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ABSTRACT: Herein, an enzyme-free “ON-OFF” electrochemiluminescence (ECL) biosensor for ultrasensitive detection of
fusion gene PML/RARα is constructed based on a simple target-switched DNA nanotweezer as hemin concentration controller.
In this biosensor, the hemin concentration is primarily controlled by the conversion of “opened-closed” DNA nanotweezers and
low concentration hemin is first used as electrochemically regenerable enhancer. In the absence of the target, the nanotweezers
are in an opened state which lead to a low concentration of hemin in the solution, resulting in an enhanced Ru(bpy)3

2+ ECL
signal. In the presence of the target, the closed nanotweezers absorbed onto the surface of electrode can capture the hemin,
which achieves a high concentration of hemin and then quenches the ECL signal. The developed method achieves ultrasensitive
detection of PML/RARα with a wide linear range from 1 fM to 1 nM and limit of detection as low as 0.125 fM. In addition, the
ECL biosensor shows excellent specificity to the other subtypes of PML/RARα (subtype “S”, “V”), “PML”, and “RARα”.
Moreover, due to the high designable character of DNA nanotweezer, this method might provide a pragmatic Ru(bpy)3

2+ ECL
platform for ultrasensitive detection of nucleic acid in the future.
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1. INTRODUCTION

With the development of nanotechnology, self-assembled
DNA-based nanostructures, such as nanotweezer,1 DNA
box,2 nanorobot,3 DNA dendrimer,4 DNA tetrahedron5−7

and DNA hydrogel,8 have been designed and widely applied in
the field of biosensing, biological imaging and drug delivery. In
variety of DNA nanostructures, DNA nanotweezers with
excellent biocompatibility, good flexibility, and high pro-
grammability have shown great potential as signal transduction
in biosensing construction.1 Moreover, DNA nanotweezer is a
flexible scaffold for use in the organization of molecules on the
nanoscale, which can be engineered to site specifically
incorporate functional elements in precise geometries’ and to

enable nanomechanical control capabilities. For example, Tan’s
group developed an integrated DNA tetrahedron nanotweezer
(DTNT) as “ON-OFF” signal readout switch to reliably image
tumor-related mRNA in living cells by fluorescence resonance
energy transfer (FRET).9 Later, our previous work designed a
target-switched DNA nanotweezer to construct a sensitive
logic gate chemiluminescent biosensor for microRNA
detection.10 Although the reported DNA nanotweezers are
endowed with efficient signal nanoprobes, specific target
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recognition and sensitive “closed-opened” switch, they still
suffer from the drawbacks of the complicated self-assembly
process, poor stability and low assembly efficiency. Hence, a
highly efficient and simple DNA nanotweezer with different
functions is urgently desired in the field of biosensing assay.
Electrochemiluminescence (ECL) is the luminescence

resulting from the reaction between electrochemically
generated positive and negative radical ions.11−13 Ruthenium-
(II) tris(2,2′-bipyridyl) (Ru(bpy)3

2+) is the widely used ECL
luminophore due to its advantages of chemical stability,
reversible electrochemical behavior and high luminescence
efficiency.14,15 Generally, the addition of efficient coreactants
into Ru(bpy)3

2+ aqueous solution is the common way to
enhance the ECL signal.16 However, it is reported that the
dissolved oxygen (O2) in Ru(bpy)3

2+ solution can obviously
quench the ECL signal, which limits the enhancement
efficiency of coreactant.17 Therefore, it remains challenge to
develop a new strategy of enhancing ECL signal by reducing
the quenching effect of dissolved oxygen. Hemin, an iron(III)
porphyrin, can oxidize the excited state Ru(bpy)3

2+* to
Ru(bpy)3

3+ under a high concentration (0.38 μM), resulting
in a significant ECL signal decrease based on the energy and
electron transfer mechanism.18 Interestingly, we found a
phenomenon in pre-experiment: low concentration hemin (2

nM) can increase the ECL signal in Ru(bpy)3
2+ aqueous

solution. Furthermore, after deoxygenating toward the Ru-
(bpy)3

2+ aqueous, low concentration hemin cannot enhance
the ECL signal, indicating that low concentration hemin
consumes the quencher O2 for the indirectly enhancement of
the Ru(bpy)3

2+ ECL signal. Inspired by the found phenom-
enon, signal difference can be achieved by developing a target-
triggered device to control the concentration of hemin. Here, a
simple DNA nanotweezer with two split G-quadruplexes onto
the top is designed to set as “ON-OFF” switching to control
the concentration of hemin, which is further incorporated into
the target-triggered proximity hybridization reaction for signal
amplification.
As far as we know, the efficient immobilization of

Ru(bpy)3
2+ on the electrode can not only produce a high

ECL signal, but also shorten the response time.19,20 However,
due to the instability character of pure Ru(bpy)3

2+ modified on
the electrode,21 it is necessary to immobilize Ru(bpy)3

2+ by
employing some materials on the electrode for improving the
stability.22−24 Chitosan with excellent employability,25 good
biocompatibility26 and positive charged character27,28 can be
polymerized with DNA film through the strong electrostatic
interactions. The formed film on the electrode combines the
excellent stabilization effect of chitosan with the high electron

Scheme 1. Illustration of an Ultrasensitive “ON-OFF” ECL Biosensor for PML/RARα Detection Based on the Target-
Switched DNA Nanotweezer As Hemin Concentration Controller
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transfer efficiency of DNA film.29 In addition, because of the
positive charged character of chitosan, the designed DNA
nanotweezers can be absorbed onto the film,28 which adjusts
the concentration of hemin.
PML/RARα (promyelocytic leukemia, retinoic acid receptor

alpha) as an important biomarker of acute promyelocytic
leukemia (APL), is of significance in leukemia diagnosis.30,31

Herein, based on the target-switched DNA nanotweezer as
hemin concentration controller, an ultrasensitive “ON-OFF”
ECL biosensor is developed for PML/RARα detection. An
overview of the designed ECL biosensing method is illustrated
in Scheme 1. Initially, DNA−Ru(II)−Chitosan film is
immobilized onto the working electrode surface. Hereafter,
the DNA nanotweezer consists of A1, A2, and A3, among
which the target recognition sites are set on the top of A1 and
A2 and the split G-rich ends are set on the top of A3. Due to
the effect of proximity hybridization, the “closed-opened”
switch of DNA nanotweezer is controlled by the presence or
absence of the specific target. Then, the formed DNA
nanotweezers are attracted onto the surface of modified
electrode by electrostatic interactions. In the absence of target,
the split G-rich strands of DNA nanotweezers are away from
each other (marked as opened nanotweezer), which cannot
capture hemin dissolved in the Ru(bpy)3

2+ solution. As a
result, hemin is free in the solution and then further reacts with
the quencher O2, making ECL signal evident increase to obtain
“ON” signal. On the contrary, in the presence of target, the
recognition sites A1 and A2 bind with target, resulting in two
split G-rich strands self-assembling into G-quadruplex for
capturing hemin (marked as closed nanotweezer). Conse-
quently, the ECL signal is quenched by high concentration of
hemin on the electrode surface to obtain “OFF” signal. Thus,
the “ON-OFF” ECL signal can directly reflect the target
concentrations. More importantly, the proposed biosensing
method exerts ultrasensitive detection of PML/RARα with
one-step reaction based on the target-switched DNA nano-
tweezer, which possesses potential applications in the field of
clinical analysis.

2. EXPERIMENTAL SECTION

2.1. Reagents and Materials. All the high-performance
liquid chromatography (HPLC)-purified oligonucleotides
(shown in SI Table S1) were synthesized by Sangon Inc.
(Shanghai, China). The oligonucleotides were dissolved in
hybridization buffer (pH 7.4, containing 30 mM sodium
phosphate, 450 mM NaCl, 3 mM EDTA, 0.25% Triton 100),
and stored at −20 °C. Ruthenium(II) tris(2,2′-bipyridyl)
(Ru(bpy)3

2+) and chitosan (Mw 113 kDa, degree of
deacetylation 79.7%, low viscosity <200 mPa.s) brought from
Sigma-Aldrich (St Louis, MO) were dissolved into deionized
water and 1% acetic acid, respectively. Salmon sperm DNA (10
mg/mL) was purchased from Sangon Biotech. (Shanghai,
China). Hemin was obtained from Sigma-Aldrich (St Louis,
MO), and the diluted phosphate buffer solution (PBS, pH 7.4)
contained 0.1 M K2HPO4, 0.1 M NaH2PO4, 0.1 M KCl,
moreover, 0.1 nM HEPES and 1% dimethyl sulfoxide
(DMSO) were also added for the better solubility. The PBS
buffer was used in the whole process of ECL test. All other
reagents were of analytical grade and without further
purification. Deionized water from a Millipore water
purification system (≥18 MΩ cm, Milli-Q, Millipore) was
used in all experiments.

2.2. Apparatus. The ECL signal was executed with a
model MPI-E ECL analyzer (Xi’an Remax Electronic Science
& Technology Co. Ltd., Xi’an, China). The voltage of the
photomultiplier tube (PMT) was set at 700 V, and the
scanning range was from 0.5 to 1.25 V with the rate of 100
mV/s in the experiment. A conventional three-electrode
system was used with a platinum wire as auxiliary electrode,
Ag/AgCl as the reference electrode, and an Au electrode (Φ =
4 mm) as the working electrode during ECL detection. The
structure of DNA−Ru(II)−Chitosan was confirmed by
scanning electron microscopy (SEM, Hitachi, Tokyo, Japan)
at an acceleration voltage of 25−30 kV. DYY-6C electro-
phoresis analyzer (Liuyi Instrument Company, China) and
Biorad ChemDoc XRS (Bio-Rad, USA) were used for gel
electrophoresis and imaging, respectively.

2.3. Preparation Process of Au Electrode Modified by
DNA−Ru(II)−Chitosan Film. Chitosan (500 mg) was
dissolved in 90 mL of 1% acetic acid. NaOH solution (0.2
M) and distilled water were added gradually into the solution
to 100 mL (pH 5.0). 50 mg/mL Ru(bpy)3

2+ solution was
added into the above chitosan solution. After mixing up, the
mixture was stored in the 4 °C refrigerator before use.
The Au electrode with 4 mm in diameter was treated with

alumina slurry (0.3 and 0.05 μm Al2O3) to obtain a mirror
smoothness, followed by sonication in ultrapure water for 5
min. The well-polished electrode was modified by DNA film
through dropping 10 μL of DNA (10 mg/mL) solution onto
the surface, and then dried at 4 °C for 8 h. Furthermore, 10 μL
prepared Ru(II)−Chitosan solution was dropped onto the
DNA film to construct the DNA−Ru(II)−Chitosan film and
kept for 45 min in 37 °C. The modified electrode was stored in
the refrigerator at 4 °C until used.

2.4. Preparation of DNA Nanotweezers. The 10 μL of
10 μM three DNA strands (A1, A2, and A3) were respectively
added into an eppendorf (EP) tube with 10 μL hybridization
buffer. Then, the mixture was incubated at 95 °C for 5 min and
then gradually annealed to room temperature to form the
desired opened DNA nanotweezer. The prepared opened
DNA nanotweezers were both added into 5 mL PBS solution
(400 pM of final concentration of each strand) and stored at 4
°C until used.

2.5. Gel Electrophoresis Analysis. The product solution
was subjected to electrophoresis analysis on the 2% agarose gel
electrophoresis (AGE). Electrophoresis was carried out in 1 ×
TBE buffer (89 mM Tris-boric acid, 2 mM EDTA, pH 8.3) at
a 120 V constant voltage for 45 min. After that, the gel was
visualized via gel image system.

2.6. Detection Protocol. Before the testing, different
concentrations of target were added and incubated in a 50 μL
mixture containing 20 nM opened nanotweezer at 4 °C for 8 h.
Afterward hemin (2 nM) was added into the mixture and
incubated at 37 °C for another 45 min to form closed
nanotweezer. ECL measurements were conducted in a beaker
(10 mL) that included 50 μL of the closed nanotweezer
solution and 5 mL of the PBS solution. Afterward, DNA−
Ru(II)−Chitosan modified Au electrode was inserted into
mixture. Then, MPI-E ECL analyzer was used in the voltage
range from 0.5 to 1.25 V with 100 mV/s and the voltage of the
photomultiplier tube (PMT) was set at 700 V.

3. RESULTS AND DISCUSSION
3.1. The Influence of Hemin Concentration on

Ru(bpy)3
2+ Based ECL System. In Ru(bpy)3

2+ based ECL
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system, the enhancement effect of low concentration hemin
was surprisingly observed. For the further study of the
mechanism, six-group control experiment was designed
(shown in Figure 1): the ECL signal in Ru(bpy)3

2+ solution

was shown as A. And then, an increased ECL signal B was
obtained by consuming the quencher O2. Afterward, as the
phenomenon we found, an enhanced signal was shown as C
after adding hemin into pure Ru(bpy)3

2+ solution. The
possible explanation might be the interaction between low
concentration (2.0 nM) hemin and dissolved O2, which
consumed the quencher. For the further exploration of the
mechanism of hemin in Ru(bpy)3

2+ solution, two control
experiments were designed, ECL signal in Ru(bpy)3

2+ solution
which was added hemin after deoxygenating was shown as D.
The ECL signal in Ru(bpy)3

2+ solution which was deoxy-
genated after adding hemin was shown as E. It was obvious
that after deoxygenating, the addition of hemin could not
enhance the Ru(bpy)3

2+ ECL signal. Moreover, after adding
hemin, the deoxygenation could not enhance the Ru(bpy)3

2+

ECL signal as well. There was a sharp contrast in the results of
C, D and E. The ECL signal enhanced obviously in C due to
the consumption of dissolved oxygen. And then, the ECL
signal was suppressed in Ru(bpy)3

2+ solution added with
hemin after deoxygenating and in Ru(bpy)3

2+ solution (D)
added with hemin before deoxygenating (E), respectively. The
phenomenon may be attributed to that once hemin does not
react with dissolved oxygen, it can inhibit the ECL behavior of
Ru(bpy)3

2+. Finally, the ECL signal in Ru(bpy)3
2+ solution

with high concentration (2 mM) hemin was shown as F. The
quenching effect might be attributed to the interaction of high
concentration hemin with Ru(bpy)3

2+ rather than with the
quencher O2.
To further verify the mechanism, the cyclic voltammetry

(CV) experiments of six-group control were investigated as
shown in the Supporting Information (SI) Figure S1.
Compared with the standard Ru(bpy)3

2+ solution (A), after
deoxidation (B) or addition of low concentration hemin (C),
the oxidation current increased obviously. The results
demonstrated that removal or consumption of dissolved
oxygen made the annihilation reaction of Ru(bpy)3

2+ stronger,
resulting in higher electron transfer. Moreover, two-group
experiments with different order of hemin-addition and
deoxidation were designed (D group and E group). The

results showed that the Ru(bpy)3
2+ oxidation current

decreased, which was approximately the same as that in the
group with high concentration of hemin (F group). These
results demonstrate that the electron transfer became lower
due to the inhibition of the annihilation reaction of Ru(bpy)3

2+

by hemin. The results of CV were basically consistent with
those of ECL.

3.2. The Characterization and Structure Optimization
of DNA Nanotweezers. To confirm effective self-assembly
process of the DNA nanotweezers, the hybridization reaction
products were characterized by 2% agarose gel electrophoresis.
As shown in SI Figure S2A, with the hybridization of A1, A2
and A3, the clear band exhibited the formation of the opened
DNA nanotweezers (Lane 1). Moreover, after adding target
into the reaction solution, the closed DNA nanotweezers were
successfully constructed (Lane 2). On the contrary, the
hybridization of A2 with A3 and A1 with A3 had a mobility
corresponding to a 60−80 base pair marker (Lane 3 and 4),
indicating that the functional DNA nanotweezers could not be
constructed. Those results demonstrated the programmed
assembly as expected. In addition, the CL results were listed
(shown in SI Figure S2B) for further proving the formation of
G4-hemin.

3.3. The Characterization of DNA−Ru(II)−Chitosan
Film. Scanning electron microscope (SEM) was performed to
prove the formation of DNA−Ru(II)−Chitosan film. SI Figure
S3A illustrated the DNA−Ru(II) film with disperse-distributed
small hole and rough surface, and the vision field was bright. In
contrast, with the process of polymerization reaction between
DNA and chitosan, the DNA−Ru(II)−Chitosan film (shown
in SI Figure S3B) showed a sticky and smooth surface, and the
field of vision was relatively dim. The difference of visual field
brightness might be attributed to the decrease of electrical
conductivity of biofilm when chitosan was added into biofilm.
Finally, SI Figure S3C represented SEM of DNA−Ru(II)−
Chitosan (high content) film by continuously adding chitosan.
With the increase of the concentration of chitosan, the surface
was viscous and massive. The difference of surface between the
film with chitosan and without chitosan indicated that the
DNA−Ru(II)−Chitosan film was successfully constructed.

3.4. DNA−Ru(II)−Chitosan Film Layer-by-Layer Fab-
rication with ECL Characterization Behaviors. ECL
analyzer was used to monitor the interface properties of
electrode during stepwise modifications in the voltage range
from 0.5 to 1.25 V with 100 mV/s, and the voltage of the
photomultiplier tube (PMT) was set at 700 V. It was observed
that the bare Au electrode exhibited no ECL signal (Figure 2
curve a). Whereas after DNA film was assembled, there was
none ECL signal as well (Figure 2 curve b). When Ru(II)−
Chitosan mixture was dropped onto electrode modified by
DNA film, the ECL signal increased (Figure 2 curve c).
Subsequently, with addition of hemin, the closed DNA
nanotweezers (with target) were added and adsorbed on the
electrode by the electrostatic effect from chitosan, the ECL
signal was as “OFF” signal and shown in Figure 2 curve d.
However, when without target, the ECL signal enhanced
largely (Figure 2 curve e). Furthermore, for reducing the
nonspecific binding, a block ending was designed based on the
condition of curve f, and the resulting ECL signal was as “ON”
signal (Figure 2 curve f). Moreover, the EIS results of the
formation progress of DNA−Ru(II)−Chitosan film were listed
(shown in SI Figure S4). The results proved that the

Figure 1. ECL signal of 6 control groups in different condition: ECL
signal in Ru(bpy)3

2+ solution (A); ECL signal in Ru(bpy)3
2+ solution

after deoxygenating (B); ECL signal in Ru(bpy)3
2+ solution with

hemin (C); ECL signal in Ru(bpy)3
2+ solution added with hemin after

deoxygenating (D); ECL signal in Ru(bpy)3
2+ solution added with

hemin before deoxygenating (E); ECL signal in Ru(bpy)3
2+ solution

with high concentration (2 mM) hemin (F).
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modification and reaction were as described in the principle
Scheme 1.
3.5. Optimization of Experimental Conditions. Gen-

erally, when split functional domains are used in the
development of complementation assays, it is essential to
adjust the distal relationship of the split domains to reduce the
background signal. Thus, the base-pair loop of spacer in A3
middle part was in the connecting part of recognized sites of
A3 with A1 and A2. The number of base-pair was optimized by
adding thymine (“T” base) in loop. As shown in SI Figure S5A,
the lowest background ECL signal was about 3000 a.u at 4-
base-pair. Therefore, 4-base-pair spacer as an optimal
condition was applied in the following experiments. Moreover,
for reducing the noise signal from nonspecific binding, 2-base
pair block ending was designed on the connection of G-rich
chain and nanotweezer arm, which would avoid the formation
of G-4 without target (SI Figure S5B).
Furthermore, as the readout signal depended on the value of

ON/OFF in this work, even though hemin provided an
increasing signal in the absence of the target as the increase of
hemin concentration. However, the quantity of hemin in
solution can also influence the quenching effect by enhancing
the “OFF” signal. Therefore, for investigating the highest ON/
OFF, in the presence of target (400 pM), the concentration of
hemin was optimized as shown in Figure 3A. At the hemin
concentration of 2.0 nM, the resulting ON/OFF ratio was the

highest. Thus, this concentration of hemin was selected as the
optimal condition in subsequent experiments.
To maximize the efficiency of quenching, the formation time

of closed nanotweezer (just the incubation time of hemin) in
solution was also investigated in this work. As shown in SI
Figure S6A, it was clear that the 45 min incubation obtained
the lowest signal due to the quenching effect of the closed
nanotweezer. Thus, 45 min was chosen as the optimal time of
hemin incubation.
To enhance the stability of ECL signal, the ratio of

Ru(bpy)3
2+ to chitosan (R/C) in DNA−Ru(II)−Chitosan

film and the incubation time of DNA−Ru(II)−Chitosan film
were also optimized (shown in Figure 3B and SI Figure S6B).
In the optimization of the ratio with a stable concentration of
Ru(bpy)3

2+, as the ratio of R/C decreased, the signal stability
increased, and the slope value closed to 1 (k value). Therefore,
the signal in the ratio of 5:4 (R/C) was chosen for the next-
step experiment (shown in Figure 3B). Additionally, the ECL
signal improved rapidly as the incensement of the incubation
time, and eventually stabilized when the incubation time was
over 20 min. Thus, 20 min was selected as an optimal
incubation time of hemin in the following experiments.

3.6. Analytical Performance of the Biosensing
Strategy. To assess the analytical performance of the
proposed biosensor, the DNA nanotweezers were incubated
with different concentrations of PML/RARα under the
optimized conditions. As shown in Figure 4A and, the ECL
intensity decreased correspondingly with the concentration of
the target PML/RARα in the range of 1 fM to 1 nM. The
linear regression equation was “Y = −1394 × lgCPML/RARα −
1734” with a squared correlation coefficient of 0.9944 (Figure
4B), and the limit of detection was estimated to be 0.125 fM
(LOD, defined as 3σ of the signal from the blank). Compared
with the reported biosensors (shown in SI Table S2), the
developed biosensor showed a wider linear range and a lower
detection limit due to the excellent ECL signal enhancement
effect of low concentration hemin controlled by nanotweezer.

3.7. Specificity, Stability and Repeatability for PML/
RARα Detection. To investigate the specificity of the
proposed biosensor, the ECL response signal of “L” subtype
PML/RARα was compared with that of single PML DNA,
single RARα DNA, and PML/RARα DNA in different
subtypes (“S” and “V” subtypes) in Figure 5A. Surprisingly,
no obvious ECL signal decrease could be observed in the
detection of PML, RARα, “S” type, and “V” type as compared
with that in target. Therefore, these results indicated that the
developed biosensor manifested good specificity.

Figure 2. ECL responses of bare Au (a); Au modified by DNA film
(b); Au modified by DNA−Ru(II)−Chitosan (c); Au modified by
DNA−Ru(II)−Chitosan film with the absorption of closed DNA
nanotweezer with hemin (d); Au modified by DNA−Ru(II)−
Chitosan film with the absorption of opened DNA nanotweezer
with hemin (e); Au modified by DNA−Ru(II)−Chitosan film with
the absorption of opened and optimized DNA nanotweezer with
hemin (f).

Figure 3. (A) Optimization of hemin concentration for the most ON/OFF (the ratio of “ON” signal to “OFF” signal) (B) ECL intensity of the
biosensor on different ratio of Ru(II)/Chitosan in DNA−Ru(II)−Chitosan film (5:1, 5:2, 5:3, 5:4, 5:5).
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The stability of the biosensor was of great significance for
adapting to the long testing processes. Six cycles of the
continuous ECL scan were monitored to study the stability of
the biosensor in 0.1 M PBS (pH 7.4). As shown in Figure 5B,
no obvious fluctuation (RSD = 0.133%) was observed with the
ECL peak intensity during continuous scanning, indicating
favorable stability of the proposed biosensor.
The repeatability of the method was investigated by

analyzing five different concentrations prepared under the
same condition (shown in SI Table S3), with PML/RARα
fusion gene as model target, and an average coefficient of
variation (CV) of 1.57 was obtained. The results indicated that
the designed method for PML/RARα fusion gene detection
exhibited an acceptable repeatability.
3.8. Standard Recovery Test of the Biosensor in

Salmon Sperm Sample. To assess the reliability of the
developed method in complex biological mechanism, the
recovery tests were performed by using salmon sperm DNA,
shown in SI Table S4. Samples of three different concen-
trations were prepared by mixing synthetic PML/RARα DNA
with 10 mg/mL salmon sperm DNA. The recoveries were
102.54%, 96.15%, and 103.69% in concentrations of 10 fM, 1
pM, and 100 pM, respectively, indicating that the developed
method was a feasible approach for target DNA analysis in
complex biological sample.

4. CONCLUSION

In this work, low concentration of hemin was first proved as
the Ru(bpy)3

2+ ECL enhancer by consuming quencher O2 in
Ru(bpy)3

2+ ECL system. Based on this discovery, an enzyme-

free and pragmatic ECL biosensor was successfully developed
for quantitative analysis of PML/RARα with target-switched
DNA nanotweezer and stable DNA−Ru(II)−Chitosan film.
The developed biosensor exhibited target-depended “ON-
OFF” switching with high flexibility due to the signal
enhancement from the consumption of quencher O2 and
quenching effect after the formation of closed nanotweezer. In
addition, compared with the reported fusion gene detection
strategy, this developed method by one-step reaction for PML/
RARα detection possessed a wider detection range and lower
detection limit, which might provide a promising alternative
tool for the detection of fusion gene in the future.
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Figure 5. (A) ECL response signals for specificity of PML/RARα detection against PML/RARα DNA “L” subtype (target) and different
nontargets: PML DNA, RARα DNA, PML/RARα DNA “S” subtype, PML/RARα DNA “V” subtype. Error bar represents the standard deviation
(n = 3). (B) The stability of the ECL system in six cycles.
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