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Supplemental Experimental Procedures 

Theoretical calculations. The structure optimization of compound was performed with the 

Gaussian 03 package using B3LYP density functional theory (DFT). The 6-31G(d) basis 

set was used to treat all atoms. The contours of the molecular orbitals were plotted. On the 

basis of ground- and excited-state optimization, the time-dependent density functional 

theory (TDDFT) approach was applied to predict their absorption and emission properties. 

The solvent effect (CH2Cl2) was simulated using the polarizable continuum model (PCM) 

in which the solvent cavity is regarded as a union of interlocking atomic spheres.  

Cell culture. The cell lines SKOV3, CAOV3 and HOSEpiC were provided by the Institute of 

Biochemistry and Cell Biology, SIBS, CAS (China). The cells were grown in DMEM 

(modified Eagle’s medium) supplemented with 10% FBS (fetal bovine serum) at 37 ºC and 

5% CO2. All cells were planted on 14 mm glass coverslips and keep to adhere for 24 h 

Cytotoxicity test. The in vitro cytotoxicity was measured using a standard methyl thiazolyl 

tetrazolium (MTT, Sigma Aldrich) assay in SKOV3, CAOV3 and HOSEpiC cell lines. 

Briefly, cells growing in log phase were seeded into 96-well cell culture plate at 1×10
4
/well. 

Py-GSH was added to the wells of the treatment group at concentrations of 2, 5, 10, 25, 50 

μM/mL. For the negative control group, 1 μL/well solvent was diluted in DMEM with the 

final concentration of 1 %. The cells were incubated for 24 h at 37 °C under 5 % CO2. The 

combined MTT/PBS solution was added to each well of the 96-well assay plate and incubated 

for an additional 4 h. After removal of the culture solution, 200 μL DMSO was added to each 

well, shaking for 10 min at shaking table. An enzyme-linked immunosorbent assay (ELISA) 

reader was used to measure the OD570 (absorbance value) of each well referenced at 490 nm. 

The following formula was used to calculate the viability of cell growth: 

Viability (%) = (mean of absorbance value of treatment group / mean of absorbance 

value of control) × 100 
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Synthetic routine of the Py-GSH
[1,2]

 

 

Scheme S1. Synthetic routine of the Py-GSH. 

Compound S1. 2.00 g (3.8 mmol) Pyronin B was suspended in  methanol (300 mL). The 

solution was heated to 60 °C for 30 min. To the solution was slowly added 6 x 300 mg (6 x 6 

mmol, 6 x 1 equiv.) sodium borohydride over the course of 15 minutes. Following stirred the 

solutions for another 30 minutes, cooled to room temperature, then evaporated all of the 

solvent. The violet residue was taken up in 100 mL water and 100 mL dichloromethane and 

the organic layer collected. The aqueous layer was further extracted with 2 x 150 mL DCM, 

dried over Na2SO4, and concentrated to yield (0.93 g, 1.9 mmol, 47%) S1 as a magenta solid 

and used without further purification to the next step. 

Compound S2. 0.5 g (1.05 mmol) S1 was dissolved in 25 mL acetone. The solution purged 

with Ar, and cooled to 0 °C. To the solution was added 3 x 100 mg potassium permanganate 

over 30 minutes. After 15 minutes, TLC analysis showed full consumption of starting material. 

The solution was then filtered over a pad of Celite, the pad washed with 100 mL acetone, and 

concentrated under vacuum. The resulting solid as purified by silica gel chromatography with 

dichloromethane to 30:1 CH2Cl2/MeOH to yield S2 (0.29 g, 0.568 mmol, 57%) as a red-

orange solid 
1
H NMR (400 MHz, CDCl3, δ): 8.12 (d, J = 8.8 Hz, 2H), 6.67 (dd, J1 = 2.6 Hz, 

J2= 9.0 Hz, 2H), 6.69 (s, 2H), 3.47 (q, J = 7.2 Hz, 8H), 1.26 (t, J = 7.2 Hz, 12H)；13
C NMR 

(125 MHz, CDCl3) δ 177.0, 161.402, 154.9, 130.7, 114.5, 111.5, 99.2, 47.6, 15.4; MS 

(MALDI-TOF) m/z: calcd for C21H26N2O2 338.1994, Found 338.3152. 
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Compound S3. The mixture of S2 (0.2 g, 0.6 mmol) in CH2Cl2 (10 mL) was stirred at 0 ℃ 

under N2 for 10 min then Tf2O (200 μL, 1.2 mmol) was added dropwise over 1 min.  The 

reaction mixture was stirred for 10 min then 4-methoxythiophenol (0.84 g, 6 mmol) was 

added. The mixture was stirred overnight at room temperatrue. The solvents were removed 

under reduced pressure and the residue was purified by flash chromatography (CH2Cl2/MeOH 

= 20/1 ) to afford the pure product 1 (80 mg, 44.3% yield) 
1
H NMR(400 MHz, CD3CN, δ) 

8.10 (dd, J1 = 3.0 Hz, J2= 9.6 Hz, 2H), 7.40(d, J = 8.4 Hz, 2H), 6.98 (d, J = 9.6 Hz, 2H), 6.92 

(d, J = 8.4 Hz, 2H), 6.72 (s, 2H), 3.79 (s, 3H), 3.63(q, J = 7.2 Hz, 8H), 1.27(t, J = 7.2 Hz, 

12H)；13
C NMR (125 MHz, CD3CN,δ) 163.2, 159.9, 158.7, 158.4, 135.8, 133.8, 127.0, 118.5, 

117.9, 117.2, 98.7, 58.1, 48.6, 14.8; MS (MALDI-TOF) m/z: calcd for C28H33N2O2S 461.2257, 

Found 461.4061 

 

 
Figure S1.  Calculated obital distribution, bond distance of Meso-C to the linked 

heteroatom (S or N), electron cloud density of meso-C linked heteroatom (S or N) and the 

energy gap from HOMO to LUMO of Py-GSH, amino-modified Py-CG and thiol-

modified Py-CG, respectively.  
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Figure S2. Absorption spectrum and emission spectrum of amino-modified Py-CG (A, C) 

and Py-GSH (B, D) on different solvent. 

For a better understanding of the optical change from Py-GSH to amino-modified Py-CG, 

theoretical calculations were performed using the Gaussian 03 package at the B3LYP 

level 
[3]

. As shown in Figure S1, both the highest occupied molecular orbital (HOMO) and 

lowest unoccupied molecular orbital (LUMO) of Py-GSH and thiol-modified Py-CG 

were mainly distributed over the entire conjugated backbone. Furthermore, the excited 

state of Py-GSH was clarified through time-dependent density functional theory (TDDFT) 

calculations, and its lowest excited state was assigned to the HOMO-LUMO transition. 

According to the orbital distributions, no evident charge transfer was observed. We 

studied the dependence of both the absorption spectra and emission property of Py-GSH 

on the solvent (Figure S2). There was no evident change in the absorption spectra and 

emission property in different solvents, which demonstrated that the optical property of 

Py-GSH was attributed to the transition of π-π
*
. According to the same calculation 

method, the lowest excited state of amino-modified Py-CG was assigned to HOMO – 

LUMO, and the two orbitals were still mainly distributed over the entire conjugated 

backbone. However, an evident change in charge distribution on the meso-N of amino-
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modified Py-CG from HOMO to LUMO was obtained. These findings indicated that the 

SNAr substitution-rearrangement reaction resulted in a transfer of the transition method of 

the excited state, which was responsible for the change in optical properties from Py-GSH 

to amino-modified Py-CG. 
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Figure S3.  Kinetic characteristics of Py-GSH compared with Glu-CNA. Michaelis-Menten 

plots of 1/V as function of 1/S, (A) Py-GSH and (B) Glu-CNA. All experiments were carried 

out at 37 ºC in phosphate buffer (pH 7.4) containing GGT (50 mU). The initial velocities were 

calculated from the change of absorbance of Py-GSH and Glu-CNA.  (C) Chemical structure 

of Glu-CNA and kinetic parameters of GGT probes according to the Michaelis-Menten 

equation. 

𝐕 = 𝐕𝐦𝐚𝐱 × [𝐒]/(𝐊𝐦 + [𝐒])   (1) 

𝟏 𝐕⁄ = (𝐊𝐦 𝐕𝐦⁄ ) × (𝟏 [𝐒]⁄ ) + 𝟏/𝐕𝐦𝐚𝐱     (2) 
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Figure S4. The Quantum yield of Py-GSH (5 μM) in the presence (A) and absence (B) of 

GGT( 50 mU/mL, pH 7.4 PBS). (C) Fluorescence decay and (D) Photophysical properties of 

Py-GSH in an aqueous solutions incubated with 0 and 50 mU/mL GGT, respectiely. (E)  

Excitation spectra of Py-GSH in PBS at 650 nm and Py-CG in PBS at 550 nm. (F) 

Photostability of Py-GSH and Py-CG in PBS. Excitation power: 1 mW / cm
2
. Ex = 488 nm.  
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To measure the quantum yield of Py-GSH, the reference fluorophore is RhB in EtOH (QY 

= 0.65), Ex = 550 nm;  to measure the quantum yield of Py-GSH in the prescence of GGT, the 

reference fluorophore is fluorescien in pH 7.4 PBS (QY = 0.85), Ex = 470 nm. The quantum 

yield was calculated in the following manner.  

ɸ =  ɸ𝒓𝒆𝒇 × (𝒏𝒔𝒂𝒎𝒑𝒍𝒆
𝟐 𝒏𝒓𝒆𝒇

𝟐⁄ )(𝑰𝒔𝒂𝒎𝒑𝒍𝒆 𝑨𝒔𝒂𝒎𝒑𝒍𝒆⁄ )(𝑨𝒓𝒆𝒇 𝑰𝒓𝒆𝒇⁄ ) 

Difference concentrations at or below OD 0.1 were measured and the integrated fluorescence 

was plotted against absorbance for every fluorescent molecular. Comparison of the slopes led 

to the determination of the quantum yield of Py-GSH and the product after GGT incubation. 

 

Figure S5. Time dependent  fluorescence spectrum of Py-GSH (5 μM) in the prescence of the 

mixture of GGT and the inhibitor, acivicin. (Ex = 488 nm).  
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Figure S6.  The emission spectra of 2 μM (A) and 10 μM (B) Py-GSH in the presence of 

different amount of GGT; plots of the fluorescence intensity ratio from 545 nm to 620 nm 

(F545/F620) as a function of GGT concentration of (C) 2 μM and (D) 10 μM Py-GSH. 
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Figure S7.  The emission spectrum of  Py-GSH (5 μM) in the prescence of different amount 

of GGT for 30 min under the excitation slits as (A) 5 μW/cm
2
, (B) 20 μW/cm

2
 and (C) 40 

μW/cm
2
; (D) effect of the different excitation slits for F545/F620, fluorescence intensity at 620 

nm and 545 nm of 5μM Py-GSH after treated with 0, 5, 25, 50 mU/mL GGT for 30 min, 

respectively. 
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Figure. S8. (A) Fluorescence spectrum in the presence of  fetal 10 % bovine serum (FBS) , 5% 

human plasma (HP), 0.5 U/mL alkaline phosphatase (ALP), 0.2 U/mL trypsase (TRY), 0.5 

U/mL esterase (EST), 0.5 U/mL lipase (LIP), 0.1 U/mL reductase (NRD), 0.2 U/mL alanine 

transaminase (ALT) and 0.05 U/mL γ-glutamyltranspeptidase (GGT); (B) fluorescence 

spectrum in the presence of different biological ions (NaCl-10 mM, KCl-10 mM, MgCl2-2.5 

mM, CaCl2-2.5 mM, ZnCl2-1 mM, NiCl2-0.2 mM, MnCl2-0.1 mM, SnCl2-0.1 mM, FeCl2-0.1 

mM, FeCl3-0.1 mM, CuCl2-0.1 mM) and 0.05 U/mL GGT. λex=488 nm.  

 

Figure S9. (A) Effect of pH on the emission ratio of F545/F620 with Py-GSH and Py-CG. Time 

dependent absorption (B) and emission (C) spectra of Py-GSH in PBS. Time dependent 
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absorption (D) and emission (E) spectra of Py-GSH in DMEM (cell culture medium). λex=488 

nm. 

 

Figure S10.. (A) Absorption and (B) fluorescence spectral of Py-GSH (5μM), 50 mU/mL 

GGT  incubated Py-GSH (5 μM) for 20 min and 20 μM Cys-Gly incubated S3 (5 μM) for 20 

min, respectively. (Ex=488 nm); (c) The reaction of compound S3 and Cys-gly.  
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Fig S11. A-C) Typical HPLC chromatogram and D-F) the corresponding mass spectra of the 

Py-GSH (10 μM), 100 mU/mL GGT  incubated Py-GSH (10 μM) for 20 min and 100 μM 

Cys-Gly incubated S3 (10 μM) for 20 min. Peaks in the chromatograms were detected by 

monitoring the absorption at 254 nm. The mobile phase was 10/90 CH3CN/water at a flow of 

1 mL/min.  
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Figure S12. Dose-response curves for cell viability of SKOV3, CAOV3, HOSEpiC cells 

treated with Py-GSH by using a typical MTT assay. Error bars correspond to standard 

deviations from three separate measurements. 
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Figure S13. Fluorescence images of CAOV3 (A-D) and acivicin pretreated CAOV3 (E-L) 

upon incubated with Py-GSH (5 μM) for 30 min. The emission signal of probe were collected 

at 510-560 nm (green channel) and 620-690 nm (red channel), respectively. The ratio image 

generated from green to red channel. CAOV3 were pretreated with acivicin (20 μM, 100 μM) 

for 30 min then incubated with Py-GSH (5 μM). Scale bar, 30 μm.(Q) Quantification of 

average ratio value in images of CAOV3 and acivicin treated CAOV3. (N-P) Flow cytometric 

analysis of CAOV3 and HOSEpiC cells after incubated with Py-GSH (5 μM ) for 30 min. 

FL2: 560±15 nm, FL4: 675±15 nm. Ex = 488 nm 
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Figure S14. Co-localization of Py-GSH (5 μM) and organelle specific dyes in SKOV3, 

CAOV3, HOSEpiC. (A) Costaining of Py-GSH (collected at 560-660 nm,) and Hoechst 

33342 (collected at 420-470 nm, Ex = 405 nm) in SKOV3, CAOV3, HOSEpiC; (B) 

costaining of  Py-GSH (collected at 620-690 nm) and mito-tracker green, golgi-tracker green 

and lyso-tracker green (collected at 510-560 nm) in HOSEpiC; (C) costaining of Py-GSH 

(collected at 510-560 nm) and mito-tracker deep red (collected at 655-695 nm) in SKOV3, 

CAOV3; (D) costaining of Py-GSH (collected at 510-540 nm) and golgi-tracker red (collected 

at 590-620 nm) in SKOV3, CAOV3; (E) co-staining of Py-GSH (collected at 510-540 nm) 

and lysotracker red (collected at 590-620 nm) in SKOV3, CAOV3. Cells were incubated with 

Py-GSH for 30 min and then co-stained with 2 μM organelle specific dyes for 10 min. 

Ex=488 nm.  



  

20 

 

 

Figure S15. (A) Fluorescence confocal image of SKOV3 cells incubated with Py-GSH (5 μM) 

30 min under different excitation power. The fluorescence image were separately collected at 

510-560 nm and 620-690 nm, ratio of emission intensity at 510-560 nm to that at 620-690 nm 

was shown. Ex = 488 nm. Scale bar: 30 μm; (B) The effect of excitation power toward the 

average intensity of the collected fluorescence signal at 510-560 nm, 620-690 nm and the 

average ratio value to the imaging areas. 
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Figure S16. (A) Fluorescence confocal image of SKOV3 cells incubated with Py-GSH (5 μM) 

under different exposure time. The fluorescence image were separately collected at 510-560 

nm and 620-690 nm, Ratio of emission intensity at 510-560 nm to that at 620-690 nm was 

shown, Ex = 488 nm. Scale bar: 30 μm; (B) The effect of exposure time toward the average 

intensity of the collected fluorescence signal at 510-560 nm, 620-690 nm and the average 

ratio value to the imaging areas. 
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Figure S17. (A) Fluorescence confocal image of SKOV3 cells incubated with different 

concentration of Py-GSH. The fluorescence image were separately collected at 510-560 nm 

and 620-690 nm, Ratio of emission intensity at 510-560 nm to that at 620-690 nm was shown. 

Ex = 488 nm. Scale bars, 30 μm; (B) The effect of the incubated concentration of Py-GSH 

toward the average intensity of the collected fluorescence signal at 510-560 nm, 620-690 nm 

and the average ratio value to the imaging areas.  
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Figure S18. Fluorescence images of the main internal organs and tumor tissues of tumor-

bearing mice after stain with 10 μM Py-GSH saline for 10 min. In fluorescence imaging, the 

emission channel at 560±15 nm (Green channel) and 650±15 nm (Red channel) were 

collected. In ratiometric imaging, the ratio of emission intensity at 560±15 nm to that at 

650±15 nm was chosen as the detected signal. Ex=490 nm 
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Figure S19. H&E staining specimen of subcutaneous tumor (SKOV3) mice tissues as shown 

in Figure S19. (A) Tumor, (B) heart; (C) liver; (D) spleen; (E) lung; (F) kidney 
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Figure S20. Fluorescence images of the main internal organs from normal mice after stain 

with 10 μM Py-GSH saline for 10 min. In fluorescence imaging, the emission channel at 

560±15 nm (Green channel) and 650±15 nm (Red channel) were collected. In ratiometric 

imaging, the ratio of emission intensity at 560±15 nm to that at 650±15 nm was chosen as the 

detected signal. Ex=490 nm. 
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Figure S21. H&E staining specimen of normal mice tissues as shown in Figure S21. (A) 

Heart; (B) liver; (C) spleen; (D) lung; (E) kidney. 

 

 

Figure S22. Time-dependent photo images of control groups. (A) 10 μM Py-GSH saline for 

60 min, (B) tumor tissue treated with saline for 60 min.  Excitation source, 365 nm lamp 
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Figure S23. Fluorescence imaging and ratiometric fluorescence imaging of different 

concentrations of Py-GSH solutions after the solutions incubated with different concentrations 

of GGT for 30 min (pH 7.4 PBS, 37 ℃). Emission channel at 560±15 nm (Green channel) 

and 650±15 nm (Red channel) were collected. The ratio signal was calculated from the 

emission intensity at 560±15 nm to that at 650±15 nm. 
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Figure S24. (A) Simplified diagram depicting the experimental setup of the concentration and 

tissue interference experiment. (B) Fluorescence imaging and ratiometric fluorescence 

imaging of different concentrations of Py-GSH solutions after the solutions incubated with 

different concentrations of GGT for 30 min (pH 7.4 PBS, 37 
o
C) under the cover of 1 mm 

pork tissue. Emission channel at 560±15 nm (Green channel) and 650±15 nm (Red channel) 

were collected. The ratio signal was calculated from the emission intensity at 560±15 nm to 

that at 650±15 nm. (C) The average emission intensity of different signal collecting channel 

and average ratio value of every well. Ex=490 nm 
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Figure S25.  Fluorescence images of the human tissues after stain with 10 μM Py-GSH saline 

for 10 min. Tumor tissue (A-J), normal tissue (K-M). In fluorescence tissue imaging, the 

emission channel at 560±15 nm (Green channel) and 650±15 nm (Red channel) were 

collected. In ratiometric imaging, the ratio of emission intensity at 560±15 nm to that at 

650±15 nm was chosen as the detected signal. Ex = 490 nm. Scale bar, 2 mm. 
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Table S1. Chemical structure of reported GGT-activatable fluorescence probes and their 

photophysical properties. 
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Table S1. continued 
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Table S1. continued 
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NMR spectra of compounds 
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C NMR of compound Py-GSH 
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