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ABSTRACT

Fluorescence biosensing strategy has drawn substantial attention due to their advantages of
simplicity, convenience, sensitivity and selectivity, but unsatisfactory structure stability, low
fluorescence quantum yield, high cost of labeling, and strict reaction conditions associated
with current fluorescence methods severely prohibit their potential application. To address
these challenges, we herein propose an ultrasensitive label-free fluorescence biosensor by
integrating hemin/G-quadruplex-catalyzed oxidation reaction with aggregation induced
emission (AIE) fluorogen-based system. L-cysteine/TPE-M, which is carefully and
elaborately designed and developed, obviously contributes to strong fluorescence emission. In
the presence of G-rich DNA along with K and hemin, efficient destruction of L-cysteine
occurs due to hemin/G-quadruplex-catalyzed oxidation reactions. As a result, highly sensitive
fluorescence detection of G-rich DNA is readily realized, with a detection limit down to 33
pM. As a validation for the further development of the proposed strategy, we also successfully
construct ultrasensitive platforms for microRNA, by incorporating the L-cysteine/TPE-M
system with target-triggered cyclic amplification reaction. Thus, this proposed strategy is

anticipated to find use in basic biochemical research and clinical diagnosis.
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INTRODUCTION

It is well established that some important molecules including nucleic acids and proteins,
with relatively low concentration in biological samples, correlate with various human diseases
(cancers, diabetes, autoimmune diseases, and so on).l'3 For example, microRNA (miRNA),
which is low abundance in total RNA samples and associated with human cancers,
neurological disease and viral infections, can act as valuable biomarkers for the biomedical
research and evaluation.** However, it should be pointed out that the design and development
of efficient biosensors for low abundant analyte detection in complex samples is still a
challenge.

Recently, substantial efforts have been devoted to pursuing novel amplification strategies
for developing ultrasensitive bioassays in tracing disease-related biomolecules.®'? It has been
gradually recognized that the sensitivity mainly depends on the physicochemical properties of
signal elements."*™'® In this context, fluorescence materials that can be implemented as signal
molecules have drawn much more attention for their widespread application prospect in
chemo-/bioanalysis. However, most signal elements previously reported were mainly

17-19

comprised of conventional dyes, such as fluorescein, rhodamine, cascade blue, and so on,

of which the intrinsic aggregation caused quenching (ACQ) effect™™!

and instability in
complicated environments (pH, temperature, interferences, and so on) greatly impeded their
practical application in detection of ultratrace amount of analytes in biological samples. In

2224 Wwhich is

addition, most of the reported bioassays involved the labeling procedure,
expensive, complicated and time consuming, and may influence the hybridizing/binding

efficiency of the oligonucleotides because of the bulky groups of the labeling elements,
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subsequently reducing the sensing selectivity and sensitivity. With this in mind, it is highly
desirable and of great research value to design and prepare fluorescence materials with high
quantum yield and exceptional stability for constructing ultrasensitive label-free platforms for
advanced utilization in bioanalysis.

Aggregation induced emission (AIE) fluorophores, a paramount member of fluorescent
material family, have attracted considerable attention because of their unique photophysical
properties, and have found promising application in chemo-/biosensors.”>*’ For instance,
Tang et al reported a 2D layered metal-organic framework (MOF) with AIE property to
analyze various volatile organic compounds.” Liu’s group developed a simple but unique
fluorescent probe with a dual signal turn-on feature for accurate caspase-3 detection based on
AIE fluorogen.” In this view, AIE fluorogens enjoy high brightness and excellent stability,
and have been proven to be ideal signal molecules for addressing the challenges outlined
above and developing ultrasensitive biosensors. Additionally, among different transducer
techniques, nucleic acid sensors, implementing oligonucleotides as recognition elements for
binding/hybridizing target analytes with high affinity and selectivity, possess the appealing
features in terms of easy preparation, ease of functionalization, and unique physicochemical
stability, and have shown great potential in the analysis of diverse biomolecules in real
samples.’*>* Inspired by the aforementioned developments, by coupling the merits of AIE
fluorogens and nucleic acid techniques, AIE fluorogen-based nucleic acid bioassays with
excellent selectivity, high sensitivity, and strong anti-interference ability could be developed.
However, up to now, only few approaches using AIE fluorogens as signal molecules were

reported for constructing nucleic acid-based sensing platform.%38 Moreover, tedious labeling
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procedure was still needed in the sensing process.** On the other hand, the label-free
biosensing strategies ever reported were mainly achieved by using cationic AIE fluorogens as
signal molecules, which were easily interfered by the anionic compounds in biological
samples, subsequently resulting in poor reproducibility and false positive diagnosis.>* In
view of this, it is still very important for researchers to develop ingenious strategies for
developing label-free AIE fluorogen-based nucleic acid biosensors with robust stability, good
reproducibility, high sensitivity, and excellent selectivity.

Herein, by taking full advantage of both AIE fluorogen and nucleic acid technique, we
proposed a novel L-cysteine/AIE fluorogen system as an intrinsic sensing platform, which
enjoys the appealing features including remarkable brightness, excellent selectivity, and
label-free characteristic, and allows ultrasensitive detection of various analytes based on
hemin/G-quadruplex-catalyzed oxidation reaction. In the present study, AIE fluorogen
(denoted as TPE-M) was successfully designed and synthesized, and showed negligible
fluorescence emission because of the exciton annihilation process associated with the
molecular structure. L-cysteine (Figure S1A) was applied as a catalyst to induce the
significant fluorescence enhancement of TPE-M due to the damage of the maleimide ring.
Hemin/G-quadruplex was found to catalyze the oxidation of L-cysteine into cystine (Figure
S1B),***! which could not turn on the fluorescence of TPE-M. Basically, the capability of
hemin/G-quadruplex-catalyzed oxidation of L-cysteine into cystine can be implemented as a
means to control the fluorescence of L-cysteine/TPE-M system. As a result, highly sensitive

detection of G-rich DNA was readily realized. Furthermore, this proposed strategy was

implemented in the ultrasensitive analysis of miRNA, as proof-of-concept analyte, which
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initiate the amplification reaction to generate abundant G-rich DNAs. Moreover, this strategy
can be easily and universally applied to any fluorescence probe with response to L-cysteine,
and can be used to determine a variety of target analytes, which trigger the generation of
G-rich DNA.

EXPERIMENTAL SECTION

Development of L-cysteine/TPE-M System. TPE-M was dissolved in CH3CN to yield a
stock solution of 400 uM, and L-cysteine was dissolved in Tris-HCI (10 mM Tris, 200 mM
NaCl, 20 mM KCI, and pH 8.0) to yield a stock solution of 200 uM. Different amount of
L-cysteine sample was added into 10 uL. TPE-M solution, and the mixture was then incubated
for 20 min. Afterwards, the fluorescence emission spectra of the resulted solution that was
diluted to 200 pL by Tris-HCI, were collected ranging from 425 to 650 nm with the excitation
wavelength of 365 nm.

Fluorescence Detection of G-rich DNA. In a typical assay, different amount of G-rich
DNA sample was added into a 50 pL Tris-HCI solution containing 8.0 pM hemin, and
incubated for 45 min in order to form hemin/G-quadruplex complexes. The system was then
incubated with 20 pL L-cysteine solution for 30 min to complete the catalyzed oxidation
reaction. Subsequently, the reaction solution was added into 10 pL TPE-M solution, and the
mixture was allowed to react for 20 min. Finally, the resulting solution was brought to a final
volume of 200 pL by adding Tris-HCI before fluorescence measurements.

Fluorescence Detection of miRNA. In this study, the miRNA-initiated cyclic
amplification reactions were carried out in a 50 uL. homogeneous reaction solution (10 mM

Tris, 50 mM NaCl, 10 mM MgCl,, 1.0 mM dithiothreitol, and pH 8.0) consisting of 400 nM
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template 1, 800 nM template 2, 2000 pM dNTPs, 1.2 U/uL RNase inhibitor, 0.8 U/uL
Nt.BbvCl, 1.2 U/uL KF polymerase, and the target miRNA with different concentrations.
After reaction at 37 °C for 120 min, the reaction solution was then heated to 90 °C and kept at
that temperature for 10 min. After cooling down to room temperature, 50 pL Tris-HCI
containing 8.0 uM hemin was added into the system and incubated for 45 min to form the
hemin/G-quadruplex complex. Subsequently, 20 ulL L-cysteine solution was added, and were
allowed to react for 30 min. Afterwards, the mixture was added into 10 uL TPE-M solution to
react for 20 min. Finally, the resulting solution was diluted to 200 pL with Tris-HCI before
fluorescence measurements.
RESULTS AND DISCUSSION

Development of L-cysteine/TPE-M System. In the present work, AIE fluorogen TPE-M,
was prepared according to the previously reported method,* with the synthetic route depicted
in Figure 1A, and the detailed steps for the synthesis exhibited in Supporting Information. To
evaluate the response of TPE-M to L-cysteine, we conducted the fluorescence measurements
on TPE-M with different L-cysteine concentrations. As manifested in Figure 1B and 1C, the
fluorescence intensity significantly augmented with the increase of L-cysteine concentration,
which could be ascribed to the fact that more L-cysteine interacted with more TPE-M,
subsequently resulting in delayed or blocked exciton annihilation process. For instance, with
the concentration of L-cysteine reached 30 puM, a ca. 9.9-fold increase in fluorescence
intensity was observed. In addition, the incubation time between L-cysteine and TPE-M was
optimized to be 20 min (Figure S2A). Meanwhile, hardly any change in fluorescence intensity

of TPE-M or TPE-M-L can be detected after placing for 120 min, which demonstrated that
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TPE-M/TPE-M-L enjoy highly optical stability (Figure S2B). These results evidently
suggested that TPE-M enjoyed significant response to L-cysteine. Furthermore, several
comparison experiments by using six other compounds were applied to investigate the
specific response of TPE-M to L-cysteine, and the detailed information was depicted in
Figure S2C. It should be noted that the compounds without —SH, cannot induce the
fluorescence enhancement of TPE-M. Oppositely, compounds with —SH, will significantly
turn on the fluorescence of TPE-M. This experimental result successfully unveils the critical
role of —SH of L-cysteine for turning on the fluorescence of TPE-M. Moreover, the response
of TPE-M to L-cysteine was further proven by characterizing the structures of both TPE-M
and the TPE-M-L arising from the reaction between TPE-M and L-cysteine through FT-IR
and "H NMR techniques, as demonstrated in Figure S3, and Figure S4. Significant differences

were observed, which authenticated that TPE-M possesses prominent response to L-cysteine.
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Figure 1. (A) Synthetic route to TPE-M. (B) Fluorescence spectra of TPE-M (20 uM)

with different concentrations of L-cysteine. (C) Fluorescence intensity of
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L-cysteine/TPE-M system versus the concentration of L-cysteine.

Development of L-cysteine/TPE-M-Based Biosensor for G-rich DNA Detection. Based
on the proposed L-cysteine/TPE-M system, the general platform for sensitive G-rich DNA
detection through hemin/G-quadruplex-controlled the fluorescence of TPE-M was developed
and the working principle was illustrated in Figure 2A. Evidently, in the absence of
hemin/G-quadruplex, L-cysteine could not be oxidized to cystine, and still maintained the
capability to turn on the fluorescence of TPE-M. As a result, a significant signal was acquired.
However, in the presence of G-rich DNA, L-cysteine was effectively converted into cystine
via the catalyzed oxidation reaction of hemin/G-quadruplex.”**' Because the generated
cystine did not enjoy the ability to turn on TPE-M’s fluorescence, much lower fluorescence
intensity was detected compared with that of L-cysteine/TPE-M in the absence of G-rich
DNA. Since the fluorescence signal was dependent on the amount of L-cysteine, which was
subsequently relied on the concentration of G-rich DNA, fluorescence signal of the proposed
bioassay was related to the concentration of target G-rich DNA, and sensitive fluorescence
detection of G-rich DNA was readily realized.

To investigate the feasibility of the proposed strategy, fluorescence spectra of the sensing
system under different conditions were recorded and displayed in Figure 2B, using G1 (G-rich
DNA) as the proof-of-concept analyte. Obviously, a relatively weak fluorescence signal (88.2
a. u.) was observed when G was pre-incubated with L-cysteine in the presence of K and
hemin (curve e). It came as no surprise due to the sensing principle that is based on the ability
of hemin/G-quadruplex to effectively catalyze oxidation of L-cysteine into cystine, as well as

cystine’s inability to turn on the fluorescence of TPE-M. The ability of
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hemin/G-quadruplex-catalyzed oxidation of L-cysteine to cystine was affirmed by horseradish
peroxidase (HRP) in the presence of H,O, (Figure S5). Whereas, strong fluorescence emission
was observed in the absence of either G1 (curve ¢) or hemin (curve d), due to the fact that no
hemin/G-quadruplex complex was formed, and L-cysteine was intact, and still maintained its
ability to react with TPE-M. Thus, numerous fluorescent molecules (TPE-M-L) were
generated in the system and resulted in strong fluorescence. These experimental results clearly
demonstrated that the fluorescence detection of G-rich DNA could be readily realized using

the proposed system.
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Figure 2. (A) Schematic illustration of the principle of L-cysteine/TPE-M-based biosensor for

G-rich DNA detection. (B) Fluorescence spectra of L-cysteine/TPE-M-based biosensor under
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different conditions: (a) TPE-M, (b) TPE-M + L-cysteine, (c) TPE-M + L-cysteine + hemin,
(d) TPE-M + L-cysteine + G1, (¢) TPE-M + L-cysteine + hemin + G1. (C) Fluorescence
spectra of the proposed biosensor upon the addition of G1 with different concentrations. (D)
The fluorescence intensity of the proposed bioassay versus the G1 concentration. Inset: the
linear relationship between fluorescence intensity and the G1 concentration. (E) Comparison
of the fluorescence intensity in the presence of G1, G2, G3, G4, N1, and N2, respectively, in
which “blank” indicates the condition in the absence of any analyte. The concentrations of
TPE-M, L-cysteine, hemin, and G-rich DNA (G1, G2, G3, and G4) were 20 uM, 20 pM, 2.0
uM, and 100 nM, respectively; the concentrations of N1 and N2 were 1000 nM.

Under the optimum sensing conditions (Detail optimizations are shown in Figure S6A and
6B), we challenged this fluorescence bioassay by probing G1 with different concentrations to
test its analytical performance. As expected, the fluorescence intensity decreased gradually
with the increased G1 concentration, which was attributed to the fact that more G1 impelled
the formation of more hemin/G-quadruplex complexes and reduced the amount of L-cysteine,
subsequently resulting in the fluorescence decrease (Figure 2C). Evidently, G1 with the
concentrations ranging from 0.1 to 1000 nM could be directly detected by the proposed
system (Figure 2D). Furthermore, the fluorescence intensity was linearly dependent on G1
concentration ranging from 0.1 to 100 nM (Figure 2D, inset). The resulting linear regression
equation was determined to be F' = — 4.23Cg;+ 507.19 (F in the unit of a. u., and Cg; in the
unit of nM), with the correlation coefficient of R*=0.9988. The measured detection limit was
determined to be 33 pM, which is superior or comparable to those of the methods for G-rich
DNA detection reported in literature (Table S2). These results arguably confirmed the AIE
fluorogen-assisted effective enhancement of detection efficiency for target analyte.
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According to the mechanism of the proposed bioassay, the developed approach was
expected to be effective in analyzing other G-rich DNAs, which contributed to the formation
of hemin/G-quadruplex in the presence of K™ and hemin. To gain more insight, we tested the
fluorescence signal of the proposed system upon the addition of different DNA strands,
namely G2, G3, G4, N1, and N2, respectively. G2, G3, and G4 were designed to comprise of
G-rich sequences, whereas, N1 and N2 did not contain G-rich elements. As depicted in Figure
2E, significant decrease in fluorescence intensity was only observed in the presence of G-rich
DNAs (G1, G2, G3 and G4). In contrast, hardly any fluorescence change could be detected in
the presence of N1 or N2, even though the concentration was ten times as many as G-rich
DNA. These results justified the crucial role of G-rich DNA in controlling the fluorescence of
L-cysteine/TPE-M system, and suggested that this fluorescence biosensor was applicable for
the determination of any G-rich DNA that could fold into G-quadruplex structure.

Based on the ability of hemin/G-quadruplex to control the fluorescence of
L-cysteine/TPE-M system, effective design and development of novel sensing platform for
detecting various biomolecules can be realized. Meanwhile, it is well known that
enzyme-assisted signal amplification strategy is another key component involved in the
achievement of ultrasensitive biosensor.**® Hence, a target-initiated cyclic amplification
strategy, is carefully and ingeniously integrated with the proposed system for the construction
of ultrasensitive fluorescence platforms. This is exemplified here with the probing of miRNA
using our developed system.

Development of L-cysteine/TPE-M-Based Biosensor for Ultrasensitive miRNA

Detection. Figure 3A gives the layout for the ultrasensitive analysis of miRNA based on the
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target-initiated ~ isothermal  exponential — amplification  reaction (EXPAR) and
hemin/G-quadruplex-controlled turning on the fluorescence of L-cysteine/TPE-M system. In
this study, template 1 and 2 were carefully and elaborately designed to avoid any spontaneous
interaction between each other in the absence of target miRNA. Template 1 contains three
regions (I, 11, and III) separated by two nicking endonuclease recognition sequences, of which
region I and II have the identical sequences complementary to target miRNA. Template 2 also
comprises of three regions (I', II', and III") separated by two nicking endonuclease recognition
sequences, of which region I’ and II' have the identical sequences with that of region III in
template 1, and region III' composes the sequences complementary to G-rich DNA. As
depicted in Figure 3B, both the template 1 and 2 exhibited a single and narrow electrophoresis
band (lane a and b), respectively, implying that no secondary structure generated in each of
the carefully designed DNA strands. Moreover, mixing template 1 and 2 did not generate any
new band in the absence of miRNA (lane c), suggesting the low degree of spontaneous

reaction between template 1 and 2.
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Figure 3. (A) Schematic illustration of the principle of L-cysteine/TPE-M-based biosensor for

ultrasensitive miRNA detection through target-switched EXPAR reaction. (B) Nondenaturing
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PAGE images of (a) template 1, (b) template 2, (c) template 1 + template 2, (d) G1, (e) let-7a
+ template 1 + template 2, (f) let-7a + template 1 + template 2 + KF polymerase + dNTPs +
Nt. BbVCl.

In the presence of target analyte, the hybridization between miRNA and the complementary
region in template 1 resulted in a conformational change of template 1 from single strand
structure to miRNA-hybridizing structure. As seen from lane e in Figure 3B, the newly
appeared band, at the shorter distance than that of template 1, was associated with the
formation of miRNA-template 1 complex, arising from the specific hybridization reaction. In
this case, target miRNA acted as primer to trigger the EXPAR reactions from its 3'-end in the
presence of KF polymerase, dNTPs, and Nt. BbVCI., releasing DNA triggers sl and s2.
Owing to the ingenious design, the sl hybridized to unreacted template 1 to initiate more
EXPAR reactions to generate more s2, which, in turn, hybridized to template 2 and acted as
primers to trigger the EXPAR reactions. The successful target-initiated EXPAR reactions
would generate a large number of DNA triggers s3. As expected, lane f in Figure 3B showed
multiple new electrophoresis bands at different distances, of which the fastest-moving
electrophoresis band was related to the generated s3 that was justified by the electrophoresis
band of G1 (lane d). Therefore, plentiful hemin/G-quadruplexes were formed in the presence
of K and hemin, and catalyzed oxidation of L-cysteine into cystine, subsequently resulting in
the fluorescence decrease. While in the absence of miRNA, template 1 and 2 were incapable
of any interaction, inhibiting the subsequent EXPAR reactions. In this context, L-cysteine
would not be consumed, and would maintain its ability to turn on the fluorescence of TPE-M,

contributing to strong fluorescence signal. Thus, by monitoring the change in fluorescence
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intensity, we could determine the target miRNA with ultrahigh sensitivity based on the
proposed AIE fluorogen-based system by incorporating the EXPAR reactions.

To verify the feasibility of the proposed strategy, the fluorescence signals of the sensing
system under different conditions were obtained and depicted in Figure 4A. Obviously, a
strong fluorescence signal was observed when target let-7a was absent (curve c), with the
intensity of about 516.9 a. u. This phenomenon arguably supported the conclusion that
template 1, template 2, KF polymerase, dNTP, and Nt. BbVCI have little effect on the
fluorescence of L-cysteine/TPE-M system. Upon the addition of let-7a with different
concentrations, the fluorescence intensity decreased from 516.9 a. u. (curve c) to 293.1 a. u.
(curve d) and 163.8 a. u. (curve e), respectively. This is because a large number of
hemin/G-quadruplexes were formed upon the miRNA-initiated EXPAR reactions, and the
generated hemin/G-quadruplex enjoyed significantly catalyzed oxidation ability toward
L-cysteine. These results clearly justified the feasibility of the proposed L-cysteine/TPE-M
system for sensitive detection of target let-7a.

Next, under the optimum experimental conditions (Detail optimizations are shown in
Figure S7), we challenged this fluorescence bioassay by sensing target let-7a with different
concentrations to test its analytical performance. As depicted in Figure 4B, the fluorescence
intensity significantly decreased with the increase of let-7a concentration, which was
attributed to the sensing principle that more let-7a induced the generation of more
hemin/G-quadruplexes, and then decreased the amount of L-cysteine, thus reducing the
fluorescence intensity. A calibration curve was fitted between F (fluorescence intensity in the
presence of let-7a with different concentrations) and the logarithm of the let-7a concentration
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over a linear range of 0.1 fM to 10000 fM (Figure 4C). The linear equation was calculated to
be F'=-67.28 log Cier.7a + 431.14 (F in the units of a. u., Cie.7, in the units of M), with the
correlation coefficient of R* = 0.9994. The measured detection limit was determined to be 35
aM, which, as shown in Table S3, to the best of our knowledge, was the lowest detection limit
ever obtained for let-7a. Evidently, the proposed bioassay is superior in sensitivity to other
sensing strategies. The improved sensitivity of the current biosensor might be attributable to
the following factors: 1) AIE fluorogen introduced as signal molecule, 2) signal amplification
induced by EXPAR reactions, and 3) the highly catalyzed oxidation ability of

hemin/G-quadruplex toward L-cysteine.
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Figure 4. (A) Fluorescence spectra of L-cysteine/TPE-M-based biosensor under different
conditions: (a) TPE-M, (b) TPE-M + L-cysteine, (¢) TPE-M + L-cysteine + template 1 +
template 2 + KF polymerase + Nt. BbVCIL. + dNTPs + hemin, (d) TPE-M + L-cysteine +

let-7a (100 M) + template 1 + template 2 + KF polymerase + Nt. BbVCI. + dNTPs + hemin,

(e) TPE-M + L-cysteine + let-7a (10000 fM) + template 1 + template 2 + KF polymerase + Nt.
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BbVCI. + dNTPs + hemin. (B) Fluorescence spectra of the proposed biosensor upon the
addition of let-7a with different concentrations. (C) The linear relationship between the
fluorescence intensity and the logarithm of let-7a concentration. (D) Comparison of the
fluorescence intensity in the presence of let-7a, let-7b, and let-7d, respectively, in which
“blank” indicates the condition in the absence of any analyte. The concentrations of all
analytes were 10000 M.

The selectivity of the proposed bioassay was further investigated by adding let-7a, let-7b
and let-7d with the same concentration into the sensing system, respectively. As illustrated in
Figure 4D, relatively high fluorescence intensity was detected in the presence of let-7b or
let-7d, whereas a significant drop of fluorescence signal was obtained when let-7a was present.
The results implied that the proposed strategy demonstrated a high selectivity toward the
target let-7a, and was able to distinguish miRNA family members with sequence homology.
Meanwhile, the practical application of this method for quantitative miRNA assay in complex
biological matrix was studied by determining the recovery of target let-7a spiked in 10%
diluted human serum samples. As shown in Table 1, for let-7a at different concentrations of
1.0, 10, and 100 fM, there was good agreement between the added and measured values of
let-7a, and the recoveries were found to be in the range of 97-105.1%. These results
significantly implied that the proposed label-free fluorescent platform demonstrates potential
for application in miRNA detection in human serum samples with acceptable accuracy and

good reliability.
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Table 1 Detection of let-7a spiked in serum samples (n = 3)

Sample No. Added (fM) Mean measured (fM) Mean recovery * (%)
1 1.0 0.97 97
2 10 10.3 103
3 100 105.1 105.1

*Recovery (%) = 100 X (Cimean measured / Cadded)
CONCLUSIONS

In summary, a well-designed AIE fluorogen-based stimuli-responsive system
(L-cysteine/TPE-M) was successfully developed, and in the presence of hemin/G-quadruplex,
it underwent cystine generation associated with fluorescence abatement due to the
deactivation of AIE molecules by virtue of HRP-mimicking DNAzyme-catalyzed oxidation of
L-cysteine. Thus, L-cysteine/TPE-M system readily acts as an efficient fluorescence bioassay
for G-rich DNA detection that can fold into G-quadruplex, with reduced cost, improved
probing sensitivity, and enhanced detection selectivity, as compared to previously reported
G-rich DNA biosensors. We further demonstrate that L-cysteine/TPE-M system can also be
configured into ultrasensitive bioassays for miRNA sensing with the aid of target-initiated
cyclic amplification reactions, serving as signal element and offering exceptional stability and
excellent selectivity. Overall, the conceptual integration of DNAzyme-catalyzed oxidation
reactions with AIE fluorogen-based system represents a versatile and ingenious strategy to
construct fluorescence platform with the unique features of label free, low cost, high
sensitivity and good selectivity.

Notes
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