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Abstract
A sensitive biosensor for the detection of miR-141 has been constructed. The DNA-biosensor is  prepared by first immo-
bilizing the thiolated methylene blue-labeled hairpin capture probe (MB-HCP) on two-layer nanocomposite film graphene 
oxide-chitosan@ polyvinylpyrrolidone-gold nanourchin modified glassy carbon electrode. We used the hematoxylin as an 
electrochemical auxiliary indicator in the second stage to recognize DNA hybridization via the square wave voltammetry 
(SWV) responses that record the accumulated hematoxylin on electrode surfaces. The morphology and chemical composi-
tion of nanocomposite was characterized using TEM, FE-SEM, and FT-IR techniques. The preparation stages of the DNA-
biosensor were screened by electrochemical impedance spectroscopy and cyclic voltammetry. The proposed DNA-biosensor 
can distinguish miR-141 from a non-complementary and mismatch sequence. A detection limit of 0.94 fM and a linear 
range of 2.0 –5.0 × 105 fM were obtained using SWV for miR-141 detection. The working potential for methylene blue and 
hematoxylin was -0.28 and + 0.15 V vs. Ag/AgCl, respectively. The developed biosensor can be successfully used in the 
early detection of non-small cell lung cancer (NSCLC) by directly measuring miR-141 in human plasma samples. This novel 
DNA-biosensor is  of promise in early sensitive clinical diagnosis of cancers with miR-141 as its biomarker.
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Introduction

Lung cancer (pulmonary carcinoma) is the first most com-
mon cancer with the highest mortality rate worldwide (1.7 
million/year) [1]. Lung cancer can be detected through the 
cancer biomarkers such as blood-based miRNAs which are 
considerably resistant to RNase activity, extreme tempera-
ture, and pH [2]. Also, they are extremely stable and easily 
extracted and can be reliably evaluated in patient samples 
via a non-invasive manner [3].

In non-small cell lung cancer (NSCLC) cells, miR-141 
has been reported to promote proliferation by regulation of 
pH domain leucine-rich-repeats protein phosphatase 1, 2 
(PHLPP1, PHLPP2), and KLF9 [4]. The miR-141 in lung 
cancer serum and tissue is overexpressed and associated 
with overall survival. However, the role of plasma miR-141 
expression in prognosis and diagnosis of NSCLC patients 
is still not clear. Therefore, the detection of miR-141 in an 
early stage of lung cancer has great importance. Diagnosti-
cally, the level of miR-141 in plasma can provide informa-
tion about tumor initiation, invasion, and metastasis pro-
cesses [5, 6].

Numerous nanostructures with unique features have been 
used to improve the sensitivity of biosensors via increasing 
the surface area, including in electrochemical biosensors to 
detect miRNAs, especially for lung cancer [7–10].

Graphene oxide (GO), made by the oxidation of graph-
ite using strong oxidizing agents, is cheaper than graphene 
and has unique features including: high-affinity conjuga-
tion with the biocomponent molecules and increased aque-
ous or organic solvents dispersibility caused by covalently 
bounded oxygen groups that make it an appropriate platform 
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for further chemical modifications [11–14]. Chitosan (CS) 
is a cationic biomacromolecule, which has high adhesion 
and high film-forming capability via its primary amines. By 
adopting CS, the reproducibility, homogeneity, and disper-
sion of graphene can be improved and enhanced the stability 
of the biosensor [15]. Nowadays appealing substances simi-
lar to conductive electroactive polymers (CEPs) have been 
much used to improve the electrode surface of biosensors. 
Among them, polyvinylpyrrolidone (PVP), a water-soluble 
neutral non-toxic/ionic promising CEPs, exhibits an intense 
affinity to metal nanoparticles such as gold and silver due to 
its hydrophobic (polyvinyl) and hydrophilic (pyrrolidone) 
groups [16]. PVP also avoids the agglomeration of NPs due 
to its significant stabilizing role [17]. Nanoparticles/PVP 
such as AuNPs/PVP, AgNPs/PVP, and GO/PVP are con-
sidered as high catalytic electroactive and long-term stable 
nanocomposite in new platforms (e.g., nanofiber, nanofilm, 
hydrogel, etc.) in electrochemical nanobiosensors [18–20].

In this work, we constructed an electrochemical biosen-
sor with an operational thiolated hairpin probe on the basis 
of two layers' nanocomposite (GO-CS/PVP-Au) film to 
measure miR-141 for the early detection of lung cancer. A 
GO-CS/PVP-AuNUs nanocomposite film-modified glassy 
carbon electrode (GCE/GO-CS/PVP-AuNUs) was used as 
a high steaky stable and conductive substrate to immobilize 
a thiolated probe.

In addition to methylene blue as the main label, we also 
used hematoxylin (HEM) as a helper electrochemical indi-
cator to be able to measure the amount of hybridization as 
well as the biosensor detection accuracy. To the best of our 
knowledge, AuNU/PVP/CS-GO nanocomposite has never 
been used in any electrochemical biosensors for miR-141 
detection.

Experimental Section

Oligos and chemicals

The sequence of oligos and composition of the solutions are 
described in Electronic Supporting Material (ESM), Sect. 1 
and Table S1.

Instruments and electrochemical 
measurements

Electrochemical experiments, including cyclic voltammetry 
(CV), square wave voltammetry (SWV), and electrochemi-
cal impedance spectroscopy (EIS), were done using three-
electrode system containing a working electrode (modified 
GCE), an Ag/AgCl electrode as the reference electrode, and 

an auxiliary electrode (platinum electrode). The procedure 
of experiments is described in ESM, Sect. 2.

Preparation of two‑layer nanocomposite 
film electrode

The synthesis procedures of GO-CS nanocomposite, poly-
vinylpyrrolidone-gold nanourchin (PVP-AuNUs) nanocom-
posite and the process of two-layer nanocomposite prepara-
tion are completely explained in ESM, Sects. 3 to 5.

Hairpin probe immobilization 
and hybridization

In the first, the disulfide bonds of the MB-HCP were reduced 
using dithiothreitol (DTT) according to the method of Tang 
et al. 2019 [3]. The capture probe was treated in a bain-
marie of 85 ̊C for 25 min and ice-cold water for 15 min to 
prevent the formation of dipolymer. Then, the capture probe 
(0.6 µM final concentration) was diluted in immobilization 
buffer (25.0 mM Tris–HCl, 100.0 mM MgCl2, 100.0 mM 
NaCl, pH 8.0) and 15 µL of the solution was meticulously 
placed onto the surface of GCE/GO-CS/PVP-AuNUs and 
incubated for 16 h at 4 ̊°C and the electrode was covered 
with a plastic cap to avoid evaporation of the solution. After 
thorough washing with the washing solution (10.0 mM 
Tris–HCl, pH 8.0), the electrode was submerged in 1.0 mM 
MCH solution for 30 min to remove non-specific adsorption 
of the probe as well block the remaining naked areas on the 
surface of AuNUs. After rinsing with washing solution, the 
ready electrode was submerged in the hybridization buffer 
(10.0 mM Tris–HCl, 25.0 mM NaCl, pH 8.0) containing 
different concentrations of the anti-miR-141 capture probe 
(ACP-141) at 37 ̊°C for 120 min [21, 22]. Finally, the DNA-
biosensor was ready after extensive rinsing with washing 
buffer. EIS and CV analysis was performed to confirm the 
electrode modifications.

HEM accumulation on the DNA‑biosensor.

In order to create a control, prepared biosensor was sub-
merged in the 0.1 mM PBS (pH 8.0) containing 0.1 mM of 
HEM for 10-min stirring at 100 rpm speeds without apply-
ing the miR-141 samples followed by rinsing with a washing 
solution for 10 s. Scheme 1 illustrates the fabrication steps 
of the proposed biosensor.

213   Page 2 of 12 Microchim Acta (2022) 189: 213



1 3

Preparation of samples

Due to the significant role of early monitoring and detection 
in lung cancer treatment [23], the proposed DNA-biosensor 
was used to measure miR-141 in the blood plasma samples. 
For this purpose, a healthy non-cancerous human blood 
plasma was provided from the Bio Bank of Shiraz Univer-
sity of Medical Sciences. The applicability of developed 
device is evaluated at the beginning of the whole analytical 
process, via incubation of the prepared DNA-biosensor (in 
a humid chamber for 120 min at 37 °C) in undiluted blank 
and containing 0.1 nM miR-141 plasma samples (2.0 µL 
of 500 pM miR-141 solution was taken to a final volume 
of 10 µL with human undiluted plasma sample). Since the 
concentration of miR-141 in the non-cancerous plasma, 
like other miRNAs, is at very low or undetectable levels, 
less than the detection limit of the prepared DNA-biosen-
sor (Fig. 1) [24], the primary concentration of miR-141 in 
the plasma sample was lower than detection limit of the 
method [23, 24] and therefore, different concentrations of 
miR-141 were spiked into tenfold diluted plasma sample 
(with RNase-free phosphate buffer).

Results and Discussion

The main mechanism is based on detachment of the anti-
miR-141 capture probe (ACP-141) in the presence of the 
miR-141 (Scheme 1). The thiolated capture hairpin probe 
(MB-CHP) is self-assembled on the GCE after modification 
of the electrode with two layers' nanocomposite GO-CS and 
AuNUs film and then partially hybridized with ACP-141. 
After the introduction of miR-141, the partially hybridiza-
tion of MB-CHP with a segment of ACP-141 and also the 
more tendency of this probe (ACP-141) toward its specific 
miRNA (miR-141), makes the anti-miR-141 capture probe 
detached from MB-CHP. Thus, the SWV signal of the elec-
trochemical label, methylene blue (MB), increases and the 
SWV signal of HEM decreases. The results of research on 
the mechanism of action of HEM with DNA show that the 
intercalation and electrostatic binding are the two major 
modes for interaction between HEM and DNA [25–27]. 
According to the previous publications of our research team 
the signal of the HEM accumulated on single-stranded DNA 
(ssDNA)/electrode is smaller than that of double-stranded 
DNA (ds-DNA)/electrode. This indicates that the interac-
tion of HEM with ds-DNA is stronger than ss-DNA [8, 25]. 

Scheme 1   Schematic represen-
tation of construction process of 
DNA-biosensor
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Therefore, the presence of miR-141 reduces the HEM signal 
and increases the MB-CHP signal.

Unlike the single reported bioassays, the ratiometric 
dual-signal strategy is more effective and reliable because it 
reduces external interferences and provides a more accurate 
signal, due to its features in the significant elimination of 
false-positive errors by the built-in correction mechanism as 
well as the ability of ratiometrically increasing the detection 
signal as a major amplification approach at the relatively low 
concentration. Therefore, the ratiometric dual-signal method 
has the merits of high sensitivity and selectivity, excellent 
accuracy, and good stability [28, 29].

Characterization of electrode surface

The field-emission SEM and TEM were performed using 
a Zeiss EVO MF10 scanning electron microscope and a 
Zeiss-EM10C transmission electron microscope (Ger-
many), respectively, to portray the morphologies of elec-
trode surface after modification with the first (CS-GO) and 
second (GO-CS/PVP-AuNUs) layers of nanocomposite 
film, respectively. As shown in Fig. 2A, first-layer nano-
composite (CS-GO) displayed the unevenly corrugated and 
crumpled sheet-like structures, which could extend the sur-
face area, dispersibility, and also adhesion on the electrode 

surface effectively [28, 30]. After that, the composition of 
chemo-polymerized vinylpyrrolidone (PVP) as a capping 
agent with gold nanomaterials has a significant effect in the 
regular shape formation of stabilized AuNUs (e.g., cubes, 
wires) and also prevents their agglomeration on electrode 
surface [31], (Figs. 2B, C, D). The high-magnification TEM 
image in Fig. 2E shows spherical-shaped AuNUs with diam-
eter of ~ 14 ± 2 nm, settled on the top of film. FTIR spectra 
were used to investigate the successful synthetic process of 
nanocomposite film (Section S6 and Fig. S1). This well-pro-
portioned two-layer nanocomposite film structure (GO-CS/
PVP-AuNUs) could remarkably enhance the electrode-effi-
cient surface area and increase the electron transfer ability 
and also the probe loading amount.

Electrochemical characterization 
of the miR‑141 DNA‑biosensor

The electrochemical behavior of the DNA-biosensor was 
investigated after each preparation step by using EIS and 
CV methods. EIS is a notable and appropriate technique 
for monitoring the impedance changes of surface-modified 
transfer electrodes. In the Nyquist plot, the semicircle diam-
eters at high-frequency region indicate the electron transfer 
resistance (Ret) which controls the electron transfer kinetics 

Fig. 1   Typical SWV responses 
during DNA-biosensor incuba-
tion in undiluted blank plasma 
sample, incubation in diluted 
blank plasma sample, and 
incubation in undiluted plasma 
containing 0.1 nM miR-141. All 
the SWV data were collected in 
potentials ranging from -0.5 V 
to 0.5 V vs. Ag/AgCl, and the 
supporting electrolyte is 0.1 M 
KCl
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of the redox probe at the electrode interface [22, 32]. In 
these plots the diameter of the semicircular is related to the 
Ret and the linear region demonstrates a diffusion limited 
process [30]. As it is illustrated in Fig. 3A, the AuNU-PVP/
CS-GO modified GCE (pink) exhibited an approximately 
straight line (87 Ω), while the Ret of bare GCE was 625 Ω 
(Black), which clearly exhibited the great electron-transfer 
superiority of our method [33]. After immobilization of 
CHP, the Ret value enhanced to 0.94 KΩ, because of the 
assembling of negatively charged phosphoric acid back-
bones of DNA probe which repelled the [Fe(CN)6]3−/4− and 
inhibited the electron transfer (Red) [22]. The resistance 
value significantly raised to 1.9 KΩ and 3.58 KΩ (brown 
and green curves) after the electrode sealed with MCH and 

ACP-141, respectively. This was due to the blocking of 
MCH with non-conductive properties and a large amount 
of negatively charged phosphoric acid backbones as a result 
of dsDNA formation [34], elucidating that DNA hybridi-
zation was approvingly situated onto the electrode, respec-
tively. In addition, the Ret value decreased to 2.82 KΩ (blue 
curve) when miR-141 attached onto the ACP-141, and this 
decrease was the obvious evidence of prosperous binding 
of CHP onto the electrode surface due to attaching of tar-
get miRNA onto ACP-141. The EIS analysis of different 
modified electrodes before the construction of biosensor is 
exhibited in Fig. 3B. As it can be observed, the GCE has a 
low electron transfer resistance. After the modification of 
GCE with the GO-CS/PVP-AuNUs nanocomposite film, the 

Fig. 2   FESEM images of the 
CS-GO (A) and GO-CS/PVP-
AuNUs (B, C, D) modified GC 
electrode. (E) TEM image of 
GO-CS/PVP-AuNUs/GCE

Page 5 of 12    213Microchim Acta (2022) 189: 213



1 3

diameter of the semicircle decreased. This was due to the 
excellent conductivity of the two-layer nanocomposite film 
which increased the electron transfer, hence reducing the 
surface resistance between the redox probe and the modified 
electrode [22, 35].

Modification processes were evaluated using CV. As 
shown in Fig. 3C, there was a clear reduction in voltam-
metric signal after PVP modified onto the electrode (Yel-
low) compared with bare GCE (black), denoting that PVP 
itself was not conductive. However, the peak currents 
increased slightly after AuNUs (purple) onto the first layer 
of nanocomposite film (gray), but the peak current remark-
ably raised (pink) after the chemical deposition of AuNUs 
onto the GCE/GO-CS/PVP surface, which could effectually 
amplify the electron transfer rate and magnify the immobi-
lizing amount of hairpin probes. The effect of CHP immo-
bilization and the addition of MCH, ACP-141 as well as 
miR-141 on the rate of current reduction due to the increase 
in resistance value are also shown in Fig. 3C.

Optimization of the experimental conditions

This section is explained in ESM, Sect. 7.

Analytical performance of the biosensor

The HEM employed as an auxiliary indicator in our novel 
approach design, is a stain that exhibits a stronger prior-
ity for double-stranded DNA (dsDNA) than ssDNA and 
self-assembled DNAs such as hairpin probes [16, 34]. The 
thiol modified CHP labeled with MB (MB) tag is self-
assembled on the modified glassy carbon electrode surface 
(GCE/GO-CS/PVP-AuNUs) via the formation of Au − S 
bonds [36]. Subsequent surface blocking with MCH and 
then hybridization with the complementary miR-141 probe 
lead to the preparation of the sensor by the unfolding of 
the MB-HCP to form DNA/DNA duplexes, which are 
perfect substrates for HEM [22, 32]. In the absence of 
the target miRNA (miR-141), a significant current peak 
(HEM: + 0.15 V) can thus be expected with the addition 
of HEM, because of the intercalation mechanism of HEM-
DNA interaction and efficient electron transfer between 
the HEM and the sensor surface [34]. The anti-miR-141 
capture probe (ACP-141) releases after the target miRNA 
(miR-141) is incubated with the DNA-biosensor and the 
CHP is formed again. Less preference of HEM to the self-
assembled CHP than dsDNA leads to highly suppressed 
current peak at HEM potential position (+ 0.15 V) and a 
sharp increase in current peak of MB (-0.28 V).

Fig. 3   Electrochemical 
impedance spectra of each 
immobilization step (A) for 
surface modifications (B) of 
DNA-biosensor. (C) Charac-
terization of GCE after each 
step of surface modification and 
immobilization by CV measure-
ments in 0.1 M KCl aqueous 
solution containing 5.0 mM [Fe 
(CN)6]3−/4− as redox species, 
scan rate: 20 mV/s
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We first display the susceptibility of DNA-biosensor for 
the detection of miR-141 with the addition of HEM. As 
shown in Fig. 4A, in the absence of the target miRNA, the 
sensor exhibits a sharp current peak at potential position of 
HEM at + 0.15 V. Due to electrochemical oxidation of the 
HEM, the incubation of the target miR-141 with the sen-
sor leads to notable increase in current response at − 0.28 V, 
while the peak corresponding to HEM at 0.15 V is reduced 
(Fig. 4, B vs. A).

As displayed in Fig. 5A, the current responses of HEM 
and MB redox tag can be decreased and increased, respec-
tively, with increased concentration of the target miRNA and 
the ratio of IMB/IHEM was used for miR-141 analysis. The 
calibration plots of MB and HEM as well as the calibration 
curve of the IMB/IHEM values against the logarithm of miR-
141 concentration are shown in Fig. 5B-D. The correspond-
ing linear regression equation and a correlation coefficient 
(R2 = 0/9941) of IMB/IHEM are better than IMB or IHEM. A 
linear relationship was obtained in the range from 2.0 × 10–3 
– 500.0 pM (a to f in Fig. 5A), and the limit of detection 
(LOD) was 0.94 fM (N = 3). Obviously, as shown in Fig. 5, 
the proposed ratiometric strategy based on IMB/IHEM pos-
sessed the premier analytical performance than that based 
on individual IMB or IHEM signal. Individual signal of IHEM 
and IMB as the response exhibits a linear relationship in the 
ranges of 5.0 × 10–3 – 70.0 pM and 7.0 × 10–3 – 100.0 pM 
along with the detection limits of 1.67 and 1.12 fM, respec-
tively, using the equation LODs = 3.3 SB/m [37], where SB 
is the standard deviation of the mean value from the lin-
ear regression of calibration curve of low concentrations of 
the target (the ratio signal of MB /HEM at ds-DNA/GCE) 
and m is the slope of the calibration plot. Table 1 indicates 

the analytical information for developed biosensors for 
detection of miR-141. As illustrated, electroluminescence 
and photoelectrochemical methods have been used, which 
have the ability to identify the studied biomarkers in very 
low concentrations, but have a complicated and expensive 
design. However, interfering factors and noises can influence 
on the measurement process. The proposed method in this 
study is an electrochemical method based on voltammetry 
and impedance that has a simple and user-friendly design. 
Here, a ratiometric mechanism is used to receive the signal, 
which acts as a preprocessor to remove the interferences 
and increases the selectivity of the sensor. Also, the detec-
tion limit of the proposed method is comparable to previous 
reports.

Selectivity, reproducibility, repeatability, 
regeneration and stability of the biosensor

The selectivity of the DNA-biosensor was evaluated for the 
recognition of the target from other miRNA sequences. For 
this purpose, the ACP-141/MCH/MB-HCP/AuNUs-PVP/
GO-CS/GCE was hybridized with a non-complementary 
sequence, a two-base mismatch sequence, and a comple-
mentary sequence (miR-141). Then, the electrochemi-
cal responses of two indicators on the modified electrode 
surface were recorded. Figure 5. E shows the SWV of (a) 
the prepared biosensor after hybridization with (b) a non-
complementary sequence (miR-103a), (c) a four-base mis-
matched (miR-200b), each at a concentration of 0.1 nM, 
and (d) a target RNA sequence (miR-141) at a concentra-
tion of 7.0 pM. As the figure suggests, the greatest and the 

Fig. 4   (A) Typical SWV responses during DNA-biosensor fabrica-
tion steps in the optimized condition: after immobilization of thi-
olated methylene blue-labeled hairpin capture probe (MB-HCP) on 
the electrode (red curve) and after its hybridization with ACP-141 
(Anti-miR-141 capture probe) in the final step (blue curve), (B) SWV 

responses of prepared DNA-biosensor after incubation (120  min at 
37 °C) with miR-141 (7.0 pM). SWV measurements were taken in a 
0.1 M PBS at pH 8.0 buffer with a frequency of 25 HZ, a step poten-
tial of 4 mV, and an amplitude of 25 mV

Page 7 of 12    213Microchim Acta (2022) 189: 213



1 3

smallest peak currents of the MB and the accumulated HEM, 
respectively, occurred after the incubation of the ACP-141/
MCH/MB-HCP/AuNUs-PVP/GO-CS/GCE with the target 
miRNA rather than the mismatch and non-complementary 
sequences. Moreover, the large difference between the 
responses of the d and a voltammograms demonstrates that 
simultaneous use of our two selected indicators as an elec-
trochemical label can provide excellent discrimination abil-
ity, and the prepared biosensor has satisfactory selectivity 
for the detection of miR-141 and, thus, be applied for the 
analysis of miR-141 in biomicroenvironments.

The reproducibility was assessed by four parallel meas-
urements of 7 pM miR-141 on different days in the same 
batch and two laboratories. The relative standard deviation 
(RSD) was estimated to be 4.91%, demonstrating its accept-
able reproducibility for laboratory-scale production. The 
repeatability is also another key factor in assessing the accu-
racy and evaluated for the concentration of 7.0 pM miR-141 

in 7 repeated measurements. The relative standard deviation 
(RSD) was found to be 3.7%.

The reusability of the DNA-biosensor is considerably 
significant for practical application, such as biological and 
clinical diagnoses, which is dependent on the regeneration 
ability and stability of the biosensor [38]. Surface of the 
prepared DNA-biosensor was incubated in hot water (80 
℃) for 5 min and then washed several times with deionized 
water. The DNA-biosensor retained 97.2% of its origin cur-
rent response after five cycles of regeneration. The signal 
response of miR-141 reached 91.7% of the initial value after 
storing of the proposed DNA-biosensor at 4 °C for 20 days. 
This high rigidity can be ascribed to the great chemical and 
environmental stability of PVP [16]. Furthermore the anti-
interference evaluation of the DNA-biosensor for some dif-
ferent kinds of other control species including tetracycline, 
ascorbic acid, albumin and ca2+ was examined. As shown in 
Fig. S3, the I MB / I Hem SWV signal response of the miR-141 

Fig. 5   (A) Typical SWV responses of the proposed sensor for multi-
plexed detection of miR-141 after incubation (120 min at 37 °C) at: 
(a) 2 fM, (b) 5.0 fM, (c) 7 fM, (d) 70 fM, (e) 0.7 pM, (f) 7 pM, (g) 
70  pM, (h) 0.1  µM, (i) 0.5  µM, and the calibration curve for miR-
141 determination by individual (B) IMB, (C) IHEM, and the ratio of 
IMB/IHEM (D), as the response. (E) Specificity investigation of the sen-

sor for the target miR-141 (7.0 pM) against other control sequences 
of miR-200b (0.1  nM) and miR-103a (0.1  nM), respectively. SWV 
measurements were taken in a 0.1 M PBS at pH 8.0 with a frequency 
of 25 HZ, a step potential of 4 mV, and an amplitude of 25 mV (the 
working potential for MB and HEM was -0.28 and + 0.15 V vs. Ag/
AgCl, respectively)
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sample was much higher than those of other interfering sub-
stances, indicating that the prepared ratiometric biosensor 
has better specificity and selectivity toward miR-141.

Determination of miR‑141 in human plasma 
samples

Comparison of the SWV responses of the DNA-biosensor 
after incubation in undiluted blank plasma (0.045 ± 0.002 
µA for MB and 1.023 ± 0.001 µA for Hem) with diluted 
blank plasma sample (0.041 ± 0.001 µA for MB and 
1.028 ± 0.002 µA for Hem) indicates that the blank plasma 
sample has no effect on the electrochemical response of 
the DNA-biosensor (Fig. 1). However, after incubation of 
the DNA-biosensor in undiluted plasma sample contain-
ing 0.1 nM microRNA-141, the reduction peaks of the 
accumulated MB and HEM dramatically decrease and 

increase, respectively. This indicates that the DNA-bio-
sensor is suitable for detection of miR-141 in the human 
plasma sample. The accuracy of the biosensor was further 
assessed by recovery assay. In the first, the initial concen-
tration of miR-141 was detected using a qRT-PCR. Sub-
sequently, miR-141 solutions of different concentrations 
(10 fM to 10 pM) can be obtained by diluting the initial 
miR-141 solution. In total, 10 μl of the prepared solutions 
was incubated on the ACP-141/MCH/MB-HCP/AuNUs-
PVP/GO-CS/GCE, and the SWV of the accumulated MB 
and HEM was recorded. Then, the recovery rates of the 
prepared samples were calculated. To evaluate method 
reliability, the qRT-PCR [39, 40] was also used as a gold-
standard method for analysis of initial concentration of 
miR-141 in human plasma samples. The results are sum-
marized in Table 2. As the table suggests, the proposed 
DNA-biosensor can be employed to measure miR-141 in 
clinical samples.

Table 1   Comparison of the 
DNA-biosensor parameters 
and functions with previous 
publications for miR-141 
detection

Method LOD Linear Range Ref

ECL 31.9 aM 100 aM–0.1 nM [41]
Photoelectrochemical 2.4 aM 0.1 fM to 1 nM [42]
Electrochemical (SWV) 3.23 aM 10 aM to 10 pM [43]
Photoelectrochemical 0.33 fM 1 fM to 1 nM [44]
Photoelectrochemical 0.3 fM 1 fM to 1 nM [45]
Fluorescence 0.088 nM 0.1 – 50 nM [46]
Fluorescence 0.001 nM 0.001 - 5 nM [47]
Chemiluminescence 0.1 nM 0.1 - 50 nM [48]
Chemiluminescence 280 fM ---- [49]
Mass spectrometry 42 pM ---- [50]
Mass spectrometry 10 fM ---- [51]
Surface Enhanced Raman Spectroscopy 

(SERS)
<0.01 pM 1 - 10000 pM [52]

Electrochemical (SWV) 0.08 pM 0.01–100 pM [53]
Electrochemical (SWV) 0.01 pM 0.01 - 1000 pM [54]
Electrochemical 10-6μM 10-6 - 100 μM [55]
Electrochemical 10 pM 50 - 1000 pM [56]
Electrochemical 138 aM 500 aM–50 nM [57]
Ratiometric electrochemical SWV 0.94 fM 2.0 fm – 0.5 nM This Work

Table 2   Recovery results corresponding to miR-141 determination in a human plasma sample (N = 4) using the proposed DNA-biosensor

Samples Spiked
(fM 10μL−1)

Developed Method qRT-PCR

Detected
(fM 10μL−1)

Recovery (%) RSD (%) Detected
(Copy number 10μL−1)

Recovery (%)

Human Plasma 0.0 - - - 83 – 176 ∼ 0.1 – 0.3 fM/10ul -
10 10.47 104.7 5.3 61.0 × 108 ∼ 10.13 fM/10ul 101.3
100 99.0 99.0 4.2 58.79 × 109 ∼ 97.63 fM/10ul 97.63
10,000 9690 96.9 4.6 533.1 × 1010 ∼ 8851 fM/10ul 88.51
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Conclusion

An electrochemical DNA-biosensor was constructed for 
measuring miR-141 in the early stages of lung cancer. To 
this end, AuNUs-PVP/GO-CS was used as an excellent 
substrate with high conductivity to immobilize a thiolated 
probe on the surface of a GCE. In addition, MB served as 
an electroactive label and HEM as an auxiliary indica-
tor. The results showed that HEM as auxiliary indicator 
has more interaction with dsDNA than ssDNA. Through 
SWV, a wide linear range of concentration and a low 
detection limit were obtained for the complementary DNA 
(miR-141) at the surface of the proposed DNA-biosensor. 
Using a complementary sequence (miR-141), a remarkable 
growth was also occurred in the peak current of the MB 
and decrease of the accumulated HEM, respectively, as 
compared to the use of a mismatch or a non-complemen-
tary sequence. Thus, the suggested DNA-biosensor can 
be used to identify the miR-141 in early sensitive clinical 
diagnosis of cancers.
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