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ABSTRACT: A simple and sensitive gap-electrical biosensor based
on self-catalytic growth of unmodified gold nanoparticles (AuNPs)
as conductive bridges has been developed for amplifying DNA
hybridization events. In this strategy, the signal amplification degree
of such conductive bridges is closely related to the variation of the
glucose oxidase (GOx)-like catalytic activity of AuNPs upon
interaction with single- and double-stranded DNA (ssDNA and
dsDNA), respectively. In the presence of target DNA, the obtained
dsDNA product cannot adsorb onto the surface of AuNPs due to
electrostatic interaction, which makes the unmodified AuNPs
exhibit excellent GOx-like catalytic activity. Such catalytic activity
can enlarge the diameters of AuNPs in the glucose and HAuCl4
solution and result in a connection between most of the AuNPs and
a conductive gold film formation with a dramatically increased conductance. For the control sample, the catalytic activity sites of
AuNPs are fully blocked by ssDNA due to the noncovalent interaction between nucleotide bases and AuNPs. Thus, the growth
of the assembled AuNPs will not happen and the conductance between microelectrodes will be not changed. Under the optimal
experimental conditions, the developed strategy exhibited a sensitive response to target DNA with a high signal-to-noise ratio.
Moreover, this strategy was also demonstrated to provide excellent differentiation ability for single-nucleotide polymorphism.
Such performances indicated the great potential of this label-free electrical strategy for clinical diagnostics and genetic analysis
under real biological sample separation.

Ever-growing interests in genomics and clinical diagnostics
have promoted the development of efficient tools for

sensitive assay of low-abundant DNA biomarkers.1,2 Recently,
polymerase chain reaction (PCR) coupled with fluorescence
spectroscopy has been viewed as the most widely used
technique for sensitive detection of DNA.3,4 Although with
high sensitivity, the PCR-based techniques for DNA detection
encounter the problems of complicated procedures, easy
contamination, and high cost. Gap-based electrical biosensors
devices can provide a viable alternative route to PCR for the
rapid quantification of DNA, attributing that such devices can
directly transduce nucleic acid hybridization events into useful
electrical signals through pairs of microgapped or nanogapped
electrodes.5 These unique properties, coupled with their
compatibility with advanced semiconductor technology and
large-scale reproducible fabrication and miniaturization, make
them very promising in the development of high-performance
DNA detection strategies. Especially, with the development of
nanotechnology, nanomaterials-based gap-electrical biosensors
have been popularly proposed for low-concentration DNA
analysis.6

Gold nanoparticles (AuNPs) are suitable potential candidate
nanomaterials for the sensitive electrical transduction of
different biomolecular recognition events due to their attractive
electrical properties, excellent biocompatibility, and the
availability of versatile bioconjugation means.7 One of the
most representative developments is Mirkin’s DNA detection
strategy, in which DNA-functionalized AuNPs could be
captured in the insulative gap by the hybridization of target
DNA, followed by silver enhancement induced by AuNPs.8

Successful applications of this technique have been demon-
strated in a variety of bioassays with a further extension of
biobarcode technology.9,10 However, the unspecific deposition
of silver onto the insulative gap in these techniques can
significantly improve the background response and even lead to
false-positive signals. In order to solve this problem, several
groups resorted to aggregated nanoparticles through parent−
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son AuNPs or Zr ion induced AuNPs aggregation array.11,12

These strategies can heavily enhance the analyte-specific
determination; however, the preparation processes of DNA−
AuNPs bioconjugates based on gold−sulfur chemistry were
complicated and tedious. An alternative routine for the target
DNA gap-electrical identification is to utilize in situ seeded
growth of AuNPs for modulating the size of nanogap devices,
which may be one of the cheapest and most convenient
methods to obtain a size-controllable nanogap device.13,14

Despite the considerable advances, there has been relatively
limited progress toward simultaneous high sensitivity, selectiv-
ity, and ease of operation for the trace DNA biomarkers
analysis. Hence, it is of considerable interest to exploit a novel
intrinsic property of AuNPs for developing a gap-electrical
strategy for circumventing the potential problems in the DNA
hybridization detection. Very recently, the Fan group found
that solution-phase unmodified AuNPs exhibited similar
catalytic activity of glucose oxidase (GOx), and such catalytic
activity of AuNPs could be finely regulated by DNA
hybridization, providing a colorimetric DNA quantitative
detection.15,16 However, this colorimetric method provided
limited sensitivity. Considering the unique catalytic activity of
AuNPs and the sensitivity of gap-electrical DNA biosensors,
hence, applying such novel property of AuNPs in the gap-
electrical DNA biosensors devices may be highly desired to
produce a highly efficient signal amplification strategy for trace
amounts of DNA biomarkers analysis. To the best of our
knowledge, research into this area has been still rare so far.
Herein, we developed a novel label-free gap-electrical

biosensor strategy based on self-catalytic growth of unmodified
AuNPs as conductive bridges mediated electrical signal
transduction for DNA hybridization detection. In this strategy,
the presence of target DNA can mediate the variation of the
GOx-like catalytic activity of AuNPs assembled onto the
insulative gaps, attributing to the different electrostatic
interactions between AuNPs and single-stranded (ssDNA)
and double-stranded (dsDNA), respectively.17−19 Such catalytic
activity can induce the growth of AuNPs in the glucose and
HAuCl4 solution, resulting in a dramatic alteration for the
conductance between the microelectrodes. This developed
label-free electrical strategy seems to be easily executable
because there is no requirement of covalent modification of
DNA and AuNPs surfaces. Moreover, this strategy can
eliminate the second hybridization with a nanoparticles-labeled
probe. We demonstrated that this signal transduction strategy
based on enlarging surface-assembled AuNPs as conductive
bridges can be applied for trace DNA biomarkers detection
with high sensitivity and specificity.

■ EXPERIMENTAL SECTION
Materials and Reagents. All of the DNA oligonucleotides

were purchased from Takara Biotech. Co. Ltd. (Dalian, China),
and their sequences are listed in Table 1. (3-Aminopropyl)-
triethoxysilane (APTES), β-D-glucose, chloroauric acid
(HAuCl4), and trisodium citrate were provided from Sigma-
Aldrich and used as received. Other reagents and chemicals
were all of analytical reagent grade. Ultrapure water with an
electrical resistance of >18.2 MΩ was supplied through a
Millipore Milli-Q water purification system (Billerica, MA,
U.S.A.).
Synthesis of Gold Nanoparticles. The preparation of

gold nanoparticles (AuNPs) was adapted from a reported
citrate reduction and stabilization of HAuCl4 method with T
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minor modifications,20 as described briefly as follows.
Trisodium citrate (5 mL, 38.8 mM) was rapidly added to a
stirred boiling HAuCl4 (220 mL, 1 mM) solution. After several
minutes, the color of the solution changed from pale yellow to
deep red. Subsequently, the obtained solution was further
heated under reflux for another 30 min to ensure complete
reduction followed by slow cooling to room temperature.
Transmission electron microscopy (TEM, JEOL, Japan) was
used to characterize the size and morphology of the synthesized
AuNPs. Absorption spectra were obtained from a UV 3600
UV−vis absorption spectrophotometer (Shimadzu, Japan). The
obtained AuNPs solution was stored at 4 °C for future use.
Fabrication of the Gold-Modified Interdigitated

Electrode. The interdigitated gold microelectrodes with 30
μm gap (Roche Company) were used for the experiments. In
order to facilitate the unmodified AuNPs assembled onto the
insulative gap between two neighboring comblike gold
electrodes, the microgapped electrodes were sanitized, as
described briefly as follows. The microgapped electrode was
rinsed thoroughly with ethanol to remove possible organic
contaminants, followed by immersing it in diluted piranha
solution (H2SO4/H2O2 = 3:1 v/v) for 1 min and thoroughly
rinsing it with ultrapure water. The cleaned microgapped
electrode was immersed in ethanol containing 2.5% APTES at 4
°C for 6 h. After being rinsed thoroughly with ethanol, the
microgapped electrode was dried under mild nitrogen flow and
stored at 4 °C. Subsequently, the sanitized microgapped
electrode was immersed in the AuNPs colloidal solution at 4 °C
for 2 h and washed with ultrapure water. Then, the electrode
was treated in 1 μM noncomplementary DNA for 5 min,
washed with ultrapure water, and dried under mild nitrogen
flow. The assembled gold nanoparticles onto the insulative gaps
were characterized with a scanning electron microscope (SEM,
FEI Nova NanoSEM 200).
Analytical Protocol and Measurement Procedure. The

AuNPs-modified microgapped electrodes were immersed in the
mixture containing the dsDNA of 1 μM probe 1 hybridized
with different concentrations of target DNA and 1 μM
noncomplementary DNA in 10 mM Tris−HCl and 50 mM
NaCl at 30 °C. After 5 min, the electrodes were washed with

ultrapure water. Subsequently, the seeded growth solution
containing 150 mM glucose and 300 μM HAuCl4 was applied
onto the surface of the microelectrodes at 30 °C for 2 h.
Subsequently, the electrodes were rinsed with ultrapure water
and dried under mild nitrogen flow.
All of the electrical measurements were performed under

ambient conditions in the air with a CHI electrochemical
workstation (760 C, Shanghai, China). The microgapped
electrode was placed in air, one pole connected to the working
electrode and the other pole connected to the reference and
counter electrodes. According to Ohm’s law, the current
through two poles of microelectrodes is proportional to the
voltage applied on microelectrode arrays, with a slope equal to
the electrical conductance. Thus, the electrical conductance of
microelectrode arrays can be calculated immediately from I−V
curves obtained in linear sweep voltammetry (LSV) measure-
ments.21 The LSV was adopted within a potential range from
−0.3 to 0.3 V with a scan rate of 1 mV/s and an interval of 1
mV.

■ RESULTS AND DISCUSSION

Analytical Principle of the Gap-Based Electrical
Biosensor. The developed strategy relies on target DNA-
induced self-catalytic growth of unmodified AuNPs as
conductive bridges for amplifying DNA hybridization events,
as illustrated in Scheme 1. In the assay, the insulative gap area
within a pair of interdigitated microelectrodes is preliminarily
modified with APTES, which facilitates unmodified AuNPs
assembling onto the insulative gap area through electrostatic
interaction.14 In the presence of target DNA, probe 1 can
hybridize with target DNA to form dsDNA, which cannot
adsorb onto the surface of citrate-capped AuNPs assembled
onto the insulative gaps due to their stable double-helix
geometry and the negatively charged phosphate backbone.17

Upon the addition of glucose and HAuCl4 solution, the
assembled AuNPs can catalytically oxidize glucose in the
presence of O2, producing gluconic acid and H2O2.

15 The
obtained H2O2 can act as reducing agent for the reduction of
AuCl4

− to Au0 and enlarge the diameters of the assembled
AuNPs,15,22,23 resulting in a connection between most of the

Scheme 1. Schematic Diagram of the Gap-Electrical Biosensor Strategy Based on Self-Catalytic Growth of Unmodified AuNPs
as Conductive Bridges for DNA Hybridization Detection
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AuNPs and a conductive gold film formation in the insulative
gap. The electrons can flow through such gold films so as to
form electron tunneling paths between the microelectrodes.
Consequently, the conductance between microelectrodes is
increased, the degree of which is correlated directly to the
concentration of target DNA in the sample solution. In the
absence of target DNA, ssDNA probe 1 uncoils sufficiently to
expose its bases and can noncovalently bind to the assembled
AuNPs,17 resulting in the suppression of the catalytic activity
sites of AuNPs. Thus, the growth of the AuNPs will not happen
in glucose and HAuCl4 solution, and no remarkable
conductance alteration can be obtained.
Microscopy Characterization of This Sensor. In this

strategy, the signal transduction mechanism is that the AuNPs
with GOx-like catalytic activity assembled onto the insulative
gaps exhibit different degrees of enlargement upon ssDNA and
dsDNA in the solution containing glucose and HAuCl4,
respectively. In order to elucidate the signal transduction
process, a series of solution-phase colorimetric experiments
were preliminarily performed to demonstrate the fact that the
GOx-like catalytic activity of AuNPs can be finely regulated by
DNA hybridization. After this catalytic reaction in glucose and
HAuCl4 solution for 2 h, both the solution color and surface
plasmon absorbance spectra for the blank sample containing
ssDNA probe 1 exhibited minimum change comparing to the
unmodified AuNPs with the maximum wavelength 530 nm,
confirming that ssDNA adsorbed to AuNPs and blocked their
catalytic activity. However, both the reaction solutions without
DNA and with dsDNA color exhibited more intense red than
that of the unmodified AuNPs. The surface plasmon
absorbance intensities were far higher than that of the
unmodified AuNPs, and the corresponding maximum wave-
lengths red-shifted to 542 and 546 nm, respectively (Figures S1
and S2 in the Supporting Information). These results suggested
that dsDNA exhibited weaker affinity with AuNPs than ssDNA,
and the unmodified AuNPs could self-catalytically grow in the
reaction solution.15,16 These samples were further characterized
with TEM (Figure S3 in the Supporting Information). Upon
the addition of glucose and HAuCl4 solution, the spherical
AuNPs with average diameter of about 20 nm were enlarged to
rough, flower-like nanostructures with a relatively broad size
dimension of 60−75 nm in the absence of DNA or in the
presence of dsDNA, which further confirmed that the
unmodified AuNPs exhibited excellent GOx-like catalytic
activity and weaker affinity with dsDNA. For ssDNA probe 1
sample, the size and morphology of AuNPs remained almost
unchanged. These experimental results coincided well with the
reported literatures,15,16 suggesting that GOx-like catalytic
activity of AuNPs can be finely regulated by DNA hybrid-
ization, causing different catalytic growths of AuNPs in glucose
and HAuCl4 solution.
Scanning electron microscopy was further utilized for

characterizing the morphology alteration under different
solutions treatment on the AuNPs-modified insulative gap
surface. For the unmodified and the APTES-modified insulative
gap, there were no particles retained onto the interfaces (Figure
S4, parts a and b, in the Supporting Information). After the bare
AuNPs deposited onto the APTES-modified gap substrate, the
large areas of interparticle distance between the AuNPs that
make up the submonolayer could be clearly found from Figure
1a. Upon the addition of glucose and HAuCl4, the size of
assembled AuNPs became larger and a continuous gold film
could be obtained (Figure 1d), indicating that the surface-

immobilized AuNPs exhibited excellent GOx-like catalytic
activity.15 For the control sample with only ssDNA probe 1
in the glucose and HAuCl4 solution, the size of AuNPs did not
become larger and the interparticle distance between AuNPs
could be still visible (Figure 1b), attributing that ssDNA can
fully block the catalytic activity sites of AuNPs through the
noncovalent interaction between nucleotide bases of ssDNA
and AuNPs.16 In contrast, in the presence of target DNA, the
size of AuNPs became larger and the neighboring AuNPs
joined together, producing a continuous multilayer gold film
(Figure 1c). Such gold film can facilitate the electron tunneling
paths formation between the microelectrodes.

Gap-Based Electrical DNA Assay. The developed gap-
based electrical DNA detection strategy was tested using a
model target of hepatitis B virus (HBV)-specific DNA
fragments.24 Typical current−voltage (I−V) characteristic
curves of the developed strategy are presented in Figure 2.
As can be seen from Figure 2, all of the curves exhibited good
linearity in the potential range, indicating that the micro-
electrodes behaved as ideal physical resistors under the
measurement conditions.21 For the unmodified microelectr-
odes, there was no appreciable current response. With the
microelectrodes modified by the APTES in the insulative gap
area, the current response exhibited little deviation from the
unmodified electrode arrays, suggesting that APTES did not
change the conductance of electrode arrays. After the assembly
of citrate acid capped AuNPs onto the surface of APTES-
modified gap, a slighter increasing current could be observed.
Under the treatment of glucose and HAuCl4, both the solution
containing 1 μM ssDNA probe 1 and the control sample
containing 1 μM ssDNA probe 1 and 1 μM noncomplementary
DNA induced minimum current change compared to that of
AuNPs-modified electrodes, suggesting that 1 μM ssDNA
probe 1 could fully block the catalytic activity of AuNPs. For
the dsDNA from 1 μM ssDNA probe 1 hybridized with 100

Figure 1. SEM images of bare AuNPs assembled onto APTES-
modified electrodes (a), after 2 h of treatment in the solution
containing 150 mM glucose and 300 μM HAuCl4 for 1 μM probe 1
(b), the obtained dsDNA of 1 μM probe 1 hybridized with 1 μM
target DNA (c), and the ultrapure water (d).
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pM target DNA, a significantly higher current was observed at
the hybridized sensor than that of the control sample,
indicating that dsDNA exhibited weaker affinity with AuNPs
than ssDNA, resulting in the enlargement of AuNPs and
facilitating the electron transfer between the microelectrodes.
However, in the absence of the initially attached AuNPs onto
the electrode, there was no appreciable current response for the
dsDNA from 1 μM ssDNA probe 1 hybridized with 100 pM
target DNA, suggesting that the attached AuNPs can promote
the reduction of AuCl4

− to Au0 in glucose solution (Figure S5
in the Supporting Information). The I−V curve of the sensor in
response to 100 pM produced a large slope with an electrical
conductance about 7523 pS with a standard deviation (SD)
across five repetitive experiments of 21.5%, which was much
greater than the approximate 415 pS (SD across five repetitive
experiments of 15.5%) for the control experiment. This
indicated that the developed strategy was a reliable technique
with high signal-to-background ratio, excellent resistance to
nonspecific detection, and high sensitivity.
Optimization of Experiment Conditions. To elucidate

the possible factors which influence the conductance response
characteristics of the developed strategy, further experiments
were performed. In this strategy, the self-assembled time of
unmodified AuNPs is quite a long related to monolayer gold
film formation. The interparticles distance of AuNPs is too
small to obtain excellent signal-to-background ratio for low-
abundant DNA biomarkers, originating from the fact that the
neighboring AuNPs can join together partly to provide the
electron tunneling path, directly resulting in a sharp increase in
the background current.14 Hence, the impact of self-assembled
time of bare AuNPs has been systematically investigated on the
conductance of microelectrodes. As can be seen from Figure 3a,
with prolonged self-assembled time of AuNPs onto the gaps,
the observed conductance gradually increased and became
almost leveled off at 120 min. Thus, this time was chosen as the
optimized self-assembly time of AuNPs for the subsequent
experiments.
Considering that the concentration of ssDNA probe 1 may

be closely related to the catalytic activity of AuNPs, we further

investigated the effect of the concentration of probe 1 on the
conductance of microelectrodes, as shown in Figure 3b. With
increased concentration of probe 1, the observed conductance
gradually decreased and reached the equilibrium at 1 μM. The
obtained conductance response (435 pS, SD across five
repetitive experiments of 18.9%) was compared with that of
the AuNPs-modified electrodes (396 pS, SD across five
repetitive experiments of 20.5%); hence, it could be supposed
that 1 μM was the saturated concentration of probe 1 adsorbed
to AuNPs-modified electrodes and was taken for the
subsequent experiments.
In the reported AuNPs-modulating nanogap biosensors by in

situ seeded growth methods, controllable growth time is
necessary to improve the signal-to-background ratio.14 So, the
growth time of AuNPs in glucose and HAuCl4 solution has
been systematically investigated on the conductance of
microelectrodes, as shown in Figure 3c. It can be found that
with the increase of the growth time, the conductance response
gradually increased from 30 min to 2 h, and reached the
maximum at 2 h, then kept the equilibrium at 3 h. Considering
that the maximum conductance response and the fact that
prolonged time may enhance background response, hence, 2 h
was chosen as the optimum growth time of AuNPs for the
subsequent experiments.
The reported literature has demonstrated that the solution-

phase AuNPs exhibit excellent GOx-like catalytic activity.15

Hence, the concentration of glucose as GOx substrate has been
systematically investigated. Figure 3d depicts the effect of the
concentration of glucose on the conductance of micro-
electrodes. The conductance response increased significantly
as the concentration of glucose increased up to 150 mM, and
then reached equilibrium at 200 mM. Next, the effect of the
concentration of HAuCl4 was examined, as shown in Figure 3e.
The observed conductance gradually increased and became
almost leveled off at 300 μM. Therefore, 150 mM and 300 μM
were chosen as the optimum concentration of glucose and
HAuCl4 for the subsequent experiments, respectively.
The reported literatures have demonstrated that the

temperature not only could influence the adsorption rate of
ssDNA to AuNPs but also influence the stability of DNA
duplex.16,25 For ssDNA, with the increase of the temperature,
the conductance response gradually decreased and kept the
equilibrium at 30 °C (Figure S6 in the Supporting
Information). However, the conductance response for dsDNA
began to decrease when the temperature was above 30 °C,
originating the instability of dsDNA at high temperature.
Hence, 30 °C was taken as adsorption temperature of DNA on
the AuNPs. Moreover, the temperature could also influence the
GOx-like catalytic activity of AuNPs.15,16 The conductance
response for dsDNA increased significantly as the temperature
increased up to 30 °C, and then reached equilibrium at 30 °C
(Figure S7 in the Supporting Information). Hence, 30 °C was
taken as catalytic reaction temperature.

Quantitative Assay of Sequence-Specific DNA. The
ability of the developed biosensor strategy for quantitative assay
of target DNA was investigated by immersing the AuNPs-
modified microelectrodes in the solution containing 1 μM
probe 1 with different concentrations of target DNA. The
corresponding I−V response curves are shown in Figure 4a. It
can be observed that the current dynamically increased with
increasing the concentration of the target DNA in the
concentration range from 100 pM to 1 μM (Figure 4b depicts
I−V response curves for target DNA concentrations from 100

Figure 2. Representative I−V curves obtained for the unmodified
electrode (a), APTES-modified electrode (b), the APTES-modified
electrode after 2 h of treatment in AuNPs colloids (c), the bare
AuNPs-modified electrode after 2 h of treatment in 150 mM glucose
and 300 μM HAuCl4 solution at 30 °C for 1 μM probe 1 (d), the
control sample containing 1 μM probe 1 with 1 μM non-
complementary DNA (e), and the dsDNA obtained from 1 μM
probe 1 hybridized with 100 pM target DNA (f). Other reaction
conditions: the DNA samples adsorbed to AuNPs-modified electrodes
at 30 °C for 5 min.
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pM to 3 nM), suggesting enhanced catalytic activity and
enlargement degree of AuNPs at higher target DNA
concentration. Most of the enlarged AuNPs can join together,
facilitating a continuous multilayer gold film formation. Such
gold film can promote the electron transfer between the
microelectrodes and dramatically improve the current between
microelectrodes. The conductance between microelectrodes in
this strategy can be obtained through calculating the slopes of
I−V curves. The obtained conductances were used as the
quantitative analytical signal for target DNA. As can be seen
from Figure 4c, it can be found that a plot of the logarithm of
gap conductances versus the logarithm of target DNA

concentrations exhibited a good linear relationship in the
concentration range from 100 pM to 1 μM with a correlation
coefficient of 0.995 and a detection limit of 100 pM. These
experiments results indicated that this novel gap-based electrical
biosensor strategy provided superior sensitivity for the DNA
detection. The superiority might be attributed to highly
effective GOx-like catalytic activity and high surface differential
ability of the assembled AuNPs onto the insulative gaps for
ssDNA and dsDNA, which heavily altered the conductivity
between microelectrodes and dramatically amplified the
electrical signal for target DNA detection.

Figure 3. (a) Effect of the self-assembled time of AuNPs on the conductance response of the AuNPs-modified electrode under 150 mM glucose and
300 μM HAuCl4 solution at 30 °C for 2 h for the dsDNA from 1 μM probe 1 hybridized with 1 μM target DNA. (b) Effect of the concentration of
probe 1 on the conductance response of the AuNPs-modified electrode under 150 mM glucose and 300 μM HAuCl4 solution at 30 °C for 2 h. (c)
Effect of the growth time on the conductance response of the AuNPs-modified electrode under 150 mM glucose and 300 μM HAuCl4 solution at 30
°C for the dsDNA from 1 μM probe 1 hybridized with 1 μM target DNA. (d) Effect of the glucose concentration on the conductance response of
the AuNPs-modified electrode under glucose and 300 μM HAuCl4 at 30 °C for 2 h for the dsDNA from 1 μM probe 1 hybridized with 1 μM target
DNA. (e) Effect of the HAuCl4 concentration on the conductance response of the AuNPs-modified electrode under HAuCl4 and 150 mM glucose at
30 °C for 2 h for the dsDNA from 1 μM probe 1 hybridized with 1 μM target DNA. Other reaction conditions are as for Figure 2. Error bars show
the standard deviation of five experiments.
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The selectivity of this developed strategy for sequence-
specific DNA assay was evaluated by using probe 1 to hybridize
with the same concentration 100 pM of the complementary
target DNA sequence, single-base mismatched DNA sequence
and two-base mismatch DNA sequence, respectively. In real
biological samples, there was a large excess of noncomple-
mentary DNA with long fragments coexisting with target DNA.
Hence, the solution containing 1 μM noncomplementary DNA
with long fragment (100 nucleotides) was used as the control
sample. Measurement for ultrapure water in place of the
complementary DNA was used as the blank sample (Figure S8
in the Supporting Information). The conductance responses for
the 100 pM mismatched DNA are slightly higher than that of
the control sample and the blank sample. However, both the
target DNA and the mixture solution containing target DNA

and noncomplementary DNA yielded significantly higher
conductivity responses than that of the control sample. These
results indicated that the developed assay strategy exhibited
high specificity to discriminate the perfectly matched sequence
from the mismatched sequences.

■ CONCLUSIONS
We have developed a novel gap-electrical biosensor strategy for
DNA hybridization detection based on self-catalytic growth of
unmodified AuNPs as conductive bridges mediated electrical
signal transduction. This strategy exploited the variation of the
GOx-like catalytic activity of AuNPs upon interaction with
ssDNA and dsDNA, which induced different degrees of
enlargement of the assembled AuNPs on the insulative gap in
the solution containing glucose and HAuCl4 with concomitant
modulation of the conductivity alteration between micro-
electrodes, respectively. The experimental results revealed that
this strategy exhibited dynamic responses to the target DNA
with a low detection limit. Moreover, this sensor afforded high
selectivity for target DNA against mismatched DNA. We noted
that this developed strategy could not simultaneously measure
multiple analytes in a single run. However, it is possible to
utilize multiple microelectrodes arrays to simultaneously
measure multiple analytes. Moreover, the developed strategy
may be applied in biological fluids under sample separation in
order to prevent from the strong protein adsorption.
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