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ARTICLE INFO ABSTRACT

In this work, an electrochemical biosensor combining a novel enzyme-free converting strategy and branched
hybridization chain reaction (bHCR) signal amplification for sensitive detection of Pb>* is constructed. Herein,
inspired by Holliday junctions nanostructure, a relatively symmetric and stable four-way junction nanostructure
probe was prepared by using four DNA stands hybridization including P, S1, S2 and help DNA (hD) with rational
design and immobilized onto Au@Fe30, for rapid separation. With unique advantage of nanoprobe, target Pb**
will induce the probe conformational change and release S1, S2 from the Au@Fe30, scaffold to solution, rea-
lizing the conversion of input one target Pb?>* into two DNA outputs with enzyme-free. To further improve the
performance of biosensor, bHCR can be triggered by using S1 and S2 as initiator simultaneously to form re-
ticulated dsDNA nanostructure on the surface of electrode. Then, methylene blue (MB) as electron mediator was
embedded into the reticulated dsDNA nanostructure to produce a detection signal. This method introduced a
universal converting strategy that molecular unrelated to nucleic acids trigger nucleic acids amplification
technology with the help of enzyme-free, which not only widen the application of nucleic acids amplification
technology, but also has benefited for molecular analysis.
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1. Introduction

Over the past decade, DNA nanotechnology including DNA nano-
machines (Ranallo et al., 2017), catalytic circuits (Song et al., 2018),
and logic gates (Peng et al., 2018) have been constructed and showed
great potential application in gene diagnostic systems, biosensor, mo-
lecular imaging (Hu et al., 2019, Ke et al., 2018; Bujold et al., 2018;
Wang and Zhang, 2015). Among them, molecular conversion systems
based on nucleic acids have an ability to chemically translate any input
molecular information into a unique output nucleic acid sequence,
which not only extend the generality of sequence-specific nucleic acid
detection methods, but also make controlling the operation of dynamic
DNA devices by non-nucleic acid targets as a possibility (Srinivas et al.,
2017, Beckstead et al., 2016, Lee et al., 2015; Yu et al., 2018). Recently,
one general molecular conversion systems based on the target binding-
induced DNA strand displacement reaction has been constructed for
converting protein, metal ion and small molecular into unique output
DNA (Li et al.,2013, 2015; Bai et al., 2014), in which a duplex DNA
containing the function strand (aptamer) and output DNA was often
chosen as probe, and binding of the probe to the input would induce the
release of output DNA, thus resulting in binding-induced DNA
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assemblies. However, because of the duplex DNA probe itself short-
coming, these systems often suffered from low conversion rates and
high background reactivity that can greatly limit their practical appli-
cations. Thus, in our previous work, we presented a highly effective
protein converting strategy based on immunoreaction-induced DNA
strand displacement and T7 Exonuclease (T7 Exo)-assisted protein
cyclic enzymatic amplification. With help of T7 Exonuclease, each input
protein could induce more than one output single DNA and the con-
version rate was greatly enhanced (Yang et al., 2016). Nevertheless,
poor stability and the high cost of nuclease hindered the versatility of
the applications. From the observations above, we reasoned that the
increased conversion rates should be directly combined special struc-
ture probes and DNA strand displacement instead of nuclease.

Due to the programmability and biocompatibility of DNA enable the
DNA nanostructure with many advantageous such as responsibility to
biological cues, ready synthesis, and ease of functionalization place
DNA nanostructures, various nanoprobe based on DNA nanostructures
including one-dimensional (1D), two-dimensional (2D), and three-di-
mensional (3D) structures have been designed (Ma et al., 2019; Huang
et al., 2018; Cui et al., 2015). For example, Fan group prepared 3D
tetrahedral DNA nanostructures as platform for loading affinity ligands
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to well-control densities and orientations of probe (Song et al., 2016).
Yuan group designed a 2D DNA nanoprobe (DNP) based on proximity-
ligation assay mechanism for improving the efficiency of enzyme-free-
target-recycling amplification (Zhang et al., 2018). In light of the above
reported work, it is highly possible to rational design and synthesis of
DNA nanoarchitectures as nanoprobe to increase conversion rates in
conversing strategy. The immobile four-way junction, one kinds of DNA
tile, that was built from four single DNA strands, closely resembles the
natural Holliday junction, in which strand migration was prevented by
minimizing the sequence symmetry in the junction (Hu et al., 2019;
Kallenbach and MaSeeman, 1983; Acuna et al., 2012). This nanos-
tructure also was easily collapsed if one of the four strands was dis-
placed by other input, and then release of anther three single stands.
Inspired by this mechanism, in this research, we aim to design a novel
DNA nanoprobe with better flexibility, stability, and build ability to
construct a high efficiency of molecular conversion systems.

In the present work, an electrochemical biosensor combining a
novel converting strategy based on four-way junction nanostructure
probe, target-induced the probe conformational change and branched
hybridization chain reaction (bHCR) (Tang et al., 2017) was con-
structed for sensitive detection of Pb2*. Firstly, relatively symmetric
and stable four-way junction nanostructure probe was prepared by four
synthetic DNA strands including P, S1, S2 and hD where P contained
Pb%* aptamer. Through our rational design, S1 not only can hybridize
to S2, but also has partial same sequences region with S2. Thus, in Pb?*
conversion events, S1 and S2 can simultaneously as output DNA to
trigger further DNA assembly on the surface of electrode. Secondly, in
order to pure the nanoprobe and realize Pb%>* conversion, the nanop-
robe is immobilized onto the surface of Au@Fe3;0,4 via Au-S bond for
further separation. Thirdly, in the presence of Pb™, the binding of the
nanoporbe to Pb>* would lead to the collapse of the nanoprobe, and
then S1 and S2 can be released from the scaffold to solution, realizing
the conversion of input target Pb®* into output S1 and S2. Importantly,
the conversion ratio increased to 1/2 with enzyme-free compared with
use of traditional nanoprobe. Subsequently, the solution containing
output S1 and S2 then was dropped on the modified electrode to trigger
further DNA assembly. The thiol-modified capture hairpin DNA (H1)
immobilized onto Au nanoparticles (AuNPs) decorated glassy carbon
electrode (GCE). The stem-loop structure of capture probe H1 can be
opened by S1 and S2 respectively, and then the complementary se-
quence of H1 could serve as an initiator to trigger HCR to form dsDNA
polymers in the presence of H2 and H3. Similarly, the sequence of
subsequent of H2 and H3 would hybridize with H4 and H5 derived by
branched HCR. As a result, reticulated dsDNA nanostructure could be
formed and then absorbed a large amount of methylene blue (MB),
achieving detection signal. Therefore, the sensitivity of the proposed
method for detection of Pb>* could be significantly enhanced by using
novel converting strategy and bHCR as signal amplification protocol.

2. Experiment section
2.1. Chemicals and biochemical

Au@Fe30,4 magnetic nanoparticles were purchased from Shanghai
So-Fe Biomedical Co., Ltd. (Shanghai, China). Hexanethiol (HT), MB
and gold chloride (HAuCl,4H,0) were supplied by Sigma (St. Louis,
MO, USA). 0.1M PBS (pH 7.0) containing 0.1 M Na,HPO,, 0.1 M
NaH,PO, and 0.1 M KCI was used as working buffer solution. TAE
buffer (pH 8.0) containing 40 mM Tris-HCl, 20 mM acetic acid, 2 mM
EDTA, and 12.5 mM magnesium acetate was used as binding solution.

All synthetic oligonucleotides were ordered from Shanghai Sangon
Biological Engineering Technology and Services Co., Ltd. (Shanghai,
China), and the sequences were listed Table 1:
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2.2. Apparatus and measurements

A conversional three-electrode system including a platinum wire
auxiliary electrode, glassy carbon electrode (GCE, & = 3mm) as
working electrode and a saturated calomel reference electrode was
applied to performed all experiments. Electrochemical measurements
including cyclic voltammetry (CV), square wave voltammetry (SWV)
and electrochemical impedance spectroscopy (EIS) were carried out on
CHI 660E electrochemical workstation (Shanghai Chenhua instrument
Co., Ltd, China). CV and EIS experiments were performed in 3.0 mL
(5mM) of [Fe(CN)g]®~74~ solution with the potential ranging from
—0.2V to 0.6V. The obtained EIS spectrums were fitted by using
ZSimpWin electrochemical impedance modeling software to a modified
Randles equivalent circuit. SWV experiments were performed in 3.0 mL
(0.1 M) PBS with the potential ranging from —0.5V to 0 V. Gel elec-
trophoresis was conducted using a DYY-8C electrophoretic apparatus
(Beijing, Wo De Life Sciences Instrument Co., Ltd, China).

2.3. Preparation of DNA nanostructure containing Pb** aptamer probe
(nanoprobe)

The DNA nanoprobe was prepared according to the previous
method reported in reference with a little modification [Gerling et al.,
2015, Wu and Willner, 2016]. Firstly, the four strands including S1, S2,
hD, and P, were dissolved in 1 ><TAE/Mg2+ buffer [40 mM Tris-HCI,
20 mM HAGC, 2mM EDTA, and 12.5mM Mg>* (pH 8.0)], yielding a
final concentration of 20 uM. The resulting mixture was heated to 95 °C
for 5min and then rapidly cooled to 4 °C over 30s. Secondly, to reduce
the signal-noise ratio, Au@Fe;0, was used as scaffold to support the
prepared DNA nanoprobe. Briefly, 500 pL of buffer containing 1% (w/
w) Au@Fe30,4 and 10 uM the prepared thiol-modified DNA nanoprobe
was reacted at 4 °C for overnight, and non-hybridized S1, S2 were re-
moved by magnetic force.

2.4. Fabrication procedure of the biosensor for Pb>* detection

The procedure of the biosensor for electrochemical assay of Pb>™" is
showed in Scheme 1. First, the synthesized DNA nanoprobe incubated
with Pb?* samples with various concentrations at 25 °C for 120 min.
Then, solutions containing various concentrations of output S1, S2 re-
leased from nanoprobe was collected by a magnetic field, and then
dropped on the surface of electrode for triggering DNA assembly.

Before using, all the hairpin oligonucleotides solution was warmed
to 95°C for 5min and then cooling to 25°C. The electrode was as-
sembled as followed steps: Firstly, A bare GCE was pretreated on the
basis of the reported protocol. Secondly, the cleaned GCE was immersed
into the solution of HAuCl, (w/w, 1%) and an electrodeposition was
conducted at a constant potential of —0.2V for 30s to obtain AuNPs
layer. Following that, 10 uL of thiol-modified H1 (2.5 uM) was dropped
onto the Au/GCE for 16 h at room temperature, leading to assembling
H1 on the modified electrode. Subsequently, the electrode surface was
blocked with 1.0 mM HT for 30 min. After that, 10 L of mixture solu-
tion containing different concentrations of the released S1, S2 was
dropped onto the modified electrode and incubated for 1hat 37°C.
Then, the electrode incubated with 10 uL of H2 (2.5uM) and 10 pL of
H3 (2.5 uM) at room temperature for 2 h, followed by incubating with
10 uL of H4 (2.5uM) and 10 pL of H5 (2.5 uM) for 2 h. Ultimately, MB
(10 L, 1.0mM) as an electron mediator was embed into the dsDNA
polymers via electrostatic adsorption.

2.5. Non-denaturing polyacrylamide gel electrophoresis (PAGE)

The notche of the freshly non-denaturing polyacrylamide gel (8%)
was used to load the DNA nanoprobe samples and electrophoresis was
conducted at 100V for 30 min in 1 x TBE buffer. The non-denaturing
polyacrylamide gel (16%) was used to load HCR samples and
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Table 1
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List of all DNA sequences employed in this study.

Name

Sequences*(5'—3")

Probe (P)
S1
S2

hD
Hl
H2

H3

H4
H5

SH,-(CH,)s-TTTTTACCTGGGTGGGTGGGTGGGT

AAGTGCACT TAATC CCACCCAGGT

GATAAGGGAAGTGCACT TAATCCC

ACCCACCCA CTTAA TCCCTTATC
ACTTAAT CGCCCG GG ATTAAGT GCACTT TTTTT-(CH,)s-SH,

CGGGCG ATTAAGT GGCGGG ACTTAAT GGTCAAGAAACC

ACTTAAT CGCCCG ATTAAGT CCCGCC GGTCAAGAAACC

GAAACC CCGCCC GGTTTCTTGACC
GGGCGG GGTTTC GGTCAA GAAACC

electrophoresis was conducted at 120V for 90 min in 1 x TBE buffer.
Before loading, DNA samples were mixed with DNA loading buffer on a
volume ratio of 5:1. After separation,
the BIO-RAD gel image analysis system (USA).

3. Results and discussion

3.1. Design and optimization of four-way junction nanostructure probe

The principle of Pb>* recognition triggered enzyme-free converting

A)
] ===

S1 _S2 hD p

system is illustrated in Scheme 1. The key point of Pb>* conversion is
design of DNA nanoprobe, which must meet three requirements: 1)
DNA nanostructure should possess strong stability. 2) Binding Pb2 + to
DNA nanoprobe can trigger release of more than two single stands DNA
from DNA nanoprobe with enzyme-free. 3) The output DNA single
stands need to completely open H1 with high efficiency for further DNA
assembly. On the basis of Holliday junctions, four synthetic DNA
strands are needed to form four-way junction nanostructure probe.
Thus, initially, we designed one stand containing Pb>* aptamer and the
other three stands have partial same sequences region, which can
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Scheme 1. Converting procedure of Pb%* into output DNA (A), Schematic illustration of electrochemical detection (B).
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simultaneously use as output DNA to trigger further DNA assembly on
the surface of electrode. However, NUPACK result which can provide
the well-studied thermodynamic parameters of nucleic acid hybridiza-
tion reaction shows that it is hard to maintain balance between the
stability and yield of the formed nanoprobe and the efficiency of the
output DNA to trigger further DNA assembly. To overcome this dis-
advatange, a probe DNA (P), a help DNA and two outputs DNA were
designed to assemble nanoprobe and the NUPACK result was showed in
Fig. S1. It could be seen that the yield is up to 98% and the reaction
standard free energy (AG) is —57.28 kcal/mol (Fig. S1A). However,
when the hybridization reaction occurs among P, Sland S2, the yield is
reduced to 29%and AG is increased to —38.14 kcal/mol (Fig. S1B),
which indicated that hD play an vital role in the formation of nanop-
robe. Moreover, the yield of S1 and S2 hybridization with H1 also
corresponds to 99% and 97% (Figs. S1C and D). As a result, relatively
symmetric and stable four-way junction nanostructure probe was pre-
pared by four synthetic DNA strands including P, S1, S2 and hD where
P.

3.2. Morphology of Au@Fe3s0,

Au@Fe30, serves as the scaffold for immobilization of nanoprobe
by Au-S bonds in conversion system. Transmission electron micro-
graphs (TEMs) give the size and morphology of the Au@Fe3;0,4. The
TEM image of the Au@Fe;0,4 was showed in Fig. 1A, it could be seen
that the size Au@Fe30, nanoparticles was evenly distributed. From
enlarged image in Fig. 1B, a uniform Au shell —3 nm in thickness
coated on the surface of Fe30,4 core was observed, suggesting that Au
shells were successfully grew on the surface of Fe304. The size dis-
tribution in Au@Fe30,4 nanoparticle suspensions was got accounted. As
shown in Fig. 1C, the results revealed that the nanoparticles showed a
narrow single peak. The mean diameter (number average) is 43.8 nm
and virtually identical to the value for the maximum of the distribution.

3.3. Characterization of biosensor

CV measurements were conducted to characterize the biosensor
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preparation procedure. As shown in Fig. 1D, curve a showed a pair of
well-defined redox peak obtained at bare GCE. When AuNPs were
modified electrode, an increase peak current could be observed (curve
b) because of conductivity of AuNPs promoted the electron transfer.
After H1 was immobilized, a decreased peak current could be observed
(curve c). Subsequently, HT was incubated to block the remaining ac-
tive sites, and peak current further decreased (curve d). When solution
containing S1 and S2 was dropped on the modified electrode, the S1
and S2 would hybridize to H1 respectively, which led to the decrease of
peak current (curve e). Finally, in the presence of H2 and H3, the
complementary sequence of H1 would trigger HCR to form dsDNA
polymers. Similarly, the sequence of subsequent of H2 and H3 as-
sembled with the mixture of H4 and H5. As a result, reticulated dsDNA
structure which hindered the transmission of electrons was formed on
electrode surface, therefore, a decrease peak current could be observed.

To further characterize the modified procedure of the biosensor, the
EIS was used to provide additional information. As shown in Fig. 1E,
the GCE modified with AuNPs showed a much smaller R, (curve b)
than bare GCE (curve a). When H1 incubated to Au/GCE surface, the R,;
value increased (curve c¢). When the surface was blocked with HT, the
R, value further increased (curve d). After S1 and S2 were dropped, the
hybridization events among S1, S2 and H1 led to the increase of R,
(curve e). The complementary sequence of H1 then triggered HCR and
bHCR in the presence of H2, H3, H4 and H5, the R, was further in-
creased (curve f), which was ascribed to the introduction of more ne-
gative charges on the electron surface upon the formation of the re-
ticulated dsDNA polymers. Both CVs and EIS result demonstrated that
the biosensor was successfully constructed.

3.4. PAGE analysis

As mention above, the formation of nanoprobe plays an important
role in the construction of biosensor. Thus, PAGE (8%) analysis was
conducted to characterize the preparation of nanoprobe. As shown in
Fig. 2A, the S1, S2, hD and P, exhibited various single band in lanes 1,
2, 3 and 4 respectively. Lane 5 showed the PAGE result for sequential
hybridization among the P, S1, S2, and hD at the same concentration of
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Fig. 1. TEM image(A, B) and size distribution of Au@Fe304 (C), CV(D) and EIS (E) of the stepwise modification processes in [Fe(CN)¢] 3-/4 (a) bare GCE, (b) AuNP/
GCE, (c) H1/AuNP/GCE, (d) HT/H1/AuNP/GCE, (e) S1/HT//H1/AuNP/GCE (f) H2, H3, H4, H5/S1/HT//H1/AuNP/GCE.
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(A)

2 uM. As expected, a band with slower mobility could be observed (lane
5vs. 1,2, 3, 4), indicating successful hybridization among the P, S1, S2,
and hD. Additionally, the PAGE results for sequential hybridization
between P and hD, between S2 and hD, between S1 and P, and between
S2 and S1, were exhibited in Fig. 2B corresponding to lanes 1, 2, 3, 4.
All bands in lanes 1, 2, 3, 4 showed almost the same positions in
comparison with that of the S1, S2, hD and P in lanes 5, 6, 7and 8,
indicating that the hybridizations between two kinds of stands were
almost not occurred. This result provided exceptional evidence to de-
monstrate the successfully preparation of nanoprobe.

Further gel electrophoresis experiments (16%) were performed for
S1 trigger-HCR and bHCR. The H2, H3 H4 H5, S1 and H1, in lanes 1, 2,
3, 4 5 and 6 respectively, exhibited a different single band (Fig. 2C).
When addition S1 into the mixture solution of H1, H2 and H3 generated
a broad band with apparent molecular weights (lane 7), this observa-
tion suggested HCR efficient occurrence. After introducing H4 and H5
into above sample, a band with little mobility was obtained (lane 8).
This result demonstrated that S1 trigger HCR and bHCR to form the
reticulated dsDNA polymers.

3.5. Feasibility of the electrochemical aptasensor for Pb>* assay

To verify the feasibility of the nanoprobe for converting Pb** into
output DNA, binding to nanoprobe with and without Pb®>* were in-
vestigated. As shown in Fig. 3A, in the absence of Pb%" (curve a), no
obvious oxidation peak currents of MB are observed, indicating that the
hybridization reaction on the surface cannot be triggered. In contrast, in
the presence of 10nM Pb?™, an obvious oxidation peak current of MB
could be observed (curve b), indicating that Pb2* were indeed induced
nanoprobe conformation change and then released output DNA to
trigger DNA assembly on the surface of GCE. To further verify bHCR for
amplification signal, various modified GCE were investigated and
conducted by SWV measurements (Fig. 3B). When the HT/H1/Au/GCE
was incubated with output S1 and S2, a small oxidation peak current of
MB was showed in curve a. After incubation with H2 and H3, an
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Fig. 2. PAGE analysis of different samples, (A) Line
1: S1; Line2: S2; Line 3: hD; Line 4: P; Line 5: a
mixture of S1, S2, hD, and P. (B) Line 1: a mixture of
P and hD; Line2: a mixture of S2 and hD; Line 3: a
mixture of S1 and P; Line 4: a mixture of S2 and S1;
Line 5: P; Line 6: hD; Line 7:S2, Line 8:S1. (C) Line
1: H2; Line2: H3; Line 3:H4; Line 4: H5; Line 5: S1;
Line 6: H1; Line 7: a mixture of S1, H1, H2, H3; Line
8: a mixture of S1, H1, H2, H3, H4, H5.

increase peak current could be observed, which was ascribed to that
HCR was triggered and dsDNA polymers were formed for immobilizing
more amount of immobilized MB (curve b). When H4 and H5 in-
cubated, the peak current further increased, suggesting that designed
bHCR could successfully amplify electrochemical signals (curve c).

3.6. Optimization of detection conditions

The experimental parameters including the immobilization con-
centration of the DNA probes and the bHCR time were optimized to
obtain optimal performance of the proposed biosensor. Due to the
packing density of the H1 anchored on Au/GCE could intensely influ-
ence the analytical performance, the effect of the immobilization con-
centration of the H1 was investigated by using CV experiments in [Fe
(CN)61>7*. As shown in Fig. 3C, it could be seen that the current value
of CV gradually decreased with increment immobilization concentra-
tion of H1 from 0.5uM to 5uM. However, when the concentration of
the H1 further increased, there was no significant change of the current
value. Such a result indicated that the surface of Au/GCE was saturated
with the H1. Therefore, the concentration of the H1 at 5 uM is selected
for subsequent experiments.

Because bHCR amplification was triggered by branch sequence of
dsDNA polymers from the HCR, steric hindrances and electrostatic re-
pulsion would be limited the bHCR, therefore, the effect of the bHCR
time were optimized in this study (Fig. 3D). The proposed biosensor
was assessed by using SWV. The incubation time of the bHCR process
was examined form 10 min to 150 min as shown in Fig. 5B, The current
value increased with the increase of incubation time, and then reached
a plateau when it exceeded 120 min, demonstrating that 120 min was
enough for bHCR.

3.7. The performance of the biosensor for Pb*>* detection

Under optimal conditions, the proposed biosensor was incubated
with various concentrations of Pb®* standard solution and performed
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Fig. 3. (A) The SWV response of nanoprobe binding to 0 nM (curve a) and 10 nM Pb%* (curve b); (B) The SWV response of biosensor incubated with output DNA (a),
after HCR (b) and bHCR (c). (C) Influence of the concentration of H1 on the biosensor, (D) effect of the time of bHCR on the biosensor.
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Fig. 4. (A) The SWV response of the proposed biosensor after incubation with various concentrations of Pb>* (A). The calibration plot between the peak currents and

the Pb2* concentration (B).

by SWV. As shown in Fig. 4. The peak current of MB increased with
increment Pb?* concentration with a linear range from 0.01nM to
50 nM and the linear regression equation was I = 0.2599 ¢ + 5.893
(R? = 0.9891) with a detection limit of 8.4 pM (Fig. 4B). The higher
sensitivity and wider linear range demonstrated that the bHCR could
improve the sensitivity of the biosensor for Pb>* detection. The per-
formance was also compared with some reported methods for Pb**
assay, which indicated that the detection sensitivity was acceptable and
competitive (Table 2).

3.8. Selectivity and stability

To challenged the selectivity of the proposed biosensor for the Pb**
detection, Cu®*, Hg®*, Zn?*, Mg®* and Ca®* as possible interferences

were estimated under the same experimental conditions to evaluate the
selectivity of the biosensor. Compared with the blank test, there were
almost no difference of SWV response in the detection of Cu®*
(500 nM), Hg>™* (500 nM), Zn>* (500 nM) and Ca®* (500 nM) shown in
Fig. 5A. However, when biosensor incubated with 10 nM Pb?>*, high
SWV response was achieved. Meanwhile, while 10 nM Pb2+ coexisted
with interferences (500 nM) in the buffer, no obvious signal change
existed in comparison with the case of only Pb2 +. The result indicated
the high specificity of this biosensor for Pb2+ assay. Furthermore,
successive cyclic scan was investigated to evaluate the stability of the
proposed biosensor. It could be seen that although successive cyclic 50
cycles', the peak current still maintain 90% of initial intensity, in-
dicating that the response current had a relatively stable intensity and
the biosensor had good stability (Fig. 5B). The results also indicated
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Fig. 5. The specificity (A) and stability (B) of the biosensor.

Table 2

Comparison of the proposed biosensor with other reported methods for Pb>* detection.

Methods Detection limit Detection range References
Fluorescence 50 pM 50 pM-500 pM Fang et al. (2017)
Surface-enhanced Raman scattering 8.9 pM 10 pM - 1M Shi et al. (2016)
Electrochemistry 0.75 pM 4 pM - 20nM Liu et al. (2017)
Electrochemistry 20 pM 30 pM - 1000 nM Wang et al. (2017)
Electrochemistry 8 pM 10 pM - 1000 nM Wang et al. (2018)
Electrochemistry 8.4 pM 10pM - 50 nM This work
that the reticulated dsDNA polymers intercalated with MB maintained Acknowledgements

favorable electrochemical activity for Pb®* analysis.

4. Conclusion

In summary, we have developed a new and universal translating
strategy for electrochemical detection of Pb®* based on four-way
junction nanostructure probe, target-induced the probe conformational
change and bHCR signal amplification. Because of the special structure
of nanoporbe, each input Pb?>* could induce two output single strands
DNA with enzyme-free, which not only enhance converting ratio but
also avoid the disadvantages of enzyme-assisted translating strategy.
Additionally, with enzyme-free converting strategy, this method in-
troduced molecular unrelated to nucleic acids to trigger nucleic acids
amplification technology which might widen the application of nucleic
acids amplification technology and DNA devices. Because of aptamer
specific recognition of target Pb®*, it was possible to extend this
translating strategy to detection various target including proteins, small
molecular and metal ion.
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