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ABSTRACT: A simple, visual, and specific method for
simultaneous detection of multiplex microRNAs (miRNAs)
has been developed by integrating duplex-specific nuclease
(DSN)-induced amplification with cationic conjugated poly-
mer (CCP) materials. The probe DNA with a complementary
sequence to target miRNA is labeled with fluorescein dye
(FAM). Without target miRNA, the single-strand DNA probe
cannot be digested by DSN. Upon adding CCPs, efficient
fluorescence resonance energy transfer (FRET) from CCP to
FAM occurs owing to strong electrostatic interactions between
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CCP and the DNA probe. In the presence of target miRNA, the DNA probe hybridizes with target miRNA followed by digestion
to small nucleotide fragments by DSN; meanwhile, the miRNA is released and subsequently interacts again with the probe,
resulting in the cycled digestion of the DNA probe. In this case, weak electrostatic interactions between oligonucleotide
fragments and CCP lead to inefficient FRET from CCP to FAM. Thus, by triggering the FRET signal from CCP to FAM,
miRNA can be specially detected, and the fluorescence color change based on FRET can be visualized directly with the naked eye
under an UV lamp. Furthermore, an energy transfer cascade can be designed using CCP and DNA probes labeled at the 5'-
terminus with FAM and Cy3 dyes, and the multistep FRET processes offer the ability of simultaneous detection of multiplex

miRNAs.
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B INTRODUCTION

MicroRNAs (miRNAs) are small noncoding RNAs with about
22 nucleotides and play key roles in various biological processes
and diseases.”” MiRNAs have emerged as a class of novel
biomarkers, and many studies have shown that the expression
levels of miRNAs are closely related to many of the human
diseases, especially cancer.”™> Thus, it is vital to develop a
simple, rapid, and sensitive miRNA detection method for
further understanding of the biological functions of miRNAs,
early diagnosis and treatment of diseases, and the development
of gene drugs, etc.’ Up to date, a variety of methods have been
developed for detection of miRNAs,”® while each method
exhibits its advantages and disadvantages. Northern blotting is
used as a golden level in the miRNA detection; however, the
low sensitivity and complex procedures limit its wide
application.”'” Direct colorimetric detection of miRNA was
reported with a visual readout signal and simple processes
based on the comformational change of the cationic
polythiophene derivative'' or the aggregation of gold nano-
particles.'” Nevertheless, it is not satisfactory due to the poor
sensitivity and multiplicity. To improve the sensitivity of
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miRNA detection, many amplification techniques were
employed, such as polymerase chain reaction (PCR),"*™"
rolling circle amplification (RCA),'*™"® strand displacement
amplification (SDA),"”* and ligase chain reaction (LCR),*"*
etc. However, the amplification detections usually need high
precision instruments and sophisticated operations. Addition-
ally, considering that a kind of biological function or disease
may be closely associated with various miRNAs, it is necessary
to perform the multiplex miRNA detection simultaneously.
Although the microarray chip can fulfill the high-throughput
detection of miRNAs,”*** its sensitivity and specificity is low,
and its cost is considerable. Some separation techniques, such
as capillary electrophoresis and microparticles, have been
applied to detection of various miRNAs.”>***® The separa-
tion-based methods are, however, not fit for the routine miRNA
detection because of the sophisticated equipment, expensive
reagents, and the time-consuming processes. As a result, the
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simple, sensitive, and multiplex detection of miRNAs still faces
challenges.

Recently, duplex-specific nuclease (DSN) is applied in
detection of miRNA with its unique feather that degrades not
only double-stranded DNA but also DNA in the DNA—RNA
hybrid.””~*’ Meanwhile, DSN has no activity to single-strand
DNA and RNA. Thus, DSN is well suitable for detection of
miRNA based on its characteristic of cleavage of DNA in the
DNA—miRNA heteroduplex. After cleavage, miRNA is released
and can subsequently hybridize with the remaining DNA to
form a new heteroduplex. Then DSN can keep cleaving the
DNA in the heteroduplex and repeating the hybridization/
cleavage cycle, producing signal amplification. Furthermore, it is
important that various probes can be designed and used to
detect multiple miRNAs by DSN simultaneously. Yin et al.
employed DSN to digest the TagMan probes, which released
and recycled target miRNAs for multiplex detection of
miRNAs.” Yang et al. synthesized the 2-OMe-RNA modified
molecular beacon probe and developed a target recycling
amplification method based on DSN for highly sensitive and
selective miRNA detection.”® However, the TagMan probes
and the modified molecular beacons used in the methods were
usually complex and costly, and the TagMan probe-based assay
only differs by at least four bases in miRNA sequences, which
limits the distinction of homologous miRNAs with single-base
differences. Therefore, to further develop the novel, simple, and
multiplex detection of miRNAs based on DSN is still desired.

Cationic conjugated polymers (CCPs) with their powerful
light-harvesting and signal amplification abilities provide a
versatile detection platform for bioanalysis and biosensing.”' ~**
Water-soluble CCPs as optical probes have increasingly been
developed through the colorimetric and fluorometric assay for
metal ions, proteins, and nucleic acids, etc.>*™? Typically,
CCPs are easy to bind with negatively charged nucleic acids via
electrostatic interactions. Therefore, efficient fluorescence
resonance energy transfer (FRET) can occur from CCPs to
fluorophores labeled in oligonucleotide probes, which advances
many homogeneous and sensitive nucleic acid detections. More
importantly, CCPs can not only carry out multiplex detection
of nucleic acids based on the multiple FRET from CCPs to
various fluorescence dyes but also directly perform visual
detection of the fluorescence signals by using a hand-held UV
lamp. 043

Herein, we develop a novel assay for detection of miRNAs by
combining DSN-assisted amplification with homogeneous
multiplex biosensing of CCPs. First, fluorescence-probe-labeled
dyes including fluorescein and Cy3 are designed with the
complementary sequences to the corresponding target
miRNAs. When CCPs are added, efficient FRETs from CCPs
to fluorescence probes can occur owing to the strong
electrostatic interaction between CCPs and probes, and the
color fluorescence signal can be directly observed under UV
lamp irradiation. In the presence of DSN, the fluorescence
probes complementary to the target miRNAs are digested to
small oligonucleotide fragments by DSN, while the target
miRNAs are released and subsequently hybridized with the new
fluorescence probes, resulting in the cycled digestion of the
fluorescence probes. After the probes are digested, the
electrostatic interactions between fluorophore-labeled oligonu-
cleotide fragments and CCPs are weak so that eflicient FRET
from CCPs to fluorophores does not take place. When the
reaction solution is exposed to an UV lamp, only the self-
fluorescence signal of CCPs is observed. Thus, the multiplex
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and visual detection of miRNAs can be realized by using DSN
and CCPs.

B EXPERIMENTAL SECTION

Materials and Reagents. Duplex-specific nuclease (DSN) was
purchased from Evrogen Joint Stock Company (Russia). The
RiboLock™ RNase Inhibitor was purchased from Fermentas. 4-(2-
Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) was obtained
from Sigma. The cationic poly[(9,9-bis(6'-N,N,N-
trimethylammonium)hexyl) fluorenylene phenylene dibromide] used
as the CCP in the FRET experiments was prepared as described in the
literature.®® All the oligonucleotides purified by HPLC were
synthesized by TaKaRa Biotechnology Co., Ltd. (Dalian, China).
The sequences of the probes and targets are listed in Table SI. The
reaction solution of miRNA was prepared by DEPC-treated water. All
the chemicals were of analytical grade and used as purchased without
further purification.

Instruments. The reaction was performed in a 2720 thermal cycler
(Applied Biosystems, USA). A Hitachi F-4500 spectrofluorometer
(Tokyo, Japan) equipped with a xenon lamp was used to determine
the fluorescence intensity of the fluorescence spectra of the solution.
Nikon D90 was used to record the color change with CCPs that
showed the degree of integration.

DSN-Assisted Amplification of miRNA. The amplification
reaction was performed in a 10 yL mixture, which contained S0
mM Tris-HCI (pH = 8.0), S mM MgCl,, 1 mM DTT, 50 nM probe-
7a, 8 U RNase Inhibitor, 0.5 U DSN, and the appropriate amount of
target miRNA. The mixture was heated to 65 °C for 2 min and then
incubated for 4 h at 45 °C in a 2720 thermal cycler.

Fluorescence Measurement by Using CCPs. Aliquots of 4 uL
of the above products and 4 uL of CCP (1S uM) were then
transferred to a 200 uL centrifuge tube and diluted to a final volume of
200 L with 25 mmol/L of HEPES buffer (pH 8.0). The fluorescence
spectra were measured by a Hitachi F-4500 spectrofluorometer whose
slit width for excitation and emission and PMT voltage were 5 nm and
700 V, respectively. The emission spectra were measured in the
wavelength range of 400—650 nm with the excitation of 380 nm.

Visual Fluorescence Detection of miRNAs. The 10 yL reaction
solution containing 50 nM probe-7a or probe-7¢, 0.5 U DSN, and the
different concentration of miRNAs was put through an amplification
reaction as described above. Afterward, the reaction solution was
mixed with 2 uL of CCP (15 uM). After incubation of 5 min, a hand-
held UV lamp with the wavelength of 365 nm was used to excite the
solution. The photograph with different color of the solution was
taken by a Nikon D90 digital camera.

Extraction of Small RNAs from Hela Cells. Hela cells were
cultivated in DMEM medium (GIBCO) containing 10% (v/v) fetal
bovine serum (FBS). Small RNA was extracted with RNAiso for small
RNA (Takara Biotechnology, Dalian). The extracted RNA was
quantitated through the A260 value by a UV—vis spectrophotometer
and stored at —80 °C.

Multiplex Detection of miRNAs with CCP in the Mixed
Samples. To simulate the practical sample detection, we mixed equal
amounts of the let-7b, let-7d, and miR221 with target miRNAs let-7a
or/and let-7c to prepare the mixed samples. Each of miRNAs was 20
nM in 10 uL mixed samples, which included the mixed probes of 50
nM probe-7a and probe-7c, respectively. Fluorescence spectra were
measured as described above. For visual miRNA detection in the
mixed sample, 2 uL of 15 uM CCP was added to the solution and
incubated for S min. The color of solution excited by a hand-held UV
lamp was recorded with a Nikon D90 digital camera.

B RESULTS AND DISCUSSION

Principle of miRNA Detection. The principle of miRNA
detection by DSN and CCP is shown in Figure 1. The
fluorophore-labeled oligonucleotide probe is designed and
completely complementary to target miRNA. In the presence of
the target miRNA, the fluorophore-labeled probe can hybridize
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Figure 1. Principle of miRNA detection by DSN-assisted amplification
and CCP biosensing.

with target miRNA to form a double-stranded miRNA—DNA
complex. Afterward, the fluorophore-labeled probe is degraded
to small oligonucleotide fragments by DSN, which prefers to
hydrolyze DNA in DNA—RNA hybrid duplexes rather than
ssDNA. At the same time, target miRNA is released and
subsequently hybridizes with the other fluorophore-labeled
probe, leading to the cyclic degradation reaction by DSN. As a
result, target miRNA is replicated and amplified, while a large
number of fluorophore-labeled oligonucleotide fragments are
generated. When adding the CCP, efficient FRET cannot occur
due to the weak electrostatic interaction between CCP and
fluorophore-labeled oligonucleotide fragments. By comparison,
without miRNA, the single-stranded fluorophore-labeled probe
cannot be degraded by DSN and then bind with CCP through
strong electrostatic interaction between negatively charged
DNA and CCP, which bring them close to each other, resulting
in efficient FRET from CCP to the fluorophore upon exciting
CCP.

To verify the principle of the assay, let-7a was first chosen as
the target miRNA. Down-regulation of let-7a is a key event in
lung cancer, so let-7a is an important biomarker to be
detected.”* As shown in Figure 2, the FAM-labeled probe
(probe-7a) is designed and completely complementary to let-
7a. The fluorescence signal of CCP at 423 nm and that of FAM
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Figure 2. Fluorescence spectra of the reaction product after mixing
with CCP. The DSN amplification products were diluted 50-fold with
HEPES buffer (25 mM, pH = 8.0) before the fluorescence detection.
Let-7a and CCP were 200 pM and 0.3 uM, respectively. Inlet is the
visual fluorescence images of the assay solution under 365 nm UV
irradiation. Sequential detections were carried out as described in the
Experimental Section.
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at 530 nm are remarkably observed in blank solution. This can
be attributed to the fact that probe-7a can interact with CCP
through strong electrostatic forces and lead to efficient FRET
from CCP to FAM in probe-7a. Under 365 nm UV light
irradiation, the green fluorescence from FAM in the assay
solution was observed with the naked eye only. In contrast, in
the sample solution containing let-7a, the fluorescence signal of
CCP at 423 nm was obviously enhanced; meanwhile, the
fluorescence signal of FAM in 530 nm was clearly reduced. This
is because probe-7a hybridizes with let-7a to form the RNA—
DNA complex. Probe-7a in the RNA—DNA complex is
hydrolyzed to small oligonucleotide fragments by DSN. Thus,
inefficient FRET from CCP to FAM takes place stemming from
the weak electrostatic interaction between CCP and small
oligonucleotide fragments. Only blue fluorescence from CCP in
solution was observed under 365 nm UV light irradiation. We
defined the ratio of fluorescence intensity at 423 and 530 nm as
the fluorescence quenching efficiency (I3 ym/Is30 nm)- There-
fore, it is possible to detect miRNA by measuring the
fluorescence quenching efficiency or directly observing the
different color of the reaction solution.

Specificity of the Assay. The experimental conditions
including the concentration of probe and DSN, reaction time,
and reaction temperature were studied and optimized as shown
in the Supporting Information. To investigate the specificity of
the method, we select miR221 and let-7 miRNA family, which
are detected by using let-7a as the target miRNA and probe-7a
as the specific probe. The sequences of miRNAs and probes are
shown in Table S1. The let-7 miRNA family including let-7a,
let-7b, let-7c, let-7d, let-7e, let-7f, and let-7g is a highly
homologous miRNA whose sequences differ by only one or
two nucleotides. It is important to specifically detect the let-7
miRNA family for understanding their biological functions. As
shown in Figure 3, we can clearly discriminate let-7a from other
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Figure 3. Relative signals of let-7 miRNA family members and
miR221. The relative signals (%) denoted the ratio of the I3/
Is30 nm signal of each miRNA to the I 53 m/Is30 nm Signal of let-7a. The
relative fluorescence ratio signal of let-7a was normalized to be 100%.
The concentration of each of the miRNAs was 40 pM. Sequential
detections were carried out as described in the Experimental Section.
Error bars were estimated from three replicate measurements.

miRNAs, indicating the high specificity of the proposed
method. It is noteworthy that let-7c with the maximum
nonspecific signals is due to the different base G in let-7c as
compared with base A in let-7a in the same site near the 3'-
terminus. What is more, the similar interaction energy between
T-G and T-A incurs that let-7c is relatively difficult to be
discriminated from let-7a.
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Figure 4. Dynamic range and sensitivity of the let-7a assay: (A) fluorescence spectra with a different amount of let-7a. The concentration of let-7a
successively is 0, 10, 20, 40, 100, and 200 pM. (B) The relationship between fluorescence ratio and log of let-7a concentration. Each reaction was run

in triplicate.

Dynamic Range and the Visual miRNA Detection of
the Assay. To investigate the dynamic range for miRNA
detection, the emission spectra of a series of amplification
products with various concentrations of let-7a were measured
upon adding CCP with the excitation at 380 nm (Figure 4A).
As shown in Figure 4B, the FRET ratio (L3 nm/Is30 nm) 1S @
function of let-7a concentration. There is a good correlative
relationship between the FRET ratio and the logarithm of let-7a
concentration in the range of 10—200 pM. The linear function
was Loz am/Isz0nm = —2487 + 2.616 lg(C/pM) with a
correlation coefficient of R = 0.9850. Thus, the concentration
of the miRNA would be quantitatively determined by
measuring the FRET ratios. The detection limit (3s, n = 11)
was estimated to be 4.6 pM. A series of seven repetitive
measurements of 40 pM let-7a were used to evaluate the
precision, and the relative standard deviation (RSD) was 3.7%.

To further simplify the miRNA detection, the fluorescent
visual detection of miRNA was studied by using a hand-held
UV lamp. As shown in Figure SA, the different samples were
directly detected with the naked eye under 365 nm UV light
irradiation. For the FAM-labeled probe-7a, no visual signal is
observed under UV light irradiation because the concentration
of probe-7a is low (tube 1). Nevertheless, tube (2), which is the
probe-7a solution as the blank, shows green color by adding
CCP, originating from the efficient FRET from CCP to FAM
and the excellent signal amplification ability of CCP. When let-
7a at different concentration is introduced into the reaction
solution, probe-7a hybridizes with let-7a and is degraded by
DSN. Thus, upon addition of CCP, the FRET from CCP to
FAM is gradually reduced with the increasing concentration of
let-7a, giving rise to deep green, light green, and light blue color
in tubes (3), (4), and (5), respectively.

To investigate the applicability of the method, a real sample
of miRNA extracted in Hela cells is detected by visual
detection. As shown in Figure SA, the miRNA sample and
probe-7a were mixed in tube (6) and processed through DSN-
assisted CCP visual detection. In contrast with the green color
in tube (2), the light blue color in tube (6) is observed, which is
weaker than the dark blue color in tube (8) with CCP only
under UV irradiation, suggesting that the weak FRET from
CCP to FAM occurs and let-7a exists in the sample. Moreover,
by introduction of the synthesized let-7a to the sample, the
color of the reaction solution in tube (7) exhibits dark blue as
compared with that of tube (8), indicating that FRET from
CCP to FAM in the sample solution is further reduced with the
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Figure S. (A) Fluorescent visual detection of the different samples by a
hand-held UV lamp. 1. Probe-7a; 2. CCP + probe-7a; 3. CCP + probe-
7a + let-7a (0.5 nM); 4. CCP + probe-7a + let-7a (2 nM); S. CCP +
probe-7a + let-7a (10 nM); 6. CCP + probe-7a + real sample (1.0 yg);
7. CCP + probe-7a + real sample (1.0 ug) + let-7a (0.5 nM); 8. CCP.
The visual fluorescence detection was carried out as described in the
Experimental Section. (B) Fluorescence spectra of the real sample and
synthesized let-7a. The curves from top to bottom orderly come from
the corresponding samples of tubes (2), (3), (6), and (7) in (A). The
concentrations of probe-7a and let-7a were 1 nM and 10 pM,
respectively. Fluorescence measurements were carried out as described
in the Experimental Section.

increasing of the concentration of let-7a in reaction solution.
These results are in accord with those of fluorescence spectra in
Figure SB, indicating that the method has good applicability.
Multiplex Detection of miRNAs. To study the multiplex
detection of miRNA by the method, we designed a new Cy3-
labeled probe (probe-7c) with a complementary sequence of
let-7c for detection of let-7c based on the high specificity of the
method. As shown in Figure 6, for the blank solution, the
fluorescence signals of Cy3 at 570 nm are relatively high
because probe-7c interacts with CCP through strong electro-
static forces leading to efficient FRET from CCP to Cy3 in
probe-7c. So, under UV irradiation, the blank solution shows
reddish brown color derived from Cy3. In the presence of let-
7¢c, the FRET from CCP to Cy3 is obviously reduced, and the
solution exhibits purple color under UV irradiation. This is due
to the fact that probe-7c hybridizes with let-7c to form the
RNA—-DNA complex. As the probe-7a, probe-7c in the RNA—
DNA complex is also hydrolyzed by DSN, resulting in
ineflicient FRET from CCP to Cy3. Therefore, the fluorescence

DOI: 10.1021/acsami.5b11135
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Figure 6. Fluorescence spectra of the let-7c reaction product after
mixing with CCP. The DSN amplification products were diluted 50-
fold with HEPES buffer (25 mM, pH = 8.0) before the fluorescence
detection. Let-7c and CCP were 200 pM and 0.3 uM, respectively.
Probe-7c was labeled with Cy3, and the maximum emission
wavelength of Cy3 was 570 nm. Inlet is the visual fluorescence
images of the assay solution under 365 nm UV irradiation. Sequential
detection was carried out as described in the Experimental Section.

quenching efficiency (I3 pm/Is70 nm) can be defined as the ratio
of fluorescence intensity at 423 and 570 nm and used to
measure miRNA. Moreover, the result can be directly observed
by the color changes of reaction solution.

To demonstrate the multiplex detection of the method, we
mixed the probe-7a with the probe-7c to form the mixed
probes, which were suitable for the various samples with DSN-
assisted CCP multiplex biosensing. The principle scheme of
multiplex detection of miRNAs by the mixed probes is shown
in Figure 7. If no target miRNAs exist, both probe-7a and

FAM Cy3

probe-7a : 2 probe-7c¢

Cccp

++

++

Figure 7. Principle of multiplex detection of miRNAs by the mixed
probes.

probe-7c in the mixed probes interact with CCP through the
strong electrostatic force and subsequently bring about FRET1
and FRET2 from CCP to FAM and Cy3, respectively.
Furthermore, FRET3 from FAM to Cy3 is also simultaneously
triggered due to the proximity distance and the suitable
molecular structure of FAM and Cy3. If the sample has let-7a
and no let-7c, only probe-7a hybridizes with let-7a and is
degraded by DSN. Thus, no FRET1 and FRET?3 are initiated,
and only FRET? takes place. By contrast, when let-7c exists in
the sample, based on a similar reaction mechanism, only probe-

1524

7c is degraded, leading to FRET1 only and inefficient FRET2
and FRET3. When the sample includes let-7a and let-7c, probe-
7a and probe-7c interact with let-7a and let-7c, respectively, and
all of the mixed probes are degraded by DSN, leading to any
inefficient FRET in the reaction solution.

Figure 8 shows the fluorescence spectra and the visual images
of the various samples, which verify the multiplex detection
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Figure 8. Fluorescence spectra and visual images of various samples
for multiplex detection of miRNAs by the mixed probes. Sequential
detection was carried out as described in the Experimental Section.

principle for miRNAs. As there are not target miRNAs, curve
(1) shows the clearly fluorescence peaks of FAM and Cy3 in
530 and 570 nm, respectively. Correspondingly, inset (1)
appears as a brown color that is the mixed color of FAM and
Cy3. These results are attributed to the facts that the mixed
probes interact with CCP and the multiple FRETs from CCP
to FAM and Cy3 and from FAM to Cy3 take place,
respectively. In curve (2), only let-7c in the sample, the
fluorescence peak at 570 nm is significantly reduced, while the
fluorescence peak at 530 nm is still high. Accordingly, the light
green color is observed in inlet (2). This can be explained by
the fact that probe-7c in the mixed probes hybridizes with let-7¢
and is degraded to the small nucleotide fragments by DSN,
resulting in inefficient FRET from CCP or FAM to Cy3. At the
same time, probe-7a in the mixed probes interacts with CCP,
and efficient FRET from CCP to FAM takes place. Compared
with curve (2), curve (3) with let-7a displays the distinctly
reduced fluorescence signal at 530 nm and the relatively
prominent fluorescence peak at $70 nm, and inlet (3) shows
the light rufous color. This is attributed to the same mechanism
as let-7c that probe-7a hybridizes with let-7a and is degraded by
DSN, generating inefficient FRET from CCP to FAM, and
probe-7c in the mixed probes interacts with CCP only, giving
rise to efficient FRET from CCP to Cy3. Similarly, for the
sample with let-7a and let-7¢ simultaneously, as shown in curve
4, the fluorescence signals in 530 and 570 nm are reduced
markedly. And nattier blue is observed in inlet (4). This is due
to that probe-7a and probe-7c, respectively, interact with let-7a
and let-7c and undergo the degradation reaction synchronously
by DSN, leading to inefficient FRETs from CCP to FAM and
Cy3. Therefore, the different miRNAs, which even differ by one
base, can be discriminated from the different mixed samples
with the visual detection by the mixed probes, indicating that
multiplex detection of miRNAs can be achieved by the
proposed method.

B CONCLUSION

A simple, visual, and specific method for simultaneous
detection of multiplex microRNAs has been developed by

DOI: 10.1021/acsami.5b11135
ACS Appl. Mater. Interfaces 2016, 8, 1520—1526



Koleksi digital milik UPT Perpustakaan ITB : Hanya di pergunakan di area kampus ITB untuk keperluan pendidikan dan penelitian

ACS Applied Materials & Interfaces

Research Article

integrating DSN-induced amplification with CCP materials.
Compared with miRNA detection and CCP-based biosensing
methods reported previously, the proposed method has several
unique advantages. First, the assay integrates isothermal DSN-
induced DNA amplification with CCP biosensing, which
ensures miRNAs detection with the high sensitivity and
specificity in a homogeneous fashion. Second, multiplex
detection of miRNAs can be achieved successfully, resulting
from the CCP-based multiple FRET and excellent signal
amplification ability of CCP. Third, the result can be directly
observed by the naked eye under only a hand-held UV lamp,
which is simple and convenient. As a result, the method not
only further expands the applicability of conjugated polymers
but also paves a new avenue for multiplex detection of nucleic
acids and clinical diagnosis.
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