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Electrochemical detection of microRNA-21
based on a Au nanoparticle functionalized g-C3N4

nanosheet nanohybrid as a sensing platform and a
hybridization chain reaction amplification
strategy†

Ya Wang, Mengyao Li and Yuzhong Zhang *

Here, a sensitive sandwich-type electrochemical biosensor for microRNA-21 detection was reported. It

was based on the use of a Au NP functionalized graphite-like carbon nitride nanosheet (g-C3N4 NS)

nanohybrid (Au NPs–g-C3N4 NS) as a sensing platform and DNA concatemers containing methylene blue

(MB) as a signal probe. The signal probe was prepared by using two different single strand DNAs with a

complementary sequence (one of them labeled with MB at the 3’ end) to form long concatemers via con-

tinuous hybridization chain reaction (HCR); thus numerous MB signal molecules were loaded on long

concatemers. The biosensor was fabricated following the next step: a thiolated hairpin probe (HP) was

first immobilized on the surface of the glassy carbon electrode (GCE) modified with a Au NPs–g-C3N4 NS

nanohybrid. After it was blocked with MCH, the modified electrode was sequentially hybridized with

microRNA-21 and a signal probe, respectively. As a result, a sandwich structure of HP–microRNA–signal

probe covered the surface of the modified electrode. Differential pulse voltammetry (DPV) was employed

to measure the sensing signal in phosphate buffered solution (0.10 M PBS, pH 7.4). The experimental con-

ditions were optimized such as the hybridization time and the amount of g-C3N4 NS. The proposed bio-

sensor exhibited a wide linear response range (1.0 fM to 500 nM) and a low limit of detection (0.33 fM; at

S/N = 3) under the optimal conditions. Meanwhile, the biosensor could discriminate single base mis-

matched microRNA-21, indicating that the biosensor possessed high selectivity.

Introduction

As is well known, microRNAs possess short sequences (18–22
nt), low expression levels, and highly similar sequences among
family members and play significant regulatory roles in many
biological processes such as cellular differentiation and cell
apoptosis.1 The previous literature shows that the dysregula-
tion of the expression of microRNA is correlated to cancer.2

For example, a higher expression level of microRNA-21 in
serum is related to breast and liver cancers.3 Currently, quanti-
tative reverse transcription polymerase chain reaction
(qRT-PCR) and northern blotting are conventional detection
methods of microRNA.4 However, these methods suffer from
the need to design primers to label locked nucleic acid (LNA),
sample degradation due to RNases and low sensitivity. Hence,

it is essential to develop a simple and sensitive detection
method of microRNA. To date, various analytical methods of
microRNA have emerged including fluorescence,5 colorimetry,6

surface plasma resonance (SPR)7 and electrochemistry.8–12

Moreover, some reviews related to microRNA assay have been
reported.4,13 Among them, electrochemical methods are fasci-
nating due to their advantages including simplicity, sensitivity
and high selectivity. To improve the detection sensitivity,
various signal amplifying modes have been reported including
nucleases and enzyme-free assisting.14–22 Enzyme-free
amplifying modes including hybridization chain reaction
(HCR) and catalyzed hairpin assembly reaction (CHA) have
been reported. For instance, Tang’s group reported an ultra-
sensitive electrochemical immunosensor for IgG protein detec-
tion based on the HCR amplifying signal;14 Yuan’s group15 uti-
lized CHA and HCR strategies to realize target recycling and
signal amplification for microRNA-155 detection, and the
linear response range was from 10 fM to 1 nM with a limit of
3.3 fM; Miao’s group16 adopted a HCR amplifying strategy and
Ag NPs as signal tags, which showed that the assay had high
sensitivity (the detection limit was 20 aM); Liu’s group17
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employed HCR amplification and CdTe quantum dot (QD)
labeled signal strands to electrochemically detect microRNA-2.
As a result, the biosensor exhibited a wide linear response
range (0.1 fM to 0.1 nM) and a low detection limit (33 aM).
Nucleases are used as signal amplification modes to improve
the analytical performance. For example, Tang and coworkers
employed an exonuclease III-powered DNA walker for CEA
detection using a near-infrared light responsive biosensor.19

Thereafter, the group reported a photoelectrochemical bio-
sensor of kanamycin using a palindromic molecular beacon
and polymerase.20 As a result, the assay showed a wide
working range from 50 to 500 fM and a low detection limit of
29 fM. In contrast to enzyme signal amplification, the experi-
ment process of HCR is simple and easy to perform.

Graphite-like carbon nitride (g-C3N4) nanosheets (NS), a
metal-free semiconductor material, have been recently
employed as a good electrochemiluminescence (ECL) emitter.
However, they have a low electron transfer rate and low conduc-
tivity to restrict their application in the sensing field. In order to
overcome the defects, metal nanoparticles (e.g. Au NPs) are
often used to form a g-C3N4 NS–metal nanoparticle hybrid. The
nanohybrid can clearly improve the catalysis and ECL
performance.23,24 Inspired by the literature, the Au NPs–g-C3N4

NS hybrid was employed as a sensing base material in the
present work to improve the sensing performance. HCR was
used to form a signal probe to improve the sensing perform-
ance. In contrast to other HCR amplification methods, this
method has the following advantage: the signal probe is pre-
pared in advance via HCR; thus long DNA concatemers can be
easily obtained and verified. The experimental conditions are
gentle. In terms of design, a thiolated hairpin probe (HP) was
used as the capture probe and first immobilized on the surface
of Au NPs–g-C3N4 NS/GCE; only after hybridization with
microRNA-21 did the hairpin structure open up, and then the
signal probe was incubated with microRNA-21-HP/Au NPs–g-
C3N4 NS/GCE, resulting in a sandwich structure of signal
probe–microRNA–HP formed on the surface of Au NPs–g-C3N4

NS, and the electrochemical signal was clearly increased. As a
result, the microRNA biosensor exhibited a wide linear response
range (1.0 fM to 500 nM) and a low limit of detection (0.33 fM).

Experimental
Chemicals and reagents

Chloroauric acid (HAuCl4·4H2O) and tris(hydroxymethyl)ami-
nomethane (Tris) were purchased from Sinopharm Chemical
Reagent Co., Ltd. Melamine, 6-mercapto-1-hexanol (MCH),
sodium borohydride (NaBH4), trisodium citrate and various
oligonucleotides were synthesized by Sangon Inc (Shanghai,
China), and the sequences are as follows (in the hairpin probe,
the loop is italicized and the sticky ends are underlined):

Hairpin probe (HP): 5′-HS-SH-(CH2)6-C ̲C̲G̲ G ̲G ̲T̲ TCA ACA
TCA GTC TGA TAA GCT AA̲C ̲ C̲C ̲G̲ G ̲-3′

Signal sequence 1 (P1): 5′-CCG TTC CGA GTT GTG A̲C̲C̲
C̲G ̲G̲ C̲T ̲A̲ C̲A̲T̲ G ̲G̲A ̲-MB-3′

Auxiliary sequence 2 (P2): 5′-CAC AAC TCG GAA CGG T ̲C̲C̲
A̲T̲G ̲ T̲A̲G ̲ C̲C̲G ̲ G̲G ̲T̲-3′

MicroRNA-21: 5′-UAG CUU AUC AGA CUG AUG UUG A-3′
Single base mismatched sequence (M1): 5′-UAG A̲UU AUC

AGA CUG AUG UUG A-3′
(M2): 5′-UAG CUU AUC AC̲A CUG AUG UUG A-3′
(M3): 5′-UAG CUU AUC AGA CUG G ̲UG UUG A-3′
Noncomplementary sequence: 5′-GUA AGG CAU CUG ACC

GAA GGA A-3′
The following buffered solutions were employed throughout

the experiment: TE buffer solution (10 mM Tris-HCl + 1.0 mM
EDTA, pH 7.4) was used for dissolving various oligonucleo-
tides. 0.10 M PBS containing 0.10 M NaCl (pH 7.4) was
employed as the detection solution. 0.01 M PBS containing
0.10 M NaCl (pH 7.4) was used as the hybridization solution.
[Fe(CN)6]

3−/4− was used as the redox probe of cyclic voltamme-
try (CV) or electrochemical impedance spectroscopy (EIS) to
investigate the assembling process of the biosensor. All solu-
tions prepared were treated in advance with diethyl pyrocarbo-
nate (DEPC)-treated water (RNase-free) (Sangon Inc, Shanghai)
and twice-distilled water was used in this study. The serum
samples were kindly provided by Anhui Normal University
Hospital, Wuhu, and all experiments were performed in
accordance with the relevant laws and institutional guidelines
of China, and approved by the ethics committee at Anhui
Normal University. Informed consents were obtained from
human participants of this study.

Apparatus

A CHI650C electrochemical analyzer (Chenhua, Shanghai) with
a three electrode system was employed for various electro-
chemical measurements. A bare or modified glassy carbon
electrode (GCE, Ø = 3.0 mm) was used as the working elec-
trode, a platinum wire was used as the auxiliary electrode and
a saturated calomel electrode (SCE) was used as the reference
electrode. All potentials were referenced to the SCE. Scanning
electron microscopy (SEM) (Hitachi S-8100, Japan) was used to
obtain the morphologies of g-C3N4 NS and Au NPs–g-C3N4 NS.
A fusion FX7 EDGE imaging system (VILBER LOURMAT, Co,
France) was used for the gel electrophoresis experiment.

Synthesis of g-C3N4 NS and preparation of the Au NPs–g-C3N4

NS hybrid

The bulk g-C3N4 material was prepared following the previous
literature.24,25 In detail, 10 g of melamine was placed in a cru-
cible, and then heated at 600 °C for 2 h at a heating rate of
3 °C min−1; then it was cooled to room temperature at a rate of
3 °C min−1. As a result, a yellow powder was obtained.
Subsequently, 30 mg bulk g-C3N4 powder was ultrasonically
agitated for 16 h and dispersed in 50 mL water. The final
formed suspension was centrifuged at 6000 rpm to remove the
residual unexfoliated g-C3N4 NS, and the mass concentration
of the g-C3N4 NS suspension was calculated by weighing the
powder dried from a certain volume of the suspension. The
concentration of g-C3N4 NS was 0.01 mg mL−1.
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Au NPs–g-C3N4 NS was prepared following the next pro-
cedure.24 In brief, 300 μL of 0.01 M HAuCl4 solution was
added slowly to 50 mL of 0.01 mg mL−1 g-C3N4 NS suspension
under stirring and ultrasonic agitation for 30 min at room
temperature. Afterward, 1.0 mL of 0.50 mg mL−1 NaBH4 (fresh
preparation) was added quickly to the above suspension and
stirred for 20 min in an ice bath. Finally, 1.0 mL of 1.5 mg
mL−1 sodium citrate was added to the above suspension under
stirring, and the stirring process was continued for 30 min.
After centrifugal separation, the obtained product was redis-
persed in water to obtain 0.05 mg mL−1 of Au NPs–g-C3N4 NS.

Preparation of the signal probe

The signal probe was obtained according to our previous
report:26 briefly, 100 μL of 2.0 μM signal sequence (P1) was
incubated with 100 μL of 2.0 μM auxiliary sequence (P2) for
2.5 h at 37 °C, resulting in a continuous hybridization reaction
between P1 and P2 to form long DNA concatemers during this
process. A gel electrophoresis experiment verified the for-
mation of DNA concatemers.

Fabrication of the microRNA sensor

The sensing mechanism is shown in Scheme 1. The bare GCE
was first polished with an alumina slurry (0.3 µm, 0.05 µm)
and washed ultrasonically for three minutes (water, ethanol),
respectively. Then, 5.0 μL of 0.05 mg mL−1 Au–g-C3N4 NS was
injected on the surface of the GCE and naturally dried.
Subsequently, 16.0 μL of 1.0 µM HP was dropped onto the
surface of Au–g-C3N4 NS and kept for 12 h in a refrigerator.
The modified electrode was then incubated with MCH (1%) for
1 h to block the active sites of the electrode surface. The elec-
trode was denoted as MCH/HP/Au–g-C3N4 NS/GCE.
Subsequently, 10.0 μL of various concentrations of
microRNA-21 or serum sample was dropped on the surface of
MCH/HP/Au–g-C3N4 NS/GCE and incubated for 80 min at
37 °C. Finally, 10.0 µL of 1.0 µM signal probe was injected on

the surface of microRNA-21/MCH/HP/Au–g-C3N4 NS/GCE, and
incubated for 60 min; thus the sandwich structure of HP–
microRNA-21–signal probe was formed. The fabricated
microRNA biosensor was rinsed and transferred to an electro-
lytic cell for measurement. As a result, a sensitive sensing
signal was obtained and is shown in Scheme 1 (right).

Electrochemical measurements

Electrochemical measurements were performed in an electro-
lytic cell with a three electrode system. The characteristics of
the assembling process of the biosensor was performed step
by step by cyclic voltammetry (CV) or the electrochemical
impedance spectra (EIS) technique. Differential pulse voltam-
metry (DPV) was performed in 5.0 mL of 0.10 M PBS (pH 7.4).
Before the experiment, high-purity nitrogen (N2) was passed
into the solution for 10 min and the N2 atmosphere was main-
tained during the measurement. The DPV parameters are
listed as follows: potential range, −0.6 V to 0 V; pulse ampli-
tude, 0.05 V; pulse width, 0.08 s; sample interval, 0.002 s.

EIS curves were obtained in 0.10 M PBS (pH 7.4) containing
5.0 mM [Fe(CN)6]

3−/4− at a formal potential of 0.18 V (vs. SCE).
The other parameters are as follows: frequency range, 0.1 to
100 kHz; AC potential amplitude, 5 mV.

Results and discussion
Choice of materials

According to the literature, g-C3N4 NS has a similar structure
to that of graphene and weak electron transfer ability, and Au
NPs possess good conductivity and biocompatibility.
Therefore, the Au NPs–g-C3N4 NS nanohybrid provides better
conductivity and has been used in the sensing field for
improving the sensing performance. In this study, we
employed Au NPs or Au NPs–g-C3N4 NS as a sensing base
material respectively (the other conditions were the same); the

Scheme 1 Schematic illustration of the protocol of the microRNA biosensor. (A) Preparation of the signal probe. (B) The step by step assembling
process of the microRNA sensor.
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response signal obtained was clearly different when it was
employed to detect the same concentration of microRNA. The
signal intensity of the Au NPs–g-C3N4 NS base material was
2.6-fold higher than that of the Au NP base material (see
Fig. S1†), indicating that Au NPs–g-C3N4 NS as the base
material improves the electrode surface area and the immobil-
ization amount of HP clearly. Furthermore, the sensing per-
formance was clearly improved.

Characterization of the signal probe

In order to investigate the formation of the signal probe, a gel
electrophoresis experiment was performed. In this work, two
different single strand DNAs (P1, P2) were specifically designed.
15 bases (underlined) of P1 are complementary with 15 bases
of P2 (underlined), and other 15 bases are complementary with
15 bases of P2 (not underlined). So, when P1 hybridizes with P2
in a hybridization solution, longer DNA concatemers are
formed via continuous HCR. Fig. 1 shows various electrophor-
etic bands of different DNA samples. It can be seen that the
base of DNA concatemers is more than 500 bp (see lane 4),
indicating the formation of the signal probe.

Electrochemical investigation

g-C3N4 NS and Au NPs–g-C3N4 NS were first investigated with
SEM (see Fig. 2). It can be seen that g-C3N4 NS presents a thin
wrinkled structure similar to that of graphene (see Fig. 2A) and
Au NPs were uniformly dispersed on its surface (Fig. 2B) with
an average diameter of about 5 nm (Fig. 2C). Fig. 2D shows the
EDX curves of g-C3N4 NS and Au NPs–g-C3N4 NS; it can be
seen that the peaks of C, N and Au appeared, indicating that
g-C3N4 NS and Au NPs–g-C3N4 NS were successfully prepared.
The effective surface area of the Au NPs–g-C3N4 NS modified
electrode was 0.197 cm2, which was higher than that of
the bare electrode (0.13 cm2) according to the Randles–Sevcik
equation and using [Fe(CN)6]

3−/4− as the redox probe (ip =
2.69 × 105 An3/2 D1=2

0 V1/2 C0, here, D0 = 7.6 × 10−6 cm2 s−1,
n = 1, C0 = 1.0 mM). Fig. 3A shows the CVs of [Fe(CN)6]

3−/4− at

Fig. 1 Gel electrophoresis image obtained under various conditions.
Lane M, DNA marker; lane 1, 1.0 μM P1; lane 2, 1.0 μM P2 and lane 3,
1.0 μM P1 + 1.0 μM P2.

Fig. 2 (A) TEM images of g-C3N4 NS and (B) Au NPs–g-C3N4 NS; (C) EDX curves of g-C3N4 NS (a) and Au NPs–g-C3N4 NS (b); (D) size distribution
of Au NPs.
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different assembling steps of the biosensor. After Au NPs–g-
C3N4 NS was coated (curve b), the peak current was clearly
increased in contrast to the bare GCE (curve a). Along with the
HP probe, MCH, microRNA and the signal probe were sequen-
tially assembled on the surface of Au NPs–g-C3N4 NS; the nega-
tively charged probes (HP, microRNA and the signal probe)
repel the negatively charged [Fe(CN)6]

3−/4−, leading to the
gradual decrease of the peak currents of [Fe(CN)6]

3−/4−. Fig. 3B
shows the EIS curves at different assembling steps. The elec-
trode modified with Au NPs–g-C3N4 NS exhibited an almost
straight line (curve b). Along with HP and MCH assembled on
the electrode surface, a small semicircle was observed in the
EIS curves, and the diameter of the semicircle was increased.
Subsequently, the target microRNA and the signal probe were
assembled on the electrode surface, respectively. The semi-
circle was continuously enlarged. When the modified electrode
was transferred to the electrolytic cell containing 0.1 M pH 7.4
PBS, a sensitive DPV signal was obtained at a peak potential of
about −0.33 V (vs. SCE) corresponding to MB, indicating that

the assembling procedure was successful (curve a in Fig. 3C).
Meanwhile, a contrast test was performed in the absence of
microRNA-21 (the other assembling steps were the same); a
weak signal was obtained in the DPV curves due to weak
absorption of the signal probe (curve b in Fig. 3C). So, washing
was needed after each assembling step.

Optimization of experimental conditions

In order to obtain a higher sensitivity, some experiment con-
ditions were optimized such as solution pH, amount of Au–g-
C3N4 NS and HP, and incubation time (P1–P2; HP and
microRNA; microRNA and signal probe). The experimental
results obtained are presented in the ESI (Fig. S2†). As shown in
Fig. S2,† the following experimental conditions were the most
suitable: pH value, 7.4; incubation time of P1–P2, 150 min; incu-
bation time of HP–microRNA, 80 min; hybridization time of
microRNA–signal probe, 60 min. The amount of 0.05 mg mL−1

Au–g-C3N4 NS and 1.0 µM HP was 10 µL and 16 µL, respectively.

Fig. 3 (A) CVs of 1.0 mM [Fe(CN)6]
3−/4− recorded at different assembling steps of the microRNA biosensor, and (B) EIS curves of 5.0 mM [Fe(CN)6]

3−/

4− at the different assembling steps of the microRNA biosensor. Curves of (a) GCE; (b) Au NPs–g-C3N4 NS/GCE; (c) HP/Au NPs–g-C3N4 NS/GCE; (d)
MCH/HP/Au NPs–g-C3N4 NS/GCE; (e) microRNA-21/MCH/HP/Au NPs–g-C3N4 NS/GCE; and (f ) signal probe/microRNA-21/MCH/HP/Au NPs–g-
C3N4 NS/GCE. (C) DPV responses of the biosensor in 0.10 M pH 7.4 PBS containing 0.10 M NaCI recorded in the absence (b) and presence of
microRNA-21. Conditions: CmicroRNA = 1.0 pM. Csignal probe = 1.0 µM. (D) DPV responses of the microRNA sensor in the presence of a short sequence
labeled with MB (black) and long DNA concatemers (red) containing MB as the signal probe.
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Signal amplification

In this work, two different signal probes were employed for
investigation: one was a short strand probe labeled with MB

(P1) and the other was long DNA concatemers from P1–P2 con-
tinuous hybridization reaction; 1.0 pM of microRNA-21 was
used. The electrochemical responses obtained are shown in
Fig. 3D. The larger signal was obtained in the presence of long
DNA concatemers, indicating that HCR amplifies the response
signal. The reason for this was that long DNA concatemers
loaded lots of MB signal molecules.

Analytical performance

The analytical performance of the biosensor was evaluated
using a series of concentrations of microRNA-21. The peak cur-
rents at a peak potential of about −0.33 V (vs. SCE) increased
as the concentrations of microRNA-21 increased (Fig. 4A), and
a good calibration curve was obtained from 1.0 fM to 500 nM
(see Fig. 4B) with a detection limit of 0.33 fM (at S/N = 3). The
linear regression equation was ΔI (μA) = 0.585 lg C (nM) +
1.972 (R2 = 0.9980). In contrast to the previous reported work
(see Table 1), the analytical performance of the biosensor was
good from the viewpoints of the linear range and detection
limit which can meet the requirements of real sample analysis.

Selectivity, reproducibility and stability

In this investigation, we selected a single base mismatched (C,
G, A) and noncomplementary sequence with microRNA-21 for
selectivity evaluation. The results are shown in Fig. 5 with histo-
grams (inset DPV curves). From Fig. 5, it can be seen that the
signal intensity corresponding to microRNA-21 was the largest,
and signal intensities corresponding to single base mismatched
sequences (B, C, D) was lower, and only obtain about 23% that
of microRNA-21, and signal intensity corresponding to the non-
complementary sequence was the lowest which was the same as
that of the background signal (lack of target) (about 5% signal
intensity of microRNA-21). These fact indicated that the
microRNA sensor possesses good selectivity which can discrimi-
nate single base mismatched target sequences.

The reproducibility of the sensor was examined using four
sensors independently prepared under the same conditions to
detect 1.0 pM microRNA-21 and the signal intensities were
recorded. All biosensors exhibit similar electrochemical

Table 1 Analytical performance of various electrochemical microRNA biosensors

Detection method Used material Analytical time Target microRNA Linear range Detection limit Ref.

Electrochemical WO3–GO 2.5 h microRNA-21 0.1 fM–100 pM 0.05 fM 8
Electrochemical MoSe2–Au NPs 3.5 h microRNA-21 10 fM–1 nM 0.17 fM 10
Electrochemical Au NPs–GO 4 h microRNA-155 10 fM–1 nM 3.3 fM 15
Electrochemical HCR and Au NPs 4 h microRNA-21 10 aM–100 pM 2 aM 16
Electrochemical HCR + CdTe QDs 3.5 h microRNA-21 0.1 fM–0.1 nM 33 aM 17
Electrochemical CHA–RCA 1.5 h microRNA-21 0.5 pM–12.5 nM 290 fM 27
Electrochemical DA–Au NPs 1.5 h microRNA-21 0.1 pM–10 pM 45 fM 28
Electrochemical Au–PtBNPs 0.5 h microRNA-21 1 fM–1.0 µM 1 fM 29
Electrochemical Enzyme and molecular beacon 1.5 h microRNA-222 50 pM–10 nM 40 pM 30
Electrochemical Fe3O4 NPs–HCR 5.5 h microRNA-21 1 fM–1 nM 0.28 fM 31
Electrochemical Ag NPs 1.5 h microRNA-21 0.1 fM–50 fM 20 aM 32
Electrochemical Au NPs–g-C3N4 NS + HCR 2.2 h microRNA-21 1.0 fM–500 nM 33 aM This work

QDs: graphene quantum dots; HCR: hybridization chain reaction; NPs: nanoparticles; DA–Au NPs: dopamine (DA)–capped Au NPs; Au–PtBNPs:
gold platinum bimetallic nanoparticles.

Fig. 4 (A) DPV responses of the microRNA sensor corresponding to
various microRNA concentrations in 0.10 M pH 7.4 PBS containing 0.10
M NaCI: (a) 0.0 fM; (b) 1.0 fM; (c) 10.0 fM; (d) 100 fM; (e) 1.0 pM; (f ) 10.0
pM; (g) 100 pM; (h) 1.0 nM; (i) 10.0 nM; ( j) 100 nM; and (k) 500 nM. (B)
Calibration plots of peak current vs. logarithm of the microRNA
concentration.
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responses and the relative standard deviation was 3.5%, indi-
cating that the reproducibility was acceptable. The stability of
the biosensor was evaluated by recording the signal value for a
week (one time per day) in the detection solution. The
response values of the sensor were relatively stable, and the
sensor on the seventh day could retain 92.9% of its initial
response, indicating that the stability was acceptable.

Analytical application

In order to investigate the application of the microRNA sensor
in clinical samples, recovery experiments were performed by
spiking various concentrations of microRNA-21 (1.0 and 10.0
pM) into healthy human serum samples (the serum samples
were first centrifuged, and the upper solution was collected for
the detection sample). The DPV technique was employed to
record the response signal of the biosensor; the serum
samples shows a weak signal in which the signal intensity is
almost zero. When microRNA-21 was added in the serum
samples, the signal intensity was clearly increased (b, c) (see
Fig. S3†) and the content of the sample was calculated using
working curves, and the results are shown in Table 2. The

recoveries were within 96.5%–103.6% and RSDs were within
2.16%–4.17%, indicating that the microRNA sensor can be
applied to serum sample analysis.

Conclusions

A sensitive electrochemical biosensor for microRNA-21 detec-
tion was fabricated. A g-C3N4 NS–Au NPs nanohybrid was used
as the sensing platform and the hybridization chain reaction
amplified the response signal. The sensor displays good
sensing performance (wider response range and low limit of
detection). Furthermore, the microRNA biosensor can be
applied to the detection of microRNA in serum.
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