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Up to now, aggregation-induced emission (AIE) and aggregation-caused quenching (ACQ) have been

widely used for fluorescence sensing, respectively. In our study, we covalently linked cyanine dye and

2-cyanobenzothiazole (CBT) to construct fluorescent probe NPCS. Through spectroscopic testing, it was

found that the probe itself has both AIE and ACQ behavior. And these acts are borne by CBT and cyanine

(CY) respectively. In this study, it was found that glutathione (GSH) showed aggregation and disaggre-

gation effects on two parts of the probe, namely: low concentration of GSH mainly aggravated AIE, and

high concentration of GSH disaggregated ACQ of the probe, both of which led to fluorescence enhance-

ment effect and achieved turn-on fluorescence detection of high and low concentrations of GSH. Cysteine

(Cys), on the other hand, can undergo a click reaction with the cyano group to generate a stable fluores-

cent signal. Since Cys does not have the ability to disaggregate, the probe can achieve non-competitive

discrimination detection of Cys and GSH. Real-time discriminatory detection of changes in Cys and GSH

levels was demonstrated in living cells. The results of this study provide a new perspective for the devel-

opment of emerging recognition mechanisms and multi-functionality of probes.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Biothiols, such as glutathione (GSH) and cysteine (Cys), not only

serve as precursors for the synthesis of proteins and enzymes in

cells but also participate in many physiological processes in living

systems [1–3]. Recently, studies have shown that the depletion of

GSH always leads to abnormalities in iron metabolism and activa-

tion of cellular stress responses. For example, GSH depletion in the

central nervous system would induce ferroptosis, leading to neuro-

logical damage, cognitive dysfunction, and neurodegenerative dis-

eases [4,5]. Besides, it has been demonstrated that the depletion

of Cys directly inhibits GSH synthesis [6,7], leading to severe fer-

roptosis [8–13]. In terms of molecular structure, although the spa-

tial distance between the thiol group and amino group in GSH is

larger than that of Cys, however, they both contain sulfhydryl, car-

boxyl, and amino functional groups. Due to the similar chemical

structures in Cys and GSH, their chemical properties are extremely

similar, which remains a major challenge for the differential recog-

nition of these biomolecules.
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Several multichannel fluorescent probes have been developed

for the differential detection of thiols. In 2018, Zhao et al. [14] re-

ported a turn-on fluorescent probe which has been used for dif-

ferential detection of Cys and homocysteine (Hcy)/GSH in different

channels, and it has been successfully used for imaging Cys and

GSH in HeLa cells. In 2019, Yao et al. [15] developed a novel fluo-

rescent probe with multiple response sites based on different reac-

tion mechanisms between the probe and thiols, with three emis-

sion channels: blue, green, and yellow channel, respectively. Simi-

larly, in 2021, Yin et al. [16] synthesized a multisite-binding fluo-

rescent probe that responded to mitochondrial Cys, GSH, and Hcy

from three fluorescent channels simultaneously, which was suc-

cessfully applied to monitor mitochondrial Cys, GSH, and Hcy from

blue, green, and red fluorescent channels in live cells and zebrafish,

respectively. In terms of fluorescence emission spectra, there is still

spectral overlap between channels, which can cause false positives

due to the response signals interfering with each other. Addition-

ally, these probes exhibit a specific response to each biothiol based

on corresponding alterations in single-channel fluorescence inten-

sity, which may be susceptible to false positives or human interfer-

ence arising from complex environments.

https://doi.org/10.1016/j.cclet.2025.111163
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In order to solve these problems, it is an urgent to develop

new probes for the differential detection of biothiols, which should

meet the following characteristics. Firstly, there should be an inde-

pendent response channel between multiple signals to avoid spec-

tral overlap. Secondly, each biothiol may respond to the probe

with at least two independent emission channels to verify the cor-

responding results. Thirdly, significant fluorescence changes could

achieve when it refers to the biothiols depletion.

Based on the requirements presented above, we attempted to

develop an ideal biothiol probe in this work. The Nobel Prize

in Chemistry 2022 was awarded jointly to Carolyn R. Bertozzi,

Morten Meldal, and K. Barry Sharpless for the development of click

chemistry and bioorthogonal chemistry. Such a rapid and selec-

tive concept was completely consistent with our design in fluo-

rescent probes. Previously, our group proposed a thiol-chromene

click chemistry strategy for the detection of thiols [17,18], how-

ever, this strategy still did not satisfy the above proposed problem

well. It is well known that the condensation reaction between 2-

cyanobenzothiazole (CBT) and Cys is one of the classical bioorthog-

onal click chemistry reactions [19–22]. And it was also found the

fluorescence of CBT would be quenched with the physiological

concentrations of GSH. These results indicated that CBT might be

used for discriminative recognition of GSH and Cys. However, the

short emission wavelength of CBT limits its applications. It is well

known that the near-infrared (NIR) and short-wave emission chan-

nels are well separated from each other with no spectrum over-

lap. Besides, cyanine dye shows emission in the NIR region with

excellent fluorescence quantum yield, high absorption coefficient,

and excellent biocompatibility, which fulfills the meets mentioned

above [23]. Nowadays, lots of works have been reported on the

development of NIR fluorescent probes for the detection of thi-

ols by using cyanine dyes as NIR fluorophores [24–30]. Therefore,

we introduced the NIR cyanine dye and CBT for the synthesis of

a dual-channel fluorescent probe, named NPCS, for the differential

monitoring of GSH and Cys in living cells (Scheme 1). In particu-

lar, we found that both aggregation-caused quenching (ACQ) and

aggregation-induced emission (AIE) were present in the molecule

NPCS. As far as we know, it was the first time that a single fluo-

rescent molecular displayed both AIE and ACQ effects together [31–

33]. Moreover, it could be also used to discriminate recognition of

both high and low concentrations of GSH with different signals.

For Cys, it could induce the red-shift of blue fluorescence in the

blue channel and quench the NIR fluorescence by the specific click

reaction (CBT-Cys). As a whole, the probe NPCS produced oppo-

site fluorescent signal changes in two separate channels for GSH

and Cys, which greatly improved the accuracy of differentiating for

monitoring of GSH and Cys. Eventually, the probe was successfully

Scheme 1. (a) The aggregation of NPCS and corresponding AIE and ACQ effects. (b)

The sensing mechanism of NPCS for Cys and GSH with dual-channel response.

used for visualization of intracellular Cys and GSH as well as its

depletion, and tracking the reactive oxygen species (ROS)-induced

cellular GSH and Cys levels changes in biological systems. Besides,

we also evaluated the fluctuations of Cys and GSH in cancer cells

under the effects of different anticancer drugs by using the probe

NPCS.

The probe NPCS was synthesized according to the synthesis

steps in Supporting information. First, we investigated the optical

properties and fluorescence response of the NPCS in phosphate-

buffered saline (PBS) (pH 7.4) with GSH and Cys, respectively. As

shown in Fig. 1a, the NPCS itself showed a major absorption peak

at 760nm, which gradually decreased with increasing Cys. How-

ever, when GSH (0–10mmol/L) was continuously added to NPCS,

the absorption at 760nm gradually increased, while the shoulder

peak at 850nm gradually disappeared (Figs. 1d and e). For flu-

orescence investigation, NPCS displayed a blue emission peak at

495nm, and it was red-shifted to 525nm with the continuous in-

crease of Cys (Fig. 1b). Meanwhile, the probe NPCS showed a NIR

fluorescence emission at 780nm, and the NIR fluorescence inten-

sity gradually decreased with the increase of Cys (Fig. 1c). After

that, we tested the dual-channel fluorescence response with GSH.

After the addition of GSH (0–250 μmol/L) to the solution of NPCS,

we noticed that the fluorescence intensity at 495nm gradually en-

hanced with the excitation of 375nm. And the NIR fluorescence at

780nm was also increased with 760nm excitation (Figs. 1f and h).

However, we found that when GSH (1–10mmol/L) was added to

the NPCS system, the fluorescence intensity at 495nm was grad-

ually decreased until quenched (Fig. 1g). However, the NIR fluo-

rescence emission at 780nm was enhanced under the same con-

dition (Fig. 1h). From Fig. 1i, we could clearly see that after the

reaction of the probe with 100 μmol/L Cys the emission wave-

length was shifted forward from 495nm to 525nm, whereas the

presence of 250 μmol/L GSH would induce the increase of fluo-

rescence intensity at 495nm. The above results indicated that the

probe was capable of differentially detection Cys and GSH both in

the short-wave (blue channel) and NIR emission regions. Besides,

as shown in Fig. S10 (Supporting information), the fluorescence ra-

tio obtained by NPCS with Cys at 525nm and 495nm was linearly

correlated with Cys concentration (R2 =0.9949); and fluorescence

Fig. 1. Absorption spectral response (a) and fluorescence spectral response (b, c)

of probe NPCS (10 μmol/L) detecting Cys. Absorption spectral response (d) and flu-

orescence spectral response (f, h) of probe NPCS (10 μmol/L) detecting GSH. (e)

The UV absorption ratio (A765/A850) of the probe NPCS versus GSH concentration

(0–10mmol/L). (g) Fluorescence spectral changes of probe NPCS (10 μmol/L) upon

the addition of GSH (1–10mmol/L) in visible channel. (i) Fluorescence response of

probe NPCS (10 μmol/L) to GSH (250 μmol/L) or Cys (100 μmol/L) in visible chan-

nel. The excitations wavelengths of visible and NIR channels were set as 375 and

760nm, respectively.
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Fig. 2. (a) Selectivity of probe NPCS (10 μmol/L) upon various species (2.5mmol/L,

31-GSH: 250 μmol/L) excited at 375nm. (b) Selectivity of probe NPCS (10 μmol/L)

upon various species (1mmol/L, 31-Cys: 100 μmol/L) excited at 375nm. (c) Se-

lectivity of probe NPCS (10 μmol/L) upon various species (1mmol/L, 31-Cys: 100

μmol/L) excited at 760nm. Analytes including 1-SO4
2− , 2-Arg, 3-Asp, 4-Ca2+ , 5-Leu,

6-Fe2+ , 7-Glu, 8-Hcy (5 μmol/L), 9-His, 10-K+ , 11-Lys, 12-Met, 13-Mg2+ , 14-CO3
2− ,

15-HPO4
2− , 16-SO3

2− (5 μmol/L), 17-F− , 18-HSO3
− (5 μmol/L), 19-NO2

− , 20-S2− (5

μmol/L), 21-SCN− (5 μmol/L), 22-OAc− , 23-Pro, 24-S2O3
2− , 25-Ser, 26-Thr, 27-Tyr,

28-Val (5 μmol/L), 29-Zn2+ , 30-probe NPCS.

changes at 495nm were linearly correlated with GSH concentra-

tion (R2 =0.9962). In addition, the corresponding detection lim-

its of the probe for Cys and GSH were calculated to be 2.19 and

3.49 μmol/L, respectively, according to the International Union of

Pure and Applied Chemistry (IUPAC) definition (limit of detection

(LOD)=3Sb/m).

To examine the selection of NPCS for GSH and Cys detection

in biological systems, we investigated the fluorescence changes of

probe NPCS with various biologically relevant species, including

amino acids (Cys, Hcy, GSH, Arg, Asp, Leu, Glu, His, Lys, Met, Pro,

Ser, Thr, Tyr and Val), metal ions (Ca2+, Fe2+, K+, Mg2+ and Zn2+)
and anions (SO4

2−, CO3
2−, HPO4

2−, SO3
2−, F−, HSO3

−, NO2
−, S2−,

SCN−, OAc−, S2O3
2−). As shown in Fig. 2a, only the presence of

GSH significantly enhanced the fluorescence intensity of the NPCS

at 495nm under the excitation of 375nm, and the changes induced

by other analytes were negligible. Besides, only Cys caused a sig-

nificant increase in fluorescence ratio at 525 and 495nm (Fig. 2b).

Meanwhile, under excitation at 760nm, Cys significantly reduced

the fluorescence intensity of NPCS at 780nm compared with the

other analytes (Fig. 2c). Based on these results, we could conclude

that NPCS was highly specific for Cys and GSH. Next, we tested

the effect of pH on the sensing performance of NPCS with Cys and

GSH. The results showed that NPCS worked quite well with Cys or

GSH over a wide pH range of 6.0–9.0, reflecting the fact that probe

NPCS was suitable for Cys or GSH in physiological conditions.

Next, we investigated the sensing mechanism of the

probe NPCS with Cys and GSH by high-performance liquid

chromatography-mass spectrometry (HPLC-MS). As shown in Fig.

S6 (Supporting information), the retention time at 11.99min corre-

sponded to the m/z value of 651.31921, and the compound was the

probe NPCS. As shown in Fig. S7 (Supporting information), after

the probe reacted with Cys, a new peak with the retention time

at 11.31min corresponded to the m/z value of 755.31360 appeared,

which corresponded to the addition product of NPCS and Cys.

These results verified our prediction about the mechanism of NPCS

reaction with Cys. As shown in Fig. S8 (Supporting information),

when GSH was added to the solution of NPCS, we could only

observe the peak with a retention time of 12.05min, which cor-

responded to the m/z value of 651.31946 (NPCS). Apart from this

peak, we did not find the possible product peaks corresponding to

NPCS and GSH adducts, which suggested that NPCS could not react

with GSH in the nucleophilic aromatic substitution-rearrangement

manner as it has been proved before. As a result, the HPLC-MS

experiment could not explain the fluorescence changes of NPCS

with GSH. Hence, we speculated that these changes obtained in

the fluorescence and ultraviolet-visible (UV–vis) spectrum might

be due to the effect related to typical weak interactions.

Considering the possible aggregation of the NPCS itself in the

UV absorption spectra (wide and inconspicuous peak), we fur-

ther investigated the possible aggregation effect of the NPCS in

the following studies. As shown in Figs. 3a and b, the absorption

at 765nm gradually increased with increasing probe concentra-

tion, while the shoulder front at 850nm gradually strengthened,

indicating the possibility of forming J-aggregates of NPCS. How-

ever, when the content of organic solvents such as DMSO (Figs.

3c and d) and EtOH (Figs. 3e and f) increased, the absorption

peaks at 765nm gradually increased and formed the typical shape

of the characteristic peak of cyanine dyes. Meanwhile, the ratio

of A765/A850 increased along with the addition of organic solvent,

which indicated that the presence of organic solvents could induce

the disaggregation of NPCS aggregates. Besides, as shown in Fig.

3h, the fluorescence intensity gradually decreased with increasing

probe concentration under 760nm excitation, which suggested an

ACQ of the fluorescence of cyanine in NPCS. However, the fluores-

cence emission continued to increase with the addition of DMSO

and EtOH under 760nm excitation, which also demonstrated that

the disaggregation could enhance the NIR fluorescence (Figs. 3j and

l). Importantly, the aggregation and disaggregation behaviors ob-

served in the fluorescence spectra and ultraviolet absorption spec-

tra were consistent with those of GSH, which indicated the disag-

gregation roles of GSH towards NPCS aggregates.

Next, we explored the mechanism of fluorescence changes

of NPCS at 495nm. As shown in Fig. 3g, under excitation at

375nm, the fluorescence intensity gradually increased with in-

creasing probe NPCS concentration. As shown in Figs. 3i and k,

under the excitation of 375nm, the fluorescence intensity of NPCS

increased with the addition of DMSO or EtOH, then gradually de-

creased when the volume ratio was over 50%, and the fluores-

cence was almost quenched with DMSO/PBS (9/1, v/v). As a re-

sult, we could conclude that the observed fluorescence of CBT moi-

ety was due to the AIE. To confirm the AIE properties of CBT,

then we tested the fluorescence changes of CBT in different mix-

tures (PBS with DMSO/EtOH). As shown in Figs. 3m–p, with the

increased proportion of DMSO/EtOH, the fluorescence was eventu-

ally quenched as observed before in Figs. 3i and k. Therefore, the

fluorescence changes at 495nm in the blue channel with NPCS and

GSH were due to the AIE effect. As a whole, the spectral changes

of the NPCS and GSH were triggered by the AIE and the corre-

sponding disaggregation effect of GSH. Furthermore, we found that

NPCC, the product of the NPCS and Cys also displayed aggregated

performance in PBS (Fig. S9 in Supporting information). In sum-

mary, an aggregation of ACQ and AIE phenomenon was discovered

in NPCS, which had never been used before in the emergence of

our work. Besides, within the unique property of AIE and ACQ in

NPCS, we have realized the differential detection of different con-

centrations of GSH for the first time. In addition, considering that

almost all of the reported differential recognition probes face an

unavoidable competitive response of analytes with limited probes,

especially when it comes to abundant GSH (about 10mmol/L), the

results obtained always suffer from interference. In contrast, the

proposed non-responsive GSH detection in this work would not

consume the probe and therefore possessed a potential application

for discriminating GSH from Cys.

Before cell imaging, we first evaluated the biocompatibility of

the NPCS by cell counting kit-8 (CCK-8) toxicity assay. As shown

in Fig. S12 (Supporting information), the presence of NPCS caused

slight damage to the cells. We then applied the NPCS to A549 cells

to evaluate its application for cell imaging. A549 cells were co-

incubated with NPCS (10 μmol/L) for 60min. As shown in Fig. 4, af-

ter 2min of incubation, we could observe fluorescent signals both

in the red channel and the blue channel, which indicated that

NPCS could easily permeate the cell membrane.

To test the mitochondrial targeting ability of the NPCS, a fluo-

rescence co-localization experiment was performed by using Mito-

Tracker red (a well-known mitochondrial dye). As shown in Fig. 5,

the fluorescence signal of NPCS in the red channel overlapped
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Fig. 3. (a) UV absorption spectra of the probe NPCS (0.5–10 μmol/L). (b) Plot of the UV absorption ratio (A765/A850) of probe NPCS (0.5–10 μmol/L). (c) UV absorption plots

of the probe with increased DMSO fraction. (d) Plot of the UV absorption ratio (A765/A850) of probe NPCS versus increased DMSO fraction (DMSO:PBS, %). (e) UV absorption

plots of the probe with increased EtOH fraction (EtOH:PBS, %). (f) Plot of the UV absorption ratio (A765/A850) of probe NPCS versus increased EtOH fraction (EtOH:PBS, %).

(g) Fluorescence spectral changes of probe NPCS (10–50 μmol/L) in visible channel. (h) Fluorescence spectral changes of probe NPCS (10–50 μmol/L) in NIR channel. (i) The

plot of peak intensity (at 495nm) vs. the increased DMSO fraction (DMSO:PBS, %) of probe NPCS. (j) The plot of peak intensity (at 810nm) vs. the increased DMSO fraction

(DMSO:PBS, %) of probe NPCS. (k) The plot of peak intensity (at 495nm) vs. the increased EtOH fraction (EtOH:PBS, %) of probe NPCS. (l) The plot of peak intensity (at

800nm) vs. the increased EtOH fraction (EtOH:PBS, %) of probe NPCS. (m) Fluorescence spectra of CBT at different DMSO fraction. (n) The plot of peak intensity (at 495nm)

vs. the increased DMSO fraction (DMSO:PBS, %) of CBT. (o) Fluorescence spectra of CBT at different EtOH fraction. (p) The plot of peak intensity (at 495nm) vs. the increased

EtOH fraction (EtOH:PBS, %) of CBT. The excitations wavelengths of visible and NIR channels were set as 375 and 760nm, respectively.

Fig. 4. Real-time fluorescence imaging of A549 cells upon addition of probe

NPCS (10 μmol/L). Red channel: λem =670–754nm (λex =633nm); blue channel:

λem =450–550nm (λex =405nm). Scale bar: 10 μm.

Fig. 5. (a) Colocalization imaging of NPCS in A549 cells. Cells were stained with

mito-tracker red (200nmol/L, 40min) followed by NPCS (10 μmol/L, 10min). Red

channel: λex =633nm; yellow channel: λex =568nm. Scale bar: 5 μm.

well with the fluorescence signal of Mito-Tracker red in the yellow

channel with a high Pearson’s correlation coefficient (0.83). These

results indicated that NPCS exhibited excellent mitochondrial tar-

get ability.

Next, we investigated the performance of NPCS for imaging en-

dogenous GSH and Cys in A549 cells. After A549 cells were pre-

treated with lipopolysaccharides (LPS) for 24h, NPCS was added

to the treated cells for another 30min. As shown in Fig. 6a, both

the fluorescent signals in the red channel and the blue channel

were enhanced compared to that of the control group (without

LPS). These results indicated the presence of LPS would lead to the

depletion of endogenous GSH and Cys. Similarly, results were ob-

Fig. 6. (a) Fluorescence images of A549 cells pretreated with no agent, LPS (2

μg/mL, 24h), H2O2 (0.3mmol/L, 30min), respectively, and then treated with NPCS

(10 μmol/L, 30min) in PBS. (b) Fluorescence images of A549 cells pretreated with

no agent, SAS (200 μmol/L, 24h), BSO (20 μmol/L, 24h), respectively, and then

treated with NPCS (10 μmol/L, 30min) in PBS. Red channel: λem =670–754nm

(λex =633nm); blue channel: λem =450–550nm (λex =405nm). Scale bar: 10 μm.

served when A549 cells were pretreated with H2O2, an oxidizer of

biothiols. Next, we further investigated the sensing performance of

NPCS with Cys scavenger (SAS) and GSH scavenger, l-buthionine-

sulfoximine (BSO) treatment. As shown in Fig. 6b, after A549 cells

were pretreated with SAS for 24h, the fluorescence signals in the

red channel were enhanced, however, the signals in the blue chan-

nel were decreased compared with the NPCS group. Besides, af-

ter A549 cells were pretreated with BSO for 24h, we noticed that

the fluorescent signals were increased in both the red channel and

blue channel. All these results suggested that NPCS displayed ex-

cellent performance for imaging intracellular Cys and GSH concen-

tration fluctuations.

Then we evaluated the ability of NPCS to monitor of exoge-

nous Cys and GSH in living cells. As shown in Fig. 7a, A549 cells

were pretreated with Cys (200 μmol/L) for 1 h, then incubated with

NPCS for another 30min. It could be noticed that the fluorescence

in the blue channel was gradually enhanced, suggesting that the
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Fig. 7. (a) Time-dependent fluorescence images of the cells preincubated with 200

μmol/L Cys for 1h and then cultured with probe NPCS for 120min. (b) Time-

dependent fluorescence images of the cells preincubated with 200 μmol/L GSHee

for 1h and then cultured with probe NPCS for 120min. (c) Bioluminescence images

of A549-Luc cells at different time intervals: incubation of A549-Luc cells with 50

μmol/L CBT and 500 μmol/L ATP (top row); pretreatment of A549-Luc cells with

200 μmol/L Cys for 1h followed by 50 μmol/L CBT and 500 μmol/L ATP (middle

row); and treatment with 200 μmol/L GSHee pretreatment of A549-Luc cells for

1h followed by 50 μmol/L CBT and 500 μmol/L ATP treatment (bottom row) was

collected at 2, 5, 15, 40, 70, 85 and 105min, respectively. Red channel: λem =670–

754nm (λex =633nm); blue channel: λem =450–550nm (λex= 405nm). Scale bar:

10 μm.

addition of exogenous Cys may reduce the level of endogenous

GSH. Besides, glutathione ethyl ester (GSHee) has been demon-

strated to increase intracellular GSH, hence we pretreated A549

cells with 200 μmol/L GSHee for 1h. As shown in Fig. 7b, a gradual

enhancement of blue fluorescence was observed over time, which

suggested that the addition of GSHee also induced the exhaustion

of endogenous GSH under normal cell conditions.

To further investigate this unusual phenomenon, we utilized

click chemistry (CBT-Cys) and corresponding luminescence to eval-

uate the Cys levels under exogenous Cys and GSH treatment. The

cells of the CBT+adenosine triphosphate (ATP) group were incu-

bated with only 50 μmol/L CBT and 500 μmol/L ATP, and the

Cys+CBT+ATP group was pretreated with 200 μmol/L Cys for 1h

before treating A549-Luc cells with 50 μmol/L CBT and 500 μmol/L

ATP, and the GSHee+CBT+ATP group was pretreated with 200

μmol/L GSHee for 1h followed with 50 μmol/L CBT and 500 μmol/L

ATP treatment. As shown in Fig. 7c, we could notice that the bi-

oluminescence intensity of the Cys+CBT+ATP group was weaker

than that of the CBT+ATP group, suggesting that the addition of

Cys decreased the level of endogenous Cys. Moreover, as shown in

Fig. 7c, the bioluminescence intensity of this group gradually in-

creased within 70min and lasted about 2h. These results clearly

demonstrated that the presence of Cys would decrease intracellu-

lar Cys. The reason might be that the presence of exogenous Cys

induced the generation of ROS to translate extra Cys as cystine.

Similarly, we also observed a weaker bioluminescence intensity in

the GSHee+CBT+ATP treated group, which suggested that the ad-

dition of GSHee would also decrease the endogenous Cys. However,

the bioluminescence of the GSHee+CBT+ATP group increased after

5min and lasted until 70min. These results might be due to the

fact that GSHee could converted into Cys for replenishment when

it was consumed. In conclusion, the addition of either Cys or GSH

would reduce the level of endogenous Cys and GSH, which is con-

trary to conventional wisdom.

Finally, we investigated the levels of intracellular GSH and Cys

under the treatment of different anticancer drugs. As shown in

Fig. 8. (a) Fluorescence images of A549 cells pretreated with no agent, gemcitabine

(2 μmol/L, 24h), cisplatin (2 μmol/L, 24h), temozolomide (2 μmol/L, 24h), camp-

tothecin (2 μmol/L, 24h), respectively, and then treated with NPCS (10 μmol/L,

30min) in PBS. Red channel: λem =670–754nm (λex =633nm); blue channel:

λem =450–550nm (λex =405nm). Scale bar: 10 μm.

Fig. 8, the fluorescence intensity of both the red channel and

the blue channel enhanced in the groups of gemcitabine and cis-

platin compared with the control group, suggesting that these

two anticancer drugs led to a decrease of intracellular GSH and

Cys. However, the temozolomide and camptothecin groups showed

enhanced signals in the red channel and weakened fluorescence

in the blue channel, suggesting that it would lead to the up-

regulation of GSH in living cells.

In summary, we developed and synthesized the first two-

channel fluorescent probe NPCS, which showed the non-

competitive differentiation of GSH and Cys. Particularly, for

the first time the otherwise opposing ACQ and AIE fluorescence

behaviors simultaneously existed in a single fluorescent molecule.

Due to the specific manners, it has been successfully used to dis-

tinguish between high and low concentrations of GSH responses.

The presence of Cys would react with NPCS by a well-known click

reaction to induce changes in fluorescence emission. In addition,

the proposed non-reactive GSH detection strategy would not

consume NPCS, so it may be more suitable for the discriminative

recognition of GSH and Cys. Based on such a unique probe, herein

we have witnessed the dynamic changes of GSH and Cys in living

cells under the treatment of different drugs. We believe that this

strategy will be widely used for the design of dual-site fluorescent

probes in the future.
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