Journal Pre-proof

An ESIPT coupled AIE fluorescent probe for biothiols detection and imaging based onj{#/#
a chalcone fluorophore |

Fangfang Dai, Min Zhao, Fangzhou Yang, Tingting Wang, Chao Wang

PIl: S0143-7208(20)31324-3
DOI: https://doi.org/10.1016/j.dyepig.2020.108627
Reference: DYPI 108627

To appearin:  Dyes and Pigments

Received Date: 22 March 2020
Revised Date: 3 June 2020
Accepted Date: 3 June 2020

Please cite this article as: Dai F, Zhao M, Yang F, Wang T, Wang C, An ESIPT coupled AIE fluorescent
probe for biothiols detection and imaging based on a chalcone fluorophore, Dyes and Pigments, https://
doi.org/10.1016/j.dyepig.2020.108627.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Elsevier Ltd. All rights reserved.


https://doi.org/10.1016/j.dyepig.2020.108627
https://doi.org/10.1016/j.dyepig.2020.108627
https://doi.org/10.1016/j.dyepig.2020.108627

Author Statement

Dai Fangfang: Methodology, Investigation, Writing- Original draft. Zhao Min: Investigation,
Writing- Origina draft. Yang Fangzhou: Investigation, Wang Tingting: Investigation, Wang
Chao: Conceptualization, Writing - Review & Editing, Supervision, Funding acquisition.



Graphical abstract

: NO, % Fluorescence quencher &

Reactive group for biothiols

Lo : M.

. =S=0 ! . . O O
== Biothiols

® Simple Synthetic Procedure @ Large Stokes Shift (>140 nm)
® ESIPT, ICT and AIE Process o Detection on Indicator Papers



An ESIPT coupled Al E fluorescent probe for biothiols detection and

imaging based on a chalcone fluorophore

Fangfang Dai, Min Zhao, Fangzhou Yang, Tingting @/abhao Wang*

College of Chemistry and Chemical Engineering, 8kadey Laboratory of Chemical

Additives for Industry, Shaanxi University of Scoenand Technology, Xi'an 710021, China

*Corresponding author.

E-mail address: wangchao@sust.edu.cn (C. Wang)



Abstract:

Biothiols are closely related to numerous physimlalgand pathological processes
in living organisms and cells. Fluorescent probes gowerful tools for sensitive
detection and imaging of biothiols in biologicahgales. In this work, we developed a
novel turn-on fluorescent prod@NBS-HCA for biothiols detection based on the
simple 2-Hydroxychalcone HICA) fluorophore, which possesses an excited-state
intramolecular proton transfer (ESIPT) coupled aggtion-induced emission (AIE)
characteristic. The'ydroxyl group ofHCA fluorophore is caged with a biothiols
reactive 2,4-dinitrobenzenesulfonyl (DNBS) moietfich blocks the ESIPT process
and quenches the fluorescence. The reaction betgrebe and biothiols will produce
the HCA fluorophore with large Stokes shift and long-wawgjth red fluorescence
emission. The biothiols in solutions and livinglselan be conveniently detected with
the probeDNBS-HCA due to its excellent properties such as simplethgjic
procedure, remarkable fluorescence enhancement] gewsitivity, high selectivity
and low cytotoxicity. Benefiting from the AIE chataristic, the probes also applied
for biothiols detection on indicator papers with BR@olor red values, which can be

handily obtained by smartphone app.
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1. Introduction

Biological thiol compounds (biothiols), such astgthione (GSH), Cysteine (Cys)
and Homocystine (Hcy), are closely related to numer physiological and
pathological processes in living organisms andsc&lue to the redox properties of
the thiol groups, these biothiols play crucial soie intracellular redox homeostasis,
detoxification, proteins folding, activity regulati of enzymes, cellular signal
transduction, and gene expressi@yg [1, 2]. Abnormal concentrations of these
biothiols have been reported to associate with sgisease processes such as cancer,
inflammation, cardiovascular diseases, and neusrtEgtive diseases [3-5]. Owing
to the significance of these biothiols for livingganisms, the detection of these
biothiols is of great importance for the understagdf the biological functions, also
for the diagnosis and treatment of related diseases

Fluorescent probes are powerful tools for sensitikection of biothiols in
biological samples. Various different kinds of arga fluorophores have been
employed for fluorescent sensing and imaging ofac#llular biothiols with high
temporal-spatial resolution [6-13]. However, mokthe ordinary fluorescent probes
for biothiols detection show aggregation-caused nghimg (ACQ) effect and
guenched fluorescence in aqueous biological sampfescontrast, some novel
fluorophores (e.g., tetraphenylethene and hexaps$itolg) with the aggregation
induced emission (AIE) characteristic have beerontep to overcome this defect
[14-16]. These AIE fluorophores reveal good feasech as higher brightness, lower

background noise and better photostability, whick beneficial for fluorescent



imaging of biothiols in living cells [17-24].
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Scheme 1. The mechanism of the proDNBS-HCA response to biothiols.

Herein, we design and synthesis a novel turn-aordélscent prob®NBS-HCA for
biothiols detection and imaging based on a simgkly2iroxychalcone HCA)
fluorophore caged by a 2,4-dinitrobenzenesulfonPINBS) moiety acting as
biothiols-reactive fluorescence quencher (Schemeéli¢ N, N-dimethylamino unit
and 2'-hydroxyacetophenone unit in tHEA fluorophore are respectively regarded
as electron donor and acceptor (D-A) of the intr@cwar charge transfer (ICT)
process [25]. ThedHCA fluorophore also possesses an excited-state ioteanlar
proton transfer (ESIPT) coupled AIE characterig@6-34]. All these processes
produce the large Stokes shift (>140 nm) and r&tl affluorescence wavelength.

The fluorescence property of the prabBIBS-HCA is totally different from the
HCA fluorophore. The DNBS moiety introduced to cage #hydroxyl group of
HCA fluorophore can quench the fluorescence throughptmoto-induced electron
transfer (PET) effect. Moreover, the ESIPT progesdso blocked when the hydroxyl
group in 2'-hydroxyacetophenone unit is caged B, 36]. The reaction between
probeDNBS-HCA and biothiols will produce a 2,4-dinitrothiopheneldDNTP) and

the HCA product, which gives rise to a turn-on red fluosrge (Scheme 1 and Fig.



S1). This reaction mechanism between 2,4-dinitrebeasulfonate ester and biothiols
has been verified by many reports [37-48]. The Alfaracteristic of theHCA
product promises a remarkable fluorescence enhardenand the feasibility for
biothiols detection in the solid-phase on indicgtapers.
2. Experimental section
2.1. Reagents and general methods

All chemical reagents were purchased from commierctampanies and used
without further purification. The NMR spectra wexaried out on a 400 MHz Bruker
ADVANCE IlI spectrometer. Mass spectrum was careedl on a Thermo Scientific
LTQ Orbitrap XL FTMS. HPLC test was carried out anNaters HPLC-1525. The
UV-vis absorption spectra were measured by using an itglary 60 spectrometer.
Fluorescence spectra were recorded on a ThermoFiSugentific Lumina
fluorescence spectrometer. Fluorescent imagingvofgl cells was performed on a
Carl Zeiss LSM800 Confocal Laser Scanning MicrogcfpLSM).
2.2. Synthesis of DNBS-HCA

The 2-hydroxychalcone HCA) was easily synthesized by a simple one-step
condensation reaction according to the reported hodet [49]. A
2'-hydroxyacetophenone (4.087 g, 0.03 mol) and rdethylaminobenzaldehyde
(4.467 g, 0.03 mol) were added to a 250 mL rountbbo flask and dissolved by
adding ethanol (50 mL). Then, the KOH (4.208 g,/6.thol) was added. The reaction
mixture was reflux at 60 °C for 12 h. After the wabn was cooled, 3 M HCI was

added to adjust the pH to 6. The solid precipitatias filtered out and the residual



solvent was removed under reduced pressure. Thie gmoduct was purified through
silica gel column chromatographic (PE:EtOAc=10:1ehsent). A red pure solid
product was obtained (6.30 g, 78%). NMR (400 MHz, Chloroform-d)5 13.26 (s,
1H), 7.95 (dd, = 8.3, 6.9 Hz, 2H), 7.61 (d,= 8.9 Hz, 2H), 7.52-7.46 (m, 2H), 7.04
(dd,J = 8.3, 0.8 Hz, 1H), 6.97-6.92 (m, 1H), 6.73J& 8.9 Hz, 2H), 3.09 (s, 6H).

The HCA (91.5 mg, 0.34 mmol) was added to a 100 mL rousitbin flask and
dissolved in 7 mL CkCl,. EGN (100 uL) was added to the reaction in an ice bath,
stirred at 0 °C for 30 min. Then, 2,4-dinitrobenzsmfonyl chloride (183.5 mg, 0.68
mmol) was added, and the reaction was conductedoat temperature for 8 h. The
solvent was removed under reduced pressure. Thae goroduct was purified by
silica gel column chromatography (PE:EtOAc=5:1 ). A brown solid product
DNBS-HCA was obtained (110 mg, 64%)X NMR (400 MHz, Chloroform-d)3
8.34-8.29 (m, 2H), 8.19-8.13 (m, 1H), 7.68-7.58 (BY), 7.54-7.45 (m, 2H),
7.26-7.16 (m, 3H), 6.71 (d,= 15.6 Hz, 1H), 6.59 (d] = 8.8 Hz, 2H), 3.08 (s, 6H).
¥C NMR (100 MHz, DMSO-d6p 189.52, 152.64, 151.32, 148.29, 146.87, 145.93,
134.51, 133.75, 133.06, 131.85, 131.16, 130.86,9028127.92, 123.69, 121.37,
121.22, 120.01, 112.15, 39.91. HRMS (ESI) m/z: @dll+H]" for CsHaoN3OsS
498.0971, found 498.0959.
2.3. Spectra properties of DNBS-HCA

The stock solutions dNBS-HCA (10 mM) andHCA (10 mM) were prepared in
DMSO. The test solutions @iINBS-HCA (40 uM) andHCA (40 uM) were prepared

by diluting the stock solution with DMSO-HEPES Harff(v/v = 3:7, 50 mM, pH =



7.4).

The absorption and fluorescence spectr®dBS-HCA with or without different
biothiols (400 uM, 10 equiv) were measured. The fluorescence respoof
DNBS-HCA with different concentration of biothiols were oeded after incubating
with these biothiols for 60 min at room temperature

The probeDNBS-HCA with excess Cys was prepared in MeOIHV/v = 5/5)
solution for HPLC and mass spectra test. The sampéel for'H NMR test was
prepared in DMSO/BD (v/v = 3/7) solution and extracted with the ethgktate. The
extract from ethyl acetate phase was dissolveceinetium DMSO and used foH
NMR test.

The limits of detection (LOD) for different biotHgowere determined by using the
36/k, whered is the standard deviation (SD) of the blank samsplation without any
biothiols and k is the slope of the fitted curveflabrescence intensity with biothiols
concentration. The time-dependent fluorescenceorsgs of DNBS-HCA were
recorded with the addition of excess biothiols (480 10 equiv).

The selectivity oDNBS-HCA for biothiols (Cys, GSH and Hcy) was evaluated by
the fluorescence response with the addition of &x&@ological species (4QM, 10
equiv) including different amino acids (Gly, Tyrel, GIn, Glu, Arg, Thr, Lys), metal
ions (K, Na', Mg®*, CU**, F&*), and protein BSA (1 mg/mL). The biothiols (4081)
pretreated with equivalent thiol scavenger N-ethgleimide (NEM, 40QuM) were
also detected.

2.4. Detection of biothiols on indicator papers



The indicator papers of prod@NBS-HCA for biothiols detection were prepared
with filter papers ¢=0.5 cm) by immersing into solution @NBS-HCA (1 mM)
dissolved in acetonitrile and then drying in atnfeme. The solutions (10L) of
biothiols with different concentrations in DMSO-HES® buffer (v/iv = 3:7, 50 mM,
pH = 7.4) were dropped to the indicator papers mmtdibated for 30 min. The
photograph of the fluorescence on the indicatorepapvas taken by a smartphone
camera under a 365 nm UV light. The relative initezss of the red fluorescence were
guantified with the red values of RGB color obtaingy a smartphone application
(Color recognizer) as the previous report [50].

2.5. Céll culture and fluorescent imaging

Human prostate cancer PC3 cells and human lungbaderinoma A549 cells were
maintained in a C®incubator (ESCO) at 37°C with humidified atmosghef 5%
CQO,. The cells were cultured and prepared for fluasdmaging as previous
described [51], which were cultured in Dulbecco’sodfied Eagle’s Medium
(DMEM, Hyclone) supplemented with 10% fetal boviserum (FBS, Gibco),
penicillin (100 U/mL) and streptomycin (1Q@/mL). The cells used for fluorescent
imaging were cultured in glass-bottom dishes20 mm) for 24 h, and then treated
with or without 0.5 mM thiol scavenger NEM in PB8rf30 min at 37°C. After
washed with PBS (3%x1 mL), the cells were stainati @NBS-HCA (10 uM in PBS)
at 37°C for 30 min. The cells were then washed WBE (3x1 mL) and imaged using
the CLSM with a x63 objective lens. The excitatwavelength was 488 nm. The

emission wavelength was 560-700 nm for red chaandl 500-560 nm for green



channel. The average fluorescent intensity in #goent imaging was measured by
the software Image J.
2.6. Cytotoxicity of DNBS-HCA

The cell counting kit-8 (CCK-8, Beyotime Biotechogl) was used to assess the
cytotoxicity of DNBS-HCA. The A549 cells were seeded on 96-well cell celtur
plates (3x18 cells/well, 100uL) and cultured for 24 h. Then the prob&IBS-HCA
dissolved in 1QuL medium was added into the wells with the finahcentration from
0 to 16uM and incubated for 24 h. The CCK-8 solution (ill) was then added and
incubated for 1 h. The optical density (OD) at 480 was recorded by a multimode
microplate reader (Varioskan Flash, Thermo ScieptifThe cell viabilities were
obtained from the Ok nm ratio betweerDNBS-HCA treated groups and control
group.
3. Results and discussion
3.1. Design and synthesis of the probe DNBS-HCA

The synthetic procedure BNBS-HCA is very simple and convenient (Scheme 2).
TheHCA fluorophore was readily synthesized following titerature method [26, 36,
49] through a simple one-step Claisen-Schmidt cosalgon reaction between
2'-hydroxyacetophenone and 4-dimethylaminobenzahtkeivith high yield 78%. The
probe DNBS-HCA was then prepared with thedCA fluorophore and
2,4-dinitrobenzenesulfonyl chloride in 64% yielchelstructure oODNBS-HCA was

characterized b{H NMR, *C NMR, and HRMS (Fig. S2).
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Scheme 2. Synthetic route of the prolieNBS-HCA.

3.2. Spectra properties of the HCA fluorophore

HCA fluorophore is the prospective product of the tieacbhetweerDNBS-HCA
and biothiols (Scheme 1). It has been reportedtbedd CA fluorophore possesses an
ESIPT active AIE phenomenon [26-31]. The fluoressgectra of this fluorophore in
different solvents are shown in Fig. S3. It disglayeakly green fluorescence in some
organic solvents. In contrast, it exhibits stronged fluorescence in the aqueous
solution. The mixed solvent system (water/THF) isedi to verify the AIE
characteristic. The fluorescence shows gradualtyeesed intensity and red-shifted
wavelength following the rise of the water cont@fig. S4). The UV-vis absorption
spectrum and fluorescence spectrunH&@A in mixed DMSO-HEPES buffer (v/v =
3:7, 50 mM, pH = 7.4) are shown in Fig. S5. The Aieperty ofHCA was further
performed in mixed DMSO/HEPES buffer. As shown ing.F S6, the
aggregation-induced red emission was enhancedthetincrease of water proportion.
The mixed DMSO/HEPES buffer (viv = 3:7, 50 mM, pH/4) is a critical fraction
for HCA at the concentration of 40M. When 100uM HCA was dissolved in this
buffer, a significant aggregation-induced red erissvill produce. We also confirm
the particle size of the aggregatetiCA fluorophore in HEPES buffer fraction

10



exceeding 70%. The dynamic light scattering (DL&3t twas used to observe the
particle size. As shown in Fig. S7, the particleesis increased with the rise of
HEPES buffer fraction. The large Stokes shift (abd40 nm) of theHCA
fluorophore can reduce the self-absorption and cjuag, which is remarkable for
fluorescence detection and imaging.

The fluorescence property diCA product in different pH solutions were
investigated. As shown in Fig. S8, the fluoresdetgnsity of HCA displays good
stability in the range of pH 3-9 with 30% DMSO. Whin the strong base solution of
pH 11, the fluorescence spectrumHEA shows a distinct blue-shift and a decrease
of fluorescence intensity.

3.3. Spectra properties of DNBS-HCA for biothiols detection

The absorption spectra dDNBS-HCA for biothiols detection were firstly
measured. As shown in Fig. 1a, the proidBS-HCA displays an absorption peak at
440 nm with a molar extinction coefficient£ 1.8 x 10 M™*cm™) in DMSO-HEPES
buffer (viv = 3:7, 50 mM, pH = 7.4). After reactingth Cys, the absorption peak
reveals a weak red-shift to 460 nm and slightlyasged intensity with a molar
extinction coefficient{ = 2.6 x 10 M~cm ™). Meanwhile, the absorption appears at
300-400 nm after reacting with Cys is attributedni® DNTP product [17]. ThEICA
fluorophore was also brought into the measuremend &ontrol, because it is the
expected fluorescence product of reaction betvid¢BS-HCA and biothiols. Indeed,
the absorption spectra BINBS-HCA with Cys is exactly similar to that of th¢CA
fluorophore with a molar extinction coefficient € 2.8 x 10 M~'cm™). All the

11



spectral changes are in accord with the predictabdechanism of a
2,4-dinitrobenzenesulfonate ester for biothiolsedabn (Scheme 1 an#ig. S1).
Some other experiments such'BsNMR, mass spectra and HPLC were carried out to
verify the mechanism and the product (Fig. S9, &1®S11). ThéH NMR spectrum

of DNBS-HCA with excess Cys is totally same as thati@fA. The HRMS forHCA
product [M+H] was calcd to 268.1338, and found 268.1336. Thentien times of
chromatograph peak in HPLC directly reveals thedpoe ofHCA and the decrease

of DNBS-HCA. All these results confirm the product is thHEA fluorophore.
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Fig. 1. The spectra properties of prob&BS-HCA (40 uM) with or without biothiols. (a) The

absorption spectra diCA, DNBS-HCA with or without Cys (40QuM). (b) The fluorescence

spectra oHCA, DNBS-HCA with (400uM) or without different biothiols (GSH, Cys and Hcy
The fluorescence spectra BICA, DNBS-HCA and DNBS-HCA with different
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biothiols (GSH, Cys and Hcy) are shown in Fig. The probeDNBS-HCA (40 uM)
in DMSO-HEPES buffer (v/iv = 3:7, 50 mM, pH = 7.4)svs almost no fluorescence,
which is attributed to the quench effect of the CONBoiety. After the addition of
excess biothiols (10 eq), a remarkallen-on fluorescence peak at 600 nm is
observed. It implies the remove of the biothiolaeteve DNBS moiety. The emission
intensity at 600 nm shows 94-fold, 92-fold and Bldfenhancement for addition of
GSH, Cys and Hcy, respectively. The fluorescendensity of DNBS-HCA with
excess GSH is close to that of thkCA fluorophore. These results indicate the
produce ofHCA product with a remarkable turn-on fluorescencemfroeaction
betweerDNBS-HCA and biothiols.
3.4. Quantitative detection of biothiols with DNBS-HCA

The quantitative analysis @INBS-HCA for biothiols detection was measured by
gradual addition of different biothiols (GSH, Cysldcy). As shown in Fig. 2a, the
fluorescence spectra reveal significantly and galiguncrease with the addition of
various amounts of GSH. The fluorescenc®dBS-HCA with various amounts of
Cys or Hcy reveals a similar trend (Fig. S12). Tlnerescence intensity at 600 nm
was calculated to clarify the sensitivity of theacgon betweerDNBS-HCA and
biothiols. In Fig. 2b, the fluorescence intensity6@0 nm is enhanced continuously
with the increase of the biothiols concentrationilub reaches a maximum plateau
with a few equiv (1-5 equiv) of biothiols.

In the low concentration range of biothiols, theoflescence intensity at 600 nm
shows good linear correlation with the biothiolswcentration (Fig. 2c). The linear

13



correlation coefficient for GSH, Cys and Hcy ar@dr, 0.977 and 0.988, respectively.
The limits of detection (LOD) for GSH, Cys and Haxe determined to be 0.227,
0.283 and 1.826uM according to the &slope. These results demonstrate

DNBS-HCA has good sensitivity for biothiols sensing.
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Fig. 2. Fluorescence oDNBS-HCA (40 uM) upon addition of different concentrations of
biothiols (0-400uM). (a) The fluorescence spectra DNBS-HCA (40 pM) with different
concentrations of GSH. (b) The relationship betwig@rescence intensity @NBS-HCA at 600
nm and biothiols concentrations. (c) The fluoreseemtensity oDNBS-HCA at 600 nm as a
function of biothiols in the low concentration rang

3.5. Time-dependent fluorescence responses of DNBS-HCA for biothiols
14



The time-dependent fluorescence response®NBS-HCA for biothiols were
determined. As shown in Fig. 3a and Fig. S13, theréscence band at 600 nm
displays gradually increasement with excess bihip0 equiv GSH, Cys or Hcy).
The fluorescence intensity at 600 nm was also ¢tk to evaluate the response
efficiency over time with biothiols. The fluores@enintensity reaches its maximum
value in less than 15 minutes (approximately 3 fomCys, and 15 min for GSH,
Hcy). The kinetics process of biothiols responsth\iINBS-HCA reveals the fast

reactions between them.

12000 4

FL(au)
2
3

4000

500 550 600 650 700 750

(b)
180001 o }/H’*‘"‘“——_“

120004

5 8000

DNBS-HCA+GSH
o DNBS-HCA+Cys
4 DNBS-HCA+Hcy

4000+

0 10 20 30 40 50
Time(min)

Fig. 3. Time-dependent FluorescenceDNBS-HCA (40 uM) upon addition of different biothiols
(10 eq). (a) Time-course fluorescence spectrBNBS-HCA (40 uM) with GSH (400uM, 10
equiv). (b) Fluorescence intensity changes at 68hDNBS-HCA (40 uM) in the presence of
GSH, Cys, or Hcy (40QM).

The effect of water volume on the biothiol-sengkngetics process was evaluated.
15



The fluorescent intensity at 600 nm was collecteretveal the kinetics process, which
was shown in Fig. S14. The results demonstratettietincrease of water volume
from 70% to 100% will decrease the reaction ratee Kinetics process of probe
DNBS-HCA in different pH solutions (with 30% DMSO) was alserified. As
shown in Fig. S15, The acidic pH 5 causes the dseref reaction rate, while the
alkaline pH 9 promotes the detect reaction.

3.6. Selectivity of DNBS-HCA for biothiols

The selectivity ofDNBS-HCA for biothiols (Cys, GSH, Hcy) was evaluated by
comparison with various biological species inclgdamino acids (Gly, Tyr, Leu, Gin,
Glu, Arg, Thr, Lys), representative metal ions (Kla', Mg?*, CU/**, F&*) and protein
BSA. The fluorescence intensity BNBS-HCA with all these species shows almost
no change compared with that of the probe. The negbée enhancement of the
fluorescence intensity with Cys, GSH or Hcy ind&satthe high selectivity of
DNBS-HCA for biothiols over these species (Fig. 4). Notethity, the fluorescence
of DNBS-HCA with protein BSA containing some disulfide bonasl dree thiol has
also no change, indicating the prob&BS-HCA will not react with non-protein
thiols.

The selectivity oDNBS-HCA for biothiols sensing in solutions was also vedfi
by using the thiol scavenger NEM (Fig. 4pNBS-HCA reveals very weak
fluorescence enhancement with Cys and GSH prettdageequivalent NEM. The
thiol of Cys and GSH is almost blocked by the sogee NEM, which results in the
negligible fluorescence changes.

16
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Fig. 4. Relative fluorescence intensity @NBS-HCA (40 uM) at 600 nm with different
biological species (40(M, 10 equiv) including amino acids (Gly, Tyr, Le@ln, Glu, Arg, Thr,
Lys), metal ions (K, Na', Mg?*, CU*, F&"), protein BSA (1 mg/mL), and biothiols (4G0OV)
pretreated with equivalent NEM.
3.7. Detection of biothiols on indicator papers with DNBS-HCA

In consideration of the AIE characteristic of tHEA product from the detection
reaction, the availability of the prol®NBS-HCA for biothiols detection on indicator
papers was carried out. Filter papers depositett NNBS-HCA were used for
biothiols detection in solid phase. The solutions kothiols with different
concentrations were dropped onto the indicator gaddne photograph of the turn-on
red fluorescence on the indicator papers with thaiten of Cys and GSH was taken
under 365 nm UV light by a smartphone camera (b&yand Fig. S16a). The red
color of fluorescence on indicator papers showsar&able enhancement following

the increase of biothiols concentration.
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Fig. 5. Photograph of fluorescence and intensities on &tdicpapers witiDNBS-HCA for Cys
detection. (a) Photograph of fluorescence on indigaapers wittbNBS-HCA for Cys detection.
(b) Plot of RGB red values of fluorescence on iathc papers with Cys concentration. Inset:
Linear range of RGB red values of fluorescence @iis concentration.

The relative intensity of the red fluorescence maidator papers was calculated to
obtain the quantitative relation with the concetitra of biothiols. The red values of
the RGB color in the photographs were also obtaimgd convenient smartphone
application (Color recognizer). As shown in Fig. &fd Fig. S16b, the red values of
the RGB color continuously increase until it reachemaximum plateau. Particularly,
the red values have a good linear relationshfpR.990) with the Cys concentration
in the range of 0.1-1 mM. These results demonstretdeasibility and sensitivity for
guantitative detection of biothiols wibNBS-HCA on indicator papers.

3.8. Cytotoxicity and fluorescent imaging in living cells

The cytotoxicity of the probBNBS-HCA on living cells was tested by the CCK-8

assay. Ab49 cells were used and incubated wittergifit concentrations of probe

(0-16 uM) for 24 h. As shown in Fig. 6, the cell viability greater than 95%, even
18



when the cells were incubated with prdbdBS-HCA (16 uM) for 24 h. It indicates

the low cytotoxicity of the probe on A549 cells.
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Fig. 6. The cell viability ofDNBS-HCA on A549 cells for 24 h with CCK-8 assay.

Finally, we examined the capability dNBS-HCA to visualize endogenous
biothiols in living cells. The fluorescence imaginf A549 cells stained with probe
DNBS-HCA for 30 min is shown in Fig. S17, the strong flismence in the red
channel (560-700 nm) and weak fluorescence in tergchannel (500-560 nm) can
be observed. The red fluorescence should be atedbio the aggregation state of
HCA molecule produced from the reaction betw&WBS-HCA and biothiols in
cells.

In addition, the results described above demorstitaat the increase of water
volume will decrease the reaction rate. This reseéms inconsistent with the rapid
fluorescence response in living cells, which isallgt a water environment. We
conjecture that is related to the cellular contesuish as proteins. The bovine serum
albumin (BSA) in solutions was used to verify thigoothesis. As shown in Fig. S18a,
the fluorescence of probBNBS-HCA (40 uM) is almost no changes even with

excess Cys (10 eq) or BSA (1mg/mL) in pure watespectively. However, the
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fluorescence shows remarkable enhancement with (0¥yseq) in BSA (Img/mL)
solution. The reason should be attributed to tremption of the dispersity of the
probe in aqueous solution with the proteins. Thahibl-sensing dynamic curves in
BSA solutions were also measured (Fig. S18b). Ticeease of BSA concentration
from 1 to 10 mg/mL will facilitates the reactiontea So the rapid fluorescence
response in living cells is reasonable.

In order to validate the red fluorescence in livicgjls comes from the biothiols
induced probe response, control experiments o$ gettreated with thiol scavenger
were used to carry out the fluorescence imagindridn 7, PC3 cells and A549 cells
stained with the probe show remarkable fluorescelmceontrast, the cells pretreated
with the thiol scavenger NEM (0.5 mM for 30 minJoghweak fluorescence. When
the biothiols in living cells are eliminated by teeavenger NEM, no more biothiols
can react with the probeNBS-HCA to produce the fluorescehtCA. Meanwhile,
the fluorescence in blank control without probeesy weak (Fig. S19a, f). The effect
of NEM concentration on biothiol imaging was alswdéed with two different
concentrations (0.1 and 0.5 mM). The results indicthat the fluorescence is
decreased with the increasing of NEM concentrafieg. S19b-d, and f). In addition,
cells pretreated with NEM were further incubatethv@ys to use as a positive control.
A significant increase of fluorescence was obtaingtth the addition of Cys (Fig.
S19e, f). These results demonstrate the avaikalifitl specificity oDNBS-HCA for

biothiols detection in living cells.
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Fig. 7. (a) Fluorescent imaging of biothiols in living ceWith probeDNBS-HCA in red channel.
The second row: Cells pretreated with NEM (0.5 mBI: bright field imagingiex = 488 nm,
Aem = 560-700 nm. Scale bar = 1n. (b) The average fluorescent intensity in cdllsor bars
represent standard deviation. Significance wagited using the T test (***, P < 0.001).
4. Conclusion

In summary, we have developed a novel turn-on é@soent prob® NBS-HCA for
biothiols detection based on therydroxychalcone HCA) fluorophore possessing
an ESIPT coupled AIE  characteristic. The biothiolsreactive
2,4-dinitrobenzenesulfonyl (DNBS) moiety of the ippdNBS-HCA is employed to
block the ESIPT process and quench the fluorescémoeigh PET process. The
response reaction of prob@NBS-HCA with biothiols will produce theHCA
fluorophore with large Stokes shift (140 nm) andgavavelength red fluorescence
emission. The probe reveals remarkable fluorescenbancement of 51- to 94-folds
and fast response time of 3 to 15 mins with différbiothiols. The biothiols in
solution and living cells can be conveniently degdanith the proo®NBS-HCA due
to its excellent properties such as simple synthatbcedure, low cytotoxicity, good

sensitivity and high selectivity. In addition, tA¢éE characteristic of thelCA product
21



also provides strategy for biothiols detection ndicator papers with RGB color red

values, which can beandily obtained by smartphone application.
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Highlights:

An ESIPT coupled AIE fluorescent probe was devel oped for biothiols detection.

The fluorescence of 2'-Hydroxychalcone is quenched by a biothiols-reactive moiety.

The excellent fluorescent response properties indicates the availability in cells.

The biothiols was also conveniently detected with the probe on indicator papers.
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