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Experiment Section 

Materials and Chemicals. The commercial chemicals were used without further 

purification. Distilled water was obtained after passing through a water ultra-

purification system. TLC analysis was performed using commercial silica plates. 

Fluorescence spectra were recorded on Hitachi F-7000 fluorescence 

spectrophotometer. Hitachi U-3900UV-vis spectrophotometer was used to measure 

UV-vis spectra.  1H NMR and 13C NMR experiments were conducted with a 

BRUKER AVANCE III HD 600 MHz and 151 MHz NMR spectrometer, respectively. 

(Bruker, Billerica, MA). Coupling constants  (J values) are reported in hertz.  

HRMS determinations were recorded on a Thermo Scientific Q Exactive Instruments. 

An IVIS spectrum imaging system (PerkinElmer) was employed for bioluminescent 

imaging in animal.

Scheme S1. The synthesis of Probe CM-Mit 

Synthesis of probe CM-Mit Compound 8 and 9 were synthesized according to the 

procedure reported by our group previously [1-3]. 

Synthesis of compound 11:

  To a solution of compound 8 (200 mg, 0.87 mmol) and compound 9 (255.6 mg，

1.04 mmol) in 3 ml ethanol were added piperidine dropwise in seal tube under argon. 

The resulting mixture was stirred at 60 ℃ for 3 h. The mixture was concentrated to 

afford the crude product 3, which was submitted to the next reaction directly. 

  To the solution of the crude product in toluene (3 ml) were added BTC (561.1 

mg，1.74 mmol) and sodium carbonate (118.6 μL, 1.74 mmol) at 0 ℃. The resulting 
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mixture was stirred at room temperature for 3 h under argon. The mixture was 

concentrated and purified on a silica gel column (PE/EA/DCM = 4:1:1) to afford the 

desired product 11 144 mg in 32% yield for two steps. 

Synthesis of compound 6:

  To a solution of compound 11 (80 mg，0.15 mmol) in 0.6 ml DCM were added 

DMAP (183 mg, 1.5 mmol) and TEA (2 μL, 0.18 mmol). The resulting mixture was 

stirred at room temperature overnight and concentrated to afford the residue, which 

was further purified on a silica gel column (DCM/CH3OH = 20:1) to afford 31 mg the 

desired product 6 in 31% yield. 
   1H NMR (600 MHz, DMSO-d6) δ 8.35 (d, J = 7.3 Hz, 1H), 8.25 (s, 0H), 7.67 (d, J = 

9.0 Hz, 0H), 7.53 (d, J = 2.7 Hz, 0H), 7.39 (d, J = 2.4 Hz, 0H), 7.37 – 7.31 (m, 0H), 

7.21 (d, J = 2.1 Hz, 0H), 7.05 (d, J = 7.3 Hz, 1H), 6.81 (dd, J = 9.0, 2.4 Hz, 0H), 6.60 

(d, J = 2.4 Hz, 0H), 5.37 (s, 1H), 5.32 (ddd, J = 8.8, 6.4, 2.6 Hz, 1H), 3.50 (d, J = 7.2 

Hz, 2H), 3.17 (s, 3H), 2.25 (s, 1H), 1.15 (t, J = 7.0 Hz, 3H). 13C NMR (151 MHz, 

DMSO) δ 189.3, 162.8, 161.5, 156.8, 156.3, 152.3, 151.1, 144.0, 142.7, 136.1, 

134.8, 133.2, 132.0, 131.7, 131.6, 130.1, 128.0, 127.3, 123.5, 123.3, 114.1, 110.3, 

108.9, 108.3, 96.9, 74.5, 55.3, 44.8, 36.3, 34.9, 29.2, 29.1, 22.6, 20.5, 14.4, 12.9. 

HRMS (ESI) [M+] calculated for C31H32N3O4S: 606.2599, found: 606.2553;

Optical Studies of Probe CM-Mit. DMSO (analytical grade) was used to prepare 

the probe CM-Mit  (2 mM/L) stock solutions. The stock solutions of analytes (20 

mM/L) were afforded in distilled water. The desired concentrations were obtained by 

the dilution of the stock solutions of analytes with distilled water. In a typical 

measurement, probe CM-Mit (5 μM) was added to 2 mL of dimethyl 

sulfoxide/phosphate- buffered saline (DMSO/PBS) (v/v, 1:1, pH = 7.4) in a quartz 

cell. The UV−vis or fluorescent spectra were then recorded upon addition of analytes 

at 25 °C.

Imaging in the Living Cells. The Hela cells were cultured at 37 °C in the 1×SPP 

medium (1% protease peptone, 0.2% glucose, 0.1% yeast extract, 0.003% EDTA 

ferric sodium salt). In the culture media, Hela cells were incubated with 10 μM/L of 

probe CM-Mit (DMSO stock solution) for 30 min at 37 °C, followed by washing with 

PBS. At the same time, another section of cells was pretreated with N-

methylmaleimide (NEM: 200 μM/L), followed by incubation with probe CM-Mit (40 

μM/L, DMSO stock solution) for 30 min at 37 °C. After washing with PBS buffer, the 

cells were imaged. 
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Computational Methods. Density functional theory (DFT) and time-dependent DFT 

(TD-DFT) based calculations were performed in Gaussian 16 program [4-6]. All the 

calculations were computed using ωB97XD functional and def2-SVP basis set in 

water [7-8]. We checked the values of frequencies to confirm the geometric structures 

are optimized to the local minimum in the ground and excited states. We considered 

the solvent effects using the SMD solvent model and corrected linear-response (cLR) 

solvent formalism for the soft scans of potential energy surfaces (PES) [9-10]. The 

molecular structures and orbitals were visualized in Avogadro using the outputs from 

Gaussian 16[11].

In Vivo Fluorescence Images of Endogenous Thiols. Isoflurane was employed to 

anesthetize the mice, which were maintained in an anesthetized state for imaging. 

The probe CM-Mit (100 μM) was injected subcutaneously into the mice, followed by 

imagining using an IVIS imaging system with a 598 nm excitation and an emission 

filter of 690 ± 10 nm and images collected at 0, 2, 4, 6, 10, and 20 min, respectively.

4



Additional Figures

  
Figure S1: Fluorescent intensity changes of CM-Mit (5 μM) and extra addition of 

Cys (200 μM) in a mixed solvent of DMSO and PBS (1:9, v/v) after 5 min at various 

pH values. 

          
Figure S2: Fluorescent intensity responses of CM-Mit (5 μM, DMSO: PBS, 1: 9, v/v) 

to various ions after 5 min at 578 nm. Including: 1 is the blank group, 2 to 20 

represent 1 mM Br-, Na+, CO32-, HCO3-, K+, NH4+, SCN-, OH-, F-, Mg2+, Ca2+, SO42-, 

Fe2+, Fe3+, Al3+, NO2-, Zn2+, H2O2, ClO-, respectively. Black and red columns indicate 

no or extra addition of 200 μM Cys; 
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Figure S3: (a) The kinetic curve of CM-Mit (5 μM) in the mixed solvent of DMSO and 

PBS (1:9, v/v) without or with 200 μM Cys, 20 μM Hcy, and 1mM GSH at 578 nm. (b) 

The change of fluorescence spectra of probe CM-Mit (5 μM, DMSO: PBS, 1: 9, v/v) 

with time after the addition of 1 mM GSH
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Figure S4. 1H NMR spectral change of probe CM-Mit (1 mM) upon addition of Cys 

(2 mM).

Figure S5. (a) Molecular structure and the calculated energy levels of the frontier 

molecular orbitals of CM-Mit; the inset shows the photoexcitation energy and the 

oscillator strength (f) during S0S1 photoexcitation1. (b) Calculated frontier 

molecular orbitals of CM-Mit.
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 Figure S6. Studies of the intramolecular rotation process in CM-Mit. 

      

         
Figure S7. Cell viability values (%) estimated by MTT assay with living Hela cell, 

which were cultured in the presence of 1-50 μM probe CM-Mit for 5 h and 10 h.
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Figure S8. Fluorescence image of exogenous thiols in living Hela cells (A−C): 

confocal fluorescence images of (A). Hela cells in the presence of 10 μM of CM-Mit 

(B). Hela cells were preincubated with 200 μM NEM for 20 min and then treated with 

10 μM of CM-Mit for 10 min (C). Hela cells were preincubated 50 μM Cys for 10 min 

and then treated with 10 μM of CM-Mit for 10 min. 

        
Figure S9. In vivo fluorescence imaging of mice injected with probe CM-Mit (a) In 

vivo images of mice treated with 10 μL of probe CM-Mit (2 mM) via tumor site 

injection at 0, 2, 4 and 10 min. (b) In vivo images of mice injected at the tumor site 

with 150 μL of NEM (1 mM) for 10 min and followed by 10 μL of probe CM-Mit (2 

mM) at 0, 2, 4 and 10 min.
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Figure S10. Representative histology of the tumor and liver of mice treated with 

saline and probe (50 μmol, 20 min). 

 
Figure S11. Fluorescence images of CM-Mit responding to Cys in living Hela cells 

along with reaction time by confocal fluorescence
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Figure S12. In-gel fluorescence. (a) Marker; (b) Cell Lysates; (c) Cell Lysates 

incubated with CM-Mit (400 µM); (d) Cell Lysates incubated with1 mM CM-Mit (1 

mM); (e) The cell lysates from cell incubated with CM-Mit (100 µM); (f) The cell 

lysates from cell incubated with CM-Mit (100 µM) and Cys (1 mM). 
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Table S1: The chemical structure of the Stemona alkaloids and their derivatives in 

the screening. 
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Figure S13. Screening of Stemona alkaloids and their derivateives for controlling 

the thiol level. Hela cells were pretreated with ferroptosis inducer Erastin(5 µM), SA-
11 and its analogue (15 µM) in a 5% carbon dioxide incubator at 37 ℃ for 24 h, and 

followed the cells were incubated with 10 µM CM-Mit for 15 min. 
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Probes Detection
media

Ex/Em
(nm)

Limit of 
detection

Response
time

Ref.

PBS/DMSO = 
9:1 

pH 7.4
475/578 0.49 μM

Cys: 10 s
Hcy: 30 s

GSH: 200 s
This 
work

PBS buffer, 30 
% ethanol

pH 7.4
645/711

Cys: 0.39 
μM

Hcy: 0.54 
μM

GSH: 0.59 
μM

Hcy: 2 min
Cys: 2 min
GSH: 2 min

[12]

DMSO/HEPES 
(v/v, 1:1, pH 

7.4)
400/515 Cys: 64 nM Cys: 2 min [13]

HEPES buffer 
(1% CH3CN, pH 

7.4）
485/520

Cys: 50 nM
Hcy: 100 

nM
GSH: 53 

nM

unknown [14]

PBS solution
pH 7.4 372/496 GSH: 3.75 

μM GSH: 1 min [15]

HEPES buffer
pH 7.4 362/455

Cys: 180 
nM

Hcy: 820 
nM

GSH: 700 
nM

unknown [16]

O

O

O

S

N

N N

O

PBS/DMSO 
(1:1)

pH 7.4
600/698

Cys: 85 nM
GSH: 60 

nM

Hcy: 3 min
Cys: 7 min
GSH:7 min

[17]

Table S2: Comparison of probe CM-Mit with other probes
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NMR and MS Spectra

Figure S11: 1H NMR of probe CM-Mit (600 MHz, CDCl3)

        
               Figure S12: 13C NMR of probe CM-Mit (600 MHz, CDCl3) 
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HRMS (ESI) [M + H+] calculated for C36H36N3O6: 606.2599, found: 606.2553;

                    Figure S13 HRMS of probe CM-Mit
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