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Abstract

miR-18a has been identified as a significantly expressed microRNA (miRNA) in non-small cell lung cancer (NSCLC) and
plays a vital role in cancer cell transformation, metastasis, and carcinogenesis. Herein, a pair of binary probes from numer-
ous probe pairs based on single nucleotide polymorphism analyses of miR-18a and miR-18b was first designed and screened
to develop a Y-shaped ratio biosensor for accurate detection of serum miR-18a in NSCLC. The special structure of the
binary probes combined with the hairpin showed strong specificity for miR-18a, which was confirmed by polyacrylamide
gel electrophoresis assay and square wave voltammetry assay. Furthermore, it is beneficial to immobilize single-stranded
DNA (ssDNA) probes due to the large specific surface area of nanoporous gold, thereby improving the sensitivity of the
biosensor. The Y-shaped ratio biosensor exhibited a wide detection range and can quantify the concentration of miR-18a
in the range of 10 fmol/L—-100 pmol/L, with a limit of detection of 0.211 fmol/L (S/N=3). Moreover, it exhibits excellent
detection capabilities in serum samples since the biosensor showed a high selectivity toward the coexistence of miR-18a and
miR-18b. Therefore, the prepared Y-shaped ratio biosensor is a highly sensitive and specific miR-18a detection tool, capable
of identifying microscopic amounts of miR-18a in serum samples, providing great potential for early screening of NSCLC.
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1 Introduction

Early screening is critical to the treatment and prognosis of
lung cancer [1]. Previous studies [2, 3] have shown that miR-
18a is significantly increased in cells and peripheral blood
of non-small cell lung cancer (NSCLC) patients. Therefore,
miR-18a has become a crucial biomarker for the initiation
of NSCLC. miR-18a is a member of the miR-17-92a clus-
ter, and its transcription locus is in the 13q31.3 region of
the human chromosome 13. miR-18b belongs to the miR-
106a-363 cluster, which is the result of X chromosome
transcription. The functions of miR-18b and miR-18a are
very different, but they only differ by a single base. A study
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has pointed out that miR-18a and miR-18b had opposite
expression results in colorectal cancer [4]. Moreover, Zhou
et al. found that miR-18b was significantly downregulated
in NSCLC [5]. Currently, there are extensive studies on the
expression of miR-18a in the blood of lung cancer patients,
but there is a lack of research on the expression of miR-18b
[6]. The interference of miR-18b needs to be excluded dur-
ing the detection of miR-18a.

There are few investigations on electrochemical biosen-
sors for miR-18a. A biosensor for detecting miR-18a was
constructed using the highly specific duplex cell-specific
nuclease (DSN), which showed excellent selectivity and
simultaneously achieved duplex-specific nuclease-assisted
target recovery and miR-18a recycling [7]. The introduction
of DSN amplifies the signal of the biosensor and improves
the overall performance. Next, specific toehold-mediated
strand displacement (TMSD) in conjunction with rolled-
circle amplification reaction (RCA) mediated was utilized
by Bst DNA polymerase, CircLigasell ssDNA ligase, Exo-1,
and Exo-III to collaboratively construct an electrochemical
biosensor [8]. These structures enable it to provide a limit of
detection (LOD) of 9 amol/L and high selectivity. However,
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miR-18b was not detected in their selective experiment.
MiR-18b and miR-18a differ by a single base at the 3' end,
making it more difficult to identify than the intermediate site
[9]. In addition, both methods utilized biological enzymes
and probe cycling, which was time-consuming. Furthermore,
the use of enzymes had its drawbacks, including the impact
of temperature, pH, cleanliness of the electrode surface, and
other factors that could potentially destabilize the enzyme
on the electrode [10]. We aim to create a biosensor that can
detect miR-18a and differentiate miR-18b without using
enzymes or chain amplification. The biosensor should be
straightforward and quick, making it ideal for fast detec-
tion in clinical settings. Using binary probes to construct a
Y-shaped biosensor, we can meet these above requirements
and achieve selective and rapid detection of miR-18a [11].
Many studies have been conducted using the Y-shaped bio-
sensor owing to its simple direct operation, and time saving.
The first electrochemical biosensor with a Y-shaped struc-
ture to detect E-DNA was developed [12]. Their CP was
without any redox reporter labeling and the biosensor just
detected an electrochemical signal from AP with Fc attached
close to the electrode surface. Although, their biosensor
assay showed high sensitivity and specificity. The biosen-
sor was challenging to achieve quality control because of the
errors of CP solid-loading on gold electrodes and hybridiza-
tion between probes, which only shows up in electrochemi-
cal signals and lacks experimental validation techniques
such as electrophoresis. Therefore, subsequent researchers
[13] built on this foundation to design ratio biosensors with
Y-shaped for the detection of miR-21 from tumor cells.
The biosensor was designed to trigger two hairpin struc-
tures to generate a chain hybridization reaction (CHA), and
the resulting double-stranded body further binds to another
hairpin assembled on the surface of the sensor to generate a
stable Y-shaped DNA complex. Although the linear range
reached 5 fmol/L—0.1 nmol/L and 1.1 fmol/L LOD. The
total time taken from the start of miR-21 to trigger the CHA
to the resultant SWV assay was about 3.5 h. Moreover, new
errors may be introduced during the amplification of CHA.

The sensitivity of biosensors with Y-shaped structures
may be limited due to the balance of high specificity in the
construction, also. Moreover, the complexity of the com-
ponents in peripheral blood as well as the low abundance
of miR-18a requires high sensitivity. The main methods to
increase the sensitivity of sensors are enzyme assistance
[14], probe amplification [15], the application of nanoma-
terials [16], etc. Therefore, nanomaterials may be a better
method to amplify the signals of biosensors. The metallic
nanoporous materials can be widely used in the fields of
catalysis of redox reactions, sensors, and the isolation of
biomolecules due to their surface and structural properties
[17]. Noble metal porous materials have been widely used
in various aspects such as catalysis, biosensing technology,
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transmission media, porous electrodes, and energy storage
[18]. Among these noble metals, the porous gold film has
excellent properties such as good chemical stability and
outstanding ductility. In particular, nanoporous gold (NPG)
stands out as a widely applicable material due to its ease of
preparation, better conductivity [19], and ductility compared
to gold nanoparticles (AuNPs). The porous structure of NPG
provides a higher specific surface area, smaller relative
density, and improved adsorption capacity, creating more
binding sites for biomolecular recognition elements and
enhancing electrocatalytic ability [20]. As an immobilized
carrier material, NPG shows great promise in constructing
electrochemical biosensors for miRNA detection and may
outperform other methods in mediated electrochemical bio-
sensors [21].

In this work, a pair of binary probes was designed and
screened by NUPACK (https://www.nupack.org/partition/
new) and polyacrylamide gel electrophoresis (PAGE) from
a large number of probe pairs to construct a Y-shaped ratio
electrochemical biosensor for detecting miR-18a in periph-
eral blood with enhanced specificity. Then the NPG was
introduced to improve the sensitivity of the biosensor. The
prepared biosensor, which has a simple structure and does
not require enzymes, antibodies, or chain amplification, can
detect rapidly at room temperature with high specificity, sen-
sitivity, and stability, and provide a new strategy for early
screening of NSCLC.

2 Experimental
2.1 Chemicals, Reagents, and Apparatus

All chemically synthesized ssDNA strands and miRNAs
were purchased from China Peptides Co., Ltd. (Wuhan,
China), and their base sequences are shown as follows: tar-
get probe a (TPa, miR-18a): 5’-UAAGGUGCAUCUAGU
GCAGAUAG-3’; target probe b (TPb, miR-18b): 5’-UAA
GGUGCAUCUAGUGCAGUUAG-3’; auxiliary probe (AP)
with methylene blue (Mb): 5’-Mb-GGATACCGGCTA
GATGCACCTTA-3’; capture probe (CP) with ferrocene
(Fc) and sulfhydryl (SH): 5’-Fc-GGATACTATCTGCAC
CGGTATCC-(CH,)(-SH-3’. All probes were dissolved and
diluted to 100 pmol/L. with RNase-free water. Ammonium
persulfate (APS), N, N, N, N’-tetramethylethylenediamine
(TEMED), Bis-acrylamide (30%), GelRed nucleic acid dye,
potassium ferricyanide (K;Fe(CN)g), potassium ferrocya-
nide trihydrate (K Fe(CN);), ethylenediaminetetraacetic acid
(EDTA), RNase-free water, KCI, and NaCl, were purchased
from Shanghai Macklin Biochemical Co., Ltd. (Shanghai,
China). Tris-(2-carboxyethyl) phosphine hydrochloride
(TCEP), 6-mercaptoethanol (MCH), and 0.1 mol/L phos-
phate buffer solution (PBS: 1.37 mmol/L NaCl, 26.8 mmol/L
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KCl, 81.0 mmol/L Na,HPO,, 17.6 mmol/L KH,PO,, pH 7.4)
were purchased from Sigma-Aldrich (U.S.). 12 K Au-Ag
alloy films were purchased from Nanjing Yongbo Metal
Materials Co., Ltd. (Nanjing, China).

CHI Instruments Model 760B electrochemical analyzer
(CHI Inc., Shanghai, China) was used. All solutions were
prepared with Milli-Q water (resistivity of 18 MQ-cm) from
a Millipore ultrapure water purification system.

2.2 Gel Electrophoresis

To determine the efficacy of the proposed biosensing strat-
egy, 15% native PAGE was carried out to analyze probe
products that hybridized at room temperature for 60 min.
Each lane was loaded with 5 pL of sample and ran in
1 X TBE buffer at 100 V for about 60 min. Upon completion,
the gel was stained by GelRed nuclear staining for 5 min and
scanned using a Bio-Red Imaging System.

2.3 Bare Gold Electrode (Au-E) Pretreatment

The Au-E was carefully polished to smooth with alumina
slurry (1.0, 0.3, and 0.05 um) in sequence, followed by ultra-
sonication in 50 wt % HNO;, ethanol, and Milli-Q water for
1 min. Thereafter, Au-E was dried with infrared lamps.

2.4 Synthesis of NPG by Dealloying

NPG was prepared by dealloying Au—Ag alloy thin film in
concentrated nitric acid (HNO;). First, 12 k Au—Ag alloy
thin film was floated in concentrated HNO; (30 °C, 65 wt %)
for 120 min. Then any excess acid was removed by HNO,
and ultrapure water washing. Finally, NPG was adhered to
the surface of the polished and cleaned Au-E, and dried by
infrared lamp.

2.5 Preparation of the Biosensor

To reduce the disulfide bonds, 2 pL of CP (10 pmol/L), 1 pL
of TCEP (10 mmol/L), and 7 pL of hybridization buffer
were mixed for 1 h. Subsequently, 5 pL of mixed solution
was added dropwise on the surface of the Au/NPG electrode
and incubated overnight to produce the Au/NPG-CP elec-
trode. Thereafter, the Au/NPG-CP electrode was immersed
in 1 mmol/L MCH solution for 60 min after being gently
washed with 10 mmol/L PBS (pH 7.4). Thus, the Au/NPG-
CP/MCH electrode was obtained. All the processes were
completed at room temperature.

2.6 Detection of miR-18a(TPa) by the Biosensor

5 pL of mixed solution containing AP (2 pmol/L) and
TPa was added to the surface of the Au/NPG-CP/MCH

electrode and incubated at room temperature for 80 min.
The electrochemical performance of the biosensor was
investigated by square wave voltammetry (SWV) from
—0.5 Vto 0.6 V in 10 mmol/L PBS (pH 7.4) solution,
with an amplitude of 50 V, and a frequency of 100 Hz.
Electrochemical impedance spectroscopy (EIS) and cyclic
voltammetry (CV) were processed in ferricyanide solution
(5.0 mmol/L [Fe(CN)¢]*~"*~ and 0.1 mol/L KCI). Scan-
ning potential and scanning rate of CV were from — 0.2 V
to 0.6 V and 0.05 V/s, respectively. EIS was carried out
with a frequency from 0.1 Hz to 100 kHz. The scanned
SWYV, CV, and EIS curves were analyzed using ORIGIN
2021.

2.7 Recovery Test of miR-18a in Serum Samples

Human serum was extracted from healthy human whole
blood sample by centrifuging at 3000 r/min for 10 min.
Healthy human serum and de-complemented fetal bovine
serum (FBS) were diluted twofold and tenfold with
10 mmol/L PBS (pH 7.4), heated at 95 °C for 15 min,
ice bathed for 2 min, and centrifuged at 12,000 r/min
for 2 min to detect miR-18a content. To further evaluate
the effectiveness of the electrode response to miR-18a,
recovery experiments were conducted. Serum samples
with miR-18a concentrations of 10 pmol/L, 1 pmol/L,
and 100 fmol/L were prepared and assayed. Three sam-
ples were detected for each concentration and the signal
changes were the average of three results.

3 Results and Discussion
3.1 Design Principle of the Biosensing

The NPG-mediated Y-shaped ratio biosensor is as illus-
trated in Scheme 1. The biosensor hybridizes by opening
the hairpin structure of the CP in the presence of both
AP and TPa. CP-AP-TPa hybridization product with a
Y-shaped structure was constructed. The current signals
of the Fc and Mb will change through the conformational
change of CP and the introduction of AP, since CP and AP
are connected to the redox reporter Fc and Mb, respec-
tively. Then the TPa concentration is calculated based on
the change of Iy /I ratio caused by the change in the
Mb and Fc current signals before and after hybridization,
which reflects the hybridization efficiency. It is worth
emphasizing that the increase in the spatial distance
between probes has little effect on the specific hybridiza-
tion efficiency as the TPa concentration decreases within
a certain range [22].
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Scheme 1 Schematic illustra-
tion of the NPG-mediated
Y-shaped ratio electrochemical
biosensor
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3.2 Characterization of NPG

Scanning electron microscopy (SEM, TESCAN MIRA
LMS, Czech Republic) was used to study the nano- and
micrometer-scale morphological features by photographing
the samples at 50 k X and 100 k X magnifications (Fig. 1a, b).
The pore morphology of the NPG is the most important fea-
ture that affects the electrochemical performance. As shown
in Fig. 1a, b, the prepared NPG can be seen in the entire field
and the three-dimensional nanoporous structure distributed
uniformly with a pore size about 10 to 100 nm, which can
provide a large number of binding sites for the CP probe and
amplify the signal of the sensor.

3.3 Characterization of the Biosensor Fabrication

The stepwise fabrication of the biosensor was demonstrated
by the results of EIS and CV (Fig. Ic, d). The bare gold
electrode (bare Au-E) displayed a very small semicircle
of EIS signal, where the semicircle diameter equals to the
interfacial electron transfer resistance (R.,), as well as a few
reversible [Fe (CN) 6]3_/4_ redox peaks (curve 1). Compared
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to the bare Au-E, the R, and redox intensity of the NPG-
modified electrode (Au/NPG) were significantly reduced
(curve 2), which was attributed to the large surface area and
high conductivity of NPG. When the capture probe CP was
assembled onto the electrode surface (Au/NPG-CP), elec-
tron transfer was greatly hindered by the negative charge of
the DNA [23], increasing the R, and redox intensity (curve
3). Subsequently, the non-conducting MCH coated on the
electrode (Au/NPG-CP-MCH) blocked the active sites on
the electrode surface, effectively covering the uncovered
space and causing R, to continue increasing (curve 4). As
AP and TPa further hybridized on the electrode (Au/NPG-
CP-MCH-AP-TPa), the electrode surface became more
negatively charged, leading to a further increase in R, and
redox intensity (curve 5). The results indicated the success-
ful construction of the Y-shaped biosensor.

3.4 Feasibility Analysis
PAGE was used to analyze the feasibility of probe hybrid-

ization (Fig. 2a). Lanes 1-4 show the molecular weights
and structures of CP, AP, TPa, and TPb. There is no

Current (le-4 A)

02 04 06

0.0
Potential (V)

Fig. 1 SEM images of nanoporous gold in NPG at a: 50 kxand b: 100 k x magnifications. ¢ EIS and d CV curves of different modified elec-
trodes. 1-Bare Au-E, 2-Au/NPG, 3-Au/NPG-CP, 4-Au/NPG-CP-MCH, 5-Au/NPG-CP-MCH-AP-TPa
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Fig.2 Feasibility analysis by

a PAGE (lanes 1-4: CP, AP,
TPa, TPb; lanes 5-9: CP+ AP,
CP+TPa, CP+TPb, AP+ TPa,
AP+ TPb; lanes 10-11:

CP+ AP+TPa, CP+ AP+ TPb)
and b SWV detection

a1l2 3435

hybridization between CP and AP, TPa, or TPb (lanes 5-7),
and there are hybridizations between AP and TPa or TPb
(lanes 8 and 9). The result of the three-probe hybridization
system indicated that CP-AP-TPa successfully hybridized
in lane 10, but CP and AP-TPb did not exhibit hybridization
(lane 11). The results of PAGE indicated that the CP-AP-TPa
hybridization had high specificity. However, we can judge
from the brightness of the electrophoretic band in lane 10
that the hybridization efficiency of CP, AP, and TPa at a
concentration of 1 pmol/L was insufficient.

This hybridization property was achieved by selection of
complementary pairing sequences between AP, CP, and TPa.
AP and CP were designed to have a 9-base complementary
pairing region (-GGATACCGG-), with a melting tempera-
ture of approximately 30 °C. The hybridization tempera-
ture was set below 25 °C. TPa and CP were paired with a
9-base complementary pairing region (-CTATCTGCA-) at
a hybridization temperature of about 21 °C. The CP hair-
pin structure with a free energy of —2.5 kcal/mol accord-
ing to John’s calculations [24] was stable. A temperature
about 50 °C was required for opening this hairpin structure,
which was significantly higher than that of the hybridization
between AP or TPa and CP. Therefore, at room temperature,
neither AP nor TPa alone was able to open the hairpin struc-
ture of CP for hybridization. The experimental results, espe-
cially the PAGE analysis of the probe hybridization, aligned
with the design expectations. This indicated that the AP and
CP sequences can meet assay requirements of specificity,
sensitivity, and false-positive prevention.

The SWYV detection was used to verify the feasibility of
this Y-shaped biosensor (Fig. 2b). In similar conditions, this
Y-shaped biosensor with Au/NPG was able to detect larger
Fc and Mb signals than the bare Au-E at room temperature.
In the presence of only CP, a strong Fc signal but no Mb
signal was detected due to the hairpin structure that brought
Fc close to the electrode surface. However, in the absence
of TPa, the CP hairpin structure was difficult to be opened
by AP, resulting in a high Fc signal and a weak Mb signal
from non-specific adsorption of probe AP. The CP hairpin

6 7 8 9 1011

— Au-CP

44— Au-CP-AP

—— Au-CP-AP-TPa
AuNPG-CP

g

06 04 02 00 02 04 06

Potential(V)

structure was easily transformed into the Y-shaped struc-
ture by hybridization when both AP and TPa existed. The
alteration in probe shape caused the Fc to move away from
the electrode surface while Mb to move closer, resulting in
a weaker Fc signal and a higher Mb signal. When TPb and
AP were both present, CP cannot fully hybridize with TPb,
making it difficult to open the hairpin structure of CP by
AP-TPb. As a result, the changes in the Fc and Mb signals
were relatively weak. The tests using only 100 pmol/L TPa
and mixing with equal concentration of TPb showed nearly
identical results, proving the biosensor’s exceptional speci-
ficity. The above results validated the feasibility of the pre-
sent Y-shaped electrochemical biosensor for target detection.

3.5 Optimization of the Biosensing Conditions

In Y-shaped biosensors, factors like CP concentration and
hybridization time can affect the experimental results. We
used 100 pmol/L of TPa and 2 pmol/L of AP to detect the
signals of CP with different concentrations, and the response
of Iy/Ip. changed with different CP concentration. Since
a weak Mb signal was still detected in the presence of AP
only, we optimized the CP concentration based on the sig-
nal-to-noise ratio (Iygy/Ir) ap-1pay/ Imy/Ire) ap- The results in
Fig. 3a indicated that the signal-to-noise ratio of the sys-
tem increased rapidly at the CP concentrations of up to
2 pmol/L, but decreased beyond that, so the CP concentra-
tion of 2 pmol/L was chosen for subsequent experiments.
As shown in Fig. 3b, at CP concentration of 2 pmol/L, the
value of Iyp/I, significantly rises with longer incubation
time of up to 80 min.

3.6 Sensitivity, Selectivity, Repeatability,
and Stability Analysis of Y-Shaped Biosensor

Under the optimal conditions, different concentrations
of TPa were detected by SWV. As the concentration of
TPa increased, the current I, became larger while the
It became smaller. The linear regression equation is I/
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Fig.3 Optimizations of experimental parameters: a concentration
of CP probes and b incubation time of surface hybridization. ¢ The
linear range, d selectivity, e repeatability, and f stability of the bio-

I =0.062131gc rp,) + 0.05629, with the concentration of
TPa ranging from 10 fmol/L to 100 pmol/L (Fig. 3c). The
correlation coefficient was 0.9982, and the LOD was 0.211
fmol/L (S/N=3).

To ascertain the selectivity of the Y-shaped electro-
chemical biosensor, the concentrations of TPa and TPb
were maintained at 1 nmol/L, a level above the detection
limit. The achieved data indicated that the difference of
Iy/Is. between TPa and TPb was more than five times
(Fig. 3d). The results demonstrated strong selectivity in
separating well-matched targets from mismatched target
sequences, which aligns with the outcomes seen in the
PAGE analysis (Fig. 2a). This is because the Y-shaped
structure reduces the binding rates of mismatched targets,
while the CP hairpin structure can only be opened by the
precisely matched TPa. Several studies [25, 26] on single
nucleotide polymorphism (SNP) have proposed that hair-
pin structures unite binary DNA probe molecular beacons
(also known as binary probes) with the shorter probe bind-
ing to the mismatched base. Both probes hybridize only
when they bind to the target, significantly enhancing the
sensitivity and specificity of SNP detection. This study
demonstrated that the Y-shaped biosensor has excellent
selectivity for recognizing sequences with single base mis-
matches. In the case of mixing with same concentration of
miR-18b, the signal intensity was almost the same as that
of detecting only miR-18a. This anti-interference ability is
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sensor. (Error bars represent the standard deviations measured from
three different tests. Scan range from —0.5 to 0.6 V, amplitude 0.05 V,
frequency 100 Hz in 10 mmol/L PBS buffer.)

crucial for clinical applications, as serum samples contain
numerous interferences.

In addition, we analyzed the results of 5 different batches
of biosensors for detecting 100 pmol/L of TPa. The relative
standard deviation (RSD) was 4.6%, proving that the elec-
trodes have good repeatability between batches (Fig. 3e).

Furthermore, the biosensor’s stability was evaluated. As
shown in Fig. 3f, Au/NPG-CP/MCH electrodes were stored
at 4 °C and measured miR-18a every 5 d. After 15 d, the
biosensor response still kept up to 95.59% of the initial. This
indicated that the biosensor was stable, which can increase
its lifespan. These features are beneficial in clinical assays,
as the biosensor is likely to perform with adequate power.

3.7 Recovery Test of miR-18a in Diluted Serum
Samples

The Y-shaped biosensor successfully detected miR-18a
levels of about 24.165 fmol/L and 121.997 fmol/L in ten-
fold and twofold of healthy human serum, but not in FBS.
miR-18a levels in healthy human serum samples were cal-
culated to be about 242.823 fmol/L, which is almost identi-
cal to the data of Hirajima et al. [27], which were between
0.19 and 1.27 amol/pL, with a mean value of 0.73 amol/
pL. Using qRT-PCR combined with a standard curve was
able to measure the levels of miR-18a in the serum of
patients with esophageal squamous carcinoma and healthy
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Table 1 Actual and measured concentrations of miR-18a in human
serum samples (n=3)

Sample Added Measured (fmol/L) Recovery = RSD
(fmol/L) (%) (%)

Human serum 10,000 10,504.69 104.81 4.01
1000 1059.11 103.49 2.19
100 119.58 95.41 1.81

individuals. In this study, the process of detecting miR-18a
in serum samples only requires dilution of serum samples
and heating at 95 °C for 15 min [28, 29], without separa-
tion, extraction, and amplification. miR-18a in the blood is
present in exosome vesicles, and high-temperature cleav-
age of the vesicles releases the miR-18a so that it can be
detected by the biosensor. Moreover, the protein in serum
can be denatured after high temperature and the interfer-
ence of protein components can be removed completely
by centrifugation, which makes the detection of miRNA
in serum more easy.

To further evaluate the efficiency of the biosensor
response to miR-18a in real samples, the tenfold serum sam-
ples with miR-18a concentrations of 10 pmol/L, 1 pmol/L,
and 100 fmol/L. were prepared and measured (Table 1).
Each concentration was examined three times. The amount
of miR-18a in serum was subtracted from the detected result
and divided by the added concentration to obtain the recov-
ery. The results showed the recovery ranged from 95.41% to
104.81% with the RSD of 1.81%—4.01%. This indicated the
proposed Y-shaped biosensor can accurately detect miR-18a
in serum samples.

4 Conclusion

In this work, a pair of binary probes was designed and
screened to develop a Y-shaped ratiometric biosensor for
accurate detection of miR-18a of NSCLC serum. The design
of the binary probes combined with the hairpin structure is
highly specific in identifying miR-18a. NPG was synthe-
sized to provide a larger surface for ssDNA sequestration,
which significantly improved the sensitivity of the biosensor
with a linear range of 10 fmol/L-100 pmol/L and a LOD of
0.211 fmol/L (S/N=3). The biosensor is easy to operate, no
need of enzyme, antibody, chain amplification, and exten-
sion, and can realize rapid and stable detection with strong
specificity and high sensitivity at room temperature. Moreo-
ver, it can be applied to detection in human serum. This
simple and cost-effective assay is more suitable for early
screening in the clinic, which provides a broad prospect for
the clinical diagnosis and treatment of early NSCLC.
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