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DNAzyme. A highly loaded HRP sphere was prepared by covalent layer-by-layer assembly with CaCOs3 as
sacrificial template for the first time, and was further modified with porous Pd. Notably, PA@HRP
composite showed a good redox activity of HRP and electrocatalytic activity toward H,0,. The utilization
of PA@HRP as electrochemical signal indicator and enhancer to fabricate biosensor could avoid the need
for additional redox mediator and amplify the detection sensitivity. Moreover, target recycling amplifi-

gﬁg@ﬁz_aided target recycling cation was achieved by Pb?*-induced cleavage of ternary “Y” structure, circumventing the use of labile
Horseradish peroxidase sphere nuclease. Subsequent DNA concatamer synthesized through rolling circle amplification (RCA) reaction
Rolling circle amplification with cleaved hairpin probe as primer, hybridized with plentiful PdA@HRP-DNA probes, which led to the
Electrochemical biosensor increased loading of redox-active and electrocatalytic PA@HRP for sensitivity improvement. So the
MicroRNA proposed electrochemical biosensor detected miRNA-24 down to 0.2 fM (S/N = 3) with a wide linear

range from 3 fM to 1 nM. With bifunctional PA@HRP tag, DNAzyme-aided target recycle and program-
mable junction probe, this strategy possessed the advantages of high efficiency, high sensitivity, low cost
and versatility, and thus held great promise for other low-abundance nucleic acids determination.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction in various biological processes is of great significance for clinical
diagnostics and prognosis [1,2]. Up until now, various assays
Quantification of microRNA (miRNA) regulating gene expression including electrochemistry [3], fluorescence [4], chem-

iluminescence [5] and colorimetry [6] have been explored for

sensitive detection of miRNA. Electrochemical strategies coupled

~ * Corresponding author. with signal amplification method is often an attractive approach for
E-mail address: yebx@zzu.edu.cn (B. Ye). the amplified biological detection because of its high sensitivity,
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simplicity, fast response, low cost and portable electrochemical
devices [7,8]. Driven by more sensitive and cost-effective di-
agnostics, signal amplification improvement was imperative for
electrochemical biosensor to efficiently detect ever smaller quan-
tities of biomarker.

Rolling circle amplification (RCA) is generally considered as
highly sensitive and specific resulting from the RCA-synthesized
DNA concatamers capable of binding more signal probes [9—12].
Unfortunately, involvement of multiple monofunctional tags in
reported signal probe presents a risk for sample contamination and
causes the complexity and limited efficiency of bioassay. Redox
enzyme such as horseradish peroxidase (HRP) is the most prom-
ising candidate for resolving the above issues, considering its
intrinsic redox center and biocatalytic activity. Compared with a
free enzyme, highly loaded enzyme structure is preferable to the
construction of high-efficiency biosensor owing to the positive ef-
fect of the quantity of enzyme on its amplification efficiency and
direct electrochemistry [13]. Recently, the biocompatible calcium
carbonate (CaCOs3) with high loading capacity has been exploited as
ideal template to increase redox enzyme loading in biosensor
[14—16]. Furthermore, based on their biocompatibility, conductiv-
ity and affinity to amino-containing biomolecules, noble metal
nanomaterials can provide a microenvironment to keep biomole-
cular bioactivity and can be used to modify protein for their direct
electrochemistry [17—19]. Therefore, it is conceivable that porous
palladium (Pd) is conducive to realize the direct electron transfer of
enzyme and its catalytic property makes it extremely absorbing as
electrocatalyst for signal amplification [18]. And porous structure
makes nanomaterial render larger surface area for efficient
immobilization of biomolecules and much higher catalytic perfor-
mance for substrate in contrast to its solid counterparts [20,21]. In
this work, a highly loaded HRP sphere was synthesized by covalent
layer-by-layer (LbL) assembly with CaCOs as a sacrificial template
for the first time, and was further functionalized with porous Pd.
The composite may reveal electroactivity and electrocatalysis,
which contributes to its potential use in electrochemical biosensor.
The integration of PA@HRP-tagged signal probe with RCA holds
promise for enhancing the efficiency of biosensor and amplifying
the biological detection.

Another effective approach to amplify signal is to use target
recycling. Despite these attainments in target recycling-oriented
amplification [22—24], most of them involve the use of expensive
and labile nicking endonuclease or exonuclease, which may lead to
a high cost and a false signal due to the inactivation of nucleases. In
contrast, Pb**-specific DNAzyme exhibits some advantages over
nucleases such as high catalytic activity, good stability and inex-
pensive components [25], but its sequence-specific components
restrict the application in electrochemical biosensor. Y junction-
based detection platforms relying on three complementary oligo-
nucleotide branches can circumvent the sequence-specific limita-
tion and guarantee flexibility toward various analytes [26—28]. In
these methods, specific strand can be recycled through assistance
of nucleases, causing the detection of amplification, but these ap-
proaches still suffered the drawback of increased cost and suscep-
tibility of nuclease. In this work, Y junction probe was designed for
the assembly of Pb?*-specific DNAzyme, aiming at achieving
DNAzyme-aided target recycling without nuclease requirement.

Inspired by these, an electrochemical bioassay was reported
here for sensitive detection of miRNA-24 (as a model analyte) by
using PA@HRP tag and DNAzyme-aided target recycling amplifi-
cation (Scheme 1). When target miRNA was present, the HP, target
and auxiliary probe (AP) hybridized to form a ternary Y junction
structure on the sensor interface. Notably, HP/AP hybrid branch
acted as the assembled DNAzyme to cleave the ribonucleotide-
containing HP with the aid of Pb?*, resulting in the DNAzyme-

aided target recycling signal amplification. At the same time, the
remaining hairpin probe functioned as primer to synthesize DNA
concatamer via RCA reaction. Then, RCA-amplified concatamer
served as a powerful scaffold for increasing the signal probe
(Pd@HRP-DNA probe) loading, which was beneficial to the
enhancement of electrochemical signal. It should be noted that the
signal was obtained from HRP without requiring additional redox
mediators. Furthermore, the electrocatalysis of PA@HRP compos-
ites toward H,0, reduction could further improve the signal in-
tensity and sensitivity of biosensor.

2. Experimental
2.1. Materials and reagents

Potassium tetrachloropalladate(Il) (K;PdCly, 99%), Gold chloride
(HAuCly), horseradish peroxidase (HRP) and 6-mercaptohexanol
(MCH) were purchased from Sigma-Aldrich. Chemical Co. (St.
Louis, MO, USA). Cetyltrimethylammonium chloride (CTAC),
ascorbic acid (AA) and polyethylenimine (PEI) were obtained from
J&K Scientific Ltd. (Beijing, China). Glutaraldehyde (GA), ethyl-
enediamine tetraacetic acid disodium salt (Na;EDTA), NaBHy, tris-
hydroxymethylaminomethane hydrochloride (Tris-HCl) and
tris(2-carboxyethyl) phosphine hydrochloride (TCEP) were ob-
tained from Aladdin Co. Ltd. (Shanghai, China). T4 DNA Ligase, T4
DNA Ligase buffer, ANTP mixture, phi 29 DNA polymerase and RCA
reaction buffer were supplied by Thermo Fisher Scientific Inc
(Shanghai, China). The ultrapure water with specific resistance of
18.2 MQ cm was used throughout the experiment. Working buffer:
phosphate buffered solution (PBS, pH 7.0, 0.1 M) was prepared with
0.1 M NayHPOy4, 0.1 M KH,PO4, and 2.0 mM MgCl,. Immobilization
buffer (IB): 10 mM Tris-HCl, 1 mM EDTA, 10 mM TCEP, 0.1 M Nacl,
(pH 7.4). Hybridization buffer (HB): 10 mM Tris-HCl, 1.0 mM EDTA,
1.0 M NaCl (pH 7.0). HPLC-purified microRNAs were synthesized by
Takara Biotechnology Co., Ltd. (Dalian, China) and other DNA
probes were obtained from Sangon, Biotech Co., Ltd. (Shanghai,
China). 1 x TE buffer (10 mM Tris-HCl, 1.0 mM EDTA, pH 8.0) was
used to dissolve and store all oligonucleotides. The nucleotide se-
quences were listed in Table S1 (see Supplementary material).

2.2. Apparatus

Scanning electron microscopy (SEM, JEOL, JSM-7500F) with
energy-dispersive spectrometer (EDS) and transmission electron
microscope (TEM, USA FEI, M3000) were performed to characterize
the materials. The pH measurement was carried out with a PHS-3C
precision pH meter (Shanghai, China). All the electrochemical
measurements were performed with a CHI 650A electrochemical
workstation (Shanghai Chenhua Instrument, China). A conven-
tional three-electrode system was used, including the modified
glassy carbon electrode (GCE, ® = 4 mm) as working electrode,
platinum wire as counter electrode and Ag/AgCl electrode as
reference electrode respectively.

2.3. Synthesis of PA@HRP composite

For the synthesis of PA@HRP labels, porous Pd was first prepared
based on a seed-mediated method [29]. The high-content HRP
sphere was prepared by the decomposable porous CaCOs-tem-
plated assembly technique described in Ref. [30] with slight
modification. Based on the high affinity between Pd and amino
group from enzyme, porous Pd could be decorated onto the HRP
spheres. The schematic diagram in Scheme 1 illustrated the prep-
aration of PdA@HRP composite. The detail procedures for the syn-
thesis of all materials were described in Supporting Information.
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Scheme 1. (A) The synthesis of PA@HRP composite and (B) Electrochemical miRNA sensing based on PA@HRP as signal tag and electrocatalyst coupled with DNAzyme-aided target

recycling amplification.

2.4. Preparation of PA@HRP-tagged oligonucleotide probe
(Pd@HRP-DNA probe)

The amino-tethered oligonucleotide probe (100 pL, 2.5 uM) was
mixed with 2 mL of PA@HRP composite in PBS (pH 7.0), and then
the mixture was gently stirred overnight at 4 °C. The oligonucleo-
tide probe could be conjugated to PA@HRP composites since Pd
nanoparticle has high affinity for amino group of probe. PdA@HRP-
DNA probe was collected by centrifugation and resuspended in
PBS prior to use. For the synthesis of porous Pd-tagged oligonu-
cleotide probe (Pd-DNA probe), a similar procedure was employed,
except for the substitution of PA@HRP composite by porous Pd.

2.5. Construction of electrochemical biosensor

Prior to modification, the bare GCE was polished to mirror-like
with 0.3 and 0.05 pum Al,O3 powder and sonicated with ethanol
and water, respectively. The pretreated GCE was then modified
with AuNPs by electrodeposition in HAuCl4 (1 wt %) at —0.2 V for
30 s. The assembled AuNPs have the flower-shaped morphology
with average size of about 500 nm (Fig. S1). Before probe immo-
bilization, thiolated hairpin probe (HP) was heated to 95 °C for
2 min first. After cooled to room temperature, the thiolated probe
(1 uM, 10 pL) was dripped onto the AuNPs/GCE and incubated
overnight at room temperature in 100% humidity. After that, the
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resulting electrode was treated with MCH (1 mM) to block the
unoccupied site of electrode surface. Also, MCH acted as spacer
thiol to help oligonucleotide probe “stand” up at the electrode
surface, a configuration favorable to subsequent nucleic acid hy-
bridization [31]. Thorough rinsing with ultrapure water was
executed after every modification.

2.6. Target-induced DNAzyme assembly and Pd@HRP tag for
amplified electrochemical miRNA assay

The MCH/HP/AuNPs/GCE electrode was immersed into 10 uL of
HB containing miRNA-24 with different concentration and 1 pM AP.
After incubation of 16 h at room temperature, Y junction structure
was formed on the electrode surface by the hybridization of HP
with target and AP. Pb?* (10 plL, 2 uM) was then pipetted onto the
electrode and incubated at 37 °C for 1 h, followed by washing with
ultrapure water. After that, a total volume 10 pL of solution con-
taining 1 x ligase buffer (40 mM Tris-HCI, 10 mM MgCl,, 10 mM DTT
and 0.5 mM ATP, pH 7.8), 0.2 U T4 DNA ligase and 50 nM padlock
probe, was interacted with the modified electrode at 37 °C for 1 h.
During the process, 5'-phosphated padlock probe was cyclized via
DNA ligation to form RCA template. T4 ligase was then inactive at
65 °C for 10 min and the electrode was rinsed with ultrapure water.
RCA reaction was then performed in 10 pL of 1 x reaction buffer
(33 mM Tris-acetate, 10 mM Mg-acetate, 66 mM K-acetate, 0.1%
Tween 20 and 1 mM DTT) with 1 mM dNTP and 0.2 U phi29 po-
lymerase at 37 °C for 1 h. Afterwards, the electrode was incubated
for 10 min at 65 °C to inactive the polymerase, followed by rinsing
with ultrapure water. And then 30 pL of PA@HRP-DNA probes hy-
bridized with RCA product at 37 °C for 1 h. After washed with ul-
trapure water, the resulting electrode was placed in 2 mL PBS
(0.1 M, pH 7.0) with 1.2 mM H;0; for differential pulse voltammetry

(DPV) measurements with the scanning potential from 0.2
to —0.7 V (vs Ag/AgCl), modulation amplitude of 0.05 V and pulse
width of 0.05 s.

3. Results and discussion
3.1. Characterization of materials

To verify the successful synthesis of HRP sphere, porous Pd and
Pd@HRP composite, TEM and SEM with EDX measurement, were
performed. As seen in Fig. 1A, a clear porous morphology was
visible on the obtained Pd nanoparticle and the average size was
about 22 nm, indicating the successful preparation of porous Pd
nanostructure. From Fig. 1B, we could see that the HRP-based
structure materials presented an irregularly spherical morphology
with roughened surface. The inset image verified that the obtained
HRP spheres were uniform and monodisperse. So it could be
concluded that HRP sphere was successfully synthesized by using
porous CaCOs as template and LbL assembly technique. After
modification with porous Pd, the surface morphology of composite
was observed by SEM. And EDS analysis was performed to ascertain
chemical composition of PA@HRP composite. As shown in Fig. 1C,
porous Pd nanoparticles as bright spots (black arrow) were suc-
cessfully attached to the HRP spheres. EDS date in Fig. 1C demon-
strated that Pd, Fe, N, C, O and N element existed in the composite,
and the weight percents against them were 5.41, 1.15, 10.21, 39.59
and 43.63, respectively. The high loading concentration of HRP
might be ascribed to the effective encapsulation of enzyme into
porous template and additional enzyme assembly on the template
shell [14,15]. All the results confirmed the successful synthesis of
Pd@HRP composite.

EREECnEs [l:::;] 1[1;?1:; f‘iﬁ?%j
O 8 K-series 43.63 43.63 39.96
C 6 K-series 3959 3959 4831
N 7 K-series 10.21 10.21 10.68
Fe 8 K-series 1.15 1.15 0.30
Pd 8 K-series 5.41 541 0.75

Fig. 1. TEM images of the porous Pd (A) and HRP spheres (B). (C): SEM image of PA@HRP composites and its EDS analysis.
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Fig. 2. (A) CV and (B) EIS characterization of (a) bare GCE, (b) AuNPs/GCE, (c) MCH/HP/AuNPs/GCE, (d) target + AP/MCH/HP/AuNPs/GCE, (e) Pb**/target + AP/MCH/HP/AuNPs/GCE,
(f) RCA/Pb?* [target + AP/MCH/HP/AuNPs/GCE in PBS (pH 7.0) with 5 mM [Fe(CN)g]*> /4. The potential range of CV measurement was from —0.2—0.7 V (vs. Ag/AgCl) and the scan
rate was 50 mV s~ EIS parameters were as follows: initial potential of 0.22 V; amplitude of 5 mV; frequency range of 0.1 Hz—100 KHz.

3.2. Electrochemical characterization of the modified electrode

The stepwise assembly process for the biosensor interface was
demonstrated by cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) techniques. From Fig. 2A, we could
see that a well-defined redox peak from [Fe(CN)g]>~/*~ was
observed at the bare GCE (curve a). After electrodeposition of
AuNPs, the current signal enhanced (curve b), indicative of fast
electron transfer due to the good electroconductivity of AuNPs. The
assembly of hairpin probe decreased the current signal, because the
negatively charged phosphate backbone of probe was electrostat-
ically repulsive to the [Fe(CN)g]> /4~ (curve c). The signal intensity
further declined after incubation with target and auxiliary probe
(curve d), which might be ascribed to the increase of negatively
charged nucleic acid chain or the steric hindrance effect of ternary
junction on the electrode surface. The addition of Pb** resulted in
an increased signal in contrast to the curve d (curve e), implying
that the Pb**-induced cleavage of junction probe weakened the
electrostatic repulsion to [Fe(CN)g]>/#~. When RCA reaction
occurred on the sensing interface, the signal sharply fell off owing
to the generation of concatameric DNA product (curve f). The
consistent experiment results were revealed by the EIS measure-
ments (Fig. 2B).

3k
4}

6+

Current / pA

-10

Current / pA

3.3. Feasibility study of signal amplification

To study the availability of the amplified strategy, we performed
the DPV measurement using the biosensor (i.e., MCH/HP/AuNPs/
GCE) with/without miRNA (0.1 nM) in the presence/absence of
Pb%*, RCA and H,0,. As shown in Fig. 3A, neither Y junction nor RCA
reaction existed in the absence of target miRNA, and thus no
detectable signal was found (curve a). In the absence of Pb?*, the
DNAzyme kept inactivated, and thus Y junction did not dissociate
as well as RCA reaction would not occur. In that case, PA@HRP-
tagged detection probes were not introduced into the system,
resulting in the negligible signal (curve b). The same experimental
results were also reflected in the case without RCA despite the
presence of Pb?* (curve c). But in the presence of target, Pb*>* and
RCA, a strong electrochemical signal was observed at
around —0.25 V (curve d) in comparison to curve a, b, c. The results
indicated the high-efficiency signal amplification resulting from
DNAzyme-aided target recycling and RCA. After addition of H,0, in
the working buffer (PBS), the peak current greatly enhanced (curve
e) in comparison to that of curve d, revealing the excellent ability of
Pd@HRP to amplify the electrochemical signal. The catalytic
mechanism can be explained as following Egs. (1)—(3) [32,33]. The
electrode was considered as an electron donor.

E
2+

3k

4t

L 1 1 L 1 J

-0.4 -0.2
Potential / V

0.0 0.2

0.4

-0.4 -0.2 0.0 0.2 0.4
Potential / V

Fig. 3. (A) DPV responses of the different sensing interfaces with absence of (a) target, (b) Pb%>*, (c) RCA, (d) presence of 0.1 nM target and 2 uM Pb>* followed by RCA in PBS (pH 7.0),
(e): (d) adding 1.2 mM H;0,. (B) DPV responses of the biosensors in PBS (pH 7.0) toward 0.1 nM target incubated with (a) porous Pd-DNA probe and (b) PdA@HRP-DNA probe,

respectively.
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Additionally, Pd-DNA probe and PA@HRP-DNA probe were used
to verify the current signal originated from HRP. As shown in
Fig. 3B, no electrochemical signal was observed at the electrode
with porous Pd-DNA probe (curve a) because of the lack of redox
mediators. By comparison, the electrode with PdA@HRP-DNA probe
exhibited an obvious electrochemical signal at the potential
of —0.25 V (curve b), which explained the favorable redox activity of
Pd@HRP. The peak current was correspondent to the reduction
process of heme group in HRP, which indicated the effective direct
electron transfer between HRP and electrode and could be
expressed as the following equation HRP (Fe3*) + e~ — HRP (Fe**)
[32,34,35]. Thus, unlike previous signal probe-coupled RCA based
signal amplification approaches [7—10], this strategy hybridized a
more efficient signal probe to the RCA product since PA@HRP tag
simultaneously acted as signal indicator and electrocatalyst. Using
the bifunctional label to construct biosensor obviated the need for

Current / pA
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Fig. 4. DPV responses of the biosensor toward miRNA-24 with different concentration
(from a to b: 0 fM, 3 fM, 5 fM, 10 fM, 100 fM, 1 pM, 10 pM, 0.1 nM and 1 nM,
respectively) in PBS (0.1 M, pH 7.0) containing H,0, (1.2 mM) and the resultant cali-
bration curve for target miRNA-24.

additional electroactive species and resulted in a simple bioassay
with high sensitivity.

3.4. Quantification of target miRNA-24 with the biosensor

Under the optimal experimental conditions (Fig. S2), the
biosensor was applied to the quantitative analysis of miRNA-24 to
assess its analytical performance. Fig. 4 showed the DPV curves of
the biosensor with different concentration of target miRNA in PBS
containing 1.2 mM H;0,. It could be seen that DPV signals gradually
enhanced with the increasing miRNA concentration from 3 fM to
1 nM. The results were in accordance with the designed strategy as
we expected. The higher concentration of miRNA could result in the
formation of many Pb?*-required DNAzymes and then production
of a large quantity of primers through DNAzyme-aided cleavage
reaction, ultimately leading to the synthesis of abundant RCA
products and thus an enhanced current signal due to the binding of
more PAd@HRP-DNA probes to RCA products. The inset in Fig. 4
indicated a good linear relationship between current intensity
and the logarithm of target concentration. The corresponding
regression equation was I (LA) = —1.6815 logcmirna-24 — 11.573 with
a correlation coefficient of 0.9978. The detection limit was esti-
mated to be 0.2 fM with 3 times the standard deviation. We also
compared the performance of the proposed strategy with those of
some previously reported methods [31—37] for detection of miRNA.
The results in Table 1 indicated that the detection limit and the
quantitative range of this strategy were comparable or even more
superior.

3.5. Specificity, stability and reproducibility of the biosensor

In order to evaluate the selectivity of biosensor, other ssDNA and
miRNAs, i.e., carcinoembryonic antigen binding aptamer (Apt-CEA),
miRNA-29 and single base-mismatched miRNA, instead of target
miRNA-24, were applied to the biosensor, respectively. As illus-
trated in Fig. 5, the electrochemical response for the every control
group was negligible in contrast to that of target (columns a, b, ¢, d),
although the concentration was 10-fold greater over the target.
When the target was mixed with these potential interferents, the
obtained signal response for the mixture was almost the same as
that for target only (columns e, f). Such comparison demonstrated
that the above substances had negligible influence on miRNA-24
analysis. Thus, the developed biosensor exhibited good selectivity
and high specificity toward target miRNA. After the biosensor was
incubated with hairpin probe, its CV response in 5 mM [Fe(CN)6]>~/
4- solution was investigated by 50 continuous cycle scans (Fig. S3).
A 5.82% decrease of initial peak current was obtained, indicating
the acceptable stability of the developed biosensor. The reproduc-
ibility of the biosensor was investigated by using five equally bio-
sensors to detect 0.1 nM target miRNA. Similar current intensity
was obtained with a relative standard deviation (RSD) of 3.92%,
indicating the acceptable reproducibility of the biosensor.

Table 1

Comparision of various methods for miRNA detection.
Analytical method Detection limit Linear range Reference
Chronoamperometry 3fM 10 fM — 5 pM [36]
DPV 84.3 fM 0.1 pM — 0.5 nM [37]
Chemiluminescene 70 pM 100 pM — 1 mM [38]
Electrochemiluminescence 0.83 fM 2.5 fM — 50 pM [39]
Colorimetric 27 fM 50 fM — 50 nM [40]
Fluorescence 100 fM 1 pM — 50 pM [41]
Surface plasmon resonance imaging 1M 0 pM — 50 pM [42]
DPV 0.2 fM 3 fM—1 nM This work

Please cite this article in press as: Y. Wu, et al., Enzyme spheres as novel tracing tags coupled with target-induced DNAzyme assembly for
ultrasensitive electrochemical microRNA assay, Analytica Chimica Acta (2016), http://dx.doi.org/10.1016/j.aca.2016.10.005




Y. Wu et al. / Analytica Chimica Acta xxx (2016) 1-8 7

—
[ ]
1

8t

6+

Current / pA

Mool

Fig. 5. Selectivity of the biosensor toward miRNA-24: (a) Blank, (b) Apt-CEA (1 nM), (c)
miRNA-29(1 nM), (d) single base-mismatched miRNA(1 nM), (e) miRNA-24 (0.1 nM),
(f) the mixture containing miRNA-24 and the three interferents. (Error bars repre-
sented SD, n = 3).

4. Conclusion

In summary, we synthesized novel PA@HRP label and combined
it with target-induced assembly of DNAzyme to develop ultrasen-
sitive electrochemical biosensor. The PA@HRP composite offered a
detectable electrochemical signal and self-enhanced the signal. The
use of PA@HRP for the construction of biosensor eliminated the
need for extra redox mediator and resulted in a simple bioassay
with high sensitivity. Ternary junction structure was designed
ingeniously for DNAzyme assembly, by which target recycling
signal amplification was accomplished by DNAzyme rather than
costly and liable protein-based enzyme. Meanwhile, the binding of
RCA-amplified ssDNA concatamer with abundant PA@HRP-DNA
probes ensured a strong electrochemical signal output. And the
electrocatalysis of PA@HRP further amplify the response signal. As a
result, the proposed bioassay exhibited a lower detection of 0.2 fM
limit for miRNA analysis in range of 3 fM to 1 nM. With good sta-
bility, high specificity and sensitivity, the proposed strategy became
a promising choice for the nucleic acid diagnostics in clinical.
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