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ABSTRACT: MicroRNAs (miRNAs), a class of small, endogenous,
noncoding RNA molecules, can serve as biomarkers for potential
applications in cancer diagnosis, prognosis, and prediction due to its
abnormal expression. As a result, a novel label-free biosensor with
nanometer scale was prepared and employed in the detection of trace
oligonucleotides based on the localized surface plasmon resonance
(LSPR). The dielectric constant on the surface of DNA modified gold
nanoparticle would change when probe single-strand DNA hybridized
with target oligonucleotides, which resulted in the notable red shift of
scattering peak position. The biosensor with excellent selectivity can be
used in a real-time monitoring hybridization process. Notably, this
method provided label-free detection of DNA and miRNA at single nanoparticle level with limit of detection up to 3 nM. Due to
the advantages of LSPR scattering spectra, single nanoparticle biosensor can be designed for trace cancer-relevant miRNAs
detection in the future.
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■ INTRODUCTION

MicroRNAs (miRNAs) are small, endogenous, noncoding
RNA molecules that are 20−24 nucleotides (nt) in length.1

They play important roles in regulating gene expression by
binding to the 3′ untranslated regions of target genes in various
biological processes at the post-transcriptional level including
early development, proliferation, cell apoptosis, and cell
proliferation.2,3 Abnormal expression of miRNAs has been
demonstrated to be related to a range of cancers such as breast
cancer,4 lung cancer,5 pancreatic cancer,6 hepatocellular
cancer,7 colorectal cancer,8 and glioblastoma,9 which occurs
in the precancerous stage as well as in malignant cells.10 As an
example, miRNA-21 was associated with all the cancers
mentioned above and was observed to be upregulated more
than 2-fold compared with normal tissues in the squamous cell
lung carcinoma tissues.11 On this basis, miRNAs may serve as
biomarkers for potential applications in cancer diagnosis,
prognosis, and prediction. Therefore, effective methods for
miRNA detection aroused people’s attention in spite of
difficulties including similar nucleotide sequences, short length,
and low expression associated with miRNAs.
Over the past decade, various analytical methods have been

employed to study oligonucleotides detection. The most
commonly used methods include colorimetric method,12,13

fluorescence methods,14,15 quartz crystal microbalance-based
methods,16 and electrochemical methods.17 For example,
oligonucleotide silver nanoparticle conjugates were carried
out for detection of target oligonucleotide with colorimetric
analysis for the first time and showed higher sensitivity than
oligonucleotide-gold nanoparticle conjugates.18 Colorimetric
method was first introduced by Mirkin19 and has adapted to
detecting various biomolecules. However, the infinitesimal
differences in color cannot be distinguished by the naked eye in
colorimetry; probes with fluorescence suffer from blinking and
photo bleaching; quartz crystal microbalance is complicated to
operate and hard to generalize; and the signals obtained from
bulk nanoparticles concealed individual differences of each
nanoparticle. Differences between individual nanoparticles,
which cannot be avoided in production, lead to different
physical and chemical properties, so measurements at the single
nanoparticle level revealing the unique function of individual
particles are becoming the trend.
Plasmonics is a promising research branch that has attracted

much attention due to its omnifarious applications in molecular
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rulers,20 heavy metal ions detection,21−23 gas molecular
detection,24 membrane transfer applications,25 and photo-
thermic therapy.26 These applications are based on the surface
plasmon resonance (SPR) of noble metal nanoparticles, which
have large negative real and small positive imaginary dielectric
constants. Moreover, signals obtained from a single nano-
particle can provide even more detailed information. Therefore,
research at single nanoparticle level aroused much attention.
For example, the growth process of single Ag@Hg nanoalloy
was real-time monitored and presented a color change of
scattering spectra from red to white-yellow.27 Single plasmon
nanoparticle sensor developed rapidly on the basis of surface
plasmon resonance scattering (SPRS) analytical technique of
dark-field light scattering spectroscopy using dark-field
microscopy, which has been considered the most straightfor-
ward mean to probe chemical reactions,28 real-time optical
sensing with high sensitivity, and the in vivo imaging of cancer
cells.29−31 This technique has been used to study gas
sensing24,32 and nanoparticle growth process27 due to its high
spectral resolution, lower absolute detection limit, and high
signal-to-noise ratio. Compared to normal SPR sensors using
thin films, single plasmonic nanoparticle sensors have a
promising application in nanoparticle tracking and cell
imaging.33−36 However, single plasmonic nanoparticle for the
detection of biomolecules confined to the simple adsorption
process. For example, single gold nanorod was used to detect
single unlabeled proteins on a millisecond time scale through
improved plasmon spectroscopy technique which including
intense light source and a tailored nanoparticle geometry.37

In this study, we describe a simple and selective biosensor
based on individual gold nanoparticle (GNP) modified single
strand DNA (ssDNA) with a −SH labeled at its 3′ end for
assembly on the surface of GNPs. The probe (42 bases) was
longer than the target DNA or miRNA (22 bases). The 5′ end
of the probe ssDNA (5′-3′, No. 6−27) was complementary to
target oligonucleotides and probe ssDNA can form a hairpin on
the metal surface. When the GNP-DNA was incubated with
target solution, the hairpin structure broke, and target
oligonucleotides were captured, resulting in the change of
dielectric constant of GNP surface. With the help of SPRS
spectroscopy and dark-field microscopy (DFM), hybridization
processes of label-free target DNA and miRNA can be real-time
monitored at single-nanoparticle level and a red shift of SPRS
spectra can be observed. Figure 1 shows the strategy of the

detection process. Taking advantage of sensitivity of SPRS
spectra, this single nanoparticle biosensor showed excellent
selectivity with limit of detection (LOD) up to 3 nM.

■ EXPERIMENTAL SECTION
Materials and Apparatus. Sodium citrate was purchased from

Sigma Company (China). Hydroxylamine-hydrochloride (NH2OH·

HCl) and HAuCl4·3H2O were purchased from Aladdin Company
(China). All chemicals were used without additional purification. All
solutions were prepared using ultrapure water obtained from a Milli-Q
water purification system (Millipore Corp., Bedford, MA) with
resistivity of 18.2 MΩ cm.

All the DNA and RNA sequences used in this study were
synthesized and HPLC-purified by Takara Biotechnology Co. (Dalian,
China) and used without further purification. The sequences of these
oligonucleotides are shown as follows: probe ssDNA, 5′-TGA CTT
CAA CAT CAG TCT GAT AAG CTA AGT CAT TTT TTT TTT-
(CH2)6-SH-3′; target DNA (complementary DNA), 5′-TAG CTT
ATC AGA CTG ATG TTG A-3′; single-base mismatch DNA, 5′-TAG
CTT ATC AGA CAG ATG TTG A-3′; random DNA, 5′-GCT ATG
TAA CTA TGC TAG GCA C-3′; miRNA-21 (complementary
miRNA), 5′-UAG CUU AUC AGA CUG AUG UUG A-3′; single-
base mismatch miRNA, 5′-UAG CUU AUC AGA CCG AUG UUG
A-3′; random miRNA, 5′-GCU AUG UAA CUA UGC UAG GCA C-
3′. The italic fragments of probe ssDNA are complementary sequences
to target DNA and miRNA-21. The underlined bases are the
mismatched bases. Synthetic DNA and miRNA sequences were
dissolved in ultrapure water with autoclaved sterilization and kept
frozen.

UV−vis absorption spectra were obtained by a Shimadzu UV3600
spectrophotometer. Scanning electron microscope (SEM) images were
collected with S-4800 instrument (Japan). Transmission electron
microscope (TEM) images were taken on a JEM 2010 instrument
(Japan). All the measurements were performed at room temperature.

Preparation of Gold Nanoparticles. For our experiments, GNPs
were synthesized by using seed-growth method following the
previously reported method.38 The size of the GNPs is controlled
by changing the reaction condition in the process of seed-growth
method. Seed GNPs with average diameter of 20 nm were prepared by
using citrate as a reducing agent. Sodium citrate (5 mL, 40 mM) was
quickly added into boiling HAuCl4 solution (50 mL, 0.01%) with a
color change from modena to dark red in several minutes. The
solution was kept boiling for 10 min and then removed from the
heater, followed by another 15 min of stirring.

The solution was used as seed solution for the synthesis of GNPs
larger than 20 nm. In brief, 1 mL of preformed seed solution was
added to 20 mL of water, followed by 0.5 mL of 0.2 M hydroxylamine-
hydrochloride (NH2OH·HCl), which was used as a reducing agent.
The mixture was stirred vigorously at room temperature. Then, 3.5 mL
of HAuCl4 solution (0.1%) was added to the mixture dropwise until
the color of solution turned from red to fuchsia.

Preparation of Sensing Substrate. Indium tin oxide (ITO) glass
slides were used as substrate for fabrication of nanobiosensor. Due to
the excellent electroconductibility, GNPs immobilized on the ITO
substrate can be observed directly without spraying gold film by in situ
SEM. For preparation, ITO glass slides were cleaned in an ultrasonic
bath by using detergent, acetone, ethanol, and water, sequentially, for 1
h, respectively. Then, the slides were sufficiently rinsed with water and
dried with a stream of nitrogen. The cleaned slides were placed in the
solution of GNPs, which was diluted 10 times and soaked for 1 min,
washed with water and dried with nitrogen. GNPs were modified on
the surface of ITO glass slides by physical adsorption.

Immobilization of Single-Strand DNA Probes on GNP
Surface of Sensing Substrate. DNA probes were designed to
form a hairpin with a thiol group at 3′ ends. Hairpin ssDNA solution
(100 μL, 1 μM) was pipetted onto the surface of the ITO glass slide
which was modified with GNPs and incubated in the shaker at room
temperature overnight at 30 rpm. Then, the ITO glass slide was rinsed
with water and dried with nitrogen.

Hybridization Reaction on the Sensor and SPRS Instrumen-
tal Asset. Single GNP SPRS spectra were investigated by the dark-
field measurements carried out on an inverted microscope (eclipse
Ti−U, Nikon, Japan) equipped with a dark-field condenser (0.8 < NA
< 0.95), a 20× objective lens, a 100 W halogen lamp to excite the
GNPs and generate plasmon resonance scattering light, a true-color
digital camera (Nikon DS-fi2) to capture the true color scattering
images of GNPs, and a monochromator (Acton SP2300i) equipped

Figure 1. Scheme of GNP-DNA biosensor based on the dielectric
constant change caused by hybridization on the single GNP’s surface.
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with a spectrograph CCD (PIXIS 400BR: excelon, Princeton
Instruments) to obtain the scattering spectra and a grating (grating
density, 300 L/mm; blazed wavelength, 500 nm). The true color
images of GNPs were taken using a 20× objective lens. The
functionalized slide was placed on the automatic stage and 100 μL of
target oligonucleotide solution was pipetted onto the surface of the
slide. The scattering spectra of the individual nanoparticle were
corrected by subtracting the background spectra, which were taken
from the adjacent regions without the GNPs and dividing with the
calibrated response curve of the entire optical system. The spectra
were integrated as 20 s.
X-ray Photoelectron Spectroscopy (XPS). XPS is a surface

analytical method due to its sensitivity of the atomic composition with
detection limit of outmost 100 Å of a sample surface.39 XPS analyses
of ssDNA adsorption and hybridization with miRNA on the surface of
GNPs were performed on an X-ray photoelectronic spectrometer
(PHI 5000 VersaProbe, ULVAC-PHI Co., Japan) with an Al Kα X-ray
at 1486.6 eV as a light source. High-resolution spectra were acquired,
and peak positions were referenced to the C 1s peak at 284.8 eV.

■ RESULTS AND DISCUSSION
All gold hydrosols were characterized using a UV−vis
spectrometer in the wavelength range of 400−700 nm, with a
resolution of 0.1 nm. After the addition of chloroauric acid, the
GNP absorption peak shifted from 520 to 542 nm (Figure 2B),
indicating the growth of GNPs. According to the Mie theory,
both the size and the concentration of GNPs can be
determined directly from UV−vis spectra, which suggests that
the average diameter of GNPs used in the experiments was ∼75

nm.40 This was further proved by TEM images (Figure 2A) and
statistical analysis carried out by counting two representative
regions of images by using ImageJ software (National Institutes
of Health).
To compare the morphology of GNPs before and after

hybridization, we compared DFM images and in situ SEM
images in the experiment. Single GNP immobilized on the ITO
glass slide with a mark carved on it was observed through DFM,
and color photographs were obtained by color CCD. According
to the distance between the single GNP and the mark that was
measured by Adobe Photoshop, the ITO glass slide was then
observed through SEM and every GNP could be found in the
corresponding area of DFM color photographs. Figure 3A
shows the DFM image of a typical GNP-DNA immobilized on
ITO glass. The in situ SEM images of the selected area in
Figure 3A were obtained, which demonstrated that the typical
GNP with detailed view was 75 nm in average diameter
correspondingly presenting yellow light spot in DFM image.
SEM images (Figure 3B,C) of GNP based biosensor were given
to compare its shape and size before and after hybridization
with target oligonucleotides, demonstrating that there was no
change in the shape of GNP during the hybridization process.
On the basis of this result, gold sphere nanoparticle with
diameter of ∼75 nm was chosen to fabricate single nanoparticle
biosensor due to its stability of chemical and physical
properties.
The adsorption of ssDNA and hybridization between ssDNA

and miRNA were assayed by XPS. Table 1 summarizes the XPS
atomic percentages of GNP-DNA and GNP-DNA-miRNA.
Because pure GNPs did not produce nitrogen or phosphorus
signals, the presence of a N 1s peak and a P 2p peak (Figures
S3 and S5, Supporting Information) indicate that ssDNA
adsorbed onto the gold surface, which also existed in the GNP-
DNA-miRNA sample. The sample of GNP-DNA contained
67.71% C, 9.7% N, 17.44% O, 3.42% P, 0.97% S, and 0.77% Au
(Table 1). After hybridization with miRNA-21, the content of
carbon decreased, as did the phosphorus and sulfur content,
while the content of nitrogen and oxygen increased with a
composition of 62.64% C, 9.88% N, 23.96% O, 2.07% P, 0.70%
S, and 0.72% Au. The experimental atomic ratios (C/N, O/N,
P/N) calculated from the element composition changed from
6.98, 1.80, and 0.35 to 6.34, 2.42, and 0.21, respectively. The
change tendency of element composition agreed with the
theoretical value calculated from pure ssDNA and miRNA-21.
Because GNPs were synthesized through seed-growth method,
residual sodium citrate resulted in high percentage of C and O.
The XPS spectra of the Au 4f regions for GNP-DNA and

GNP-DNA-miRNA samples are shown in Figure S1 (Support-
ing Information), which presents a 4f7/2 peak at 84.0 eV and a
4f5/2 peak at 87.7 eV. The differences between Au 4f7/2 and Au
4f5/2 peaks were 3.7 eV, which agrees with the value of
zerovalent gold.41,42 This result suggests that gold atoms stayed
in zerovalent state after the adsorption of ssDNA and
hybridization with miRNA. Four carbon peaks appeared at
284.8, 286.4, 287.8, and 289.1 eV, respectively, representing
different carbon species related to ssDNA (Table 2).
Every individual GNP modified with hairpin ssDNA served

as a probe for target DNA detection through hybridization
reaction, which could cause a change of the dielectric constant
of the surface microenvironment resulting in the shift of GNP’s
SPRS spectra (Figure 4). A similar phenomenon has shown
that when double-stranded DNA attached to a single GNP,
plasmon resonance wavelength would change according to the

Figure 2. (A) TEM image of GNPs with average diameter of ∼75 nm;
(B) normalized UV−vis absorption spectra for (black curve) seed
solution and (red curve) ∼75 nm GNPs.
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length of the DNA.43 It is well-known that size of the
nanoparticles is one of the most critical influences for LSPR of
noble metal nanoparticles. GNPs of smaller than 40 nm
diameter presented dimly scattered green light, which is difficult
to visualize in DFM, while larger GNPs can present green or
even orange scattering color that are visible to naked eye and to
which the eye is more sensitive.44 Meanwhile, GNPs based
biosensors have been confirmed to be more sensitive with
larger size.45

We characterized the sensitivity of single GNP with an
average diameter of 75 nm for different concentrations of the
target DNA. Single GNP was functionalized by assembling
probe ssDNA at the surface to form GNP-DNA probe.
Different times for modifying ssDNA on the surface of GNP
were tested for detection of target miRNA-21 with concen-
tration of 1 μM, and the result showed that Δλ of SPRS spectra
of single nanoparticle achieved the maximum value and then

decreased with the time after 4 h (Figure 5). SPRS spectra did
not show an obvious shift for lack of probe ssDNA in initial

stage of ssDNA modification. Long-time modifications induce
an overload of probe ssDNA, which prevented the target
oligonucleotides from stretching and hybridizing due to steric
effect between probe and target molecules. This phenomenon
agreed with the results of Steel et al.46 An explanation was given
that this may result from the rigid restrictions on duplex
formation. For this reason, 4 h of modification of probe ssDNA
was performed in our experiment with concentration of 1 μM.
Once the target DNA solution was pipetted onto the surface

of the GNP-DNA biochip, the SPRS spectra of single GNP
were obtained continuously in 2 h by DMF equipped with
monochromator. Typical SPRS spectra are presented in Figure

Figure 3. . (A) Representational dark-field image of GNP-DNA before hybridization with miRNA on ITO glass slide. In-situ SEM images of GNP-
DNA correspond to the selected area in image A and detail view of the selected GNP-DNA (B) before and (C) after hybridization with miRNA.

Table 1. XPS Compositional Data for GNP-DNA and GNP-
DNA-miRNA

atomic percent atomic ratio

C 1s N 1s O 1s P 2p C/N O/N P/N

GNP-DNA 67.71 9.7 17.44 3.42 6.98 1.80 0.35
GNP-DNA-
miRNA

62.64 9.88 23.96 2.07 6.34 2.42 0.21

Table 2. XPS High-Resolution Data of GNPs, GNP-DNA,
and GNP-DNA-miRNA

C Au

GNP 84.05 87.71
GNP-DNA 284.80 286.35 287.78 289.10 84.01 87.67
GNP-DNA-
miRNA

284.86 286.42 287.80 289.00 84.01 87.69

Figure 4. XPS full spectra of (A) GNP-DNA and (B) GNP-DNA-miRNA.

Figure 5. Peak shift of the LSPR scattering spectra of GNP-DNA
hybridized with 1 μM of miRNA-21, which were obtained after GNP
modified by ssDNA with different time.
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6A and demonstrate that a continued red shift occurred during
real-time monitoring of single ssDNA-labeled GNP incubated
in target DNA with concentration of 10 μM. Figure 6B shows
the corresponding plots of LSPR spectra peak position red-shift
versus time. It shows that Δλ of SPRS spectra of single
nanoparticle increased rapidly in the initial stage and reached a
limitation after 1.5 h with a shift of ∼2 nm. This process proved
that hybridization occurred between probe ssDNA and target
DNA on the surface of individual GNP, which caused subtle
change of refractive index at the interface and can be reflected
through SPRS spectra.
During the experiment, target DNA can hybridize with probe

ssDNA completely when reaction time was extended to 4 h,
and similar Δλ of SPRS spectra of single nanoparticle were
obtained with different concentration of target DNA. This
phenomenon resulted from the diffusion of target DNA
molecules in solution. The Δλ reached a limit faster at high
concentration of target DNA than at lower concentration. The
first 2 h of incubation were chosen for our study, and a linear
relationship was discovered between Δλ of SPRS spectra of
single nanoparticle and concentrations of target DNA. As
shown in Figure 7A, the SPRS spectra shifted proportionally to
the target DNA concentration in the range of 10 nM to 20 μM.
The shift value decreased with lower concentration and reached
the limitation at 10 nM with a 0.4 nm red shift within the
margin of error. A linear relationship between Δλ and
concentration of DNA was demonstrated. The regression
equation could be expressed as Δλ = 0.516 log CDNA − 0.046
(R2 = 0.9902) and the limit of detection (LOD) was calculated
to be 3 nM when the signal-to-noise ratio is 3. For colorimetric
detection of DNA, the limit was 8 nM.47 For chemilumines-
cence resonance energy transfer (CRET) detection of DNA,

the sensitivity corresponded to 10−8 M.48 For the detection of
miRNA, silver nanoclusters/DNA probes were used, and the
detection limit was μM level;14 a similar method has been
improved to nM level for the detection of microRNA.49 For the
detection of Hg2+, the largest LSPR response was a shift of ∼2.5
nm.50 Compared to these methods mentioned above, the
detection method we used had the advantage of lower LOD.
Furthermore, the selectivity of the individual DNA-based

nanosensor was studied. We measured the SPRS spectra of
single nanoparticle biosensor when incubating with single-
mismatch DNA and random DNA to compare with the shift of
SPRS spectra when complementary target DNA was used to
incubate with GNP-DNA probe. As shown in Figure 8, the
shifts of the SPRS spectra of single plasmonic nanosensor were

Figure 6. (A) Corresponding LSPR scattering spectra of the selected GNP-DNA incubating with target solution at different time. (B) The plots of
LSPR spectra versus time for the selected GNP-DNA with 10 μM of miRNA-21.

Figure 7. Calibration curve corresponding to the peak shift of the LSPR scattering spectra for target (A) DNA and (B) miRNA-21 of different
concentrations (10 nM, 100 nM, 1 μM, 10 μM, and 20 μM).

Figure 8. Peak shift of the LSPR scattering spectra of (orange)
complementary target, (purple) single-base-mismatched, and (pink)
random (diagonal) DNA and (crosshatch) RNA at same concen-
tration of 1 μM.
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1.7, 0.4, and 0.2 nm, respectively, in the presence of target,
single-mismatch, and random DNA with the same concen-
tration of 1 μM, suggesting that single-mismatch and random
DNA can be distinguished by the single plasmonic nanosensor.
On the basis of the above results, single GNP based

biosensor can also be used for label-free miRNAs. In our study,
miRNA-21was chosen as target miRNA for it has been found in
cancers with overexpression5−10 and regarded as a good
candidate as biomarker in cancer. Because Alivisatos et al.51

has already proved that small difference of buffer solution could
affect the peak wavelength of the plasmon resonance of a
particle, ultrapure water with autoclaved sterilization was used
as solvent for target oligonucleotides to avoid the influence of
solvent. The functionalized single nanoparticle sensor pre-
sented similar performance for miRNA-21 compared to DNA.
As shown in Figure 7B, the SPRS spectra shifted with the
addition of miRNA-21. Δλ can be observed to increase with
increasing concentration of target miRNA-21 with a regression
equation expressed as Δλ = 0.53 log CRNA − 0.098 (R2 =
0.9711). When the concentration of miRNA-21 was 3 nM, the
change of SPRS spectra reached a limit. This result predicted a
promising application for label-free detection of biomarkers of
lung cancer.
To evaluate the selectivity of this single nanoparticle

biosensor, we chose three kinds of RNA sequences to incubate
with the GNP-DNA probe and hybridize with the probe
ssDNA: complementary target miRNA-21, single-mismatch
RNA, and random RNA. SPRS spectra were measured during
the process. As shown in Figure 8, miRNA-21 can be easily
distinguished due to an obvious shift of 1.6 nm of SPRS spectra
of single plasmonic nanosensor, compared to respectively 0.2
and 0.3 nm shift of SPRS spectra after incubation with single-
mismatch and random RNA with the same concentration of 1
μM. These results implied that the ssDNA functionalized single
GNP biosensor was able to discriminate with high specify.
For further exploration of practical application, we assessed

the ability of the GNP-DNA based single nanoparticle sensor in
fetal bovine serum (FBS). FBS without miRNA-21 was diluted
50 times and used as a blank, which showed almost no shift of
the SPRS spectra (Figure S7, Supporting Information). Then
analyses of different concentrations of miRNA-21 were
performed with 2% FBS (Figure 9). With the addition of
miRNA-21, the SPRS spectra presented red shifts as

concentrations increased. Compared to miRNA-21 in aqueous
solution, calibration curve was similar to the presence of 2%
FBS with a regression equation expressed as Δλ = 0.45 log
CRNA + 0.23 (R2 = 0.9741). The single nanoparticle biosensor
can detect miRNA-21 as low as 3 nM in 2% FBS when the
signal-to-noise ratio is 3.

■ CONCLUSION
In summary, we developed a novel method based on SPR
sensor for label-free detection of DNA and miRNA-21 at single
nanoparticle level. The GNPs were immobilized onto the ITO
glass substrate to form the main part of the sensors. Probe
ssDNA was modified on the surface of GNPs through Au−S
bond to capture the target oligonucleotides. The signals of
SPRS spectra of individual GNP were obtained by using the
SPRS instrumental asset, and a red shift was observed during
the process of hybridization due to the change of refractive
index of the surface of individual GNP. This SPR sensor
achieved the detection of 3 nM at single nanoparticle level and
showed excellent selectivity for miRNA sequences. Based on
these advantages, further development of single nanoparticle
based SPR sensors for the detection of multiple oligonucleo-
tides biomarkers has a promising future in the fields of
unlabeled biomolecules detection and miRNA diagnostics.
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