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A B S T R A C T   

Early and accurate disease diagnosis is of great appeal for saving patients’ life, but requires biomarkers to be 
sensitively detected with simplicity, convenience, and low cost. Exploring the development of a high- 
performance fluorescence biosensor for biomarkers solid, equipment-free and visual biosensing is highly ur
gent but faces enormous challenges. Herein, we proposed a brand-new fluorescence system by integrating a 
typical aggregation induced emission dye (TPE-BTD) with dopamine for multiple biomarkers sensitive detection 
based on target-induced catalyzing oxidation. The system comprising TPE-BTD and dopamine emits strong 
fluorescence; with horseradish peroxidase (HRP) or HRP-mimicking DNAzyme and H2O2 being added, significant 
oxidation on dopamine occurs to generate dopachrome, which actuated the inner filter effect (IFE) due to the 
overlap of its absorbtion curve and emission spectrum of TPE-BTD, subsequently decreasing fluorescence 
emission and displaying a rapid and sensitive response to H2O2 and G-quadruplex DNA. We further apply TPE- 
BTD/dopamine system in analysis of glucose and DNA adenine methylation methyltransferase (Dam MTase) 
based on target-initiated signal transduction. Finally, TPE-BTD was employed as emitters in fabrication of paper 
biosensors, which can achieve solid, equipment-free and visual detection of multiple biomarkers based on the 
high emission performance of TPE-BTD, opening up a new pathway to development of biosensors for practical 
application. We expect this sensing conception will be helpful in development of practical biosensors, and this 
sensor will find more applications in disease diagnosis.   

1. Introduction 

With the significant advancement of basic biomedical science, more 
and more information evidenced the pivotal role of biomarkers in 
effecting the early and accurate determination of various diseases due to 
their earlier appearance of change in expression level than organization 
or morphology (Broza et al., 2019; Das and Singal, 2004; Liu et al., 2014; 
Wu and Qu, 2015). Unfortunately, traditional approaches such as 
computed tomography, nuclear magnetic resonance imaging, and B-ul
trasound cannot meet the requirement because of the low sensitivity, 
high cost, complex and professional procedures. Featured with 
simplicity, rapidity, and high sensitivity, fluorescence technique has 
become a popular paradigm for various diseases diagnosis compared 
with traditional and other modern techniques (Adhikary et al., 2010; 
Chang et al., 2019; Chinen et al., 2015; Feng et al., 2018b; Li et al., 2019; 
Tagit and Hildebrandt, 2017; Wang et al., 2015; Yang et al., 2019; Zang 
et al., 2019; Zhang et al. 2016, 2019). Nevertheless, some intrinsic 
matters remain to preclude their bright prospect in application of 

clinical diagnosis and treatment. For example, current available 
methods primarily used conventional fluorescent dyes as emitters, 
which are limited by serious aggregation caused quenching (ACQ) and 
poor photobleaching resistance. Moreover, these dyes needed to be 
labeled with deoxyribo nucleic acid (DNA) or peptide or other bio
molecules, the process of which is complicated and tedious. As such, 
fluorescence sensors currently remain two significant challenges: com
plex labeling procedure and lacking high emission-performance 
materials. 

In the past decade, plenty of work has been done to explore high- 
performance fluorescence materials, such as carbon dot, quantum dot, 
metal cluster or complex (Ghosh et al., 2019; Huang et al., 2014; Lemon 
et al., 2015; Miao et al., 2018; Muthusankar et al., 2020; Shahrokhiana 
et al., 2018; Zhang et al., 2018). These materials have proven to be 
capable of enhancing the sensitivity to a certain level, but weak emis
sion, high toxicity, and poor stability force us to rethink the simple yet 
ingenious strategy for high-performance materials fabrication. Aggre
gation induced emission luminogen (AIEgen) possesses the unique 
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characteristic of weak or non-emissive in dissolved state and high 
emission performance in aggregated state, with strong anti-fade and 
anti-photobleaching properties, and thus, is considered as an ideal 
candidate for high-performance biosensor (Ding et al., 2013; Feng et al., 
2018a). It is expected that integration of AIEgen into a biosensor would 
realize the win-win of amplified detection and decreased incidence of 
misdiagnosis (Min et al., 2015; Niu et al., 2020). As such, substantial 
time and effort have been dedicated to developing AIEgen-based fluo
rescence sensors (Shi et al., 2017; Zhu et al., 2020). Among them, one 
effective approach is to label AIEgen with biomolecules. However, the 
label process is unfavorable due to the disadvantages mentioned above. 
Another strategy is to prepare positively charged AIEgens, which can 
electrostatically interact with negatively charged biomolecules without 
the need for labeling. Besides, Liu’s group prepared a 
tyrosine-functionalized TPE-Tyl for label-free detection of H2O2, 
glucose, and human carcinoembryonic antigen (Wang et al., 2014); our 
group developed a label-free fluorescence biosensor for microRNA assay 
based on a maleimide-functionalized AIE material (Li et al., 2018). 
Undoubtedly, application of AIEgens in fluorescence analysis enables 
simple, low-cost, and sensitive detection of biomarkers. Whereas, it is 
noted that these sensors obliged AIEgens to be modified with functional 
groups, and thus, suffered from high-price fabrication, tedious proced
ure, and strict reaction condition. More notably, most of previously re
ported AIEgens are applied as emitters in solution state, and these 
solution systems require expensive instruments and professional tech
nicians to conduct fluorescence measurements, making detrimental to 
practical application outside the laboratory (Hu et al., 2014; Jia et al., 
2019; Paroloa and Merkoçi, 2013). 

Herein, in this study, we successfully prepared a typical AIE dye 
(TPE-BTD), and integrated it with dopamine to develop a high- 
performance biosensor for label-free and sensitive detection of multi
ple analytes in solution state and solid state based on target-initiated 
catalyzed oxidation. TPE-BTD, comprising tetraphenylethene and ben
zothiadiazole moieties, displayed bright emission at 550 nm with ab
solute quantum yield of 0.2311 and lifetime of 0.9608 ns. However, its 
emission can be quenched by dopachrome generating from the cata
lyzing oxidation of horseradish peroxidase (HRP) and H2O2 on dopa
mine based on inner filter effect (IFE) due to the overlap of emission 
spectrum of TPE-BTD and UV–vis curve of dopachrome, demonstrating 
highly sensitive response to H2O2. Since hemin/G-quadruplex possesses 
high HRP-like activity, G-quadruplex DNA and H2O2 can generate 
through target-switched transduction reaction (Albada et al., 2016; 
Golub et al., 2011), TPE-BTD/dopamine system could be applicable for 
G-quadruplex DNA and other biomarkers biosensing. Further, TPE-BTD 
and dopamine were integrated into cellulose paper to fabricate paper 
biosensors for solid, equipment-free and visual detection of multiple 
biomarkers. 

2. Experimental 

2.1. Preparation of TPE-BTD 

Vinyl-functionalized tetraphenylethene (TPE-V) (0.8953 g) and 4,7- 
dibromo-2,1,3-benzothiadiazole (BTD-2Br) (0.291 g) were dissolved in 
50 mL of dimethylacetamide (DMAc). After that, anhydrous K2CO3 
(0.4146 g) and tetrabutylammonium bromide (0.10 g) were added. The 
reaction solution was stirred in an N2 environment for 30 min, followed 
by addition of catalytic amount Pd(OAc)2. The mixed solution was then 
permitted to react at 120 �C for 48 h to obtain an orange power with a 
yield of 41% through purification. 1H NMR (500 MHz, CDCl3) δ(ppm): 
6.99 (d, 4H), 7.11 (m, 6H), 7.26 (m, 12H), 7.42 (t, 20H), 7.68 (d, 2H); 
13C NMR (125 MHz, CDCl3) δ(ppm): 108.3, 126.3, 126.4, 127.2, 127.4, 
128.0, 128.7, 134.4, 139.2, 140.0, 152.8,; FT-IR (KBr) ν (cm� 1): 2812, 
2721, 1704, 1595, 1485, 1437, 1027, 761, 701. 

2.2. Fluorescence detection of target biomarkers in solution 

For H2O2 assay, the procedure was described as follows. 80 μL of 10 
mM phosphate buffer (PB) (pH 7.4) containing 0.125 mM dopamine 
(DA) and 0.125 mg/mL horseradish peroxidase (HRP), and 1.0 μL of 
TPE-BTD (0.50 mM) solution in dimethyl sulfoxide (DMSO) were mixed 
together. After that, 19 μL of H2O2 solution with different concentrations 
was added, and the resulting solution was allowed to react for 5 min at 
37 �C before fluorescence measurement. 

For the detection of glucose, a sensing solution was prepared by 
mixing 80 μL of 10 mM PB containing 0.125 mM dopamine, 0.125 mg/ 
mL HRP and 1.25 μg/mL glucose oxidase (GOx), and 1.0 μL of TPE-BTD 
solution (0.50 mM, DMSO). Subsequently, 19 μL of glucose solution with 
different amounts was dropped into the solution to incubate for 20 min 
at 37 �C before fluorescent measurements. 

For the detection of G-quadruplex DNA, 80 μL of 10 mM PBS (50 mM 
NaCl, 50 mM MgCl2, 100 mM KCl, pH 7.4) containing 0.125 mM 
dopamine and 1.25 mM H2O2, and 1.0 μL of DMSO solution containing 
0.20 mM hemin and 0.50 mM TPE-BTD were mixed together. Then 19 μL 
of G-quadruplex DNA solution with different concentrations was added, 
and the mixture was allowed to react for 10 min at 37 �C before fluo
rescent measurements. 

For the detection of DNA adenine methylation methyltransferase 
(Dam MTase), the recognition and cleavage reactions were in progress in 
a 20 μL of 10 mM PBS (50 mM NaCl, 10 mM MgCl2, pH 7.4) consisting of 
1.0 μM ON1, 1.0 mM dithiothreitol (DTT), 80 μM S-adenosyl methionine 
(SAM), 80 U/mL DpnI, and target analyte with different levels for 2.0 h. 
Subsequently, 50 μL of 10 mM PBS containing 800 nM ON2, 0.1 U/mL 
klenow fragment (KF) polymerase, 0.6 U/mL Nb.BbvCl Nease, and 350 
μM dNTPs was added into the above 20 μL of solution and the mixed 
solution was allowed to incubate for 1.5 h at 37 �C. Right after the two 
steps, the mixture was heated and maintained the temperature at 90 �C 
for 10 min to diminish the affect of thiol compounds on sensing results. 
Finally, 29 μL of PB containing 3.33 mM H2O2 and 0.345 mM dopamine, 
and 1 μL of DMSO solution containing 0.2 mM hemin and 0.5 mM TPE- 
BTD were successively dropped into the above mixed solution, and the 
resulting solution reacted for 10 min before fluorescence measurement. 

2.3. Solid detection based on the TPE-BTD-based paper biosensor 

3 μL of TPE-BTD solution (50 μM) and 3 μL of 10 mM PB containing 
2.0 mM dopamine and 1 mg/mL HRP were successively dropped onto 
the surface of cellulose paper, and the fabricated paper biosensor was 
denoted as TDH-PS. Then 3 μL of H2O2 solution with different amounts 
was dropped onto its surface and react for 1.0 min. Finally, the fluo
rescence signal was collected by a mobile phone (Huawei Mate 20), and 
corresponding RGB values were obtained through the signal trans
duction in a Color Picker APP. 

For solid detection of glucose, the paper biosensor was fabricated 
through successively dropping 3 μL of TPE-BTD solution (50 μM) and 3 
μL of PB containing 2.0 mM dopamine, 1 mg/mL HRP and 20 μg/mL 
GOx onto the cellulose paper’s surface, and was denoted as TDHG-PS. 
Then 3 μL of glucose solution with different amounts was dropped 
onto its surface and react for 20 min. The collection and process of data 
were carried out according to procedures for solid detection of H2O2. 

For solid detection of G-quadruplex DNA and Dam MTase, the paper 
biosensor was fabricated through successively dropping 3 μL of TPE-BTD 
solution (50 μM) and 3 μL of 2.0 mM dopamine solution onto the cel
lulose paper’s surface, and was denoted as TD-PS. 3 μL of mixed solution 
containing 4 μM hemin, 1.0 mM H2O2, and G-quadruplex DNA with 
different concentrations was dropped onto TD-PS’s surface and react for 
20 min. The data was recorded for detection of G-quadruplex DNA. The 
steps for solid detection of Dam MTase were similar to that for Dam 
MTase assay in solution. 
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3. Results and discussion 

3.1. Characterizations of TPE-BTD 

AIEgens with long emission wavelength have attracted considerable 
attentions from researchers due to the capability of decreasing the 
interference of background fluorescence. In this context, TPE-BTD with 
orange emission color was prepared through palladium-catalyzed Heck 
reaction between TPE-V and BTD-2Br following the preparation route 
shown in Fig. 1A. The molecular structure of TPE-BTD was confirmed by 
Fourier transform infrared (FT-IR) and nuclear magnetic resonance 
(NMR) spectra (Figs. S1 and S2). TPE-BTD emitted strong fluorescence 
at 550 nm with absolute quantum yield of 0.2311 under 420 nm exci
tation (Fig. S3). In addition, transient state fluorescence of TPE-BTD 
revealed a lifetime of 0.9608 ns (Fig. S4). Further, PB-dependent 
experiment indicated that TPE-BTD solution demonstrated slight fluo
rescence emission at PB content <30%. At increased PB content, a 
gradually enhanced FL intensity was recorded, and the intensity arrived 
at a maximum peak with PB content of 99% (Fig. 1B). Fluorescent im
ages of TPE-BTD at different PB contents, in Fig. 1C, directly validated 
the phenomenon that TPE-BTD displayed slight emission at PB < 40%, 
and exhibited gradually enhanced emission when PB content exceed 
40%. In addition, it was noted that the maximum emission wavelength 
displayed obvious blue shift after the PB content of 50%, which might be 
due to the different packing arrangements of TPE-BTD and was in good 
line with previously reported works (Dong et al., 2007; Li et al., 2010). 
From these fluorescent data, there is no doubt that TPE-BTD enjoys 
exceptional AIE feature. 

3.2. Investigation of HRP or H2O2-Actuated fluorescence quenching 

To authenticate our hypothesis, we integrate TPE-BTD with dopa
mine to construct a fluorescence assay for HRP or H2O2, and the working 
mechanism was illustrated in Fig. 2A. TPE-BTD and dopamine system 
displayed bright emission. Whereas, with HRP and H2O2 being added, 
dopamine was catalyzed oxidation into dopachrome by H2O2 with the 
aid of HRP, further initiating the IFE to quench the fluorescence of TPE- 
BTD due to the overlap of emission spectrum of TPE-BTD and UV–vis 
spectrum of dopachrome (Fig. S5), displaying unique response to HRP 
and H2O2. The detailed data can be observed in Fig. 2B. TPE-BTD/ 
dopamine system emitted strong fluorescence with intensity of 645 a. 
u. Contrast experiments implied individual addition of HRP or H2O2 did 
not influence the FL intensity. Upon the simultaneous addition of HRP 
and H2O2, a 66.5-percent intensity decrease was recorded. Moreover, 
the response is rapid and FL intensity leveled off within only 5 min 

(Fig. 2C), which is relatively small compared with that of previously 
developed H2O2 sensors (Gong et al., 2017; Liu et al., 2016; Yuan et al., 
2015). Further, we employed TPE-BTD/dopamine system to quantita
tively detect H2O2. The curves in Fig. 2D and E suggested that FL in
tensity (F) was in linearly negative proportion to H2O2 amounts (C) in 
the range of 0.01–5.0 μM, with resulting equation of F ¼ � 80.30 C þ
612.26, coefficient of 0.9847, and detection limit of 4.7 nM. Finally, the 
expression level of H2O2 in MCF-7 cells was determined to evaluate the 
potential application of TPE-BTD/dopamine system in biological sam
ples. The curves in Fig. S6 demonstrated that when phorbol 12-myristate 
13-acetate (PMA) did not exist, slight decrease in FL intensity was 
recorded in cell lysate. In contrast, after the stimulation of 1.0 μg/mL 
PMA, a significantly reduced FL intensity was determined, implying the 
generation of H2O2 under the stimulation of PMA. Based on the decrease 
in FL intensity, the level of H2O2 in PMA-incubated cells was determined 
to be approximately 3.65 fmol/cell, keeping good line with that of 
previously reported sensors (Liu et al., 2019; Srikun et al., 2008). 

Profiting from the HRP-like activity of hemin/G-quadruplex, TPE- 
BTD/dopamine system was configured into bioassay for specifically 
recognizing G-quadruplex DNA. G-quadruplex DNA binds with hemin to 
form hemin/G-quadruplex, which catalyzed oxidation of dopamine into 
dopachrome in the presence of H2O2, subsequently initiating IFE and 
quenching fluorescence emission (Fig. 3A). On the basis of the decrease 
in FL intensity, sensitive detection of G-quadruplex DNA was readily 
achieved. The data of feasibility experiments was manifested in Fig. 3B. 
Obviously, addition of hemin and H2O2 caused negligible affect on FL 
intensity, whereas further addition of G-quadruplex DNA T1 resulted in 
a considerably decreased emission. Again, it only requires 10 min to 
finish the detection reaction (Fig. 3C). Furthermore, in the range of 
0.5–80 nM, FL intensity changed linearly and negatively to T1 with R2 of 
0.9859 and detection limit of 0.21 nM (Fig. 3D and E). Since hemin/G- 
quadruplex only originated from G-quadruplex DNA, therefore, specific 
and versatile detection of G-quadruplex DNA can be assured. Fluores
cence measurements in Fig. S7 revealed that N1 or N2 or N3 makes little 
dedication to fluorescence quenching, and T1 or T2 or T3 obviously 
quenched TPE-BTD’s fluorescence, justifying the selectivity and versa
tility of the TPE-BTD/dopamine sensing system. 

3.3. Fluorescence detection of glucose and Dam MTase based on target- 
induced signal transduction 

Benefitting from the multi-component advantages of enzyme- 
assisted signal transduction reaction, it is inferred that TPE-BTD/ 
dopamine system is applicable for other biomolecules, such as glucose 
and Dam MTase. To verify this, we first employed TPE-BTD/dopamine 

Fig. 1. (A) Synthetic route for TPE-BTD. (B) Fluorescence curves of TPE-BTD in DMSO-PB mixed solution. (C) Images of TPE-BTD in DMSO-PB mixed solution under 
365 nm light excitation. 
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system to determine glucose in the presence of GOx and HRP. Glucose 
was catalyzed by GOx to yield H2O2, which was utilized for HRP- 
induced catalytic oxidation of dopamine into dopachrome, thereby 
switching IFE and quenching the fluorescence emission (Fig. 4A). 
Nevertheless, in the absence of glucose, H2O2 wasn’t formed, and thus 
dopamine wasn’t catalyzed oxidation into dopachrome, resulting in no 
IFE. As a result, the fluorescence emission was not quenched. Fluores
cence characterizations demonstrated that GOx and HRP made little 
influence on FL intensity (Fig. 4B). Upon the addition of glucose, FL 
intensity with 71.6-percent decrease was recorded within 20 min 
(Fig. 4C). A linear equation was obtained between FL intensity and 
glucose concentration in the range of 0.05–5 μM with R2 of 0.9902 
(Fig. 4D and E). The detection limit was calculated to be 0.016 μM, 
which is lower than that of conventional dyes-based glucose biosensors 
(Table S2). Meanwhile, the proposed system displayed exceptional 
selectivity for glucose biosensing against lactose, fructose, sucrose, 
maltose (Fig. S8). Further, we applied TPE-BTD/dopamine system to 
analyze glucose in serum obtained from a diabetic person, and compared 
the results with a commercial blood glucose monitor. The serum sample 
was diluted to make glucose level existing in the range of 0.05–5 μM. 
The data determined by our method was in good line with that from 
blood glucose monitor (Table S3), and corresponds well to the expres
sion level of glucose in serum of diabetic person. 

To broaden the application range, we further configured TPE-BTD/ 
dopamine system into Dam MTase biosensor based on the enzyme- 
assisted exponential isothermal amplification reaction (EXPAR). ON1 
has the Dam MTase-recognizable sequences, and ON2 was divided by 
Nb.BbvCl Nease recognition sequences into two parts, one of which has 
the sequences complementary to s1 derived from the cleavage of ON1 by 
Dam MTase and the other one has the sequences complementary to G- 
quadruplex DNA. In the absence of target Dam MTase, the 

configurations of ON1 and ON2 didn’t change, subsequently leading to 
no generation of G-quadruplex DNA, and thus the fluorescence of TPE- 
BTD wasn’t quenched. Upon the addition of Dam MTase, s1 was 
released from ON1 and hybridized with ON2 to initiated EXPAR with the 
aid of KF polymerase and Nb.BbvCl Nease. Consequently, large amounts 
of G-quadruplex DNA generated, resulting in a significantly reduced 
fluorescence (Fig. 5A). The information in Fig. S9A demonstrated that 
only target Dam MTase could initiate the fluorescence quenching of 
TPE-BTD. The gradually decreased emission in Fig. S9B indicated that 
TPE-BTD/dopamine system serves as a biosensor for quantitative 
detection of Dam MTase. The linear range was determined to be 0.02–20 
U/mL, and detection limit was calculated to be 0.0076 U/mL (Fig. S9C), 
which is comparable to that of previously reported fluorescence bio
sensors (Table S4). Considering that Dam MTase is highly specific for 50- 
GATC-30 in dsDNA, TPE-BTD/dopamine sensing system displayed highly 
efficient discrimination ability of Dam MTase over other MTases 
(Fig. S9D). Furthermore, Dam MTase being spiked in serum sample was 
analyzed by our sensor with acceptable recoveries and low RSDs 
(Table S5), justifying the sufficiency for practical application in bio
logical fluids. 

3.4. Development of AIEgen-Based paper biosensor 

Taking into account that AIEgen possessed high emission perfor
mance in aggregated state, we thus configured TPE-BTD and dopamine 
into cellulose paper for solid, equipment-free, and visual detection of 
target biomarkers. For H2O2 assay (Fig. 5B), TDH-PS emitted bright 
fluorescence, the intensity of which is about the same as that of TPE-BTD 
on the surface of paper, suggesting the little affect of dopamine and HRP 
on TPE-BTD’s fluorescence in aggregated state. With H2O2 being added 
and concentration increasing, the emission brightness gradually 

Fig. 2. (A) Scheme illustration of TPE-BTD/ 
dopamine system for H2O2/HRP biosensing. (B) 
Fluorescence spectra of the sensing system: (a) TPE- 
BTD; (b) TPE-BTD þ dopamine; (c) TPE-BTD þ
dopamine þ HRP; (d) TPE-BTD þ dopamine þ H2O2; 
(e) TPE-BTD þ dopamine þ HRP þ H2O2. (C) FL in
tensity versus incubation time: (a) TPE-BTD þ dopa
mine; (b) TPE-BTD þ dopamine þ HRP þ H2O2. (D) 
Fluorescence spectra of the sensing system corre
sponding to different H2O2 amounts: 0.01, 0.08, 0.5, 
1, 2, 3, 5, 10, 50 μM. (E) Linear relationship between 
FL intensity and H2O2 concentration.   
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diminished (Fig. 5C). From the change in emission brightness recorded 
by naked eyes, the minimum H2O2 level was analyzed to be 0.6 μM. 
Further, a color picker tool in mobile phone was employed to collect 
RGB values of TDH-PS to quantitative probe H2O2, and the results were 
depicted in Fig. 5D. Evidently, R/B value was linearly related to H2O2 
concentration in the range of 0.6–200 μM with R2 of 0.9630 and 
detection limit of 0.23 μM. 

Further, TPE-BTD, dopamine, HRP, and GOx were integrated into 
cellulose paper (TDHG-PS) for glucose assay (Fig. 6). The results 
demonstrated that when glucose solution drops on TDHG-PS, its emis
sion color gradually fades and eventually turns into colorless with an 
elevating in glucose amount from 2 to 260 μM. Quantitation analysis 
showed R/B ratio possesses an excellent linear relationship with R2 of 
0.9671 and a detection limit of 0.84 μM. Meanwhile, we investigated the 
utilization of TDHG-PS in the analysis of glucose in serum from diabetic 
person. As displayed in Fig. 6D, a drop of diluted serum on TDHG-PS 
causes naked-eye color variation, and the color changed along with 
the increasing glucose amount, justifying the requirement for glucose 
naked-eye detection in biological samples. According to the sensing 
principle, excellent response of TD-PS on G-quadruplex DNA and Dam 
MTase can be also guaranteed, and the detailed information was 
depicted in Figs. S10 and S11, respectively. These information firmly 
revealed that our strategy is competent for developing paper biosensor 
for target biomarkers detection, and that the high fluorescence emission 
and strong emission stability of TPE-BTD provide significant advantages, 
as conventional dyes suffered from the serious ACQ effect, going against 
the solid biosensor invention. 

4. Conclusions 

In summary, a well-defined TPE-BTD/dopamine system was suc
cessfully developed, and when HRP/H2O2 or G-quadruplex/hemin/ 
H2O2 was present, it underwent catalytic oxidation related with fluo
rescence diminishing due to activated IFE. Thus, TPE-BTD/dopamine 
system can work as a powerful fluorescence biosensor for H2O2, and 
G-quadruplex DNA analysis. Coupling with enzyme-assisted signal 
transduction strategy, we further display that TPE-BTD/dopamine sys
tem can be configured into glucose and Dam MTase biosensors, 
respectively. Moreover, TPE-BTD/dopamine system can be also config
ured into cellulose paper to fabricate paper biosensors for realizing 
H2O2, G-quadruplex DNA, glucose, and Dam MTase solid, equipment- 
free, and visual detection. Overall, this work offered a versatile and 
label-free strategy for high-performance biosensors development based 
on AIEgen. We infer this strategy will not only find more use in bio
analytical field, but also broaden AIEgens’ application prospect, espe
cially in solid biosensor. 

5. Novelty statement 

We believe that our result is impressive to the wide and diverse 
readership of the journal. In this study, we prepared a typical AIE dye 
(TPE-BTD), and integrated it with dopamine to develop a high- 
performance biosensor for label-free and sensitive detection of multi
ple biomarkers in solution state and solid state based on the target- 
initiated catalyzed oxidation. TPE-BTD, comprising tetraphenylethene 
and benzothiadiazole moieties, presented strong orange fluorescence 
emission with absolute quantum yield of 0.2311 and fluorescence 

Fig. 3. (A) Scheme illustration of TPE-BTD/ 
dopamine system for G-quadruplex DNA biosensing. 
(B) Fluorescence spectra of the sensing system: (a) 
TPE-BTD; (b) TPE-BTD þ dopamine; (c) TPE-BTD þ
dopamine þ hemin þ H2O2; (d) TPE-BTD þ dopa
mine þ hemin þ H2O2 þ T1. (C) FL intensity versus 
incubation time: (a) TPE-BTD þ dopamine; (b) TPE- 
BTD þ dopamine þ hemin þ H2O2 þ T1. (D) Fluo
rescence spectra of the sensing system corresponding 
to different T1 amounts: 0.5, 1, 5, 10, 20, 50, 80, 100, 
500 nM. (E) Linear relationship between FL intensity 
and T1 concentration.   
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Fig. 4. (A) Scheme illustration of TPE-BTD/ 
dopamine system for glucose biosensing. (B) Fluo
rescence spectra of the sensing system: (a) TPE-BTD; 
(b) TPE-BTD þ dopamine; (c) TPE-BTD þ dopa
mine þ HRP þ GOx; (d) TPE-BTD þ dopamine þ
HRP þ GOx þ glucose. (C) FL intensity versus incu
bation time: (a) TPE-BTD þ dopamine; (b) TPE-BTD 
þ dopamine þ HRP þ GOx þ glucose. (D) Fluores
cence spectra of the sensing system corresponding to 
different glucose amounts: 0.05, 0.08, 0.5, 1, 2, 5, 10, 
50, 100 μM. (E) Linear relationship between FL in
tensity and glucose concentration.   

Fig. 5. (A) Scheme illustration of TPE-BTD/dopamine system for sensitive detection of Dam MTase based on the target-initiated EXPAR. (B) Scheme illustration for 
TDH-PS fabrication and its application in detection of H2O2. (C) Fluorescent images of different samples: (a) TPE-BTD; (b) TPE-BTD þ dopamine; (c) TDH-PS; from 
(d) to (j) H2O2 concentration was 0.6, 5, 20, 40, 80, 100, 200 μM, respectively. (D) Linear relationship between R/B value and H2O2 concentration. 
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lifetime of 0.9608 ns. However, its emission can be quenched by dop
achrome originating from the catalyzing oxidation of HRP and H2O2 on 
dopamine based on inner filter effect (IFE) due to the overlap of emission 
spectrum of TPE-BTD and UV–vis curve of dopachrome, demonstrating 
highly sensitive response to H2O2. Since hemin/G-quadruplex possesses 
high HRP-like activity, G-quadruplex DNA and H2O2 can generate 
through target-switched transduction reaction, TPE-BTD/dopamine 
system was applicable for G-quadruplex DNA and other biomarkers 
biosensing. Finally, TPE-BTD was employed as emitters in fabrication of 
paper biosensors, which can achieve solid, equipment-free and visual 
detection of multiple biomarkers based on the high emission perfor
mance of TPE-BTD, opening up a new pathway to development of bio
sensors for practical application. We expect this sensing conception will 
be helpful in development of practical biosensors, and this sensor will 
find more applications in disease diagnosis. 
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