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Abstract: A new colorimetric and fluorescence probe NRSH based on Nile-red chromophore for
the detection of biothiols has been developed, exhibiting high selectivity towards biothiols over
other interfering species. NRSH shows a blue shift in absorption peak upon reacting with biothiols,
from 587 nm to 567 nm, which induces an obvious color change from blue to pink and exhibits a
35-fold fluorescence enhancement at 645 nm in red emission range. NRSH displays rapid (<1 min)
response for H2S, which is faster than other biothiols (>5 min). The detection limits of probe NRSH
towards biothiols are very low (22.05 nM for H2S, 34.04 nM for Cys, 107.28 nM for GSH and 113.65 nM
for Hcy). Furthermore, NRSH is low cytotoxic and can be successfully applied as a bioimaging tool
for real-time monitoring biothiols in HeLa cells. In addition, fluorescence mechanism of probe NRSH
is further understood by theoretical calculations.
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1. Introduction

As important reactive sulfur species, small molecular biothiols, such as hydrogen sulfide (H2S),
cysteine (Cys), homocysteine (Hcy) and glutathione (GSH), play important roles in physiological
activities and pathological processes [1,2]. The abnormal levels of intracellular biothiols are closely
related to many diseases, including neurotoxicity, cardiovascular diseases, liver damage, Alzheimer’s
disease, cancer, and so on [3–5]. Therefore, developing hypersensitive methods of detecting biothiols is
urgently required, which would be of great assistance to explore the intracellular behavior of biothiols
in living organisms and special physiological environments.

Recently, due to high sensitivity and the capability of real-time imaging, fluorescence probes for
biothiol detection have attracted more and more attention. A variety of fluorescence probes for biothiols
have been devised based on various strategies, including deprotection of 2,4-dinitrobenzenesulfonyl
(DNBS), cyclization reaction of aldehyde, Michael addition, thiol-halogen nucleophilic substitution,
disulfide exchange reaction and others [6–9]. Among these strategies, the DNBS-based strategy stands
out because of the unique sensitivity and high reactivity of DNBS group towards thiolate anion.
Importantly, DNBS can be utilized to design turn-on fluorescence probes since the functional group
could totally quench fluorescence [10–14]. On the other hand, multifarious fluorophores have been
applied to detect biothiols, including naphtalimide, fluorescein, rhodamine, coumarin, and BODIPY.
However, only a few of them could achieve ideal results towards biothiols in the long wavelength

Molecules 2020, 25, 4718; doi:10.3390/molecules25204718 www.mdpi.com/journal/molecules

http://www.mdpi.com/journal/molecules
http://www.mdpi.com
https://orcid.org/0000-0002-0837-730X
http://dx.doi.org/10.3390/molecules25204718
http://www.mdpi.com/journal/molecules
https://www.mdpi.com/1420-3049/25/20/4718?type=check_update&version=2


Molecules 2020, 25, 4718 2 of 13

region [15–19]. Nile-red (9-(diethylamino)-5H-benzo[a]phenoxazin-5-one, NR), a dye used to stain in
cells, is known to display a blue shift in emission wavelength with increasing hydrophobicity of the
environment. Therefore, Nile-red and its derivatives have been used to bioassay because of their high
molar-absorption coefficients and long-wavelength emissions [20–28].

Colorimetric and fluorescent probes have become a new hotspot owing to their remarkable
advantages in fundamental study of analytical chemistry and photochemistry [29–35]. To date, a lot
of colorimetric and fluorescent probes for biothiols have been developed [36–40]. Latterly, scientists
have begun to design new fluorescent probes based on Nile-red fluorophore for detecting biothiols,
and several good probes have been reported [41–44]. Cui’s group developed a fluorescent probe based
on Nile-red for H2S detection [43]. The probe exhibits a high sensitivity and selectivity for H2S when
compared with other small biothiols. Using acrylate group as a reaction site, Ge’s group constructs
two NR-based probes for Cys detection [44]. In selectivity experiments, it is found that Hcy and GSH
displayed slight fluorescence enhancement, and Cys could induce a remarkable enhancement.

However, the fluorescent probe based on Nile-red fluorophore for detecting more than
one type of biothiols is rarely [45,46]. Herein a new colorimetric and fluorescent probe NRSH
(2-O-(2,4-dinitrobenzenesulfonyl)-9-(diethylamino)-5H-benzo[a]phenoxazin-5-one) based on Nile-red
fluorophore has been developed to detect the biothiols (Scheme 1). When the probe responds to biothiols,
the DNBS group can be removed by mercapto nucleophilic reaction resulting in the generation of
NR with strong red fluorescence emission. As we expected, NRSH can act as a colorimetric and long
wavelength fluorescent sensor for biothiols. According to the response times of NRSH to biothiols,
the probe can be a promising and effective tool to further discriminate H2S (<30 s) and Cys (>5 min)
from Hcy/GSH (>15 min). In addition, the probe exhibits low detection limits towards biothiols.
Most importantly, NRSH is low cytotoxic and can be applied as a bioimaging tool for real-time
monitoring biothiols in HeLa cells.

Scheme 1. The fluorescence mechanism of NRSH probe.

2. Results and Discussion

2.1. Design of the Probe NRSH

NRSH has been designed as shown in Scheme 1, and characterized by HRMS and NMR
spectroscopy. The detailed spectrum diagrams of structural characterization are shown in the
supporting information (Figures S1–S3). The fluorophore NR is selected due to a large long wavelength
fluorophore and typical intramolecular charge transfer (ICT) process [47–50], and DNBS is introduced by
esterification reaction to form NRSH, which might feature a weak fluorescence owing to a characteristic
photoinduced electron transfer (PET) process. In the presence of biothiols, such as Cys and GSH etc.,
DNBS can be removed by mercapto nucleophilic reaction resulting in the generation of NR with strong
red fluorescence emission at, 645 nm. We anticipate that the probe can be used for detecting biothiols in
living cell imaging. In this report, the fluorescent probe NRSH shows to be very effective in detecting
biothiols, as expected.



Molecules 2020, 25, 4718 3 of 13

2.2. Optical Properties

The spectral responses of NRSH toward Cys were firstly investigated upon the gradual addition
of Cys (0–30 µM) in DMSO-Tris/HCl buffer (10 mM, pH = 7.4, 2:1, v/v). As shown in Figure 1a,
NRSH shows a maximal absorption peak change from 587 nm (ε = 4.00 × 104 M−1 cm−1) to 567 nm
(ε = 3.42 × 104 M−1 cm−1) in the above system. Simultaneously, the new absorption peak at 360 nm
(ε = 1.69 × 104 M−1 cm−1) is observed. The solution color changed clearly from blue to pink (Figure 1a
inset). Along with the UV-vis changes, NRSH displays essential fluorescence emission enhancement
at 645 nm upon the addition of Cys. After 2 equiv of Cys was added, the fluorescence is saturated
and fluorescence intensity increased about 35-fold (Figure 1b). The responses of NRSH toward other
biothiols were investigated in the same system as above (Figures S4–S6). The detection limit was
calculated using the 3σ/k method reported in the literature [51], where σ is the standard deviation of
blank measurement, which was determined from the fluorescence intensity of NRSH without biothiols
for 11 repetitions, k is the slope between the emission intensity of 645 nm and the corresponding
concentrations of biothiols). The corresponding detection limits based on the fluorescence titration are
22.05 nM for H2S, 34.04 nM for Cys, 107.28 nM for GSH and 113.65 nM for Hcy from 20 blank solutions
(Figure S7). Notably, these results indicate that the probe is highly sensitive and may be suitable for
detecting biothiols in living systems.

Figure 1. (a) Absorption titration of probe (10 µM) toward Cys in DMSO-Tris/HCl buffer (10 mM,
pH = 7.4 2:1, v/v), inset: color changes observed; (b) Fluorescence emission of probe toward Cys,
inset: plot of the fluorescence intensity of 645 nm with the concentration of Cys; Conditions: incubating
in the room temperature for 10 min, slit: excite = emission = 5 nm, λex = 567 nm.

The response times of NRSH to biothiols were investigated at room temperature. NRSH responds
rapidly to H2S, and the sensing reaction can complete within 1 min (30 µM NaHS) in DMSO-Tris/HCl
buffer. Other biothiols (30 µM), however, cannot complete reaction within 5 min (Figure 2a, Figure S8).
The pseudo- first-order rate constants were determined by fitting the fluorescence intensities to the
pseudo-first-order equation, and the values are calculated to be 7.17 × 10−3 s for H2S, 6.63 × 10−3 s for
Cys, 1.43 × 10−3 s for GSH and 1.28 × 10−3 s for Hcy (Figure 2b). These results can be attributed to
pKa value. The hydrosulfide anion (HS−) has low pKa value (~7.0), which is considered to be more
nucleophilic than other biothiols in neutral medium; other biothiols have high pKa values (Cys 8.53,
GSH 9.20, Hcy 10.00). Therefore, HS- can react faster than other biothiols.
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Figure 2. (a) Time-dependent fluorescence intensity changes at 645 nm of probe (10 µM) in the
absence or presence of biothiols (30 µM) in DMSO-Tris/HCl buffer (10 mM, pH = 7.4 2:1, v/v);
(b) The pseudo-first-order kinetic plot of the reaction of probe (10µM) with biothiols (30µM). Conditions:
incubating in the room temperature for 10 min, slit: excite = emission = 5 nm, λex = 567 nm.

To evaluate the selectivity toward biothiols, we measured the fluorescence response of NRSH
towards other various analytes, and the turn-on fluorescence emission is observed only with the
biothiols. Other analytes show negligible fluorescence changes (Figure 3a). These results feature that
NRSH is highly selective towards biothiols. The digital photograph of probe NRSH with different
analytes under ambient light and 365 nm UV lamp are shown in Figure 3b. Differentiated colors
can be observed by naked eyes under ambient light, and the strong red fluorescence is obtained in
addition of biothiols under 365 nm UV lamp. These results indicate that biothiols can be detected
through colorimetric and turn-on fluorescence dual channels by probe NRSH. Furthermore, the pH
effect was measured upon addition of biothiols into NRSH in a mixture of DMSO-buffer (2:1 v/v) with
pH changing from 5.0 to 8.5 (Figure 4). The fluorescence intensity displays almost no change for NRSH
alone in a wide pH range. These results indicate that NRSH is stable in this pH range. After addition
of biothiols, the fluorescence intensity increases dramatically in the pH range of 6.0–8.0. These results
indicate that NRSH is a promising molecular tool for biological applications under neutral conditions.

Figure 3. (a) Fluorescence responses of NRSH (10 µM) in the presence of different analytes (black bars),
followed by addition of Cys (30 µM) (red bars); (b) Photographs observed after the addition of various
analytes to the solution of NRSH under nature light (up) and 365 nm UV light (down). Conditions:
incubating in the room temperature for 10 min, slit: excite = emission = 5 nm, λex = 567 nm.
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Figure 4. The fluorescence intensity changes of NRSH at 645 nm (10 µM) with different pH values in
the absence and presence of biothiols (30 µM for H2S and Cys; 100 µM for GSH and Hcy). Conditions:
incubating in the room temperature for 10 min, slit: excite=emission = 5 nm, λex = 567 nm.

To confirm the detection mechanism, the absorption and emission spectra of NR, NRSH and the
reaction solution of NRSH with Cys (30 µM) were obtained. The maximal absorption peak and the
emission peak of reaction solution are in accordance with NR (Figure S9). Meanwhile, the reaction
products of NRSH with Cys were marked in mass spectrum. It gives the mass peaks at m/z 335.1,
which corresponds to [NR + H]+. On the other hand, the peak at m/z 288.3 is found, which might be
the mass of [1 + H]+ (Scheme 2, Figure S9c). Based on these results, the sensing process of probe NRSH
to biothiols is most likely the reaction process of thiolysis of the 2,4-dinitrobenzenesulfonyl ester.

Scheme 2. The sensing process of probe NRSH.

2.3. Cell Imaging

Furthermore, we proceeded to validate the feasibility of NRSH to image biothiols in living cells.
Firstly, the cytotoxicity of NRSH was evaluated by an MTT assay in Hela cells incubated with different
concentrations of NRSH (6.25, 12.5, 25, 50, 100 µM). These results suggest that NRSH is low-toxic
to Hela cells even for 48 h with the concentration up to 100 µM (Figure 5a). Secondly, the real-time
imaging capability of NRSH was tested by confocal microscope. It is clearly seen that red fluorescence
gradually enhanced in the cells along with the increasing incubation time (Figure 5b). However, no
intracellular red fluorescence exists after incubating the same time without probe (Figure S10). Thirdly,
we conducted control experiments to trap intracellular thiols with NEM (10 mM). The HeLa cells were
pretreated with NEM for 30 min followed by the addition of NRSH (10 µM). As expected, cells do
show very weak fluorescence signal within the incubation time for 30 min (Figure S11). The living cells
were then added Cys (100 µM), and the red fluorescence was quickly observed again within incubation
time. These results indicate that the probe NRSH can easily penetrate cell membrane resulting in the
fluorescent label, and that the fluorescence changes in living cells are indeed caused by biothiols.
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Figure 5. (a) Cell viability values (%) estimated by MTT versus different incubation concentrations
of NRSH. Hela cells were cultured for 48 h in the presence of NRSH (6.25, 12.5, 25, 50, 100 µM);
The confocal microscopic images of NRSH (10 µM) in Hela cells with time: (b) The fluorescence
imaging of endogenous Cys in living HeLa cells incubated with probe.

2.4. Computational Analysis

The molecular electrostatic potential (MEP) maps of NR and NRSH were calculated at
DFT/B3YLP/6-311G** level in DMSO medium. MEP is an important parameter to explore intermolecular
electrostatic interaction and to predict molecular properties. According to MEP maps in Figure 6,
diethylamide moiety always shows blue MEP surface, which represents positive electrostatic potentials.
In other words, this group is a strong electron-donating group. On the contrary, DNBS moiety in
NRSH shows red MEP surface, indicating a strong electron-withdrawing group. Similarly, carbonyl
group in two molecules also shows red MEP surface. In summary, all these MEP features are consistent
with our design.

Figure 6. Molecular electrostatic potential (MEP) maps for (a) NR and (b) NRSH.

The electron distribution in the frontier molecular orbitals were accomplished with
TD-DFT/B3YLP/6-311G** calculation. And the distribution in HOMO and LUMO are shown in Figure 7.
HOMO has the properties of electron donor because of the attraction to its electrons is relatively loose.
While LUMO has the properties of electron acceptor because of its electron affinity is relatively strong.
It can be easily seen that the contributions to the HOMOs of two compounds are largely located on the
backbone of the four connected six-membered rings and diethylamide moieties. The electron densities
in the LUMO of NR displays a similar distribution of the HOMO, and both the contributions to the
two frontier orbitals are located on the whole NR, which corresponds to the activated ICT process.
However, the contribution to the LUMO of NRSH is only located on DNBS group, which coincides
with its strong electron-withdrawing property. Consequently, this distributive character indicates that
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an effective PET process occurs in the excited states of NRSH to suppress the fluorescence emission
because it has strong quenching moiety DNBS. As a result, the distributive characters of theses frontier
molecular orbitals are in accordance with the above optical properties experiments.

Figure 7. Molecular orbital diagrams and excitation energies of NR (a) and NRSH (b).

The fluorescence emission spectra of NR and NRSH were accomplished with TD-DFT/B3YLP/6-311G**
calculation, and the crucial results are listed in Table 1. According to the Kasha’s rule, fluorophor emits
from the lowest state S1 [52]. As shown in Table 1 and Tables S1 and S2, the fluorescence emission
wavelength (λfluo) at the first transition state (S0→S1) of NR is predicted at 622 nm (1.99 eV), which is
overestimated by 0.07 eV when in comparison with the experimental data (645 nm, 1.92 eV) measured in
DMSO. Moreover, the calculated λfluo value of NRSH (1381 nm) is out of the test range (200–900 nm) of
the fluorescence spectrophotometer and the oscillator strengths (f) value (0.0001) is evidently less than
0.01, implying that forbidden transition occurs in the excited states of NRSH. Therefore, the theoretical
calculation results basically conform with the data measured in the experiment.

Table 1. Calculated fluorescence wavelengths (λfluo), oscillator strengths (f ), molecular orbital transition
contributions to the fluorescence emission spectra and experimental data for the S0 → S1 excited states
of NR and NRSH.

Probe Transition Experiment (nm, eV) Calculated (nm, eV) f %

NR HOMO→LUMO 645, 1.92 622, 1.99 1.2064 100
NRSH HOMO→LUMO – 1381, 0.90 0.0001 100

In order to provide a further insight into electron excitation properties, hole-electron distribution
analyses were carried out with Multiwfn 3.6 program [53,54]. From the Multiwfn manual, the opinion,
“an electron leaves hole and goes to electron”, is used to depict the process of single-electron
excitation [53]. As shown in Figure 8a,b (at default isosurface value 0.002), blue and green symbolize
the hole distribution and electron distribution, respectively. In addition, the structures of two molecules
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are divided into 2 or 3 fragments for easy understanding. It can be observed that the trends of hole
distributions for NR and NRSH are very similar from fragment 1 to fragment 2. The figure clearly
shows that the overall charge transfer direction is from diethylamide group (fragment 1) to the four
connected six membered rings moiety (fragment 2) for NR. However, for NRSH, almost all electron
(99.6%) locates on the fragment 3 (DNBS group). Obviously, the electron excitation characters of NR
and NRSH are corresponding to ICT process and PET process, respectively.

Figure 8. Electron-hole distributions for the S0 to S1 transitions of (a) NR and (b) NRSH; fragment
partitions for (c) NR and (d) NRSH.

In order to provide a quantitative analysis to figure out how many electrons transfer between
different fragments, the interfragment charge transfer (IFCT) analyses were performed with Multiwfn
3.6 program [53], and the results are listed in Tables 2 and 3. For NR, diethylamide (fragment 1) and
carbonyl groups (fragment 3) donates 0.22362 and 0.01993 electrons to the four connected six-membered
rings moiety (fragment 2), respectively. Therefore, the electron of fragment 2 totally increases by 0.24355
after the electron excitation. While for NRSH, fragment 1 and 2 all lose electrons and fragment 4 gains
electrons. Notably, fragment 2 decreases by 0.74615 electrons after the electron excitation, which results
in the fluorescence quenching. In conclusion, all theoretical calculation results are in good agreement
with the experimental results.

Table 2. Calculated variation of electron population number of each fragment of NR and NRSH.

NR NRSH

1 −0.22455 −0.24376
2 0.24355 −0.74615
3 −0.01900 0.98991

Table 3. Calculated net transferred electrons between fragments of NR and NRSH.

NR NRSH

1→2 0.22362 0.00092
1→3 0.00093 0.24284
2→3 −0.01993 0.74707
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3. Experimental

3.1. Materials and Instrumentations

All solvents and reagents (analytical grade) were obtained commercially and used as received
unless otherwise mentioned. Column-layer chromatographic silica gel was purchased from Qingdao
Haiyang Chemical Co., Ltd. 1H and 13C-NMR spectra were collected in DMSO-d6 at 600 MHz
frequency on AVANCE III HD 600 (Bruker Corporation, Rheinstetten, Germany) using TMS as an
internal standard. High-resolution mass spectral analyses were carried out using Agilent1290/maXis
impact (Bruker Corporation, Hamburg, Germany) at analytical and testing center of South China
University of Technology. UV absorption spectra were recorded on a UV-2450 UV-Vis spectrophotometer
(Shimadzu Corporation, Kyoto, Japan). Fluorescence measurements were performed using a F-4500
fluorescence spectrophotometer (Hitachi Corporation, Osaka, Japan) equipped with quartz cell of
10 mm path length. NR was synthesized by 5-(diethylamino)-2-nitrosophenol hydrochloride and
1,7-dihydroxynaphthalene based on a previously reported method [41].

3.2. Synthesis of NRSH

To an anhydrous dichloromethane solution (20 mL) containing NR (100 mg, 0.29 mmol) and
triethylamine (0.50 mmol, 70 µL) was added dropwise 2,4-dinitrobenzenesulfonyl chloride (89 mg,
0.33 mmol) in dichloromethane (10 mL) at ice bath under the nitrogen atmosphere. The mixture was
stirring for 6 h at room temperature, and then water was used to wash the resulting solution triply
(30 mL × 3). The dichloromethane phase was dried over Na2SO4 for one night. After filtration and
removal of the organic solvent, the product was purified with silica gel column chromatography by
eluting with dichloromethane to yield an atrovirens solid (136 mg, 80%).

3.3. Measurement Procedures

The stock solution of NRSH (10 mM) was prepared by dissolving the required amount in analytical
grade DMSO. Other analytes including NaCl, Na2SO4, Na2SO3, NaHSO3, Na2S2O3, Na2S2O4, Cys,
Hcy, GSH, NaHS, KCl, MgCl2, CaCl2, H2O2 and NaClO were dissolved in deionized water to afford
10 mM aqueous solution. The stock solutions were made freshly and diluted to desirable concentrations.
For a typical optical measurement, NRSH was diluted to 10 µM in DMSO-Tris/HCl buffer (10 mM,
pH = 7.4, 2:1 v/v). The absorption and fluorescence spectra were recorded at room temperature.
The fluorescence spectra were recorded under excitation at 567 nm. The slit size for excitation and
emission was 5 nm, respectively.

3.4. Kinetic Studies

The reaction of probe with biothiols in DMSO-Tris/HCl buffer (10 mM, pH = 7.4 2:1, v/v) was
monitored using the fluorescence intensity at 645 nm. The pseudo-first-order rate constant was
determined by fitting the fluorescence intensity to the pseudo-first-order equation:

Ln
Fmax − Ft

Fmax
= −kt (1)

where Fmax and Ft were the fluorescence intensity at 645 nm at the maximum and at t time intensity,
respectively. k was the pseudo-first-order rate constant. The pseudo-first-order plot for the reaction
of probe (10 µM) with biothiols (30 µM) was calculated, and the slope of the line provided the
pseudo-first-order rate constant.

3.5. Cell Image Experiment

HeLa cells were cultured in dulbecco’s modified eagle’s medium supplemented with 10% FBS
100 mg/mL penicillin and 100 mg/mL streptomycin in a 5% CO2, water saturated incubator at 37 ◦C,
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and then cells were seeded on cover glass bottom confocal dish and continuously incubated at 37 ◦C
in a 5% CO2 atmosphere for 24 h (0.5% DMSO was controlled in the cell culture process). The cells
were washed three times with PBS buffer solution, and observed by the confocal laser scanning
microscopy. Red fluorescence was excited at 565 nm, and the emission was recorded from the red
channel (600–750 nm).

3.6. Computation Details

The geometry optimization for the ground state structures of NR and NRSH were accomplished
with density functional theory (DFT) calculations at B3YLP/6-311G** level. The frequency analyses
were calculated, and no imaginary frequencies were observed, which confirmed that the optimized
geometries were the local minima on the potential energy surface. Also, then the time-dependent
density functional theory (TD-DFT) calculations were executed for the two optimized structures
(Figures S12 and S13) at exited states, and the Cartesian coordinates are available in Tables S3 and S4.
Ten lowest singlet states were used to calculate to ensure the accuracy of the results. Multiwfn 3.6
program [53] were used to analyze the charge transfer characteristics. To consider the solvent effect
of DMSO, all calculations were in Solvent Model Density (SMD) model [55]. All the calculations
mentioned above were implemented by Gaussian 09W program [56].

4. Conclusions

In summary, a new colorimetric and fluorescent probe NRSH based on Nile-red for the detection
of biothiols has been reported. NRSH exhibits high sensitivity and selectivity toward biothiols. NRSH
has faster response time to H2S (<1 min) and lower detection limits to biothiols than most reported
articles (Table S5). However, the complete reaction of NRSH to other biothiols requires at least 7 min in
the same conditions. These results may provide a way to distinguish between biothiols. Furthermore,
NRSH is low-cytotoxic and can be used for real-time detect biothiols by cell fluorescence imaging
in living cells, which demonstrates its potential usefulness as a molecular tool for tracking biothiols.
We expect that the probe can help us to monitor the level of biothiols in a biological environment and
reveal the mysteries of biological processes.

Supplementary Materials: The following materials are available online. Figure S1. 1H-NMR spectrum of NRSH.
Figure S2. 13C-NMR spectrum of NRSH. Figure S3. HR-MS spectrum of NRSH. Figure S4. a) Fluorescent emission
of probe toward GSH; b) plot of the fluorescent intensity of 645 nm with the concentration of GSH. Figure S5.
(a) Fluorescent emission of probe toward Hcy; (b) plot of the fluorescent intensity of 645 nm with the concentration
of Hcy. Figure S6. (a) Fluorescent emission of probe toward HS−; (b) plot of the fluorescent intensity of 645 nm
with the concentration of HS−. Figure S7. Linear relationship of fluorescence intensity at 645 nm as a function of
the concentration of biothiols: (a) Cys, (b) GSH, (c) Hcy, (d) HS−. Figure S8. The fluorescence intensity changes at
645 nm of NRSH along with time in the presence of a) Hcy and b) GSH. Figure S9. The UV-vis absorption spectra
(a) and the fluorescence spectra (b) of NRSH, NR and the mixture of NRSH and Cys. (c) The MS spectra of reaction
mixture of NRSH with Cys. Figure S10. HeLa cells were incubated without probe NRSH. Figure S11. The first
row: Hela cells were pretreated with NEM for 30 min and further incubated in the presence of NRSH, the second
row: Hela cells were further incubated with Cys after pretreatment with NEM and NRSH. Table S1. Excitation
energies and oscillator strengths for NR. Table S2. Excitation energies and oscillator strengths for NRSH: Table S3.
Atomic coordinates for NR. Table S4. Atomic coordinates for probe NRSH. Table S5 A comparison about our
probe with some reported work.
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