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A hydroxyphenylquinazolinone-based fluorescent probe DAP-1 with a large Stokes shift (162 nm) was firstly
developed for detection of cysteine. The probe DAP-1 with two acrylate as highly Cys-selective sites was de-
signed based on the combination of excited state intramolecular proton transfer (ESIPT) and aggregation-in-
duced emission (AIE) mechanism. Upon the treatment with cysteine, DAP-1 displayed a strong fluorescence
enhancement (65-fold). The limit of detection obtained from fluorescent titration was as low as 0.03 uM. DAP-1
could detect cysteine with high selectivity and sensitivity. Significantly, DAP-1 could be used to detect cysteine

1. Introduction

Biothiols, such as cysteine (Cys), homocysteine (Hcy) and glu-
tathione (GSH), play crucial roles in protein synthesis, in maintaining
biological redox homeostasis, and in post-translational control [1-3].
Normal levels of Cys (30-200 M) maintain the synthesis of various
proteins and act as the source of sulfide in human metabolism [4].
However, abnormal levels of Cys could result in certain diseases in-
cluding liver damage, slow growth in children and Alzheimer’s disease
[5,6]. Hence, it is important to track Cys in living system.

Many techniques including, high-performance liquid chromato-
graphy [7], electrochemical methods [8], fluorescent probes [9-171],
and mass spectroscopy [18] have been developed for the detections of
bio-thiols. Among these detection techniques, fluorescent techniques
are widely utilized in bio-thiol detection owing to its low detection limit
and high sensitivity [11,10-17]. A lot of fluorescent probes based on
different sensing mechanisms, including non-emissive Cu(II) complexes
[19-22], cleavage reaction [12,23,24], cyclization reaction [25], Mi-
chael addition [26] and others [27] have been developed to detect bio-
thiols. Nevertheless, discriminating Cys, GSH and Hcy (Scheme 1) is
still challenging due to their structural similarity [28-30]. In the dis-
tinguishing Cys from Hcy and GSH, the conjugate addition/cyclization
of Cys to acrylate group has demonstrated to be a valid method [31],
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which has been widely used in conventional chromophores including
coumarin [30,32], 2-(2-hydroxyphenyl)quinazolin-4(3 H)-one (HPQ)
[33,34], cyanine [35,36], benzothiazole [37,38], naphthalimide [39].
Unlike traditional chromophores suffering from fluorescence quenching
in high concentration due to s-;t interaction [40-46], aggregation-in-
duced emission (AIE) chromophores such as HPQ and its derivatives are
almost non-emissive when molecularly dispersed but become highly
emissive in the aggregate state with fluorescence increasing along with
the increase of chromophores concentration [47,48]. The AIE probes
offer significant advantages of a high signal-to-noise ratio and excellent
photostability [49,50].

Continuing on our research in this direction, we have developed a
new double acrylate-functionalized fluorescent probe DAP-1 (Scheme
1) for detecting Cys. DAP-1 is derived from HPQ chromophore (com-
pound 2) with two acrylate groups based on addition-cyclization re-
action mechanism. Compound 2 displays a large Stokes shift (162 nm).
It is known that chromophores with large Stokes shifts are more sui-
table for the application because they can greatly improve the detection
sensitivity by reducing self-quenching and auto-fluorescence caused by
the minimal overlap of excitation and emission spectra [51-55]. The
acrylate group is commonly used as a functional trigger group to sense
Cys [31,56,57], where the reaction with Cys generally exhibited faster
reaction kinetics than GSH and Hcy [58-60]. Especially, double

Received 19 May 2018; Received in revised form 30 June 2018; Accepted 12 July 2018

1010-6030/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/10106030
https://www.elsevier.com/locate/jphotochem
https://doi.org/10.1016/j.jphotochem.2018.07.014
https://doi.org/10.1016/j.jphotochem.2018.07.014
mailto:wengeyang11@163.com
https://doi.org/10.1016/j.jphotochem.2018.07.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jphotochem.2018.07.014&domain=pdf

H. Sheng et al. Journal of Photochemistry & Photobiology A: Chemistry 364 (2018) 750-757

O

N Turn-ON

P JO‘\/

:::://Jl“() O
DAP-1 2
Fluorescence off Fluorescence on
Scheme 1. Rational design of DAP-1.
(0]
CHO DDQ/EtOH NH
+ N
HO OH TSOH
HO OH
— d g
DCM / EtN J\/
O (6]
DAP-1
Scheme 2. Synthesis route of DAP-1.
= 800
8 =
g z £ 600+
£
2 =
< g o
z £ g
3 = g
z ! = 200
T T T T T T 0
300 350 400 450 500 550 600 650 450 500 530 600
Wavelength / nm Wavelength / nm

Fig. 1. Normalized absorption (black line) and fluorescence spectra (red line) of
compound 2 in PBS/DMSO system (99/1, v/v, pH 7.4). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)

acrylate-functionalized probe DAP-1 can make the distinction of the
reaction kinetics with bio-thiols even more evident, thus offering DAP-1
to actualize high sensitivity and selectivity for Cys over GSH and Hcy.
To the best of our knowledge, DAP-1 is the firstly use of AIE chromo-
phore HPQ with two acrylate groups to detect Cys. This probe DAP-
1 has the following advantages: (1) it can be easily synthesized with
good yield; (2) it displays a large Stokes shift; (3) it exhibits high signal-
to-noise ratio and excellent photostability. The experiment results
showed that DAP-1 could detect Cys with significant and rapid fluor-
metric response. Moreover, DAP-1 could be conveniently used in living
cells imaging.

2. Experimental
2.1. Materials and instruments

All purchased chemicals and reagents are of analytic grade. '"H NMR
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Fig. 2. Fluorescent spectra of compound 2 (10 uM) in water-DMSO mixtures
with different fractions of water (fy).
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Fig. 3. Plot of relative fluorescent intensity (I/Iy) at 495 nm versus the solvent
composition of the water -DMSO mixture of compound 2.
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Fig. 4. Time-dependent fluorescence intensity at 495 nm of free DAP-1(10 pM)
(pink) and DAP-1 with 10 equiv. of Cys (black), Hcy (red), and GSH (blue) in
PBS/DMSO system (1/1, v/v, pH 7.4). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)
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Fig. 5. Fluorescence spectra of 10 uM DAP-1 upon addition of 0-100 uM Cys in

PBS/DMSO system (1/1, v/v, pH 7.4). hex = 333nm, slit width: d., = dep
= 5nm.

and '*C NMR were measured on AVANCE Il1400MHz Digital NMR
Spectrometers (Bruker Daltonics Corp., USA), using tetetramethylsilane
(TMS) as an internal reference. Electrospray ionization mass spectra
(ESI-MS) were measured on a Micromass LCTTM system. Fluorescence
spectrum was recorded on a spectrofluorimeter (Shimadzu RF-5301PC)
equipped with 1.0 cm quartz cell.

2.2. General procedure for spectral measurements

Stock solution of DAP-1 (10 mM) and N-ethylmaleimide (NEM,
100 mM) were prepared in DMSO. Stock solutions of 10 mM Cys, GSH,
Glu, Thr, Ser, Ala, Asp, Phe, Val, Leu, His, Trp, Ile, Hcy, Arg, Lys were
prepared by direct dissolution in deionized water. All the detection
experiments were measured in PBS buffer-DMSO (1:1, v/v, pH = 7.4).
The procedure was as follows: into a PBS buffer-DMSO (1:1, v/v,
pH = 7.4) solution, containing 10 uM probe DAP-1, an analyte sample
was added. The process was monitored by fluorescence spectrometer.

2.3. Synthesis of compound 2

2-Aminobenzamide (680.8 mg, 5 mmol) was dissolved in anhydrous
EtOH and followed by the addition of 2,4-Dihydroxybenzaldehyde
(690.6 mg, 5 mmol). The reaction was refluxed in the presence of TsOH
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(p-Toluenesulfonic acid, 0.02g, 0.1 mmol) for 90 min. The resulting
solution mixture was cooled to 0°C, and DDQ (2,3-dichloro-5,6-di-
cyano-4-benzoquinone, 1.14 g, 5mmol) was added. The mixture was
slowly brought to room temperature for another 60 min and a reddish
brown solid was formed. The solid was collected by filtration and wa-
shed with a small amount of cooled ethanol, which was further purified
by recrystallization using ethanol to afford the desired pale yellow
compound 2 (1.09 g, 85% yield). 'H NMR (400 MHz, DMSO-dg) § 14.25
(s, 1H), 12.28 (s, 1 H), 10.31 (s, 1 H), 8.11 (d, J = 7.8 Hz, 2 H), 7.81 (¢,
J=7.2Hz, 1H), 7.66 (d, J =7.9Hz, 1H), 7.47 (t, J = 7.2Hz, 1 H),
6.48 — 6.28 (m, 2 H). ESI-MS: caled for C;4H;5N,03 [M+H] " 255.1,
found 255.1.

2.4. Synthesis of DAP-1

Compound 2 (381.3mg, 1.5mmol) was dissolved in dry di-
chloromethane (15 mL) And then acryloyl chloride (271.5 mg, 3 mmol)
and triethylamine (420pL, 3mmol) were sequentially added. The
mixture was stirred for 1 h at 25 °C. Next, 15ml H,O was introduced
into the mixture. The resulting solution was extracted with CH,Cl,
(15mL X 3) and dried over anhydrous Na,;SO4. The solvent was con-
centrated under Rotavapor. The residue was purified by column chro-
matography using petroleum ether /ethyl acetate (5:1) to give DAP-1 as
a white solid (407.3 mg, 75% yield). H NMR (400 MHz, DMSO-d¢) &
8.15(d,J =7.7Hz,1H), 7.90 (d, J = 8.4Hz, 1 H), 7.82 (t, J = 7.5 Hz,
1H), 7.62 - 7.50 (m, 2H), 7.42 - 7.30 (m, 2H), 6.60 (d, J = 17.2 Hz,
1H), 6.47 (td, J =17.1, 12.4Hz, 2H), 6.31 (dd, J = 17.2, 10.4 Hz,
1H), 6.21 (d, J = 10.3Hz, 1H), 6.10 (d, J = 10.5Hz, 1 H). '*C NMR
(101 MHz, DMSO-de) 6 (ppm) 164.18, 163.90, 162.19, 152.61, 150.64,
149.29, 148.92, 135.01, 134.77, 134.44, 131.88, 127.84, 127.79,
127.76, 127.38, 126.25, 125.06, 121.43, 120.14, 117.82. HR-MS: calcd
for Cy0H16N20s, [M+H]* 363.0903, found 363.1011.

Detailed procedures were described in Scheme 2 and characteriza-
tions were shown in supporting information (Fig. S1-S5).

2.5. Confocal fluorescence imaging and Cytotoxicity assay

HeLa cells were cultured in Dulbecco's Modified Eagle's Medium
(DMEM) supplemented with 10% fetal brovine serum, 100 ug/mL pe-
nicillin and 100 pg/mL streptomycin at 37 °C in a humidified atmo-
sphere containing 5% CO,. To imagine endogenous Cys, HeLa cells
were only treated with DAP-1 (10 uM). In another experiment group,
HeLa cells were first incubated with N-methylmaleimide (NEM, a thiol-
blocking reagent) and then treated with DAP-1. For imaging exogenous
Cys, HelLa cells were first pre-incubated with NEM and Cys. Then DAP-1
were added to the cells. MTT assay was further conducted to investigate
the cytotoxicity of DAP-1. Before the treatment of cells with DAP-1,
HeLa cells were plated in 96-well plates and incubated in growth
medium for 24 h. Next, HeLa cells were co-incubated with different
concentration of DAP-1 (0, 10, 20, 50 and 100 uM) at 37 °C for 24 h.
Finally, MTT reagent were added at 37 °C for 4 h.

3. Results and discussion
3.1. Probe design and synthesis

DAP-1 was designed using compound 2 as the chromophore and two
acrylate groups as the recognition sites. Compound 2 is a typical AIE
chromophore due to excited state intramolecular proton transfer
(ESIPT) and restriction of intramolecular motion (RIM) [33,34]. We
first investigated the absorption and emission spectrum of compound 2
(Fig. 1). As shown in Fig. 1, compound 2 is markedly fluorescent
(@ = 0.225) with a maximum at 495 nm (Aaps = 333 nm) and a lager
Stokes shift (162 nm). It is well known that chromophores with lager
Stokes shifts could improve the detection sensitivity by reducing the
overlap of excitation and emission bands [51-53], which are much
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Fig. 7. Fluorescence spectra of DAP-1 (10uM) after treated with various
100 uM amino acids (Cys, GSH, Glu, Thr, Ser, Ala, Asp, Phe, Val, Leu, His, Trp,
Ile, Hey, Arg, Lys) in PBS/DMSO system (99/1, v/v, pH 7.4).

desirable for in vivo application. Hence, we chose the compound 2 as
the chromophore to construct probe DAP-1. As mentioned above, ac-
rylate group has been proved to be effective recognition and quenching
group for sensing Cys. Hence, we introduced two acrylate groups to the
compound 2, thus offering the double acrylate-functionalized probe
DAP-1 (Scheme 1). As shown in Scheme 1, the fluorescence of DAP-1
was efficiently quenched due to blocking the intramolecular hydrogen
bond and free rotation of the C—C bond. Once the DAP-1 reacts with
Cys, the fluorescence of corresponding product (compound 2) would
quickly recover to the ‘On-state’ through intramolecular hydrogen bond
formation to trigger the ESIPT process and aggregation in aqueous
media to trigger the AIE process. Based on the above principles, a
simple probe DAP-1 with ‘Off-On’ fluorescence response to Cys was
designed. We also investigated the photostability of DAP-1 using time-
based fluorescence spectroscopy (Fig. S6). As shown in Fig. S6, the
fluorescence intensity of DAP-1 showed almost no change over a course
of 360 min, while the fluorescence intensity of fluorescein, a well-
known organic dye, decreased gradually under the same condition. The

[Cys] (uM)

Fig. 6. The plot of fluorescence intensity at 495nm versus the concentration of Cys. Inset: the linear relationship between the fluorescence intensity and Cys

753

Fluorescent Intensity (495 nm)

R & &
v & A

& L
KNy

S X &
N i 4
x X X o

F & KXY O S
X

SISO

5& R GA% c)%% oﬁ X X X
[

X X
FSES S S T o

Fig. 8. Fluorescent response of DAP-1(10 pM)at 495 nm toward Cys (100 uM) in
the presence of various analytes (1 mM).

result indicates that DAP-1 displays a good photostability. Other pho-
tophysical properties of DAP-1 are presented in Table S1. Synthesis of
DAP-1 is outlined in Scheme 2. First, compound 2 was synthesized by
the reaction of 2-Aminobenzamide and 2,4-Dihydroxybenzaldehyde.
Next, DAP-1 was readily synthesized by the acylation reaction from
compound 2 and acryloyl chloride. The 'H NMR, *C NMR and HR-MS
of DAP-1 and compound 2 were shown in Fig. S1-S5.

3.2. AIE properties of compound 2

As mentioned above, DAP-1 is almost non-emissive when molecu-
larly dispersed (Scheme 1). However, DAP-1 could react with Cys to
generate AIE chromophore compound 2, which could become highly
emissive in the aggregate state. We assumed that the detection of Cys
was mainly completed by measuring the fluorescence intensity that
attribute to the formation of compound 2. Hence, we first investigated
the AIE properties of compound 2 by measuring its fluorescent spectra
in H,O/DMSO mixtures with different water fractions (Fig. 2). As is
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Scheme 3. (A): The proposed reaction mechanism of DAP-1 and Cys. (B): '"H NMR spectra of Compound 2, DAP-1-Cys reaction products and DAP-1.

shown in Fig. 2, compound 2 (10 uM) is almost non emissive in pure
DMSO solution. The solubility of compound 2 can be reduced by the
increasing water fractions in H,O/DMSO mixture and induce the for-
mation of nanoaggregates. Although the fluorescence intensity of
compound 2 remained low with water contents ranging from 0 to 90 vol
%, it increased rapidly when the water contents increase from 90 to
99 vol %. At the 99 vol % water fractions, the fluorescent intensity is
about 42-fold than that in the pure DMSO solution (Fig. 3). This phe-
nomenon indicates that compound 2 is AlE-active and the ESIPT pro-
cess can smoothly proceed in aggregation state by avoiding the dis-
rupting on intromolecular hydrogen bond from polar solvents. We
selected this optimized H,O/DMSO (99:1, pH 7.4) solution for the

754

subsequent fluorescence measurements.
3.3. Kinetic studies

To get the optimal reaction time, a time-dependent fluorescence
intensity measurement was conducted on DAP-1 (10uM) with 10
equivalent Cys, GSH and Hcy at pH 7.4. As we can see from Fig. 4, the
fluorescence intensity increases instantaneously and reaches a plateau
at around 15 min when Cys (100 uM) was added to the solution of DAP-
1. As for Hey and GSH, the fluorescence intensity changed very weakly.
In addition, the fluorescence intensity of DAP-1 without above biothiols
was negligible during the same reaction time. We also evaluated the
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Fig. 9. Fluorescence intensity of DAP-1 (10 pM) in the absence and presence of
Cys (100 uM) at 495 nm at various pH values.

time-dependent emission enhancement of DAP-1 at pH 8.0 and 8.5. As
shown in Fig. S7 and S8, the emission enhancement of DAP-1 shows
almost no change compared with that of pH 7.4. The results suggest
that DAP-1 can respond to Cys rapidly. Based on the above experi-
mental results, we selected this optimal reaction time for the sub-
sequent fluorescence measurements.

3.4. The sensitivity studies

On the basis of the above experiments, we also conduct con-
centration-dependent experiments to assess the sensitivity of DAP-1
(10 uM) toward Cys. As we can see from Fig. 5, DAP-1 alone in 10 mM
PBS bulffer solution (H,O/DMSO = 99:1, pH 7.4) are almost no fluor-
escence. It is understandable that the fluorescence of DAP-1 was effi-
ciently quenched by the acrylate group. However, the fluorescence in-
tensity at 495nm increased gradually with the increase of cysteine
concentration. The fluorescence intensity was maximized when 10
equiv. Cys was added and the enhancement was up to 65-fold, in-
dicating that Cys could effectively eliminate the acrylic ester moiety in
DAP-1 to offer the chromophore compound 2. Moreover, there is a good
linear relationship (y = 8.18521 x + 1.93607, R? = 0.9916) between
the fluorescence intensity at 495 nm (Fig. 6) and the concentrations of
Cys (0-30 uM). The limit of detection was calculated to be 0.03 uM.
Moreover, the curve in Fig. S9 shows a good linear relationship (R*> =
0.99479) of fluorescence intensity versus the concentration of com-
pound 2 (0-10 uM). The above results show that DAP-1 can well be
applied for quantitative detection of Cys with high sensitivity.

3.5. The selectivity and competition studies

After we obtained the optimal solvent ratio and reaction time, the
selectivity of DAP-1 (10 pM) to various amino acids were examined. As
shown in Fig. 7, the fluorescence intensity increased rapidly at 495 nm
when 10 equiv. Cys was added to the solution of DAP-1. However, the
GSH and Hcy cause only slight fluorescence enhancement under the
same conditions. Morever, the fluorescence intensity was negligible in
the presence of other amino acids (Glu, Thr, Ser, Ala, Asp, Phe, Val, Leu,
His, Trp, Ile, Arg, Lys). These results indicated that DAP-1 could se-
lectively distinguish Cys from GSH and Hcy. It is understandable that
the Michael addition/cyclization between acrylic ester and Cys gen-
erally exhibited faster reaction kinetics than GSH and Hcy [12,58-60].
Importantly, DAP-1 has two acrylate groups, which could make the
distinction of the reaction kinetics with biothiols even more evident.
Another reason for this result could be the effect of pKa. It is kown that
the pKa values of Cys, Hcy and GSH are 8.30, 8.87 and 9.20, respec-
tively [61], the Cys pKa is relatively lower. Under our test condition
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(pH = 7.4), the thiol in Cys was more likely to be converted to thiolate,
which is a better nucleophile in conjugate addition, thus offering DAP-1
to actualize high selectivity for Cys over GSH and Hcy. Moreover,
competitive experiments were also implemented to illustrate DAP-1 can
still keep its sensing response toward Cys without interference by other
amino acids (Fig. 8). As is shown in Fig. 8, the Cys can well be detected
even in the presence of other amino acids and there is no adverse in-
terference from these amino acids. The results indicate that DAP-1
could selectively distinguish Cys from GSH and Hcy.

3.6. Proposed mechanism of DAP-1 with Cys

The reaction between acrylate group and biothiols has been well
studied by Strongin et al [12,62]. According to these literatures and our
experiment results, proposed detection mechanism of DAP-1 to Cys was
shown in Scheme 3A. The reaction first involved a conjugate addition of
Cys to a,B-unsaturated carbonyl group of DAP-1 to generate the cor-
responding thioether (3), a transient intermediate, which could subse-
quently undergo an intramolecular cyclization to afford the chomo-
phore compound 2. The high selectivity of DAP-1 for Cys over GSH and
Hcy could be illustrated by the fact that Cys exhibits faster kinetics than
GSH and Hcy in the process of intramolecular intramolecular cycliza-
tion between acrylate groups and biothiols, owing to the more kineti-
cally favorable formation of a seven-membered ring product (2a,
n = 1). Particularly, DAP-1 has double acrylate groups, which could
make the distinction of reaction kinetics between these biothiols even
more evident. To confirm the above mechanism, the product was se-
parated after DAP-1 reacted with Cys and HR-MS analysis was dis-
played. As shown in Fig. S6, The peaks of DAP-1 (m/z 255.0784) and
compound 2 (m/z 363.1003) could be observed. 1H NMR spectra of
DAP-1, DAP-1-Cys reaction products and compound 2 were examined
to further verify this mechanism. As shown in Scheme 3B, after reacting
with Cys, the characteristic proton signals of the two acrylate groups of
DAP-1 at 6.60, 6.47, 6.31, 6.21 and 6.10 ppm disappear and two new
peaks at 10.31 and 14.26 ppm corresponding to Phenolic hydroxyl
groups are distinctly observed, which were consistent with that of
compound 2, demonstrating that the reaction from Cys was compound
2. Moreover, the structure of the cleaved cyclisation product 2a was
proved by 1H NMR spectrum (Fig. S11). The above results supported
the proposed reaction mechanism between DAP-1 and Cys.

3.7. Effects of pH

Appropriate pH condition for successful operation of the fluores-
cence detecting was studied. As show in Fig. 9, the fluorescent intensity
of DAP-1 (10 uM) was not changed in the pH range of 4-10, indicating
that DAP-1 could maintain good stability in a relatively wide pH range.
When DAP-1 was treated with 10 equiv. Cys, obvious fluorescent en-
hancement could be observed within the pH range from 7.5 to 8.5. The
results demonstrated that DAP-1 could be applied in the detection of
Cys in physiological circumstances. However, at pH above 8.5, the
fluorescence intensity decreased, the reason may be due to the depro-
tonation of the thiol moieties.

3.8. Fluorescence imaging and cytotoxicity assay

To evaluate the practical utility of DAP-1 (10 uM) for selectively
fluorescent imaging of Cys in living cells, cell-based experiments were
performed (Fig. 10). Initially, the living HeLa cells showed almost no
background fluorescence in the absence of DAP-1 (Fig. 10A). However,
strong green fluorescence could be observed when HeLa cells were
treated with probe DAP-1 (Fig. 10B). The green fluorescence was
stronger when exogenous Cys (100 uM) was added (Fig. 10C). These
results indicate that DAP-1 can permeate into HeLa cells and react with
endogenous Cys to yield green fluorescence. As a control experiment,
when HeLa cells were incubated with NEM (1 mM, a thiol-blocking
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Fig. 10. (A) Confocal fluorescence microscope image of HeLa cells only, (B) images of cells + DAP-1 (10 uM), (C) images of cells + DAP-1 (10 uM) + Cys (100 uM),
(D) the overlay image of C and its Bright-field image (E) images of cells + NEM (1 mM) + DAP-1 (10 uM), (F) images of cells + NEM (1 mM) + Cys (100 uM) +
DAP-1 (10 uM), (G) images of cells + NEM (1 mM) + excess Cys + DAP-1 (10 uM), (H) the overlay image of G and its Bright-field image. Scale bar = 20 pm,

Eex = 405 nm.
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Fig. 11. Cell viability was quantified by the MTT assay (HeLa cells, 24 h).

reagent) and then treated with DAP-1 (10 pM), no fluorescence could be
observed (Fig. 10E), suggesting that intramolecular Cys has been
completely removed by NEM. However, when cells were incubated with
NEM (1 mM) and then treated with Cys (100 uM) and DAP-1, the cells
showed green fluorescence again (Fig. 10F) and the green fluorescence
was stronger when excess Cys was added (Fig. 10G). Moreover, the
overlay image (Fig. 10D, 10 H) of confocal fluorescence and bright-field
images demonstrated that the fluorescence was obvious. These results
implied that DAP-1 was membrane-permeable and could detect Cys in
living cells. Conventionally, a cell viability assay was performed to
assess the cytotoxicity of DAP-1. Different concentration of DAP-1 (0,
10, 20, 50 and 100 uM) was added to the HeLa cells (Fig. 11). The
results showed that cells could still keep a high viability (near 86%)
even with 100 pM DAP-1 at 37 °C for 24 h and no significant difference
was observed between the groups, suggesting the great potential of
DAP-1 in terms of its low cytotoxicity.

4. Conclusions

In conclusion, we introduce two acrylate groups into a HPQ
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derivative to develop a double acrylate-functionalized fluorescent
probe DAP-1. DAP-1 displays a large Stokes shift (162 nm). The addi-
tion of Cys to DAP-1 solution would result in a strong fluorescence
enhancement due to conjugated addition/cyclization sequence me-
chanism. Besides, DAP-1 displays excellent selectivity and sensitivity
for Cys over Hey and GSH. The fluorescence titration results revealed
that the response time of DAP-1 to Cys could be accomplished within
15min and the limit of detection was calculated to be as low as
0.03 uM. Importantly, DAP-1 was membrane-permeable and could de-
tect Cys in living cells.
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