mV, a frequency of 25 Hz,
and amplitude of 25 mV. A baseline correction of the resulting
voltammogram was performed with CHI 760 software.

Results and discussion

Choice of materials

Typically, one important concern on the successful develop-
ment of a new electrochemical DNA sensor is to adopt a
simple and sensitive signal-transduction method. Anodic-
stripping voltammetry is a powerful analytical tool for quan-
titative detection of specific ionic species. Various
nanomaterials including gold, silver, polymers and QDs have
been used in the electrochemical sensors [14–17]. Among
them, QD-based electrochemical sensors have shown great
potential owing to their broad excitation spectra, robust,
narrow-band emission and versatility in surface modification.
More importantly, these metal components can yield well-
resolved stripping voltammetric peak. In this work, the detect-
able stripping voltammetric signal mainly derives from the
QDs on the blocker DNA. Initially, the hairpin-blocker
DNA duplex is formed through the principle of com-
plementary base pairing between biotinylated hairpin DNA
and aminated blocker DNA during the denaturation and rena-
turation process, which can be readily immobilized onto the
surface of the wells of microtiter plate through the biotin-
avidin interface chemistry. In the presence of target DNA,
the strand-displacement reaction between hairpin DNA and
blocker DNA can be carried out owing to the difference of
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the folding free energy. In this regard, the QD-labeled
blocker DNA is dissociated from the hairpin DNA and re-
leased to the solution accompanying target DNA (i.e.,
reforming the target-blocker DNA duplex). Under acidic con-
ditions, the carried QDs accompanying target-blocker DNA
duplex can be converted to cadmium ions, which can be de-
termined by square-wave anodic-stripping voltammetry. In
the absence of target DNA, the CdS QD-labeled blocker
DNA can not be displaced from the microplate, and the QDs
can not be released in the detection solution, thereby resulting
in a weak voltammetric signal. The signal increased with the
increasing target DNA in the sample. Logically, an important
concern arises as to whether the strand-displacement can be
readily implemented between hairpin-blocker duplex DNA
and target DNA. Prior to experiments, we utilized RNA fold-
ing prediction software to simulate these two different duplex
DNA structures (see http://rna.urmc.rochester.edu/software.

html). Computational results revealed that the folding free
energy of hairpin-blocker DNA duplex was ~−23.
4 kcal mol−1, whilst that of target-blocker DNA duplex was
~38.8 kcal mol−1. Hence, the strand-displacement reaction
can be executed because target-blocker DNA duplex was
more stable that that of hairpin-blocker DNA.

Figure 1a shows transmission electron microscope (TEM,
Tecnai G2 F20, USA, www.fei.com) of CdS QDs. The
average diameter was about 4.6±0.5 nm. Moreover,
the CdS QDs can be homogeneously dispersed in the
distilled water, which provided the facilitation for the la-
beling of aminated blocker DNA. Furthermore, we also used
Zetasizer (Zetasizer APS, Malvern Instruments Ltd, www.
malvern.com.cn) to investigate CdS QDs before and after
modification with aminated blocker DNA. Experimental
results indicated that the zeta potentials were −1.8 mV for
carboxylated CdS QDs and −3.1 mV for QD-labeled

Scheme 1 Schematic illustration
of target-induced strand-
displacement reaction with
QD-labeled blocker DNA for
sensitive voltammetric detection
of nucleic acid: (a) formation of
hairpin-blocker DNA duplex
between QD-labeled blocker
DNA and biotinylated hairpin
DNA, (b) target-induced strand-
displacement reaction in
streptavidin-modified microplate,
and (c) measurement process by
using square- wave anodic-
stripping voltammetry

Fig. 1 a TEM image of CdS
quantum dots, and b gel
electrophoresis (lane 1: DNA
marker; lane 2: 0.1μM
biotinylated hairpin DNA; lane 3:
0.1μM aminated blocker DNA;
lane 4: 0.1μM target DNA; lane
5: 0.1μM hairpin DNA+0.1μM
blocker DNA; lane 6: 50 pM
target DNA+0.1μM hairpin
DNA+0.1μM blocker DNA)
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blocker DNA, respectively. The more negative zeta potential
on the modified quantum dots might be most likely as a con-
sequence of the conjugation of negatively charged blocker
DNA molecules on the QDs.

Another two questions to be answered herein were whether
(i) the hairpin-blocker DNA duplex can be successfully
formed and (ii) the strand-displacement reaction could be
readily carried out between hairpin-blocker DNA and target
DNA. To this end, we used gel electrophoresis to characterize
the reaction and displacement processes (Fig. 1b). Lanes 2–4
represent the gel electrophoresis images of biotinylated hair-
pin DNA, aminated blocker DNA and target DNA, respective-
ly. Although the base numbers of our design for hairpin DNA
(41 nt) and blocker DNA (42 nt) were almost the same, the
slow migration for hairpin DNA might be ascribed to the
labeled biotin at the 5′ end. When 0.1μM hairpin DNA and
0.1μM blocker DNA were adequately reacted, a strong spot
could be observed (lane 5), indicating that the blocker DNA
opens the hairpin DNA to form hairpin-blocker DNA duplex.
Significantly, the reaction of 0.5 nM target DNAwith lane 5′s
sample causes the formation of two spots (lane 6). These two
spots were almost in accordance with those of biotinylated
hairpin DNA and hairpin-blocker DNA duplex, respectively.
Relative to lane 5, however, the tailing spot at the upper of
lane 6 mainly derived from the unreacted hairpin-blocker
DNA. The result of lane 6 revealed that target-induced
strand-displacement reaction could be carried out based on
our design.

Control tests and voltammetric characteristics

During the immobilization of hairpin-blocker DNA duplex on
the microplate, we considered that the un-hybridized
QD-labeled blocker DNAmight be non-specifically adsorbed
onto the well even if the washing process was thoroughly
implemented. To monitor its possible influence during the
measurement on the voltammetric signal, QD-labeled
blocker DNA alone was direct employed for conjugation with
streptavidin-modified microplate (including washing and
blocking subsequently). The as-prepared microplate was used
for the detection of zero analyte and 50 pM target DNA based
on the same assay mode, respectively (Fig. 2a). As seen from
curve ‘a’, a weak peak current was observed in the absence of
target DNA. After the modified microplate was incubated
with 50 pM target DNA, significantly, the obtained
voltammetric signal (curve ‘b’) was almost the same as that
of curve ‘a’. The results indicated that the immobilized
QD-labeled blocker DNA on the surface of the wells of the
microplate were not released regardless of the presence
of target DNA. So, the non-specifically adsorbed QDs in
the microplate did not affect the detectable signal of the
bioassay.

We also considered whether target DNA may induce
the strand-displacement reaction in the hairpin-blocker
DNA duplex-modified microplate and cause the release of
CdS QD-labeled blocker DNA from the microplate. To dem-
onstrate this point, the hairpin-blocker DNA-modified

Fig. 2 SWASV responses of (a)
CdS QD-modified microplate and
(b) hairpin-blocker DNA duplex
with QD-modified
microplate toward (a) zero
analyte and (b) 50 pM target
DNA, respectively

Fig. 3 The effects of a volume of
blocker DNA for the preparation
of QD-labeled blocker DNA and
b displacement reaction time
between target DNA and hairpin-
blocker DNA duplex on the
voltammetric response of
electrochemical DNA sensor
(50 pM target DNA used in this
case)
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microplate was also used for zero analyte and 50 pM target
DNA, respectively (Fig. 2b). As seen from curve ‘a’ in
Fig. 2b, the peak current was almost the same as that of curve
‘a’ in Fig. 2a, indicated that the hairpin-blocker DNA was
firmly immobilized onto the microplate. In contrast, a strong
voltammetric peak was appeared when the modified micro-
plate reacted with 50 pM target DNA (curve ‘b’), suggesting
that target DNA triggers the strand-displacement reaction.
Based on the results in Fig. 2a and b, we might con-
clude that our design should be feasible for the detection of
target DNA based on the strand-displacement reaction with
quantum dot-labeled DNA.

Optimization of experimental conditions

To acquire a strong voltammetric signal, the conjugated
amount of aminated blocker DNA on the QDs was
optimized. Too small an amount of blocker DNA on the QDs
was not favorable for the formation and immobilization of
hairpin-blocker DNA duplex, whilst too much amount elevates
the detection limit. As seen from Fig. 3a, the peak currents
initially increased with the increasing blocker DNA, and then
decreased when the volume was more than 50μL (50 pM
target DNA used in this case). The optimal current was ob-
tained at 50μL. Thus, 50μL of 100-μM aminated blocker
DNA was used for the labeling of 1.86 mg QDs in
0.5 mL distilled water.

Another important factor influencing the analytical perfor-
mance of the developed bioassay was the displacement reac-
tion between hairpin-blocker DNA duplex and target DNA.
Usually, it takes some time for target DNA to displace QD-
labeled blocker DNA from DNA duplex. As shown from
Fig. 3b, the current increased with the increasing hybridization
time, and tended to level off after 40 min. A long incubation
time did not cause significant increase in the detectable signal.

To save the assay time, 40 min was selected as the hybridiza-
tion time for the strand-displacement reaction.

Analytical performance

Under optimal conditions, we investigated the sensitivity and
dynamic working range of the electrochemical DNA sensor
toward target DNA standards with different concentrations by
using hairpin-blocker DNA duplex-modified microplate with
square-wave anodic stripping voltammetry based on the de-
veloped protocol. Experimental results indicated that the peak
currents increased with the increasing target DNA concentra-
tion in the sample solution (data not shown). A good linear
dependence between the peak currents and target DNA con-
centration was obtained in the range from 5 pM to 1.0 nM.

Table 1 Figures of merits of comparable displacement assays for DNA

Methods/materials Analytical range LOD Effects of pH Interferences Applicability Ref.

Isothermal cycling
signal amplification

0.1 pM – 1.0 μM 0.03 pM pH 7.4 Tris–HCl buffer No – [20]

Isothermal DNA
amplification-based
fluorescent assay

2 pM – 10 nM 1.8 pM pH 7.0 Tris–HCl buffer Sufficient capability of
distinguishing the
KRAS gene fragent

Spiked 10 % Hela cells
lysate (87–90 %)

[21]

Colorimetric assay 1.3–333.3 nM 0.2 nM – To implement the single
base-pair mismatch
detection

Genomic DNA
from Hela cell

[22]

Chemiluminescence
imaging method

5–100 pM 1.0 pM pH 7.4 PBS High selectivity to allow
SNP analysis

– [23]

Electrochemical DNA
sensor

10 Pm – 100 nM 10 pM pH 7.4 PBS Excellent specificity
and selectivity

– [24]

QD-based voltammetric
assay

5 pM – 1.0 nM 1.2 pM pH 7.4 Tris–HCl buffer Highly selective for
completely
complementary DNA

Spiked new-born calf
serum (92–113.6 %)

This work

Fig. 4 SWASV responses of electrochemical DNA sensors toward a
matched target DNA, mismatched target DNA, a target DNA with a
deleted nucleotide, and a target DNA with an inserted nucleotide (all
50 pM). Target sequence: 5′-GAAGTAATGGACTTAXTTATTACAAA
CGCATTA-3′; T (matched): X = G; T (mismatched): X = T; T (deleted):
no X; T (inserted): X = GG
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The linear regression equation was y (μA)=0.0434×C[target

DNA]+2.29624 (pM) (R2=0.9983, n=21) with a detection lim-
it (LOD) of 1.2 pM, as calculated in terms of the rule of 3×
standard deviation over the blank signal. To clarify the merits
of the displacement assays for DNA, the analytical properties
were compared with other methods and strategies (Table 1).
Apparently, the LOD of CdS QD-based voltammetric assay
was comparable with those of other DNA detection methods.

To test the specificity of electrochemical DNA sensors, we
used various oligonucleotides as matched, mismatched, delet-
ed and inserted targets (Fig. 4). Only the matched DNA
causes the strand-displacement reaction, resulting in a strong
SWASV peak current. Hence, the designed scheme was high-
ly selective for completely complementary DNA. The preci-
sion and reproducibility of detections were evaluated by re-
peatedly determining two target DNA levels including 10 pM
and 0.5 nM with identical batches of QD-labeled blocker
DNA. Experimental results revealed that the standard relative
deviations (RSDs) of the bioassay using the same-batch QD-
labeled blocker DNA were 8.3 and 7.4 % for 10 pM and
0.5 nM, respectively. The batch-to-batch reproducibility was
also monitored, and the RSDs were 9.8 and 8.4 %, respective-
ly, toward the aforementioned concentrations. Thus, the pre-
cision and reproducibility of the electrochemical DNA sensor
was acceptable.

Preliminary application for spiking serum samples

To investigate the possible application of QD-based electro-
chemical DNA sensor for testing real samples, six spiked
blank new-born calf serum samples including 0.5 pM,
5.0 pM, 50 pM, 5.0 and 50 nM target DNA were measured
with the developed method. According to the obtained SWAS
V peak current, the level of target DNA in each sample was
calculated according to the above-mentioned regression equa-
tion: y (μA)=0.0434×C[target DNA]+2.29624. Experimental
results indicated that the assayed results by the electrochemi-
cal DNA sensor for the above-mentioned six samples were
0.46 pM, 5.6 pM, 56.8 pM, 4.87 and 48.5 nM, respectively.
The recoveries were 92, 112, 113.6, 97.4, and 97.4 %, respec-
tively. Therefore, the QD-based electrochemical DNA
sensor may be applied to the determination of target
DNA in complex matrices.

Conclusions

In summary, we have developed a convenient and feasible
DNA sensing strategy with high sensitivity and selectivity
by using CdS QD-based amplification protocol accompany-
ing a strand-displacement reaction. The signal was amplified
through the labeling quantum dots accompanying the releas-
ing cadmium ions with a high-efficient anodic stripping

voltammetric method. Highlight of this work is exploiting a
new type of QD-based nanolabel for the signal amplification
of electrochemical DNA sensor by coupling with a highly
sensitive stripping voltammetric technique. These features,
as well as its other advantages, such as convenience of oper-
ation, enzyme-free nature, and low cost, make it further appli-
cable for other nucleic acids by controlling the sequence of
hairpin-blocker DNA, and thus verify the versatility of the
assay. Nevertheless, only one disadvantage of this method is
to use an in-situ generated mercury electrode for the detection
of target DNA. To intend for routine use, future work should
focus on the improvement of the assay system (e.g., directly
using the cleaned gold electrode or platinum electrode).
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