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HIGHLIGHTS

e A tetramolecular hairpin-conjugated
super-quadruplex is designed as
molecular switch.

e Oligonucleotide-grafted AlEgens
were synthesized without fluores-
cence emission.

e The activated G-quadruplex scaffold
could assemble AlEgens to induce
fluorescence enhancement.

e The integrated system established a
simple and sensitive strategy for
detection of plasma membrane
protein.
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ABSTRACT

Quantification of plasma membrane proteins (PMPs) is crucial for understanding the fundamentals of
cellular signaling systems and their related diseases. In this work, a super-quadruplex scaffold was
designed to regulate assembly of oligonucleotide-grafted AlEgens for detection of PMPs. The non-
fluorescence oligonucleotide-grafted AIEgen (Oligo-AlEgen) was firstly synthesized by attaching the
AlEgen to 3’-terminus of the oligonucleotide through click chemistry. Meanwhile, the tetramolecular
hairpin-conjugated super-quadruplex (THP-G4) as cleavage element and signal enhancement scaffold
composited of three elements: a substrate sequence of DNAzyme in the loop region, partial hybridization
region in the stem, and six guanine nucleotides to form G-quadruplex. Once the DNAzyme was anchored
on the specific PMPs through aptamer-protein recognition, the substrate sequence on the loop of THP-G4
was cleaved by DNAzyme with the aid of cofactor Mn', resulting in the conformation switch of THP-G4 to
the activated G-quadruplex scaffold. The latter could assemble Oligo-AlEgens to generate aggregation-
induced emission (AIE) enhancement, resulting in a simple and sensitive strategy for detection of
membrane proteins. Moreover, the DNAzyme continuously cut the next THP-G4 to achieve recycling
amplification. Under the optimized conditions, this AIE-based strategy exhibited good linear relationship
with the logarithm of MUCT concentration from 0.01 to 10 ug mL~! with the limit of detection down to
4.3 ng mL~L. The G4-assembled AlEgens provides a universal platform for detecting various biomolecules
and a proof-of concept for AIE biosensing.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Plasma membrane protein (PMP) plays a vital role in many
biological processes, such as materials transportation, intercellular
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communication and intracellular signaling [1—4]. Perturbation in
the expression levels of PMPs, as the result of abnormal cell
metabolism, is associated with cancer and other fatal diseases
[5—8]. Nowadays, various techniques are applied for PMPs detec-
tion with good performance [9—11], including surface-enhanced
Raman scattering [12], fluorescence [13—15], colorimetric assays
[16] and electrochemiluminescence immunoassays [17]. Particu-
larly, fluorescence probes have been proved to be a promising
approach due to their nondestructive interaction with target pro-
teins and real-time quantification [18]. By enzymatic cleavage of
substrate sequence conjugated on the green fluorescent protein,
furin recognition and quantification were achieved on the mem-
brane of living cells [19]. However, traditional fluorophore probes
may suffer from aggregation caused quenching effect, and lead to
the reduced signal for readout [20,21]. As a new kind of fluorescent
emitter, aggregation-induced emission (AIE) was introduced in this
work for quantification of PMPs due to the advantages of low
background signal and good photostability.

Fluorogens with aggregation-induced emission characteristics
(AIEgens) generate strong fluorescence emission in aggregate state
due to the restriction of intramolecular motions [22]. AIEgen-based
fluorescence probes are widely applied in biosensing and cell im-
aging with high brightness in aggregate state [23—27]. The fluo-
rescence signal of AlEgens could be induced by electrostatic
interaction [28], site-specific reactions [29], analyte binding [30]
and environmental stimuli [31,32]. Specifically, the AIE probe
consisting of sulfonic TPE derivatives with alkinyl group was turned
on through click reaction for cell membrane imaging and photo-
dynamic ablation [33]. An arginine-glycine-aspartic acid function-
alized tetraphenylsilole was developed for sensitive detection of
membrane protein integrin o, 3 through ligand-receptor interac-
tion [34]. The above multistep-synthesis of AIEgen-based bioprobes
guarantees the selectivity and low limit of detection, and becomes a
promising strategy for biomolecule detection.

DNA was extensively applied in designing versatile molecular
switches because of its predictable structure, various biofunctions
and flexible alteration of sequence [35—38]. In this work, a tetra-
molecular hairpin-conjugated super-quadruplex scaffold (THP-G4)
was rationally designed to assemble oligonucleotide-grafted AIE-
gens triggered by DNAzyme cleavage for detection of PMPs. An
azide-modified AlEgens (TPEN) was synthesized and conjugated to
the 3’ terminus of an oligonucleotide strand through an alkyl chain
of 11 carbon atoms along with a planar structure (O1-TPEN)
(Scheme 1A). Meanwhile, the designed THP-G4 was cleaved by
DNAzyme with the cofactor Mn', resulting in the activation of
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Scheme 1. Synthetic route to (A) O1-TPEN. (B) Schematic illustration of controlled
assembly of AlEgens based on a super-quadruplex scaffold.

tetrapod-quadruplex scaffold (TP-G4). Upon addition of O1-TPEN,
the AlEgens were assembled onto the activated TP-G4 scaffold,
leading to the fluorescence enhancement (Scheme 1B). The pro-
posed strategy was applied to the detection of PMPs on living cells,
providing a universal platform for PMPs detection and a proof-of
concept for AIE biosensing.

2. Materials and methods
2.1. Materials and reagents

Bromotriphenylethylene, 4-formylphenylboronic acid, tetrabu-
tyl ammonium bromide (TBAB), tetrakis(triphenylphosphine)
palladium(0) (Pd(PPhs)4), 4-hydroxybenzyl cyanide, tetrabuty-
lammonium hydroxide, and 1,4-diiodobutane were purchased from
Energy Chemical Inc. Gel electrophoresis loading buffer, streptavi-
din, bovine serum albumin (BSA), and polystyrene (PS) bead were
from Solarbio. Co., Ltd. (Beijing, China). UltraPower dye was ob-
tained from Bioteke, Co., Ltd. (Beijing, China). DNA ladder was from
Thermo Fisher Scientific Inc. (MA, USA). Phosphate buffer saline
(PBS, pH 7.4) contains 136.7mM NaCl, 2.7 mM KCl, 8.72 mM
NapyHPO4 and 1.41 mM KH,POy. Li buffer contains 10 mM Tris-HCI,
pH 7.4, 100 mM LiCl, 10 mM MgCly, and 1 mM sodium EDTA. All
aqueous solutions were prepared using ultrapure water
(>18.2 MQ cm, Milli-Q). Oligonucleotide-alkyl chain-grafted DBCO
(01-DBCO) was synthesized by Takara Bio Inc. (Dalian, China).
Other DNA sequences were obtained from Sangon Biotech Co., Ltd.
(Shanghai, China). These DNA sequences were listed in Table S1. To
form DNA G-quadruplex structures, DNA oligonucleotides were
dissolved in PBS, pH 7.4, heated to 95 °C, and cooled gradually to
room temperature (0.6 °C/min), and stored at 4°C for two days
prior to use.

2.2. Apparatus

Absorption spectra were recorded on a Cary 300 UV-VIS Spec-
trophotometer (Agilent). The gel electrophoresis was performed on
the mini-PROTEAN system (Bio-Rad) and imaged on Bio-Rad
ChemDoc XRS. Fluorescence spectra were measured on an F-7000
spectrofluorophotometer (Hitachi). The dynamic light scanning
(DLS) measurements were performed on 90Plus Particle Size
Analyzer (Brookhaven Instruments Corporation). Circular dichro-
ism (CD) measurements were obtained at 25 °C using 1-mm path
length cuvettes (Hellma) on a Chirascan CD spectrometer (Applied
Photophysics). NMR spectrum was obtain from 400 Hz spectrom-
eter (Bruker). Matrix-assisted laser desorption/ionization time-of-
fight mass spectrometry (MALDI-TOF-MS) experiments were per-
formed on a 4800 Plus MALDI TOF Analyzer (AB Sciex).

2.3. Synthesis of TPEN

The TPEN was synthesized via four steps as shown in Scheme S1.
First, according to the Suzuki coupling reaction, bromotriphenyl-
ethylene (3.0 g, 9 mmol) (1) and 4-formylphenylboronic acid (2.0 g,
13 mmol) were dissolved in 60 mL toluene followed by adding
TBAB (0.3 g, 1.0 mmol) and 2 M potassium carbonate aqueous so-
lution (18 mL). The mixture was stirred at room temperature for
0.5 h before adding Pd(PPhs), (0.010 g, 8.70 x 10~ mmol) under Ar
gas. The mixture was heated to 90 °C for 24 h, extracted with DCM
and purified by column chromatography to obtain compound 2
(2.91 g, 90%) [39]. Next, according to Knoevenagel reaction, com-
pound 2 (1g, 2.7mmol) and 4-hydroxybenzyl cyanide (0.45¢g,
3.4 mmol) were dissolved in 30 mL ethanol before adding 5 drops
of tetrabutylammonium hydroxide (0.8 M). The mixture was
heated and refluxed overnight followed by washing multiple times
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with ethanol to obtain compound 3 (1.10 g, 83%). The compound 3
(500 mg, 1 mmol), 1,4-diiodobutane (651 mg, 2 mmol) and potas-
sium carbonate (290 mg, 4 mmol) were dissolved in 30 mL aceto-
nitrile for nucleophilic substitution reaction. The mixture was
heated to 80 °C and refluxed overnight and extracted with DCM and
purified by column chromatography to obtain compound 4
(545 mg, 85%). Finally, compound 4 (500 mg, 0.8 mmol) and NaN3
(160 mg, 2.5 mmol) were dissolved in 10 mL DMSO and stirred at
room temperature for 24 h. The mixture was extracted with DCM
and purified by column chromatography to obtain compound 5
(417 mg, 89%). '"H NMR (400 MHz, CDCI3): 5 7.62 (d, ] = 8.4 Hz, 2H),
7.56 (m, 2H), 7.30 (s, 1H), 7.12 (m, 11H), 7.04 (m, 6H), 6.92 (m, 2H),
4.03 (t, J=6.0Hz, 2H), 3.38 (t, J=6.6Hz, 2H), 1.89 (dt, J=10.3,
5.7Hz, 2H), 1.81 (m, 2H). Mass spectrum (ESI), m/z calcd for
572.258; found, 595.251 [M+23]".

2.4. Synthesis of O1-TPEN

The O1-TPEN was synthesized by mixing 0.2 mL of 100 uM O1-
DBCO with 0.2 mL of 1 mgmL~! TPEN in DMSO under gentle stir-
ring at room temperature overnight. The resulting mixture was
purified by Polyacrylamide Gel Electrophoresis (PAGE) with a
coupling yield of 20.5% by ultraviolet absorbance analysis [40].

2.5. Fluorescence measurement

The excitation wavelength was set to 375nm, the emission
spectra were scanned from 420 to 700 nm at 25 °C. For the typical
fluorescence measurements, Oligo-AlEgen (1.0 uM) was mixed with
equal molar DNA strand in PBS buffer at room temperature. Unless
noted, all fluorescent data were recorded at 25 °C. For the calibra-
tion curve, stock MUC1 solution was diluted to different concen-
tration followed by incubation with capture DNA in PBS for 30 min.
Then the mixture was ultrafiltration and the pellet was redispersed
in PBS followed by addition of THP-G4 and Mn" for 1.5 h. Then O1-
TPEN was added to the ultrafiltration liquid before subjecting to
fluorescence measurement.

2.6. Polyacrylamide gel electrophoresis analysis

Native polyacrylamide gel was prepared using 1 x TBE buffer.
The loading sample was prepared by mixing 7 uL DNA sample,
1.5uL 6 x loading buffer (Thermo), and 1.5 uL UltraPower dye
(Bioteke). After 3 min, the samples were injected into the poly-
acrylamide hydrogel. The gel was operated at 100V for 75 min in
1 x TBE buffer, and scanned with a Molecular Imager Gel Doc XR.

2.7. Cell culture and MUC1 detection

MCE-7 cells were cultured in a flask in Dulbecco's modified Ea-
gle's medium (DMEM, Gibco), MDA-MB-231 were grown in L-15
medium. Both media were supplemented with 10% fetal calf serum
(FCS, Gibco), penicillin (100 pugmL~"!), and streptomycin
(100 pg mL~1) at 37°C in a humidified atmosphere containing 5%
CO,. Capture DNA was heated to 95 °C and slowly cooled down to
room temperature. Cells and 100 nM capture DNA was added to the
PBS buffer and incubated at 37 °C for 30 min followed by centri-
fugation and washing with PBS. Then cells were suspended in 50 uL
PBS containing 0.5mM Mn" and 1 pM THP-G4. The mixture was
incubated at room temperature for 1.5 h and the supernatant was
obtained by centrifugation at 1000 rpm. Then, 1 pL of 50 uM O1-
TPEN was added to the supernatant and incubated for 10 min
before the fluorescence of resulting mixture was measured.

3. Results and discussion
3.1. Synthesis of TPEN and O1-TPEN

The designed TPEN molecule consists of two domains (Scheme
S1), a green-emissive TPE derivative as the fluorescence source,
and azide groups for covalent conjugation with oligonucleotides.
The chemical structure of TPEN was characterized by TH NMR and
ESI-MS with high purity (Fig. S1). On the other hand, a 15nt
oligonucleotide was labelled with dibenzocyclooctyne (O1-DBCO)
group on the 3’ terminus (Table S1). The O1-TPEN was prepared by
copper-free click reaction between O1-DBCO and TPEN (Scheme 1A
and Fig. S2). The resulting O1-TPEN was purified by polyacrylamide
gel electrophoresis (PAGE) and characterized by mass spectrometry
with a molecular weight of 5742.7 (Fig. S3).

The TPEN in DMSO/H,0 (v/v, 1/399) exhibited two UV absorp-
tion peaks at 233 and 384 nm. After TPEN grafted with O1, the
complex showed a strong absorption at 260 nm, which was in
agreement with oligonucleotide absorption of O1-DBCO, suggest-
ing the successful preparation of O1-TPEN (Fig. 1A). TPEN aggre-
gates showed a strong fluorescence (FL) peak with maximum
emission intensity at 504 nm, and maximum excitation (EX) in-
tensity at 375 nm. After click reaction, the fluorescence intensity (F)
of O1-TPEN at 504 nm was extraordinarily weakened to 3.2% of that
of O1-TPEN (Fig. 1B). The hydrophobic TPEN was well dissolved in
DMSO showing weak emission. As the fraction of H,O in the
mixture of DMSO/H,0 was higher than 30%, TPEN became strongly
emissive, demonstrating the classic AIE property. Whereas O1-
TPEN exhibited weak emission in all DMSO/H,0 mixture (Fig. 1C),
indicating its good solubility in both DMSO and H,0. TPEN formed
the aggregated particles in DMSO/H50 (v/v, 1/399) ranging from 92
to 220 nm (Fig. 1D), but O1-TPEN did not scatter light. These results
suggesting that oligonucleotide grafted TPEN could well dissolve in
H,0 with weak emission to provide FL-off state of O1-TPEN.

3.2. Assembly of O1-TPEN by DNA G-quaduplexes
The tetramolecular DNA G-quadruplex (TP’-G4) could assemble

oligonucleotide-AlEgen in the confined space to generate fluores-
cence (Fig. 2A). When O1-TPEN was mixed with G-quadruplex
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Fig. 1. (A) UV—vis spectra of 1 uM TPEN (green line), O1-TPEN (black line) and O1-
DBCO (red line) in DMSO/H,0 (1/399). (B) Fluorescence spectra of 1 uM TPEN (green
line), O1-TPEN (black line) in DMSO/H,0 (1/399). (C) FL intensity of TPEN and O1-TPEN
versus fraction of H,0 in the mixture of DMSO/H0. (D) DLS measurement of TPEN in
DMSO/H,0 (1/399). (For interpretation of the references to color in this figure legend,
the reader is referred to the Web version of this article.)



L. Zhu et al. / Analytica Chimica Acta 1094 (2020) 130—135 133

A B
=290 — O1-TPEN
8 150 + TP-G4
> — O1-TPEN
3 100
o
, £ 50
O1-TPEN TP'G4  G4-AE
500 550 600 650
c Wavelength (nm)
5 D s0z64nm 280mm
4 B 20
o -g
L3
. =
2 3}
1
1234567 240 280 320

Wavelength (nm)

Fig. 2. (A) Schematic illustration and (B) fluorescence spectra of controlled assembly of
AlEgens by G-quadruplex scaffold. (C) F/Fp of 1uM O1-TPEN and (D) CD spectra of
20 uM O1-TPEN with different treatments: O1-TPEN mixed with equimolar of (1) O1’-
6G, (2) 01/-6T, (3) 01’-6A, (4) 01'-6C, (5) 01/, (7) 15T-6G in PBS, and (6) 0O1’-6G in Li
Buffer. Fp and F are the FL intensities before and after treatment, respectively.

scaffold (01-6G), the fluorescence intensity at 504 nm was
enhanced as 4.5-fold of that of O1-TPEN (Fig. 2B). On contrary, the
fluorescence of O1-TPEN exhibited slightly enhancement when
either mixing with non-G4 oligonucleotides (01/, 01’-6T, O1’-6A,
01’-6C), or with 01’-6G in Li buffer. Besides, 15T-6G could form G-
quadruplex scaffold without complementary to O1-TPEN. The
mixture of O1-TPEN and 15T-6G resulted in little fluorescence in-
crease (Fig. 2C and Table S1). PAGE results confirmed that 01’-6G
formed G-quadruplex scaffold instead of 01/, 01’-6T, O1’-6A and
01/-6C, and O1-TPEN could hybridize with G-quadruplex scaffold
(Fig. S4). The circular dichroism (CD) spectra of the mixture of O1-
TPEN and O1’-6G showed a positive peak at 264 nm and negative
peak at 240 nm belonging to the characteristic peaks of parallel G-
quadruplex. The CD spectra of mixture of O1-TPEN and other
strands showed strong positive peak at 280 nm attributing to the
double-stranded structure (Fig. 2D). The above data suggested that
O1-TPEN could successfully hybridize with the TP’-G4 to induce
fluorescence enhancement, verifying the universality of controlled
assembly of AlEgens by G-quadruplex scaffold.

3.3. Design on conformation switch of THP-G4

In order to develop the molecular probe for PMPs detection,
THP-G4 was designed and consisted of three elements, a substrate
sequence of DNAzyme in the loop region, partial hybridization re-
gion in the stem, and six guanine nucleotides to form G-quadruplex
(Fig. S5). Upon addition of DNAzyme and cofactor Mn', the RNA
nucleotide in the substrate sequence was cleaved and DNA1 frag-
ments were dehybridized from the limbs of TP-G4 due to instability
of partial hybridization region separated by a 1 nucleotide (nt)
bulge region in the stem. The DNAzyme was released and cut next
substrate sequence to produce TP-G4 scaffold. Further addition of
O1-TPEN into TP-G4 could assemble O1-TPEN in the scaffold to
induce fluorescence enhancement. PAGE results showed a new
band (yellow square) after addition of Mn'' to the mixture of THP-
G4 and DNAzyme (Fig. 3A, lane 2), which was attributed to the
DNAT1 fragment. As the control experiment, tetramolecular hairpin-
conjugated super-quadruplex scaffold without bulge region (cHP)
did not show any new band in the corresponding position under

i TP-G4

THP-G4

DNA1 dTP-G4

Fig. 3. (A) PAGE results (15%) of (1) DNA ladder, (2) THP-G4, (3) THP-
G4 + DNAzyme + Mn'", (4) THP-G4 + DNAzyme, (5) cHP, (6) cHP + DNAzyme + Mn',
(7) cHP + DNAzyme, (8) DNAzyme. DNA ladder from top to bottom: 700, 500, 400, 300,
200, 150, 100, 75, 50, 25 bp. (B) PAGE results (8%) for different hairpin G-quadruplex
scaffolds: (i) THP-G4, (ii) THP-G4/, (iii) THP-G4”, (iv) THP-G4", (v) cHP treated with (1)
THP-G4, (2) THP-G4 + DNAzyme + Mn', (3) THP-G4 + DNAzyme, (4) THP-
G4 + DNAzyme + Mn" + O1-TPEN, (5) THP-G4 + DNAzyme -+ O1-TPEN. (C) Ratio of FL
intensity after (F) to before (Fy) incubation of Mn" in the presence of above THP-G4
scaffolds + DNAzyme, followed by addition of O1-TPEN.

the same condition of THP-G4 (Fig. 3A, lane 5). This indicated that
bugle region in the stem of THP-G4 is essential for DNAzyme
cleavage to release of DNA1 and activate TP-G4 scaffold at the
optimal cleavage time of 1.5 h (Fig. S6).

To investigate the effect of THP-G4 structure on the fluorescence
of assembly system, three kinds of THP-G4s were designed by
altering the bulge region from 2 to 4 nucleotides, which were
named THP-G4', THP-G4”, THP-G4", respectively (Fig. S5). PAGE
results revealed that DNAzyme could efficiently cleavage THP-G4
(light blue square) and produce TP-G4 (red square) (Fig. 3B, i,
lane 2 and 3). When addition of O1-TPEN in the mixture of DNAzme
and THP-G4 without Mn", no new band was observed (Fig. 3B, i,
lane 5). This suggesting that O1-TPEN cannot hybridize with THP-
G4. After Mn" facilitated cleavage and addition of O1-TPEN, the
resulting band (green square) was up-shifted compared to that of
TP-G4 (Fig. 3B, i, lane 4), indicating the hybridization between TP-
G4 and O1-TPEN. THP-G4' had the same results as THP-G4
(Fig. 3B, ii). Although THP-G4” proved to be cleavage by DNA-
zyme (Fig. 3G, iii, lane 2 and 3), addition of O1-TPEN to the mixture
of DNAzyme and THP-G4-3 without Mn" led to the band up-shift
(purple square) (Fig. 3B, iii, lane 5). This suggested that O1-TPEN
hybridized with THP-G4” without DNAzyme cleavage, which was
similar by using THP-G4"” (Fig. 3B, iv). The above data suggested
that the size of the bugle region in the stem of THP-G4 is vital on the
efficiency of AlEgens assembly by G-quadruplex scaffold. Accord-
ingly, the fluorescence enhancement became stronger as the size of
bugle decreased upon addition of O1-TPEN (Fig. 3C). Therefore,
THP-G4 provided an efficient scaffold to assemble the AlEgens for
fluorescence enhancement.

3.4. Detection of plasma membrane protein

Based on the optimized THP-G4 structure, a PMPs detection
strategy was developed (Fig. 4A). The MUC1 protein on cancer cells
was labelled with capture DNA containing MUC1 aptamer, which
was verified by confocal fluorescence imaging (Fig. S7). Upon
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Fig. 4. (A) Schematic illustration of controlled assembly of AlEgens triggered by
DNAzyme for detection of plasma membrane proteins. (B) Fluorescence calibration
curve for detection of MUCT protein. (C) Fluorescence results of the proposed strategy
for detection of MUC1 on MCF-7 (1) and MDA-MB-453 (2) cells, and control experi-
ments on MCF-7 cell labelling with aptamer (3), DNAzyme (4), aptamer-T37 (5).

addition of THP-G4 and cofactor Mn'' to the pretreated cells, THP-
G4 was cleaved by DNAzyme, led to the activation of TP-G4
conformation. The released DNAzyme cut the next THP-G4 to
generate recycling amplification. The resulting TP-G4 in the cell
culture supernatant was mixed with O1-TPEN in the test tube for
fluorescence assay. In order to achieve the better performance, the
effect of Mn' concentration and DNAzyme cleavage time was
investigated. The fluorescence of the assay solution increased and
plateaued when using 0.5mM of Mn" and 1.5h of DNAzyme
cleavage time, which were chosen as the optimized condition
(Fig. S8). Under the optimized conditions, the fluorescence of the
assay solution exhibited good linear relationship with the loga-
rithm of MUC1 concentration from 0.01 to 10pgmL™' (F=39.9
Log(Cmuci/pg mL~1) + 202.2, R? = 0.988) (Fig. 4B) with the limit of
detection down to 4.3 ng mL~! attributed to the DNAzyme cleavage
recycle and low background of AIE signals. The detection system
has good selectivity (Fig. S9), as well as lower limit of detection and
wider linear range than previous fluorescence methods (Table S2).
The proposed strategy was further applied to detect MUC1 on living
cells. The fluorescence of assay was enhanced only by using capture
DNA for cell labeling, suggesting that the strategy could selectively
detect MUC1 in MCF-7 cells (Fig. 4C). Moreover, the proposed
strategy can effectively detect MUC1 on MCF-7 and MDA-MB-
453 cells as 105ng mL~! and 5ng mL~!, which was in agreement
with previous report [18]. Thus, the proposed strategy demon-
strated a universal platform for sensitive PMP detection in biolog-
ical system.

4. Conclusions

This work reports a super-quadruplex scaffold for the controlled
assembly of AlEgens for PMP detection. A green-emissive AIEgen

was firstly synthesized and conjugated with oligonucleotide to
achieve fluorescence-off state. Assembly of O1-TPEN with TP-G4
induced fluorescence enhancement to prove the universal AIE
manipulation by G-quadruplex. The optimized THP-G4 could be
efficiently cut by DNAzyme to activate TP-G4 conformation,
resulting in hybridization with O1-TPEN to light-up fluorescence.
The designed molecular switch was further applied to MUC1
detection on living cells. By replacing aptamer sequence, the pro-
posed strategy offers a universal platform for detecting various
PMPs and demonstrates a proof-of concept for AIE biosensing
applications.
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