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Herein, we report rapid electrochemical detection of miRNA let-7a based on a DNA probe consisting of a polyA
and Fc-co-labeled harpin structure (the polyA-H probe). The polyA-H probe could be facilely immobilized on Au
surfaces through the interactions between polyA and Au, followed by its pre-hybridization with a single strand
(S1). The probe’s surface density could be optimized for minimizing steric hindrance via changing the polyA
block length. The target let-7a could be rapidly amplified via loop-mediated isothermal amplification (LAMP)
with four simplified primers, followed by inducing the formation of dimeric i-motif (DIM) structure via H*-
induced rapid folding of two C-rich sequences of motif strand 1 and strand 2. It was found that, after introducing
the as-formed DIM to hybridize the S1, the immobilized polyAzo-H probe could rapidly revert to its hairpin
structure, sending out a turn-on electrochemical signal of the Fc. The total time for detecting the let-7a was
around 80 min, obviously less than that of most of electrochemical DNA sensors reported previously. The
biosensor showed a linear relationship of the current response to the let-7a in the range of 10 fM to 50 nM with a
limit of detection (LOD) of 5.1 fM. Our biosensors were further tested using human serum spiked with the let-7a
and the extracts of the breast adenocarcinoma cells spiked with and without the let-7a, respectively. Satisfied
results were obtained. This study shows a potential promising future of development of electrochemical bio-
sensors for rapid detection of miRNAs in the application of clinical practice.

1. Introduction

In clinical practice, rapid detection of disease biomarkers is highly
desirable, because it can shorten the waiting time for diagnosis, facili-
tating patients to be timely admitted to hospital and to receive timely
and early medical treatment (Hu et al., 2017; Jing et al., 2019; Zhang
et al., 2020). Especially in the emergency cases, rapid detection of dis-
ease biomarkers can facilitate timely diagnosis for providing urgent and
effective treatments, avoiding irretrievable acute pathophysiological
injuries (Hu et al., 2021; Kelley, 2017; Xiao et al., 2017). In recent years,
miRNAs have been widely considered as an essential and effective
biomarker for disease diagnosis, pathological analysis, and prognosis
evaluation (Gai et al., 2020; Zhou et al., 2021). Consequently, many
methods have been proposed to meet the needs of clinical rapid
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detection of miRNAs, such as fluorescent (Wang et al., 2016; Ying et al.,
2018), chemiluminescent (Shi et al., 2019), colorimetric (Zhou et al.,
2021), and electrochemical methods (Shi et al., 2018; Xue et al., 2021;
Zouari et al., 2020b). Among these methodologies, electrochemical
methods possess the irresistibly attractive advantages of technological
functionality and commercial applications such as high response sensi-
tivity, low cost, convenient operation, and ease of miniaturization,
integration and portability, making it a promising future for miRNA
detection applications. However, currently, they have been in an
embarrassing situation in miRNA detection applications, mainly due to
their weakness in the ability of rapid miRNA detection. In other words,
currently, the bottleneck problem of electrochemical miRNA detection is
that electrochemical detection is time consuming, usually more than
150 min, making electrochemical methods almost completely

Received 3 October 2021; Received in revised form 11 November 2021; Accepted 19 November 2021

Available online 26 November 2021
0956-5663/© 2021 Elsevier B.V. All rights reserved.


mailto:yanglingzhi@szu.edu.cn
mailto:sulei@szu.edu.cn
www.sciencedirect.com/science/journal/09565663
https://www.elsevier.com/locate/bios
https://doi.org/10.1016/j.bios.2021.113830
https://doi.org/10.1016/j.bios.2021.113830
https://doi.org/10.1016/j.bios.2021.113830
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bios.2021.113830&domain=pdf

X. Hua et al.

uncompetitive for rapid miRNA detection applications. Therefore, it is of
great scientific and technological significance to develop effective stra-
tegies for rapid electrochemical detection of miRNAs. Recently, a few
progresses have been made in this direction. For instance, Raouafi group
reported a new electrochemical biosensor to detect the target miRNA in
a single 30-min incubation step (Zouari et al., 2020a).

Usually, electrochemical detection of miRNAs is based on DNA probe
recognition-induced hybridization with target miRNAs on electrode
surfaces followed by the signal conversion into electrochemical response
(Azzouzi et al., 2019; Ferapontova et al., 2008). Such a DNA-based
biorecognition and the subsequent signal conversion are highly depen-
dent on the interface states of the self-assembled monolayer (SAM) of
DNA probes formed on electrode surfaces (Somasundaram and Easley,
2019). Rational control of the interface states of the SAM of DNA probes,
especially the control of the DNA probe density and minimization of
steric hindrance effects, however, remains great challenging. For
instance, generally, the most common and simple strategy for con-
structing a DNA probe interface is to use the DNA oligonucleotide
sequence tagged with a thiol (-SH) group for directly anchoring on gold
electrode surfaces (Pei et al., 2012). Nevertheless, it has been found to be
difficult to accurately control the density, orientation, and distance of
DNA strands through the Au-S bond (Pei et al., 2012). Due to the
presence of relatively large steric hindrance effects (Zhu et al., 2016),
the process of the DNA probe’s recognition and hybridization with
target miRNA occurring on electrode surfaces as well as the subsequent
signal conversion is obviously sluggish, comparative with that occurring
in aqueous solutions.

Recently, a novel DNA probe immobilization approach based on the
thiol-free polyA-Au interaction has emerged as an alternative to the
traditional -SH-tagged DNA probes (Hu et al., 2020; Pei et al., 2012;
Zhang et al., 2018). PolyA can stick to gold surfaces with high affinity
via hydrophobic collapse in the adhesion process, hence the DNA probe
tagged with polyA can be facilely immobilized on gold surfaces (Hu
et al., 2020; Pei et al., 2012; Zhu et al., 2016). More importantly, by
simply adjusting the length of the polyA, the lateral spacing and surface
density of DNA on gold surfaces can be programmably tuned, which was
otherwise difficult to achieve with thiolated DNA (Li et al., 2018; Yang
et al., 2018). Such a polyA strategy has brought several important and
innovative progresses in the field of DNA sensors including one-step
immobilization of antibodies and DNA probe, the enhancement of mo-
tion efficiency of the three-dimensional DNA motor, and the improve-
ment of the sensing sensitivity of electrochemical DNA sensors (Li et al.,
2018). However, such an elegant polyA strategy has not yet exhibited its
great value in the field of rapid electrochemical nucleic acid detection.

Herein, we report the rapid electrochemical biosensing of miRNA let-
7a based on the let-7a-involved LAMP and the turn-on type polyA based
DNA probe. The let-7a can negatively regulate the expression of Ras
oncogenes and display decreased expression in various cancers such as
breast cancer and lung cancer (Chen et al., 2018; Zhang et al., 2021). Itis
known that in nucleic acid detection, nucleic acid amplification treat-
ment such as polymerase chain reaction (PCR), strand displacement
amplification (SDA), hybridization chain reaction (HCR) and LAMP is
essential and necessary (Chai et al., 2021; Miao and Tang, 2021). LAMP
can amplify DNA with high specificity, efficiency and rapidity under
isothermal conditions (Wu et al., 2020). In this study, the miRNA let-7a
involved LAMP utilized four simplified primers, template of stem-loop
DNA (TD), loop DNA (LD), forward primer (FP), and backward primer
(BP), which could enhance the generation efficiency of the double
stem-loop DNAs, reducing the amplification time. The polyA-based DNA
probe was designed to consist of a polyA end, a harpin structure with
redox Fc at the other end. With the aid of the polyA end, the probe could
be facilely immobilized on the electrode surface and the surface density
of the polyAso-H could be precisely controlled by varying the length of
the polyA block. Accordingly, the steric hindrance effects could be
reduced obviously, accelerating the process of the DNA probe’s recog-
nition and hybridization with the target well as the subsequent signal
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conversion. Subsequently, compared with most of previous studies,
more rapid electrochemical detection of target miRNA (around 80 min)
can be achieved.

2. Experimental
2.1. Reagents and chemicals

Chloroauric acid (HAuCly-4H20) and 6-mercapto-1-hexanol (MCH)
were obtained from Beijing Huawei Ruike Chemical Co., Ltd. (Beijing,
China). Bacillus stearothermophilus 2.0 WarmStart DNA polymerase
(Bst) and 10 x isothermal amplification buffer were supplied by New
England Biolabs Ltd. (Beijing, China). Human real serum sample was
obtained from Lablead Biotech Co., Ltd. (Beijing, China). Deoxy-
nucleotide triphosphates (dNTPs), DNA marker (25-500 bp), 1X TE
buffer, DEPC-treated water, and oligonucleotides were provided by
Sangon Biotech Co. Ltd (Shanghai, China). The detailed base sequences
of all oligonucleotides are listed in Table S1. Other chemicals of at least
analytical purity were purchased from Beijing Chemical Corporation
(Beijing, China). The ultrapure water used throughout this study was
obtained from a Millipore water purification system (>18 MQ, Milli-Q,
Millipore, USA).

2.2. Target miRNA let-7a-triggered LAMP reaction

Different oligonucleotides for LAMP reaction were dissolved sepa-
rately in 1 x TE buffer to prepare the storage solution with a final
concentration of 100 pM, which were further diluted with the DEPC-
treated water when in use. Firstly, 0.2 pM TD, 0.2 pM LD, 1 X
isothermal amplification buffer, 12 U Bst, 1.0 mM dNTPs and different
concentrations of target let-7a were mixed with a final volume of 12.0
pL. Then, the mixture solution reacted in a heating incubator at 50 °C for
10 min. Next, the other solution of 8.0 pL containing 2.0 pM backward
primer (BP), 2.0 uM forward primer (FP), 0.5 M betaine, 5.0 mM NH4Cl
and 10.0 mM MgSO4 was added to the above mixture solution. Subse-
quently, the resultant mixture solution was kept at 65 °C to perform
LAMP reaction for 30 min, followed by naturally cooling down to room
temperature. 1 pL of motif strand 1 (M1) (40 pM) and 1 pL of motif stand
2 (M2) (40 pM) were introduced into the final solution to form the DIM
structure.

2.3. Fabrication of the electrochemical DNA biosensors

Firstly, the polyAgo-H probe (1 pM) hybridized with the single strand
S1 (1 pM) were incubated with the cleaned Au electrodes overnight,
which was denoted as the polyAgp-H:S1 electrode. Then, MCH (0.1 mM)
was used to modify the electrode for 30 min. Afterwards, 10 pL of the
DIM was introduced to hybridize with the S1 of the polyAso-H:S1 probe
for 40 min, to restore the hairpin structure of the polyAgo-H. It was noted
that each step of the electrode modification was followed by washing
with Tris-HCl buffer solution.

2.4. Polyacrylamide gel electrophoresis (PAGE)

The LAMP products were characterized with the 8% freshly prepared
non-denaturing polyacrylamide gel. Briefly, 10 pL of each sample was
mixed with 2 pL of 6 x loading DNA buffer and then added to the
nondenaturing polyacrylamide gel. The electrophoresis was performed
at 120 V for 50 min in 1 x TBE buffer. Finally, the electrophoresis was
imaged under the UV light illumination after stained with Gel Red.

2.5. Apparatus
Cyclic voltammetry (CV) and square wave voltammetry (SWV) were

performed on a CHI 852C electrochemistry workstation (CH Instruments
Inc., Shanghai, China) equipped with a conventional three-electrode
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system with an Au substrate electrode (3 mm in diameter) as the
working electrode, a platinum wire as auxiliary electrode and an Ag/
AgCl reference electrode. Fluorescence spectrum was measured on a
Hitachi F-4500 fluorescence spectrofluorometer (Tokyo, Japan). DIM
structure was characterized using a CD spectrophotometer (JASCO J-
1500). UV-vis absorption spectrum was measured with a UV-6100S
spectrometer (Mapada, China).

3. Results and discussion
3.1. Design of rapid electrochemical biosensing of miRNA let-7a

As shown in Scheme 1, as the introduction of the miRNA let-7a, four
simplified primers, TD, LD, FP and BP under the help of Bst and dNTPs,
start the LAMP, generating a certain amount of H' to induce the folding
of two C-rich sequences M1 and M2 to form the DIM structure working
as signal transducer. The electrode surfaces are modified with the Fc-
labeled polyAsp-H, which is further hybridized with the S1 to render
the probe upright. The unpaired overhangs of the DIM can hybridize
with the S1, resulting in the dehybridization of the polyAjy-H probe,
thereby reverting to its hairpin structure. As a result, the Fc group can
approach close to the Au surface, leading to the increase in the elec-
trochemical signal, which can be utilized to quantify the target miRNA
let-7a.

3.2. Characterizations of the miRNA let-7a-involved LAMP and the
formation of the DIM

The PAGE and fluorescence images of the LAMP products with
different concentrations of the let-7a are shown in Fig. 1A and B,
respectively. From Fig. 1A, the characteristic ladder-like multiple bands
could be observed, which can be attributed to the double-stranded DNA
products of the target let-7a-induced LAMP. From Fig. 1B, in the absence
of the let-7a, the observed fluorescence of the SYBR Green I was weak,
while in the presence of the let-7a, the observed fluorescence was greatly
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enhanced; moreover, with the increase of the let-7a concentration, the
observed fluorescence intensity was increased. These observations
indicate the generation of the double-stranded DNA by the let-7a-
induced LAMP. Accordingly, it was found that the LAMP reaction
resulted in a gradual decrease of the pH value of the reaction solution,
corresponding to the release of H' from the let-7a-involved LAMP.
Owing to the use of the simplified primers, the total time of the let-7a-
involved LAMP reaction was measured to be around 40 min, much
less than the time required for conventional nucleic acid amplification
methods.

Fig. 1C shows the CD spectra of the formed DIM. It can be seen that
the CD curves have a negative peak near 255 nm and a strong positive
peak near 285 nm, corresponding to the specific absorptions of the i-
motifs in the CD spectra (Nesterova and Nesterov, 2014), confirming the
formation of the DIM. The formation of the DIM could also be indicated
by fluorescent label method with the aid of the modification of the M1
and the M2 with a black-hole quencher (M1gq1) and a fluorophore
(M2pam), respectively. As schematically illustrated by Scheme S1, in the
neutral solution, M1ppq; in the free state does not affect the fluorescence
of the M2paum in the free state, while in the acidic solution, the M1png1
can assemble spontaneously with the M2pay to form the DIM structure,
resulting in the fluorescent FAM group approaching close to the BHQ1
and being quenched by the latter. As shown in Fig. S1, in the solution of
the target let-7a-induced LAMP reaction products, the fluorescence
emission intensity of the M2pay decreased, indicating the formation of
the DIM structure.

3.3. Stepwise electrochemical characterizations of the electrochemical
biosensor

As shown in Fig. 2A, after immobilizing the polyAgo-H:S1 at the bare
Au substrate, in blank PBS, the SWV response was observed to increase
(curve b). After further introduction of the DIM, an obvious increase in
the SWV response was observed (curve c), indicating the dehybridized
polyAgo-H reverting to its hairpin structure, leading to the Fc group
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Fig. 2. (A) SWV response of different modified electrodes: (a) the bare Au substrate, (b) the polyAso-H:S1/Au, and (c) the DIM/polyAso-H:S1/Au. Scan rate: 0.1 V
s, The concentration of the let-7a for the LAMP was 10 pM. (B) SWV peak current response of the Fc group of the polyAzo-H:S1 electrodes with and without the
MCH modification to the target let-7a. (C) Schematic illustration of the effect of MCH modification on the electrochemical detection.

approaching close to the substrate electrode surfaces, thereby increasing
the SWV response of the Fc group. These results noted that the as-
prepared electrochemical biosensors were capable of detecting the
target miRNA let-7a.

The effect of MCH modification on the response of the polyAso-H:S1/
Au electrode to the target let-7a was further studied. As shown in
Fig. 2B, a better signal to noise ratio (S/N) for the let-7a was obtained at
the polyAso-H/MCH electrode, compared with the polyAy-H electrode,
indicating that the MCH modification of the polyAyy-H electrode could
improve the detection sensitivity. It could be associated that the
adsorption of the MCH at the polyAyy-H-modified Au surfaces could help
to keep the polyAgo-H upright, favorable for the interactions between
the polyAgp-H:S1 chain and the DIM to dehybridize the polyAsy-H
reverting to its hairpin structure, as shown in Fig. 2C.

3.4. Optimization of the polyA block length

The surface density of the probe can be conveniently controlled by
changing the length of the polyA block (Ajg, Ago, and Agp). The

assembling density (") of the different SAMs including the polyA,-H:S1
(n =10, 20, and 30) were investigated with chronocoulometry in 10 mM
Tris-HCl (pH 7.4) in the absence and presence of RuHex (50 pM) as
electron mediator, respectively. The I' could be calculated via the
equation I = [(QssNa)/(nFA)]1(z/m), where N was the Avogadro con-
stant, n was the number of electron transferred, F was the Faraday
constant, m was the number of nucleotides in the DNA and z was the
charge of the redox molecule. Fig. S2 shows the relationship between the
charges (Q) and the square root of scan time (tl/ 2). Two intercepts at t =
0 was related to the total charge with RuHex (Qqota) and the double layer
charge without RuHex (Qq)), respectively. Therefore, the charge corre-
sponding to RuHex electrostatically bound to the surface-confined DNA
(Qss) = Qotal-Qq1 could be obtained. The electroactive surface area A was
obtained by measuring the CV response in 5 mM [Fe(CN)g] 3/4 solution
at different scan rates from 0.03 to 0.21 V s~1, as shown in Fig. 53, and
the A was calculated to be 14.28 mm? (see the caption of Fig. S3). So, the
density of the polyA;p-H:S1, polyAsp-H:S1, and polyAsp-H:S1 on the
electrode surfaces was 4.1 x 102 molecules cm ™2, 2.1 x 10'? molecules
cm ™2 and 1.3 x 102 molecules cm ™2, respectively (Fig. 3A). Obviously,
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the reduction ratio in surface density was almost consistent with the
increase ratio in the polyA block length, indicating that all A bases in the
polyA block completely covered the electrode surface; and, the increase
in the length of the polyA block (from the polyA;o-H to the polyAsy-H)
indicates the increase in the inter-strand spacing the probe on the
electrode surface, resulting in the decrease in the assembling density.
Furthermore, as shown in Fig. 3B, it can be found that the highest S/N
was obtained for the polyAgp-H:S1, indicating that the polyAg could
properly reduce the DNA probe’s surface density and thus increase the
inter-strand spacing to reduce steric hindrance, promoting the hybridi-
zation ability and the formation of its hairpin structure.

3.5. Time optimization of the incubation of probe

As shown in Fig. 4A, obviously, as the DIM was introduced, the SWV
response of the Fc group gradually increased and reached a plateau after
40 min, indicating that 40 min was sufficient for the polyAsy-H to revert
to its hairpin structure and to send out the electrochemical signal. In
addition, the fluorescent method was utilized as a complementary
method to evaluate approximately the incubation time of the DIM with
the probe. To this end, a hairpin labeled with the fluorophore FAM tags
(polyAgo-Hpanm) was designed and the resultant polyAgg-Hgan:S1 were
attached onto the surfaces of 12-nm-diameter AuNPs (Fig. S4). Then, the
DIM formed by the let-7a-induced LAMP led to the dehybridization of
the polyAgo-Hram/AuNPs reverting to its hairpin structure, accompa-
nied with the FAM tags approaching to the AuNPs, resulting in the
fluorescence quenching of the FAM. As shown in Fig. S5, with the in-
cubation time increasing to 40 min, the fluorescence intensity gradually
decreased and levelled off, suggesting that the polyAgg-Hpay dehybri-
dized and reverted to its hairpin structure after 40 min, consistent with
the aforementioned SWV results. For contrast, the DNA hairpin tagged
with the SH (SH-H) was used to hybridized with the S1 (SH-H:S1). As
shown in Fig. 4B, the SWV response of the Fc group could not level off
only until 100 min. Therefore, the total time for the detection process

1.5 0

(viz., the time of the LAMP treatment of the samples plus the time for the
electrochemical detection) was within 80 min, obviously less than most
of previous reports (References S1), as shown in Fig. 4C.

3.6. Sensing performance

As shown in Fig. 5A, with the increase in the concentration of the let-
7a, the SWV response of the Fc group gradually increased. The resultant
calibration curve was plotted with the SWV peak current AI (AI=I-Iy,
where Iy was the background signal) versus the logarithm of the let-7a
concentrations in the range of 10 fM to 50 nM (Fig. 5B). Obviously, a
good linear relationship was obtained with a corresponding linear
equation of AI = 0.3288lgclet.7a+1.6792 and a correlation coefficient r
=0.9958. According to IUPAC definition (Long and Winefordner, 1983),
the LOD was calculated by the equation I=Iy+3sg, where I and sp are
the SWV signal and the standard deviation of the blank sample,
respectively. As a result, the LOD was calculated to be 5.1 fM. Moreover,
compared with some previous reports as listed in Table S2, our sensor
achieved wide linear range and low LOD for let-7a detection.

3.7. Specificity, reproducibility, and stability

To assess the specificity of the as-prepared electrochemical
biosensor, other let-7 family members (let-7b, let-7c and let-7i) at 10-
fold concentration were used as interfering substances (Fig. 5C). It
was found that none of them caused significant electrochemical
response, indicating that the as-prepared electrochemical biosensor
exhibited excellent current response specificity to the let-7a. From
Fig. 5D and E, five measurements by using a biosensor (viz., the intra-
assay) and five measurements by using five biosensors prepared in the
same batch (viz., the inter-assay) presented almost the same SWV signal
with 1.9% and 2.2% RSD, respectively, indicating a good reproducibility
of the as-prepared electrochemical biosensors. To evaluate the storage
stability of the as-prepared electrochemical biosensor, five biosensors

A polyA_-H:S51/Au B SH-H:51/Au C ® our work
121 0.8 @ previous reports
= - g% 4
0.9 & o .
- L i < 064 .ot ¥ T
= e - s A v 9 WWMIB » 9 » 3
=~ 0.64 \ - Sy p '
~ ~ o =
< <4 0.44 Ty !
0.31 x H
P
0.0- 0.24

0

10 20 30 40 50 60 70 80
t/ min

0 20 40 60 80 100 120 140
1/ min

80

160 240 320 400 480 560
t/ min

Fig. 4. SWV response of the polyA,y-H:S1 modified electrode (A) and the SH-H:S1 modified electrode (B) after incubation with the DIM for different time. The
concentration of let-7a was 10 pM. Error bars: s, n = 3. (C) Comparison of the nucleic acid detection time in our work with previous reports. The time is the sum of the
time for the nucleic acid amplification plus the time for the electrochemical detection.
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were stored for 3, 6, 9 and 12 days, respectively. Then, the SWV re-
sponses were obtained and found to be very stable with only slight
current attenuation (less than 6% and 8%, respectively), as shown in
Fig. 5F, indicating a robust stability of our biosensor.

3.8. Application of the proposed biosensor in real samples

To demonstrate the preliminary practicability and reliability of this
biosensor, human serum as real biological samples were conveniently
used for target let-7a detection by standard addition method (SAM).
Specially, serum samples were treated with RNase inhibitor so that
endogenous miRNAs were depleted before recovery experiments. Five
concentrations of the let-7a (0.01, 0.05, 0.1, 1, and 5 nM) spiked into the
human serum were tested by using our developed biosensor, respec-
tively. As shown in Table S3, the recovery percentages were from 92% to
110% with relative standard deviation (RSD) in the range of 2.3-4.8%.
Otherwise, the let-7a extracts obtained from the breast adenocarcinoma
cells (MCF-7) (cell number 1 x 10°) were served as the model miRNA
target to investigate the applicability of our biosensors. As shown in
Table S4, the MCF-7 was found to contain an average 0.62 nM let-7a. In
addition, 2 nM let-7a was added to three extracts to perform the re-
covery experiment, and the obtained recoveries were ranged from 97 to
109% with the RSD in the range of 2.2-4.9%, as shown in Table S4.
These results confirmed the accuracy of the biosensor developed.

4. Conclusions

In conclusion, we have demonstrated a rapid electrochemical
method for sensing of miRNA let-7a based on the let-7a-involved LAMP
and the turn-on type polyA-based DNA probe. The let-7a-involved LAMP
utilized four simplified primers to enhance the generation efficiency of
the double stem-loop DNAs, reducing the amplification time to be
around 40 min. The LAMP also induced the rapid formation of the DIM
as signal translator. The polyAy(-H:S1 probe could be facilely immobi-
lized on Au electrodes via the spontaneous interactions between the
polyA and Au, constructing an electrochemical biosensor for detecting
the let-7a. The probe’s surface density could be conveniently controlled
by changing the length of the polyA block (A;¢, Az, and Asp), and the
highest S/N was obtained for the polyAs-H:S1. More importantly, it was
found that 40 min was sufficient for the polyAj)-H probe to be

dehybridized and revert to its hairpin structure, sending out the turn-on
electrochemical signal. Therefore, the total time for the detection pro-
cess (viz., the time of the LAMP treatment of the samples plus the time
for the electrochemical detection) was within 80 min, obviously less
than most of previous reports. The as-constructed electrochemical
biosensor showed a linear relationship of the current response to the let-
7a in the range of 10 fM to 50 nM with a LOD of 5.1 fM. The as-
constructed electrochemical biosensor showed high selectivity, good
reproducibility and good storage stability. Finally, human serum spiked
with the let-7a and the let-7a extracts obtained from the MCF-7 were
served as real biological samples were tested with our biosensors.
Satisfied recovery percentages were obtained. This study shows a
promising future of development of electrochemical biosensors for rapid
detection of miRNAs in the application of clinical practice.
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