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Reversible switches of DNA nanostructures between
“Closed” and “Open” states and their biosensing
applications†
Qing-Lin Sheng,a Rui-Xiao Liu,a Jian-Bin Zheng*a and Jun-Jie Zhub
A novel and versatile biosensing platform based on the structural conversion of 3D DNA nanostructures
from ETDNA (Equilateral Triangle) to TPFDNA (Triangular Pyramid Frustum) was proposed for the ﬁrst
time. The inputs of aptamers and their relative targets made the DNA structure change from
the “Open” to the “Closed” state, leading to the faradaic impedance changes as the output signals. The
speciﬁc properties of excellent stability and speciﬁc rigid structure of 3D DNA nanostructures made the
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biosensor function as a regenerable, reusable and intelligent platform. The sensor exhibited excellent

DOI: 10.1039/c3nr01576a

detection limit of 5.2  1010 M. The distinctive features of DNA nanostructures make them potentially
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selectivity for IFN-g detection with a wide linear range of 1.0  109 to 2.0  106 M and a low
advantageous for a broad range of biosensing, bionanoelectronics, and therapeutic applications.

Introduction
The construction of articial DNA nanostructures with nearly
arbitrary one-, two-, and even three-dimensional (1D, 2D,
and 3D) nanostructures has brought us a great revolution in
bioelectronics, nanomedicine, molecular computing, nanomachines and biosensors.1–6 Among the many exciting
achievements, molecular circuits based on DNA assembly have
the potential to probe systems of biological analytes intelligently and to signal the results of elementary computations on
the inputs that they detect autonomously.7–11
Despite their oen impressive performances, technologies
based on DNA assembly on electrode surfaces and their recognition processes suﬀer from the inherent limitations of stability
and irreversibility, which commonly rely on single DNA
sequences anchored on electrodes by SH-groups and the
recognition relies on DNA hydrolysis,12–14 or through the use of
single-stranded ‘toeholds’ to initiate strand-displacement
reactions.15–18 To solve these problems, much recent progress
has been made in developing 3D DNA architectures.19,20 Yan and
Fan's group have devised a new concept to achieve improved
probe–target recognition properties by constructing a “pyramidal” DNA tetrahedra structure-based chip platform. The 3D
nanostructured recognition probes anchored on Au surfaces
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have proven to have mechanical rigidity and structural
stability.21 They also expanded this protocol by adapting a series
of DNA structures to DNA tetrahedra and constructed various
logic gates, as well as a half-adder operation.22 The above
studies suggest that the protocol for the construction of a
versatile biosensing platform based on 3D DNA nanostructures
is feasible.
In fact, the integration of recongurable DNA nanotechnology into biosensing is a relatively new eld that oﬀers great
prospects for designing stable, sensitive and selective biosensors. New schemes based on 3D DNA nanostructure-derived
bioassays are expected to open new opportunities for DNA
nanotechnology, bioelectronics, medical diagnostics and living
cell analysis. Herein, we demonstrate the unique reversible
conversion of DNA nanostructures between “Closed” and
“Open” states and describe their potential in bioanalytical
applications.

Experimental
Materials and apparatus
Ethylenediaminetetraacetic acid (EDTA), biotin, bovine
serum albumin (BSA), immunoglobulin G (IgG), adenosine
50 -monophosphate (AMP) and dithiothreitol (DTT) were
purchased from Sigma-Aldrich (St. Louis, MO). Interferon-g
(IFN-g), interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-a) were obtained from USCNLIFE Company (USA). All
other chemicals used in this work were of analytical grade. All
oligonucleotides are synthesized by Sangon Biotech. Co., Ltd.
(Shanghai, China). Their sequences are listed in Table 1. All
oligonucleotides were dissolved with 10.0 mM TE buﬀer
(10.0 mM Tris, 1.0 mM EDTA, pH 7.4) into stock solutions and
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Table 1

Paper

Oligonucleotides used in this paper

Group

Name

Sequence

IFN-g

P1
P2
P3
P4
P5
P30
P50
Pa1
Pa2
Pa3
Pa4
Pc1
Pc2
Pc3
Pc4

50 -HS-C6-TATCACCAGGCAGTTGACATTTTTTTTTTTTACACAACAC-30
50 -HS-C6-TTCAGACTTAGGAATGTGCTTTTTTTTTTTTCCAACACAA-30
50 -HS-C6-TTCCCACGTAGTGTCGTTGTTTTTTTTTTTTCCAACCCCA-30
50 -TCAACTGCCTGGTGATATCACGACACTACGTGGGAATGACATTCCTAAGTCTGAA-30
50 -TGGGGTTGGTTGTGTTGGGTGTTGTGT-30
50 -HS-C6-TTCCCACGTAGTGTCGTTGTTTTTTTTTTTTCCAACCCCATT-BHQ2-30
50 -Cy3-TTTGGGGTTGGTTGTGTTGGGTGTTGTGT-30
50 -HS-C6-TATCACCAGGCAGTTGACATTTTTTTTTTTTTGGACCCCC-30
50 -HS-C6-TTCAGACTTAGGAATGTGCTTTTTTTTTTTTTCATAACGC-30
50 -HS-C6-TTCCCACGTAGTGTCGTTGTTTTTTTTTTTTCTCCTTCCA-30
30 -TGGAAGGAGGCGTTATGAGGGGGTCCA-50
50 -HS-C6-TATCACCAGGCAGTTGACATTTTTTTTTTTTGGGAGACCCACTT-30
50 -HS-C6-TTCAGACTTAGGAATGTGCTTTTTTTTTTTTCATTGAAGGATTT-30
50 -HS-C6-TTCCCACGTAGTGTCGTTGTTTTTTTTTTTTATCCTTGTCTCCC-30
50 -GGGAGACAAGGATAAATCCTTCAATGAAGTGGGTCTCCC-30

AMP

Cocaine

stored at 20  C. They were diluted with 10.0 mM TE buﬀer
solution to suitable concentrations prior to use. Thiol-modied
probes were treated with 0.05 M DTT at room temperature
overnight in the dark to reduce the S–S bonds prior to use.
The buﬀer for ETDNA and TPFDNA assembly was 20.0 mM
TE (pH 8.0), 50.0 mM MgCl2 and 0.5 M NaCl. The DNA
immobilization buﬀer was 10.0 mM TE (pH 7.4) containing
0.5 M NaCl. The washing buﬀer was 10.0 mM PB buﬀer
containing 0.1 M NaCl (pH 7.4). The diluent was 0.1 M PBS
(pH 7.2). All solutions were prepared with ultrapure
water (>18 MU cm) obtained from a Millipore Milli-Q water
purication system.
Electrochemical experiments were performed with a CHI
660D Electrochemical Workstation (Shanghai Chenhua Instruments Corporation, China). A three-electrode electrochemical
cell was used. An Au electrode (Ø ¼ 2.0 mm, Shanghai Chenhua
Instruments Corporation, China) was used as the working
electrode. Platinum wire and a saturated calomel electrode
(SCE) were used as counter and reference electrodes, respectively. The atomic force microscope (AFM) was a Digital
Instruments Multimode SPM-9500J3 (Shimadzu Corporation,
Japan), operating in ex situ Tapping Mode. Transmission
electron microscopy (TEM) images were acquired with a JEOL
JEM-3010 high-resolution transmission electron microscope
using an accelerating voltage of 150 kV. The uorescence
measurements were performed on a Hitachi F-4500 uorescence spectrophotometer.

Assembling of ETDNA and TPFDNA on Au electrodes and
biosensing applications
The Au electrodes were rst polished with aqueous slurries of
0.3 mm and 0.05 mm a-Al2O3 powders on a polishing microcloth.
Then, the Au electrodes were cleaned in “piranha” solution
consisting of a 3 : 1 ratio of H2SO4 and H2O2 (caution: this
mixture reacts violently with organic materials and must be
handled with extreme care), then thoroughly washed with
ethanol and ultrapure H2O, and dried under nitrogen. The
obtained clean Au electrodes were then immersed in diﬀerent
ETDNA and TPFDNA solutions and incubated for diﬀerent times
(from 0.5 to 10 h) in the dark at 4  C. Following incubation, the
electrodes were rinsed with washing buﬀer. Thus, the capture
ETDNA and TPFDNA modied Au electrodes were used for the
following experiments.
The obtained ETDNA modied Au electrode was rst incubated in a solution containing 1.0 nM P5 aptamer solution in
the immobilization buﬀer for 3 h at room temperature. Then,
the electrode was transferred to the 2.0 nM IFN-g solution and
incubated for 30 min. During each step, the electrode was
extensively rinsed and subjected to electrochemical measurements. For biosensing of IFN-g, the ETDNA modied Au electrode was rst incubated in a solution containing 2.0 mM P5
aptamer solution in the immobilization buﬀer for 3 h at room
temperature to ensure all the ETDNA nanostructures changed to
TPFDNA. Then the electrode was transferred into diﬀerent
concentrations of IFN-g solution, aer incubation for 30 min,
the electrode was extensively rinsed and subjected to electrochemical measurements.

Formation of ETDNA and TPFDNA
For ETDNA formation: Four oligonucleotides (P1, P2, P3 and P4)
in equimolar quantities were mixed in TM buﬀer (20.0 mM TE,
50 mM MgCl2 and 0.5 M NaCl, pH 8.0); the mixture was heated
to 95  C for 2 min and then cooled to 4  C in 30 s. For TPFDNA
formation: Five oligonucleotides (P1, P2, P3, P4 and P5) in
equimolar quantities were mixed in TM buﬀer (20.0 mM TE,
50 mM MgCl2 and 0.5 M NaCl, pH 8.0); the mixture was heated
to 95  C for 2 min and then cooled to 4  C in 30 s.
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Results and discussion
Feasibility study
To demonstrate the general design of the 3D DNA nanostructure based biosensing platform, we rst use IFN-g and its
aptamer as the pair of target–aptamer for a proof of concept.
IFN-g is a cytokine released by the human immune system, and
abnormal levels of IFN-g are related to many infectious disease
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Fig. 1 (A) Schematic illustration of the ETDNA (Equilateral Triangle DNA) nanostructure. The ETDNA was self-assembled in equal stoichiometric amounts of three
thiolated 36-nt DNA fragments and one 55-nt DNA fragment. (B) Schematic representation of the biosensing process based on the “Closed” and “Open” states during
the conversion between the ETDNA and TPFDNA nanostructures assembled on an Au electrode (a: aptamer, b: target).

and pathogen-directed responses of the human body.23 Fig. 1
outlines the principle for the construction of 3D DNA nanostructures. 1.0 mM Fe(CN)63/4 was employed as the electron
indicator to monitor the “Open” and “Closed” states. The initial
Equilateral Triangle DNA nanostructure, dened as ETDNA, is
rst hierarchically assembled from four stoichiometric equivalents of DNA probes, three thiolated DNA probes (P1, P2, and
P3) of 36 nucleotides (40-nt) and one 55-nt DNA probe (P4).
Here, the P4 sequence composed of three equal parts of 17-base
fragments can specically bind to the relative 50 -end of the three
thiolated probes (all oligonucleotides used in this paper are
listed in Table 1). Aer incubation of an Au electrode in ETDNA
solution, the ETDNA lm assembled from the three thiol groups
on Au electrode surfaces is formed. In this state, the electron
transfer of Fe(CN)63/4 is not inhibited and a large current
response of Fe(CN)63/4 is obtained. Thus, the ETDNA can
represent an “Open” state of the DNA nanostructure. When
the ETDNA modied electrode is subsequently incubated in a
27-base IFN-g aptamer probe (P5) solution, a Triangular
Pyramid Frustum nanostructure (dened as TPFDNA) is constructed. Here, the P5 is fully complementary to the 30 -end of the
9-base fragments of thiolated P1, P2, and P3 which allows
the formation of a short 9-base DNA duplex at the distal end of
the probes. At this stage, the electron transfer of Fe(CN)63/4 is
greatly inhibited, due to the formation of the 3D TPFDNA that
prevents Fe(CN)63/4 from accessing the electrode surface for
eﬃcient electron transfer and a small current response of

This journal is ª The Royal Society of Chemistry 2013

Fe(CN)63/4 is obtained. Thus, the TPFDNA can represent a
“Closed” state of the DNA nanostructure. When the TPFDNA
modied electrode is further incubated in a solution containing
IFN-g, the IFN-g aptamer P5 will be released from the TPFDNA
nanostructure and allosteric changes occur to bind IFN-g,
resulting in the “Opening” of the DNA nanostructure. As a
result, the TPFDNA nanostructure returns back to the initial
ETDNA nanostructure, resulting in an eﬃcient electron transfer
and a large current response of Fe(CN)63/4.

Characterization of DNA nanostructures
TEM was rst used to characterize the obtained ETDNA and
TPFDNA nanostructures, and the results are given in the ESI of
Fig. S-1.† Studies show that an edge length of 6.0 nm of ETDNA
with equilateral triangle shapes is observed. For TPFDNA, the
edge length and height of 6.0 nm were also observed.
The length and size values of the DNA nanostructures almost
coincide with the expected length of DNA in Fig. 1, assuming
0.34 nm per base pair.24,25 It is necessary to mention here, clear
images of the inner structures of the DNA nanostructures are
diﬃcult to obtain with high-resolution by current microscopies,
due to the small size of the DNA nanostructures used in
this study. Analyzing the random selection of the assembled
molecules on the Au electrode in the AFM image shows a height
of 6 nm, suggesting the TPFDNA nanostructures have been
successfully formed on Au electrode surfaces. The large
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Fig. 2 (A) Scheme of the ﬂuorophore–quencher-based nanostructure conversion reconﬁgured by the presence of aptamer and target. (B) Fluorescence spectra
corresponding to the (a) ETDNA and (b) TPFDNA nanostructures. Curves (c) and
(d) show the ﬂuorescence spectra of TPFDNA nanostructures after addition of
2.0  1010 and 2.0  109 M IFN-g, respectively.

background of the AFM image is ascribed to the relatively rough
substrate of the Au electrode. Besides, when conducting the
TEM observation with a high accelerating voltage over 200 kV,
the DNA nanostructures would disappear immediately. The
disappeared DNA nanostructures of the TEM images can be
found in the ESI of Fig. S-2.† Native polyacrylamide gel electrophoresis (PAGE) analysis also further conrmed the
assembly of these ETDNA and TPFDNA nanostructures (Fig. S-3†).
To test the feasibility of our strategy, uorescence measurements during the DNA nanostructure conversions were also
designed (Fig. 2A). The DNA probe P30 instead of P3 and IFN-g
aptamer subunits P50 are used, for which the 30 -ends of P30 and
50 -ends of P50 are modied with the BHQ2 quencher and Cy3
uorophore, respectively. In the absence of P50 , the uorescence
of the ETDNA nanostructure is “On”. In the presence of P50 , Cy3
is quenched by BHQ2 due to the formation of the TPFDNA
nanostructure and the uorescence is turned “Oﬀ”. When IFN-g
is added to the above system, the TPFDNA nanostructure returns
back to the initial ETDNA nanostructure, resulting in the
generation of uorescence again (Fig. 2B). The uorescence
changes upon analyzing diﬀerent concentrations of IFN-g
provide the possibility for quantitative measurement of the
target concentration.

Paper
electrode surface. It was clearly observed that the DRet increased
with the increase of surface density when the concentration of
TPFDNA was 1.0 mM. The surface density of the TPFDNA surface is
calculated to be 3.5  1012 probe per cm2. Hence, 1.0 mM
TPFDNA is chosen as the optimal concentration for the following
experiment. Next, the assembling time of TPFDNA on the Au
electrode surface and incubation time of TPFDNA with IFN-g
were checked. It was found that the DRet signals increased
rapidly for assembling and incubation, and then became saturated at 30 min and 20 min. Thus, 30 min assembling time and
20 min incubation time were used in the standard procedures.
For the assembling of ETDNA on the Au electrode surface, factors
that inuence the conformational eﬀects were also investigated.
Results show that a concentration of 1.0 mM ETDNA, an assembling time of 30 min and an incubation time of 20 min are the
optimal conditions. The surface density of the ETDNA surface is
also calculated to be 3.3  1012 probe per cm2.
Electrochemical investigation
Fig. 3 shows the cyclic voltammograms (CVs) and faradaic
impedance spectra (FIS) of the modied electrode during the
“Open” and “Closed” states. For comparison, CVs and FIS of
bare Au electrode were also presented. For bare Au electrode, a
pair of well-dened and revisable redox peaks with the reduction and oxidation peak potentials at 0.144 V and 0.215 V
(vs. SCE) is observed (Fig. 3A, curve a). For the ETDNA modied
electrode, the redox peaks become a little irreversible with the
reduction and oxidation peak potentials at 0.101 V and 0.248 V
(vs. SCE), accompanied by the decrease of peak currents
(Fig. 3A, curve b). Aer the formation of TPFDNA on the
Au electrode surface, the redox peaks become absolutely
irreversible with the reduction and oxidation peak potentials at
0.109 V and 0.418 V (vs. SCE), accompanied by the obvious
decrease of peak currents (Fig. 3A, curve c). When the TPFDNA
modied electrode is further incubated in IFN-g solution, the
redox peaks of the TPFDNA modied electrode switch to almost
the same state of ETDNA modied electrode (Fig. 3A, curve d).
During this process, the interfacial electron resistance (Ret)
signal values for both the “Open” and “Closed” states are rather
consistent even aer ve interrogations, suggesting that the

Optimization
In order to obtain good assay results, some factors are investigated in detail. It has been proven that the conformational
eﬀects are sensitively dependent on the surface densities of the
assembled sensing units. The surface density of TPFDNA on the
Au electrode is a crucial parameter contributing to signal gain,
which can be controlled by varying the probe concentration
during the sensor fabrication process. To optimize the signal
gain, the performance of the sensors fabricated with diﬀerent
concentrations of TPFDNA (0.1–5.0 mM) was studied under the
same concentration of 100 nM target IFN-g. The change of DRet
(DRet ¼ R0et  Ret) was used to characterize the change of the
7508 | Nanoscale, 2013, 5, 7505–7511

Fig. 3 CVs (A) and FIS (B) of the (a) bare and (b–d) DNA nanostructure modiﬁed
electrodes in a 1.0 mM Fe(CN)63/4 (containing 0.1 M NaCl) solution. (b) The
initial “Open” state of ETDNA, (c) the middle “Closed” state of TPFDNA, and (d) the
reset to the “Open” state of ETDNA. Scan rate: 50 mV s1. Applied potential:
+0.179 V (vs. SCE). Frequency range: 10 mHz to 10 kHz. Amplitude: 5 mV.
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Fig. 4 (A) FIS curves of the reversible changes of the electron-transfer resistance
upon “Open”/“Closed” functions. (a) The initial “Open” state of ETDNA, (b) the
middle “Closed” state of TPFDNA, and (c) the reset to the “Open” state of ETDNA.
The experiment was performed upon application of the biasing potential of
+0.179 V (vs. SCE). (B) Reversible changes of the Ret values upon “Open”/“Closed”
functions.

assembled DNA nanostructure owns excellent stability. The
electron transfer rate constants (ks) of Fe(CN)63/4 at the bare
Au, ETDNA and TPFDNA modied Au electrodes are 9.391 
0.126, 0.551  0.048 and 0.0078  0.0006 s1, respectively,
based on the Laviron theory.26 This reveals that the ks values for
the ETDNA and TPFDNA modied Au electrodes are approximately 17 and 1200 times lower than that obtained at the bare
Au electrode. Thus, FIS may be used as an eﬀective method for
probing the features of interfacial electron-transfer resistance
during the “Open” and “Closed” process. Fig. 3B shows the FIS
of the bare Au (curve a), ETDNA (curve b), and TPFDNA modied
Au electrodes before (curve c) and aer treatment of the electrodes with IFN-g (curve d). As can be seen, the addition of P5
probe and IFN-g made the Ret increase and decrease dramatically, which is consistent with the CV results. Thus, the addition
of both substrates, aptamer P5 and IFN-g, results in the activation of both the DNA nanostructure “Open” and “Closed”
states and generates the Ret corresponding to the status of the
DNA nanostructure. Unlike those previous strategies for signal
“On/Oﬀ” and revisable sensing, the proposed 3D DNA nanostructure system is stable enough to operate for several cycles
without signicant decay (Fig. 4).

FIS investigation for IFN-g biosensing
As shown in Fig. 3, if the assembled ETDNA nanostructures on
Au electrode surfaces are all switched to TPFDNA via the basepairing interaction among the IFN-g aptamer and P1, P2, and
P3 fragments, the addition of IFN-g will lead to the release of
the IFN-g aptamer from the electrode surface and a decreased
Ret value in FIS will be observed. Fig. 5A shows the CVs of the
TPFDNA modied Au electrodes in a 1.0 mM Fe(CN)63/4
(containing 0.1 M NaCl) solution corresponding to diﬀerent
concentrations of IFN-g. It can be seen that with the increase of
IFN-g added in the solution, the oxidation peak potential is
negatively shied and the reduction peak potential is positively
shied, and the peak current increases gradually. Under the
optimum conditions, the relationship between the Ret value and
the concentrations of target IFN-g was studied (Fig. 5B). DR/R0et
((R0et  Ret)/R0et) is used for evaluating the concentrations of
target IFN-g. As shown in Fig. 5C, there is a linear relationship
between DR/R0et and the function of the logarithm of the

This journal is ª The Royal Society of Chemistry 2013

Fig. 5 (A) CVs of the “Closed” state of TPFDNA modiﬁed Au electrodes in a
1.0 mM Fe(CN)63/4 (containing 0.1 M NaCl) solution corresponding to (a) 0, (b)
5.0  1012, (c) 5.0  1011, (d) 5.0  1010, and 5.0  109 M IFN-g. (B) FIS
curves of the TPFDNA modiﬁed Au electrodes in a 1.0 mM Fe(CN)63/4
(containing 0.1 M NaCl) solution corresponding to diﬀerent concentrations
of IFN-g (from 0 to 12: 1.0  1012, 2.0  1012, 5.0  1012, 1.0  1011,
2.0  1011, 5.0  1011, 1.0  1010, 2.0  1010, 5.0  1010, 1.0  109,
2.0  109, and 5.0  109 M). (C) The corresponding calibration plot of
DR/R0et vs. IFN-g concentrations.

concentration of IFN-g over a wide concentration range from
1.0  1012 to 5.0  109 M (r ¼ 0.9978). The detection limit is
estimated to be 5.2  1013 M with 3s (where s is the relative
standard deviation of 6 parallel measurements of the blank
solution). This value is lower than some IFN-g sensors based
on uorescence,27 surface plasmon resonance28 and electrochemical detection.29,30 The sensitivity for IFN-g detection was

Fig. 6 Speciﬁcity of the biosensor for IFN-g detection over the same concentration of 1.0 nM IL-6, TNF-a, BSA, IgG, and biotin. The error bars represent the
standard deviations of triplicate measurements.
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is more “open”, and the electron transfer between Fe(CN)63/4
and the electrode becomes easier (Fig. S-8 and Table S-1†).
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Conclusion

Fig. 7 Ret values of the biosensor in blank or 5.0  1010 M IFN-g within PB, 20%
serum, 50% serum, 1% urine and 10% urine samples.

17.4 kU/log([IFN-g]/(109 M)), which was 9-fold or 17-fold
enhancement over other impedimetric biosensors based on
RNA or DNA aptamers,31 indicating the high sensitivity of our
proposed sensing system. Furthermore, IL-6, TNF-a, BSA, IgG
and biotin showed hardly any change of Ret (Fig. 6), indicating
that the sensing platform has excellent selectivity and might be
a promising tool for IFN-g assays in real samples.
The sensor was used to detect IFN-g in 20% and 50% human
serum (Fig. 7) diluted with buﬀer in comparison with those in
blank buﬀer. Studies show that the Ret signal decreased of 56.7
and 56.3%, respectively, when 5.0  1010 M IFN-g were added
to 20% and 50% human serum. Moreover, the detection limits
were closed to those obtained in blank buﬀer, suggesting that
the other components of the serum did not interfere signicantly with sensor performance. Analysis of IFN-g in 1% and
10% human urine samples was also conducted. As shown in
Fig. 7, the Ret signals decrease of 55.2% and 58.1%, respectively.
Thus, the successful detection of IFN-g in serum and urine as
demonstrated here may be straightforward when testing for
IFN-g clinically.

Exploration investigation of the DNA nanostructure
conversion
To demonstrate the generality of the design, adenosine, cocaine
and their relative aptamers were also selected for biosensing
applications. Similar to the IFN-g aptamer sensor described
above, the adenosine and cocaine aptamers were used as the
linker to convert the assembled ETDNA nanostructure to the
TPFDNA nanostructure, realizing the “Open” and “Closed”
functions. Interestingly, we found that the FIS responses of the
assembled TPFDNA on Au electrode for the adenosine aptamer
were almost the same as that for the IFN-g aptamer, under the
same conditions. However, the FIS responses for cocaine
aptamer-based TPFDNA were smaller than that for the IFN-g
aptamer. We assume the reason for the changes may be
ascribed to the length of the IFN-g aptamer being equal to the
adenosine aptamer (27-nt), thus the inhibition of electron
transfer between Fe(CN)63/4 and the electrode is similar.
While the length of the cocaine aptamer (39-nt) is larger than
the IFN-g aptamer, the top of the formed TPFDNA nanostructure

7510 | Nanoscale, 2013, 5, 7505–7511

In summary, a novel biosensing platform based on the “Open”
and “Closed” states of 3D DNA nanostructures is presented. The
conversion of the DNA nanostructures between ETDNA and
TPFDNA is capable of reversible motion in response to an
external chemical stimulus. Due to the excellent stability and
specic rigid structure of 3D DNA nanostructures, regenerable
and reusable functions are realized. Additionally, the signicant changes of Ret during the “Open” and “Closed” states of
DNA nanostructures when aptamers and their relative targets
bind to or release from the electrode surface used here can
potentially be adapted to the design of sensitive electrochemical
or optical biosensors. It can be anticipated that other bioelements with higher aﬃnities to targets, such as RNA or peptides,
can also be applied to this strategy, which undoubtedly holds
great promise in biosensing, bionanoelectronics, and diagnosis
of virus.
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