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SUMMARY

Lysosomal biothiols play critical roles in numerous cellular processes and diseases. Researching an effective
method for real-time labeling biothiols in lysosomes is of great significance and urgency, as it could provide
essential information for the diagnosis of relevant diseases. In this study, we developed a lysosome-targeted
fluorescent probe (LY-DCM-P) with a large Stokes shift of 150 nm for the sensitive and selective detection of
biothiols in vivo and in vitro. Additionally, LY-DCM-P showed low cytotoxicity and excellent lysosome-tar-
geted ability. The probe was successfully employed to monitor fluctuations in lysosomal biothiols in various
living systems, enabling enormous potential to accurately monitor the occurrence and progress of biothiol-
related diseases.

INTRODUCTION

Biothiols, including cysteine (Cys), homocysteine (Hcy), and

glutathione (GSH), are the most abundant low molecular

weight active cellular thiols in organisms, playing crucial roles

in alleviating the damage caused by free radicals to biological

systems and maintaining the oxidative-reductive balance

within the body.1–4 Studies have shown that abnormal levels

of biological thiols are associated with the development of

certain diseases.5–7 For instance, the deficiency of Cys can

lead to various syndromes such as slow growth, weakness,

muscle and fat loss, liver and skin damage, edema, and

drowsiness.8–10 Hcy is a non-protein amino acid that serves

as an indicator for various diseases like cardiovascular dis-

eases, osteoporosis, and neurological disorders.11–13 GSH

acts as an antioxidant, protecting cells from damage by reac-

tive oxygen species that are linked to conditions like Aids,

cancer, aging, stroke, leukopenia, and heart issues.14–16

Therefore, researching effective methods for monitoring bio-

logical thiol levels is of great significance and urgency, as it

could provide essential information for the diagnosis of rele-

vant diseases.17–19

Lysosomes are vital subcellular organelles capable of de-

grading intracellular and extracellular substances through

various internal pathways, playing critical roles in cellular diges-

tion, immune responses, membrane repair, and energy meta-

bolism.20–22 Within lysosomes, biothiols are closely associated

with protein hydrolysis, participating in protein breakdown by

reducing disulfide bonds, primarily derived from the abundant

conversion of cysteine in lysosomes.23–25 Therefore, labeling

biothiols in lysosomes is crucial for understanding the physio-

logical roles and accurate diagnosis of lysosome-related dis-

eases in biological systems.26–30 Fluorescent probe technology

has become a recent research focus due to its simplicity, high

sensitivity, non-destructiveness.31–35 However, many reported

biothiol probes face challenges such as short emission wave-

lengths (<600 nm), small Stokes shifts (<100 nm), and impre-

cise subcellular localization.36,37 Resolving these issues can

enhance the development potential of fluorescent probes in

biological detection.38–40

Thus, we utilized dicyanobenzothiophene as the fluorescent

group, morpholine as the lysosome-targeting moiety, acrylate

as the biothiol recognition group to construct a fluorescent

probe named LY-DCM-P with long-wavelength emission

(670 nm) and a large Stokes shift (150 nm). Due to the elec-

tron-withdrawing effect of the acrylate, LY-DCM-P exhibits

low fluorescence, but upon the addition of Cys/Hcy/GSH, sig-

nificant fluorescence emission can be detected at 670 nm. We

studied the spectral response of the probe LY-DCM-P and

further conducted research in live cancer cells and animal

models. The results indicate that this fluorescent probe dem-

onstrates high sensitivity and selectivity toward biothiols, pos-

sesses excellent lysosome-targeting capability, and can be

applied for in vivo bioimaging.
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RESULTS AND DISCUSSION

Design and synthesis of probe LY-DCM-P
As shown in Scheme 1, the synthesis steps of probe LY-DCM-P

involve a series of reactions starting with the Claisen condensa-

tion, cyclization, addition, demethylation, and substitution of

paeonol to obtain a compound 6 with lysosomal targeting effect.

Subsequently, a Knoevenagel condensation reaction between

compound 6 and 3-bromo-4-hydroxybenzaldehyde in the pres-

ence of pyridine yields the fluorescent group LY-DCM-OH. Then,

under basic conditions using triethylamine, LY-DCM-OH reacts

with acryloyl chloride in anhydrous dichloromethane to produce

LY-DCM-P. The chemical structure was confirmed by nuclear

magnetic resonance (NMR) and high-resolution mass spectrom-

etry (HRMS) analysis (see supplemental information for details).

Spectral response of LY-DCM-P to biothiols
Firstly, the stability of probe LY-DCM-P was tested as shown in

Figure S2. After a 12-h test at a constant temperature of 37�C,
there was no significant change in the fluorescence intensity of

the probe, demonstrating its excellent stability. Subsequently,

to further explore the performance of probe LY-DCM-P, a sys-

tematic study of LY-DCM-P in the presence of different biolog-

ical thiols (Cys, Hcy, and GSH) was conducted in a buffered so-

lution at 37�C (PBS/DMSO = 3:2, 10 mM, pH = 7.4). As shown in

Figures 1A–1C, the ultraviolet-visible (UV-vis) absorption spectra

revealed a significant absorption enhancement at 520 nm for

probe LY-DCM-P (10 mM) after interaction with Cys (40 mM)/

Hcy (60 mM)/GSH (80 mM). Also, the fluorescence emission

spectra of these three reaction systems all exhibited significant

fluorescence enhancement at 670 nm (Figures 1D–1F). With

increasing concentrations of biological thiols, the fluorescence

intensity at 670 nm gradually increased, showing a good linear

relationship (Figures 1G–1I). Based on these data, the detection

limits (DL = 3s/slope) of Cys/Hcy/GSH were calculated to be

42.9 nM, 75.3 nM, and 140.4 nM, respectively.

To further validate the response rates of probe LY-DCM-P to

Cys, Hcy, and GSH, time course studies were also conducted.

As shown in Figures 1J–1L, the graphs indicate that the three

thiols reach a plateau at 10min, 25min, and 50min, respectively,

Scheme 1. The synthetic route of probe

LY-DCM-P

confirming that Cys has the fastest

response rate, followed by Hcy, and

then GSH. Additionally, the pH effect of

LY-DCM-P was investigated, showing

good stability and sensitivity to thiols

across a wide pH range (Figure S3).

The selectivity of LY-DCM-P for
biothiols
The selectivity of LY-DCM-P in various an-

alytes was subsequently evaluated due to

the potential need for probes to be used

in complex environments. As illustrated

in Figure 2, incubation of the probe with relevant active sub-

stances, such as amino acids and enzymes (Apr, aminopepti-

dase; Arg, arginase; Sul, sulfatase; Thr, threonine; Tyr, tyrosi-

nase; Lip, lipase,;Ser, serine; Leu, leucine; Glu, glutamate) as

well as various ions and reactive molecules (Ca2+, Cu2+, Fe2+,

Mg2+, NH4
+, NO2

�, S2O4
2�, SO4

2�, SO3
2�, HNO, Br�, HSO3

�,
H2O2, ClO

�, and HS�), revealed subtle fluorescence changes,

while the addition of Cys/Hcy/GSH resulted in a pronounced

fluorescence signal. These optical responses indicate the excel-

lent selectivity of LY-DCM-P and its potential for application in

biological systems.

Sensing mechanism
The probe LY-DCM-P undergoes a nucleophilic reaction with

the thiol groups in Cys/Hcy/GSH when responding to biological

thiols, where the acrylate group of the probe molecule reacts

with the thiol groups, causing the acrylate group to depart

and resulting in the release of the fluorescent group LY-DCM-

OH. To validate the reliability of the experimental design, we

conducted a verification of the reaction mechanism. Initially,

as shown in Figures S4A–S4C, the reaction solutions of probe

LY-DCM-P with Cys/Hcy/GSH were subjected to HRMS

testing, revealing the presence of the fluorescent molecule

LY-DCM-OH in all three reaction solutions. Additionally, as de-

picted in Figures S4D–S4F, further validation of the reaction

mechanism was carried out using high-performance liquid

chromatography (HPLC). The retention times for probe

LY-DCM-P and fluorophore LY-DCM-OH were 7.13 min and

6.07 min, respectively. Following the interaction of probe

LY-DCM-P with Cys/Hcy/GSH, the retention times were in

accordance with that of fluorophore LY-DCM-OH, successfully

demonstrating the response mechanism of probe LY-DCM-P to

biological thiols.

Cell imaging
The probe demonstrated excellent performance in vitro, prompt-

ing a series of biological experiments to validate its in-vivo appli-

cability. Initially, the cytotoxicity of LY-DCM-P was assessed us-

ing the standard CCK-8 assay (Figure S5). Following exposure of

HeLa cells and 4T1 cells to varying concentrations of LY-DCM-P
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Figure 1. Spectral response results of LY-DCM-P to biothiols

(A–C) UV-vis absorption spectra of LY-DCM-P (10 mM) with Cys (40 mM)/Hcy (60 mM)/GSH (80 mM) in DMSO/PBS buffer (10 mM, 3:7, v/v, pH 7.4) at 37�C.
(D–F) Fluorescence spectra of probe LY-DCM-P (10 mM) to different concentrations of Cys/Hcy/GSH in PBS/DMSO buffer (10 mM, 3:2, v/v, pH 7.4) at 37�C, lex =
520 nm.

(G–I) Linearity of fluorescence intensity with Cys/Hcy/GSH concentration. Data represent mean standard error (n = 3).

(J–L) Time-dependent fluorescence spectra of LY-DCM-P (10 mM) in the presence of Cys (40 mM)/Hcy (60 mM)/GSH (80 mM) in PBS/DMSObuffer (10mM, 3:2, v/v,

pH 7.4) at 37�C, lex = 520 nm.
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(0–50 mM) for 24 h, cell viability remained above 85%, indicating

low cytotoxicity toward viable cells and suitability for biological

applications.

In the context of cellular imaging, the experiment involved

two types of cells, HeLa cells and 4T1 cells. As depicted in

the Figure 3, the HeLa cells and 4T1 cells were divided into

six groups and subjected to confocal imaging experiments

systematically. Compared with the control group (Fig-

ures 3A1–A6), fluorescence signals of the second group cells

incubated with LY-DCM-P were observed in the red channel,

indicating the cell permeability of LY-DCM-P, and the intrinsic

biothiols in HeLa cells and 4T1 cells triggered fluorescence

enhancement (Figures 3B1–B6). In the third group (Fig-

ures 3C1–C6), cells were pretreated with NEM (N-ethylmalei-

mide, a thiol depletor), followed by incubation with LY-DCM-

P for 1 h, resulting in minimal fluorescence signal detected

in the red channel. In the fourth to sixth groups

(Figures 3D1–F6), all cells were pre-incubated with NEM, fol-

lowed by pretreatment with Cys, Hcy, and GSH, respectively.

Upon the addition of LY-DCM-P, these three groups exhibited

strong fluorescence signals in the red channel, which can be

visually confirmed through the relative fluorescence intensity

(Figures 3G and 3H).

To identify the lysosome-targeting ability of the probe

LY-DCM-P, commercial lysosome-targeting dye (Lyso-Tracker

Green) was further utilized for fluorescence colocalization exper-

iments on HeLa cells and 4T1 cells. As shown in Figure 4, there

was a good overlap between the fluorescence signals of the

probe LY-DCM-P and the green localization dye in both HeLa

Figure 2. The selectivity results of LY-DCM-P for biothiols
Fluorescence intensity of LY-DCM-P (10 mM) after 10 min incubation with

various analytes (100 mM) and Cys (40 mM)/Hcy (60 mM)/GSH (80 mM) in PBS/

DMSO buffer (10 mM, 3:2, v/v, pH 7.4) at 37�C, lex = 520 nm. Data represent

mean standard error (n = 3).

Figure 3. Fluorescence confocal imaging of probe LY-DCM-P in HeLa and 4T1 Cells

(A and B) (A) control and (B) cells were incubated with LY-DCM-P (10 mM) for 1 h.

(C) Cells were treated with NEM (200 mM) for 30 min, and then incubated with the probe (10 mM) for 1 h.

(D–F) Cells were treated with NEM (200 mM) for 30min, followed by incubation with Cys/Hcy/GSH (200 mM) for 30min, after which incubated with 10 mMLY-DCM-

P for 1 h.

(G and H) Relative fluorescence intensity in the red channel. The error bar represents the standard deviation (n = 3), lex = 561 nm.
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cells and 4T1 cells, with Pearson coefficients of 0.88 and 0.80

(Figure 4A4 and 4B4), respectively, indicating that the probe

LY-DCM-P can achieve biothiol localization at a subcellular level

via fluorescence analysis.

Zebrafish imaging
The initial inspiration from cell experiments led us to validate

the probe’s ability of imaging biothiols in vivo using zebrafish,

which express high levels of biogenic thiols during the embry-

onic stage. As shown in the Figure 5, the fluorescence

emitted by zebrafish larvae in the control group can be consi-

dered negligible (Figure 5A). However, upon treatment with

LY-DCM-P, fluorescence appeared in the red channel due to

the presence of endogenous biogenic thiols (Figure 5B).

Furthermore, when zebrafish were pretreated with NEM and

then incubated with LY-DCM-P, the fluorescence was signifi-

cantly inhibited (Figure 5C), indicating the tissue-penetrating

property of LY-DCM-P. Similarly, subsequent treatment of

zebrafish with NEM, LY-DCM-P, and endogenic biothiols

resulted in a strong fluorescence signal in the red channel

(Figures 5D–5F), indicating the detection of endogenous

biogenic thiols in the zebrafish model.

Mice imaging
Subsequently, we were intrigued by the fluorescent imaging of

biogenic thiol activity in mice (Figure 6). To investigate whether

the probe LY-DCM-P could be used to detect dynamic changes

in biogenic thiols in vivo, we implanted 4T1 cancer cells into

a group of 5-week-old nude mice to establish a tumor

mouse model. The tumor mice were then intratumorally injected

with the LY-DCM-P probe, and fluorescence changes were

observed at different time points. As shown in the figures, after

injecting LY-DCM-P into the tumor mice, an obvious fluores-

Figure 4. Imaging of subcellular co-localiza-

tion of probe LY-DCM-P in HeLa cells and

4T1 cells

(A and B) HeLa cells and 4T1 cells were pretreated

with Lyso-Tracker green (10 mM) for 20 min

respectively, then treated with LY-DCM-P (10 mM)

for 1 h, and finally imaged.

(C and D) Intensity/distance plots, data were

collected from merged images of Figures 4A4

and 4B4.

cence signal was observed at the tumor

site after 30 min, significantly enhanced

after 60 min, and decreased after 90 min,

indicating that LY-DCM-P has the capa-

bility to image endogenous biothiols in

tumors.

Conclusions
In summary, we have designed and syn-

thesized a lysosome-targeted fluorescent

probe, LY-DCM-P, which can be used for

rapid and highly selective detection of bio-

logical thiols both in vitro and in vivo. This

probe exhibits long-wavelength fluores-

cence emission (670 nm) and a significant Stokes shift

(150 nm) upon binding to biological thiols. Cell experiments

have demonstrated that the probe has low cytotoxicity and

excellent lysosome-targeting capability. Also, LY-DCM-P shows

its advantages for imaging biological thiols in living cancer cells,

zebrafish larvae, and mice. We anticipate that our contribution

will offer an alternative method for studying biological thiols in

living organisms and will aid in clinical research on thiol-related

diseases.

Limitations of the study
Our research has certain limitations to a certain extent.

The disadvantage is mainly reflected in that the probe emission

wavelength is not long enough, which will affect the

tissue penetration. Also, this probe has only one response

factor and tumor targeting is a possible problem. For our

follow-up work related to this topic, there is potential for further

improvement in tumor targeting and fluorescence emission

wavelengths.
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STAR+METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Cell line
HeLa and 4T1 cell lines were obtained from the Servicebio (Wuhan, China) and cultured according to the provided instructions.

Animal model
Zebrafish and Five-week-old nude mice were obtained from the Servicebio (Wuhan, China). All animal procedures were performed

according to the Guidelines for Care and Use of Laboratory Animals of Hubei University and approved by the Animal Ethics Com-

mittee of Hubei University.

METHOD DETAILS

Materials and instruments
Unless otherwise noted, all of the reagents and solvents used in this paper were purchased from domestic suppliers andwere analyt-

ically pure without further purification.

NMR hydrogen and carbon spectra were obtained using the Bruker AV-400 NMR instrument. High-resolution mass (HRMS) spec-

trometry data were acquired on the Agilent 1260–6224 LC-MS TOF system using ESI (electrospray ionization). HPLC was performed

using the SHIMADZU LC-16. pH values were measured with the METTLER TOLEDO FiveEasy Plus pH meter. Ultraviolet-visible

(UV-Vis) absorption spectra were recorded on the SHIMADZU UV-1800 spectrophotometer. Fluorescence emission spectra were

obtained using the Agilent Cary Eclipse fluorescence spectrophotometer. Results from cell and zebrafish experiments were collected

using the Zeiss LSM 900 laser confocal fluorescence microscope. Mice experimental data were gathered by the VISQUE Invivo

Smart-LF in vivo real-time imaging system.

Synthesis of probe LY-DCM-P
Compounds 2 and 3 were synthesized following the previous method.41,42

Synthesis of Compound 4: To a stirred solution of Compound 3 (4.0 g, 21mmol, 1.0 eq) andmalononitrile (2.1 g, 31.5mmol, 1.5 eq)

in acetic anhydride (50 mL) was added two or three drops of piperidine at 25�C under a nitrogen atmosphere. The resulting mixture

was heated to 150�C and stirred for 8 h. Upon completion of the reaction, the reaction mixture was poured into ice water (200 mL).

Saturated sodium carbonate solution was added and the pH was adjusted to neutral. The mixture was then extracted with dichloro-

methane (100mL3 3). The combined organic phases were washed with a saturated brine (50mL3 3), dried over anhydrous Na2SO4

and filtered. The filtrate was concentrated to the residue, which was purified by column chromatography on silica (DCM: PE = 1: 4) to

afford a pale yellow solid (3.4 g), yield 68%. 1H NMR (400 MHz, Chloroform-d) d 8.83 (d, J = 9.3 Hz, 2H), 7.01 (dd, J = 9.3, 2.7 Hz, 2H),

6.86 (d, J = 2.6 Hz, 2H), 6.64 (d, J = 0.8 Hz, 2H), 3.93 (s, 6H), 2.40 (s, 3H).

Synthesis of Compound 5: To a solution of Compound 4 (3.0 g, 12.6 mmol, 1.0 eq) in anhydrous dichloromethane (50 mL) was

quickly added aluminum chloride (16.8 g, 126 mmol, 10 eq) at 25�C. The reaction was refluxed for 12 h. Upon completion of the re-

action, the reaction mixture was slowly poured into ice water (100 mL). The mixture was filtered, and the filter cake was dried and

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, peptides, and recombinant proteins

4-(2-chloroethyl)morpholine hydrochloride tansoole 3647-69-6

3-bromo-4-hydroxybenzaldehyde tansoole 2973-78-6

acryloyl chloride tansoole 102-92-1

N-ethylmaleimide tansoole 128-53-0

Lyso-Tracker green Beyotime #C1047S

Experimental models: cell lines

HeLa cells servicebio N/A

4T1 cells servicebio STCC00077P

Experimental models: organisms/strains

Five-week-old nude mouse servicebio N/A

Zebrafish servicebio N/A
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pulped with dichloromethane (10 mL) to give a pale yellow solid (1.9 g), yield 67%. 1H NMR (400MHz, DMSO-d6) d 11.41 (s, 1H), 8.57

(d, J = 9.2 Hz, 1H), 7.05 (dd, J = 9.2, 2.5 Hz, 1H), 6.92 (d, J = 2.5 Hz, 1H), 6.65 (d, J = 0.8 Hz, 1H), 2.44 (s, 3H).

Synthesis of Compound 6: A mixture of Compound 5 (1.0 g, 4.4 mmol, 1.0 eq), 4-(2-chloroethyl)morpholine hydrochloride (1.2 g,

6.7 mmol, 1.5 eq), and potassium carbonate (3.1 g, 22 mmol, 5.0 eq) in acetone (50 mL) was refluxed for 12 h. Upon completion of

the reaction, themixture was filtered, and the filtrate was concentrated to the residue, which was purified by column chromatography

on silica (EA: PE = 1: 2 � DCM: MeOH = 50: 1) to afford a yellow solid (0.9 g), yield 60%. 1H NMR (400 MHz, Chloroform-d) d 8.82

(d, J = 9.3 Hz, 1H), 7.01 (dd, J = 9.3, 2.6 Hz, 1H), 6.87 (d, J = 2.6 Hz, 1H), 6.64 (d, J = 0.8 Hz, 1H), 4.22 (s, 2H), 3.75 (t, J = 4.7 Hz, 4H),

2.87 (s, 2H), 2.61 (s, 4H), 2.40 (s, 3H)。

Synthesis of LY-DCM-OH: To a stirred solution of Compound 6 (500 mg, 1.5 mmol, 1.0 eq) and 3-bromo-4-hydroxybenzaldehyde

(450 mg, 2.2 mmol, 1.5 eq) in anhydrous ethanol (50 mL) was added two or three drops of piperidine at 25�C under a nitrogen atmo-

sphere. The resulting mixture was refluxed for 12 h. Upon completion of the reaction, the mixture was concentrated to the residue,

which was purified by column chromatography on silica (DCM: MeOH = 50: 1) to afford a dark red solid (360 mg), yield 47%. 1H NMR

(400MHz, Chloroform-d) d 8.83 (d, J = 9.3 Hz, 1H), 7.71 (d, J = 2.1 Hz, 1H), 7.48–7.40 (m, 2H), 7.07 (d, J = 8.3 Hz, 1H), 7.01 (dd, J = 9.3,

2.6 Hz, 1H), 6.95 (d, J = 2.6 Hz, 1H), 6.77 (s, 1H), 6.65 (d, J = 15.9 Hz, 1H), 4.25 (t, J = 5.6 Hz, 2H), 3.76 (t, J = 4.7 Hz, 4H), 2.88

(t, J = 5.6 Hz, 2H), 2.61 (t, J = 4.7 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) d 163.89, 157.01, 154.48, 154.33, 152.52, 136.38,

131.81, 129.25, 128.95, 127.53, 118.00, 117.32, 116.99, 116.13, 115.13, 111.74, 111.31, 106.65, 102.15, 77.16, 67.02, 61.27,

57.39, 54.29. HRMS (ESI) calcd for C26H23BrN3O4
+: 520.0866; Found: 520.0866 [M + H]+.

Synthesis of LY-DCM-P: To a stirred solution of LY-DCM-OH (100mg, 0.19mmol, 1.0 eq) and triethylamine (58mg, 0.57mmol, 3.0

eq) in anhydrous dichloromethane (10 mL) was added acryloyl chloride (26 mg, 0.29 mmol, 1.5 eq) at 0�C under a nitrogen atmo-

sphere. The reaction mixture was warmed to 25�C for 2 h. Upon completion of the reaction, the reaction mixture was poured into

20mL of water. Themixture was separated, and the aqueous phase was extracted with dichloromethane (10mL3 3). The combined

organic phases were washed with a saturated brine (20 mL3 3), dried over anhydrous Na2SO4 and filtered. The filtrate was concen-

trated to the residue, which was purified by column chromatography on silica (DCM: MeOH = 50: 1) to afford a yellow solid (56 mg),

yield 51%. 1H NMR (400 MHz, Chloroform-d) d 8.83 (d, J = 9.2 Hz, 1H), 7.84 (d, J = 2.1 Hz, 1H), 7.54 (dd, J = 8.4, 2.1 Hz, 1H), 7.49

(d, J = 15.9 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.02 (dd, J = 9.2, 2.6 Hz, 1H), 6.99 (d, J = 2.7 Hz, 1H), 6.82 (s, 1H), 6.77 (d, J = 15.9 Hz, 1H),

6.70 (dd, J = 17.3, 1.2 Hz, 1H), 6.37 (dd, J = 17.3, 10.5Hz, 1H), 6.11 (dd, J = 10.5, 1.1 Hz, 1H), 4.29 (s, 2H), 3.77 (s, 4H), 2.91 (s, 2H), 2.65

(s, 4H). 13C NMR (101MHz, Chloroform-d) d 163.40, 156.39, 154.48, 152.36, 149.58, 135.65, 134.41, 133.99, 132.71, 127.70, 127.55,

127.21, 124.51, 120.44, 117.28, 117.12, 115.87, 115.36, 111.66, 107.45, 105.58, 102.14, 77.16, 66.75, 62.12, 57.33, 54.22. HRMS

(ESI) calcd for C29H25BrN3O5
+: 574.0972; Found: 574.0967 [M + H]+.

Spectra measurement
All spectra were measured at 37�C in PBS buffer solution (PBS/DMSO = 3:2, v/v, 10 mM, pH = 7.4). A stock solution of LY-DCM-P

(10 mM) was prepared in DMSO and then diluted with PBS buffer solution to the desired concentration (10 mM). Cys/Hcy/GSH were

dissolved in ultrapure water, and other analytes were prepared in PBS buffer solution to the concentrations required for fluorescence

spectroscopy. Optical tests were performed in a quartz cuvette (optical range: 1.0 cm). The excitation wavelength was set at 520 nm

and the slit widths were all 10 nm.

Selectivity assessment
To study interference, LY-DCM-P (10 mM) was incubated with various analytes (100 mM) for 10 min. Initially, stock solutions of the

analytes (Apr: Aprotinin, Arg: Arginine, Sul: Sulfatase, Thr: Threonine, Tyr: Tyrosinase, Lip: Lipase, Ser: Serine, Leu: Leucine, Glu:

Glutamate, CaCl2, CuCl2, MgCl2, NH4Cl, NaNO2, Na2S2O4, Na2SO4, Na2SO3, Na2CO3, NaBr, NaHSO3, H2O2, NaClO, NaHS) were

dissolved in ultrapure water to a concentration of 10 mM, and then diluted to the desired concentration with PBS buffer. The fluo-

rescence spectra were then measured.

Cells culture and imaging
HeLa cells and 4T1 cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum

and 1%penicillin/streptomycin, under conditions of 37�C and 5%CO2 humidity. For confocal imaging, HeLa cells and 4T1 cells were

treated with LY-DCM-P (10 mM) for 1 h, followed by three washes with PBS prior to imaging. In the inhibitor group, cells were pre-

treated with NEM (200 mM) for 30 min, washed with PBS, and then incubated with LY-DCM-P (10 mM) for an additional 1 h. In the

experimental group, cells were treated with NEM (200 mM) for 30 min, followed by incubation with Cys/Hcy/GSH (200 mM) for

30min, after which 10 mMLY-DCM-Pwas added and the incubation continued for another 1 h. All cells were washed before im aging.

Fluorescence images were captured on a Zeiss LSM 900 confocal microscope.

Zebrafish culture and imaging
Zebrafish pretreated with 1-phenyl-2-thiourea (PTU) were incubated in embryonic medium at 25�C for 3 to 7 days. Subsequently, the

zebrafish were incubated with LY-DCM-P (10 mM) for 1 h. In the third group, the zebrafish were first incubated with NEM (200 mM) for

30 min, washed three times with PBS, and then LY-DCM-P (10 mM) was added for an additional 1 h incubation. In the experimental

group, the zebrafish were pretreated with NEM (200 mM) for 30 min, followed by a 30-min incubation with Cys/Hcy/GSH (200 mM).
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Then, LY-DCM-P (10 mM) was added and incubated for another 1 h. Prior to imaging, all samples were washed three times with PBS,

and fluorescence images were acquired on a Zeiss LSM 900 confocal microscope.

Mice culture and imaging
Five-week-old nude mice with an average weight of 30 ± 2 g were subcutaneously injected with 4T1 cells and incubated for 14 days

for mice imaging. LY-DCM-P (10 mM) was injected into the tumor site of the mice, and then fluorescence images were acquired at

different times (0–90 min) at the excitation wavelength of 530 nm, red channel 600–640 nm.

QUANTIFICATION AND STATISTICAL ANALYSIS

This study does not involve quantification and statistics.

ADDITIONAL RESOURCES

There are no additional resources need to be declared in this manuscript, additional requests for this can be made by contacting the

lead contact.
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