
1 

 

Substituted meso-Vinyl-BODIPY as Thiol-Selective Fluorogenic Probes for 

Sensing Unfolded Proteins in the Endoplasmic Reticulum 

Huiying Mu,a Koji Miki,*a Takuya Kubo,b Koji Otsukab and Kouichi Ohe*a 

a Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University, 

Katsura, Nishikyo-ku, Kyoto 615-8510, Japan, E-mail: kojimiki@scl.kyoto-u.ac.jp; ohe@scl.kyoto-u.ac.jp 

b Department of Material Chemistry, Graduate School of Engineering, Kyoto University, Katsura, 

Nishikyo-ku, Kyoto 615-8510, Japan. 

 

Index 

1. Experimental Section                                                                                                                                       S2 

1.1. Materials and Methods                                                                                                                                  S2 

1.2. Synthesis of vinyl-Bodipy VB, VB1Cl, and VB2Cl                                                                                    S3 

1.3. X-ray crystallographic data                                                                                                                          S4 

1.4. 1H-NMR spectra of probe VB and VB-thiol adduct                                                                                 S5 

1.5. Evaluation of photophysical properties of Vinyl-Bodipy dyes                                                                              S5 

1.6. Reactivity of Vinyl-bodipy dyes towards Cysteine                                                                                    S6 

1.7. Titration assays for VB1Cl with biothiols                                                                                                 S6 

1.8. Determination of the detection limit                                                                                                          S8 

1.9. pH-dependent assay                                                                                                                                      S8 

1.10. Time-dependent assays for VB1Cl and VB1Cl-GSH adduct after HPLC purification                      S8 

1.11. LC-MS/MS analysis of VB1Cl toward Hcy, Cys, and GSH                                                                        S9 

1.12. Theoretical calculation                                                                                                                             S12 

1.13. CD and absorbance spectra of LGB                                                                                                      S12 

1.14. LC-Mass analysis of protein labeling                                                                                                      S12 

1.15. Selectivity of VB2Cl towards different amino acids                                                                             S14 

1.16. Cytotoxicity assay                                                                                                                                    S15 

1.17. Living cell imaging                                                                                                                                    S15 

2. References                                                                                                                                                     S18 

3. NMR spectra                                                                                                                                                  S21 

 

 

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2021

mailto:ohe@scl.kyoto-u.ac.jp


2 

 

 

1. Experimental Section 

1.1. Materials and Methods 

N-chlorosuccinimide, MG132, uranine, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide 

(MTT), glycine, leucine, alanine, valine, lysine, and phosphate buffer solution (pH 7.2, 0.1 M) were 

purchased from Tokyo Chemical Industry (TCI) Co., Ltd. (Japan). Tunicamycin, β-lactoglubulin (LGB), 

and homocysteine (Hcy) were purchased from Aldrich Chemical Co., New York, USA.  Bovine serum 

albumin, N-ethylmaleimide, tyrosine, histidine, serine, threonine, methionine, glutamine, glutamic acid, 

cysteine, glutathione (GSH, reduced), chloroform (CHCl3), potassium hydroxide (KOH), N,N-

dimethylformamide (DMF), THF, acetone, urea, ethanol (EtOH), and methanol (MeOH) were purchased 

from nacalai tesque (Japan). Dulbecco’s modified Eagle’s medium (DMEM) with/without phenol red, 

dimethylsulfoxide (DMSO), toluene, and acetonitrile (CH3CN) were purchased from Wako Pure Chemicals 

Inc. (Japan).  Dichloromethane (CH2Cl2) was purchased from Kishida Chemical Co., Ltd. (Japan).  

LysoTracker™ Deep Red, ER-TrackerTM Red, MitoTrackerTM Deep Red were purchased from Thermo 

Fisher Scientific, Inc. USA. Silica gel (SiO2, 230–400 mesh) for column chromatography was purchased 

from Silicycle (Canada).  Buffered aqueous solutions (pH 2.5–5.8) were prepared by dissolving citric acid 

and sodium dihydrogenphosphate (NaH2PO4) in water (MilliQ). Buffered aqueous solutions (pH ~7.4) were 

prepared by dissolving NaH2PO4 and disodium hydrogenphosphate (Na2HPO4) in water (MilliQ). Buffered 

aqueous solutions (pH 9.2–11.5) were prepared by dissolving sodium bicarbonate (NaHCO3) and sodium 

carbonate (Na2CO3) in water (MilliQ). All buffered aqueous solutions were stored in refrigerator and used 

within one week. 

UV-vis absorption spectra of dyes were measured by UV-vis-NIR spectrophotometer (UH5300, Hitachi 

High-Technologies Co., Japan). The sample solutions were prepared by mixing a solution of dyes (5.0 × 

10–6 M) in DMSO (5 μL, 3 × 10–3 M) with different concentration of biothiols in MeCN/PBS (pH 7.2, 

v/v=1/1, 3 mL) or deoxygenated buffered aqueous solution (pH 7.2, 3 mL) for 1 h incubation.  

Emission spectra of dyes were measured by fluorescence spectrophotometer (RF-6000, Shimadzu Co., 

Japan). The sample solutions were prepared in the same manner shown in the method of UV-vis absorption 

measurement. 

High resolution mass spectra were measured by EXACTIVE (ESI, Thermo Fisher Scientific Inc., USA). 

Confocal microscopy was performed on LSM 710 (Carl Zeiss, Germany). Circular dichroism (CD) spectra 

were measured by circular dichroism spectrometer (JASCO J-820, JASCO Co., Japan). 
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1.2. Synthesis of Vinyl-Bodipy derivatives VB, VB1Cl, and VB2Cl 

 

Scheme S1. Synthesis of VB, VB1Cl, and VB2Cl. 

 

Synthesis of VB. Firstly, compound B-1 was prepared by following the procedure in reported work.1  The 

solution of compound B-1 (70 mg, 0.15 mmol) in 3 mL mixture solvent (CH3CN/H2O, v/v = 3/1) was 

placed in a round-bottomed flask and stirred at 0 °C. Then the aqueous solution of KOH (1 M, 2 eq) was 

added dropwise. After that the contents were stirred at room temperature and the reaction was monitored 

by TLC plate (CH2Cl2/MeOH=100/1). The solid was precipitated with time passing, the product VB was 

obtained by filtration as orange-red solid (40 mg, 0.15 mmol, 96%). 

Synthesis of VB1Cl and VB2Cl. To a stirred solution of compound VB (22 mg, 78 μmol) in dry THF (4 

mL) at –78 °C under N2 atmosphere was added dropwise a solution of N-chlorosuccinimide (31 mg, 0.24 

mmol, 3 eq.) in THF (2 mL) through a syringe pump over 30 min. The resulting mixture was slowly heated 

to 50 °C until starting material totally consumed and the ending point was confirmed by TLC 

(hexane/CH2Cl2 = 1/1). After solvents were removed under reduced pressure, the residue was diluted into 

CH2Cl2 and washed with brine, dried over anhydrous MgSO4. The crude product was purified by column 

chromatography on silica gel using hexane/MeOH as the mobile phase to afford VB1Cl (12 mg, 39 μmol, 

51%) and VB2Cl (13 mg, 38 μmol, 48%). 

VB1Cl 1H NMR (400 MHz, CDCl3) δ: 6.72 (q, J = 12 Hz, 1H), 6.01 (s, 1H), 5.67 (d, J = 12 Hz, 1H), 

5.53 (d, J = 12 Hz, 1H), 2.47 (s, 6H), 2.18 (s, 6H). 13C NMR (400 MHz, CDCl3) δ: 157.7, 149.9, 144.3, 

141.0, 135.8, 131.2, 129.2, 126.7, 124.6, 122.3, 121.8, 17.4, 14.8, 12.5. TOF MS: m/z calcd for 

C15H15BClF2N2
– [M–H]– 307.0990, found: 307.0991. 
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VB2Cl 1H NMR (400 MHz, CDCl3) δ: 6.81 (q, J = 12 Hz, 1H), 5.78 (d, J = 12 Hz, 1H), 5.61 (d, J = 12 

Hz, 1H), 2.55 (s, 6H), 2.24 (s, 6H). 13C NMR (400 MHz, CDCl3) δ: 152.0, 141.1, 137.1, 130.7, 128.9, 124.9, 

122.5, 14.7, 12.4. TOF MS: m/z calcd for C15H14BCl2F2N2
– [M–H]– 341.0601, found: 341.0598. 

1.3. X-ray crystallographic data 

Single crystals of VB1Cl were obtained from recrystallization in CH2Cl2/hexane mixture at 25 °C. Intensity 

data were collected on a RIGAKU Saturn 724 HG CCD system with VariMax Mo Optic using MoKα radiation.  

Crystal data are summarized in Table S1.  The structures were solved by a direct method and refined by a full-

matrix least square method on F2 for all reflections.  All hydrogen atoms were placed at positions with high 

electron density, while all other atoms were refined anisotropically.  The occupancies of Cl1 and Cl2 atoms are 

0.80 and 0.20, respectively.  The electron density 

nearby Cl1 atom which is suitable for a hydrogen 

atom was not found due to large electron density of 

Cl1 atom.  Since the electron density of Cl2 atom 

(occupancy: 0.20) is still large, the position of the 

hydrogen atom H13 on BODIPY core was not 

properly assigned.  Therefore, the bond length 

(0.66(2)) between C8 and H13 was shorter than 

normal C–H bond (Alert A).  The occupancy of H13 

atom was set to 1.0 and refined.  Supplementary 

crystallographic data were deposited at the 

Cambridge Crystallographic Data Centre (CCDC) 

under the number CCDC-2034710 and can be 

obtained free of charge from web site: 

www.ccdc.cam.ac.uk/data_request/cif. The molecular structure was visualized by Mercury provided from 

CCDC. 

Table S1. Crystallographic data for VB1Cl. 

empirical formula C15H16N2BClF2 Dcalc (g·cm–3) 1.417 

formula weight 308.56 μ (cm–1) 2.788 

temperature (°C) –130.0 2θ(°) 55.0 

crystal color orange reflections collected 5879 

crystal size (mm) 0.300.100.05 independent reflections 3162 

crystal system triclinic Rint 0.0370 

space group P-1 (#2) No. of variables 263 

a (Å) 8.337(8) reflection/parameter ratio 12.02 

b (Å) 8.954(9) goodness of fit 1.000 

c (Å) 10.867(11) R1 [I>2σ(I)] 0.0410 

α (˚) 109.950(10) R1 (all data) 0.0645 

 

Figure S1. Thermal ellipsoid drawing (50% probability 

level) of VB1Cl. C4–C5–C14–C15 = 111.11°. 
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β (˚) 102.666(11) wR2 (all data) 0.0785 

γ (˚) 98.075(6) maximum peak in final 

diff. map (e·Å3) 

0.38 

V (Å3) 723.2(12) minimum peak in final 

diff. map (e·Å3) 

–0.31 

Z 2   

 

1.4. Evaluation of photophysical properties of probes VBs  

The relative fluorescence quantum yields of probes and corresponding product were determined by 

fluorescence spectrophotometer (RF-6000, Shimadzu Co., Japan) according to their absorbance intensity. 

We chose uranine as standard, which has a fluorescence quantum yield of 0.97 in ethanol.2 The cLogP was 

estimated by ChemDraw software (PerkinElmer Informatics, Inc., USA). 

Table S2. Photophysical properties of compounds determined in EtOH at 25 °C. 

 

 

1.5. 1H-NMR spectra of probe VB and VB-thiol adduct 

 

Figure S2. (a) Addition reaction of VB with ethanethiol. 1H NMR spectra of (b) VB and (c) VB-thiol 

adduct in CDCl3. 

αα ββ

βα

(c)

VB-thiol adduct TOF MS: m/z calcd for C17H24BF2N2S[M+H]+

337.1716, found: 337.1714.

(a)

βα

(b)
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1.6. Reactivity of probe VBs towards Cysteine (Cys) 

 

Figure S3. Fluorescence spectra of (a) VB, (b) VB1Cl, and (c) VB2Cl (5 μM) in absence and presence of 

Cys (1 mM) in PBS/MeCN (1/1) solution after 1 h incubation. λex = 480 nm. 

 

1.7. Titration assays for VB1Cl with biothiols 

The sample solutions were prepared by mixing dye VB1Cl (5 μM) with different concentration of 

biothiols (Cys, GSH and Hcy) in PBS/MeCN (pH 7.2, 0.1 M, v/v=1/1) solution and incubated at room 

temperature for 1 h. Excitation wavelength: 480 nm.The UV-vis absorption and fluorescence spectra were 

summarized as below. The reaction adducts of each solution were confirmed by HR-MS spectra. VB1Cl-

Hcy: TOF MS: m/z calcd for C19H25BClF2N3O2S+ [M+Na]+ 466.1309, found: 466.1485. VB1Cl-Cys: TOF 

MS: m/z calcd for C18H23BClF2N3O2SNa+ [M+Na]+ 452.1153, found: 452.1155. VB1Cl-GSH: TOF MS: 

m/z calcd for C25H33BClF2N5O6S– [M–H]– 614.1828, found: 614.1828. 

 

Figure S4. (a) Fluorescence spectra of VB1Cl (5 μM) in absence or presence of Cysteine (Cys, 0–1 mM) 

in MeCN/PBS (1/1) after 1 h incubation. (b) fluorescence intensity of VB1Cl at 525 nm vs Cys (0–25 mM). 

0

1

2

3

4

5

6

490 540 590 640 690 740 790

Fl
u

o
re

sc
e

n
ce

x 
1

0
0

0
0

Wavelength (nm)

VB1Cl

VB1Cl+Cys

0

0.2

0.4

0.6

0.8

1

490 540 590 640 690 740 790

Fl
u

o
re

sc
e

n
ce

x 
1

0
0

0
0

Wavelength (nm)

VB

VB+Cys

0

2

4

6

8

10

12

490 540 590 640 690 740 790

Fl
u

o
re

sc
e

n
ce

x 
1

0
0

0
0

Wavelength (nm)

VB2Cl

VB2Cl+Cys

2-fold enhancement
232-fold enhancement

41-fold enhancement

(a) (b)

(c)

0

50000

100000

150000

200000

250000

300000

350000

400000

0 5000 10000 15000 20000 25000 30000

Fl
u

o
re

sc
e

n
ce

 in
te

n
si

ty
 a

t 
5

2
5

 n
m

Concentration of Cys (µM)

0

10000

20000

30000

40000

50000

60000

490 540 590 640 690 740 790

Fl
u

o
re

sc
e

n
ce

 in
te

n
si

ty

Wavelength (nm)

0 2 μM

5 μM 10 μM

25 μM 50 μM

75 μM 100 μM

250 μM 500 μM

1 mM

(a) (b)



7 

 

 

Figure S5. (a) UV-vis absorbance and (b) fluorescence spectra of VB1Cl (5 μM) in absence or presence of 

Hcy (0–1 mM) in MeCN/PBS (1/1) after 1 h incubation. (c) fluorescence intensity of VB1Cl at 525 nm vs 

Hcy (0–25 mM). (d) Calibration curve of fluorescence intensity at 525 nm vs Hcy (0–100 μM).  

 

 

Figure S6. (a) UV-vis absorbance and fluorescence spectra of VB1Cl (5 μM) in absence or presence of 

GSH (0–1 mM) in MeCN/PBS (1/1) after 1 h incubation. (c) fluorescence intensity of VB1Cl at 525 nm vs 

Hcy (0–25 mM). (d) Calibration curve of fluorescence intensity at 525 nm vs GSH (0–100 μM). 

0

50000

100000

150000

200000

250000

300000

350000

0 5000 10000 15000 20000 25000 30000

Fl
u

o
re

sc
e

n
ce

 in
te

n
si

ty
 a

t 
5

2
5

 n
m

Concentration of Hcy (µM)

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

490 540 590 640 690 740 790

Fl
u

o
re

sc
e

n
ce

 

Wavelength (nm)

0 0.5 μM

1 μM 2 μM

5 μM 10 μM

25 μM 50 μM

75 μM 100 μM

250 μM 500 μM

1 mM

0

0.1

0.2

0.3

400 450 500 550 600 650 700

A
b

so
rb

an
ce

Wavelength (nm)

0 0.5 µM

1 µM 2 µM

5 µM 10 µM

25 µM 50 µM

75 µM 100 µM

250 µM 500 µM

1 mM

(a) (b)

(c) (d)

y = 25.48x + 246.85
R² = 0.9984

0

500

1000

1500

2000

2500

3000

0 20 40 60 80 100 120

Fl
u

o
re

sc
e

n
ce

 in
te

n
si

ty
 a

t 
5

2
5

 n
m

Concentration of Hcy (μM)

y = 15.193x + 336.12
R² = 0.9978

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 20 40 60 80 100 120

Fl
u

o
re

sc
e

n
ce

 in
te

n
si

ty
 a

t 
5

2
5

 n
m

Concentration of GSH (µM)

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

0 5000 10000 15000 20000 25000

Fl
u

o
re

sc
e

n
ce

 in
te

n
si

ty
 a

t 
5

2
5

 n
m

Concentration of GSH (µM)

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

490 540 590 640 690 740 790

Fl
u

o
re

sc
e

n
ce

Wavelength (nm)

0 1 μM

2 μM 5 μM

10 μM 25 μM

50 μM 75 μM

100 μM 250 μM

500 μM 1 mM

0

0.1

0.2

0.3

400 450 500 550 600 650 700

A
b

so
rb

an
ce

Wavelength (nm)

0 1 μM

2 μM 5 μM

10 μM 25 μM

50 μM 75 μM

100 μM 250 μM

500 μM 1 mM

(a) (b)

(c) (d)



8 

 

1.8. Determination of the detection limit 

The detection limit was calculated based on the fluorescence titration curve of VB1Cl in the presence of 

Cys, Hcy, GSH (0–100 μM, Figures 2d, S5d, and S6d), and unfolded protein (LGB, 0–250 μM, Figure 3c). 

The fluorescence intensity of VB1Cl was measured by three times and the standard deviation of blank 

measurement was achieved. The detection limit was calculated by using detection limit was calculated with 

the following equation:  

Detection limit = 3σ/k;  

Where σ is the standard deviation of the blank measurement, k is the slope between the fluorescence 

ratios versus thiols’ concentration. 

The detection limit of VB1Cl towards Cys, Hcy, GSH and unfolded protein LGB was calculated as 0.97, 

1.86, 3.14 μM,and 0.56 mg/L respectively. 

 

1.9. pH-dependent assay 

 

Figure S7.  pH-dependent fluorescence intensity at 525 nm of VB1Cl (5 μM) towards (a) Cys and (b) Lys 

(1 mM) in MeCN/PBS (1/1, 0.1 M) solution. Incubation time: 1 h. (c) Time-dependent fluorescence of 

VB1Cl (5 μM) in absence and presence of Lys (1 mM) in MeCN/PBS (1/1, 0.1 M, pH 9.8) solution. λex = 

480 nm.  

 

1.10. Time-dependent assays for VB1Cl and VB1Cl-GSH adduct after HPLC purification 

HPLC analytical experiment was performed to isolate the VB1Cl-GSH adduct by instrument equipped with 

HPLC column oven, UV detector (GL-7450, GL Sciences Inc., Japan), and YMC-Triart Phenyl column (250 

× 4.6 mm, 5 μm) (YMC Co., Ltd, Japan). The mobile phase consisted of water (phase A) and acetonitrile 

(phase B). The gradient program was set as follows: 0–10 min, 100% B; 10–35 min, 0% B. The flow rate 

was 1.0 mL/min with a pump (GL-7410, GL Sciences Inc., Japan) with UV detector at 250 nm.  
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Figure S8. (a) UV–vis trace of HPLC chromatogram for isolation of VB1Cl and VB1Cl-GSH adduct. The 

retention time for VB1Cl, VB1Cl-GSH adduct was assigned as 24.2 min and 12.8 min, respectively. (b) Time-

dependent fluorescence at 525 nm of VB1Cl and VB1Cl-GSH adduct (1 μM) in MeCN/PBS (1/1, 0.1 M, 

pH = 9.8) solution. λex = 480 nm.  

 

1.11. LC-MS/MS analysis of VB1Cl toward Hcy, Cys, and GSH 
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Figure S9. HPLC-MS analysis of reaction adduct VB1Cl with (a) Hcy, (b) Cys, and (c) GSH. 
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1.12. Theoretical calculation 

The density function theory (DFT) calculations were performed for VB1Cl and adduct VB1Cl+Cys at 

the B3LYP/6-31G (d) level (for the ground state) and CAM-B3LYP/6-31G(d) level (for the excited state) 

by using Gaussian 16 package.3 Cartesian coordinates of all compounds are shown at the end of the SI. 

 

Figure S10. Calculation energy diagrams of (a) VB1Cl and (b) VB1Cl+Cys adduct at B3LYP/6-31G(d) 

level. The optimized geometries of Ground state (left) and excited state (right) are shown.  

 

1.13. CD and absorbance spectra of LGB 

 

Figure S11. (a) Typical near-UV circular dichroism (CD) and (b) absorbance spectra of β-lactoglobulin 

(250 μM) treated with different concentration of urea (0–6 M). 

 

1.14. LC-Mass analysis of protein labeling 

Protein mass spectrometry was obtained on Quadrupole Time of Flight Liquid Chromatography Mass 

Spectrometer (Q-TOF LCMS-9030, Shimadzu Industrial System Co., Ltd., Japan) with an Triart Bio C4 

column (150 * 2.1 mm I.D., 3μm, 30 nm, YMC Co., Ltd., JAPAN) at 40 °C. The mobile phase consisted 
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of 10 mM NH4HCO3 aqueous solution (pH 7.8) (phase A) and acetonitrile (phase B). The gradient program 

was set as follows: 0–1 min, 20% B; 25–27 min, 100% B; 29–32 min, 20% B. The flow rate was 0.3 mL/min 

with a pump (LC-40B, Shimadzu Industrial System Co., Ltd., Japan). Injection volume was 10 μL. 

Detection was performed on a triple quadrupole mass spectrometer (LCMS-9030, Shimadzu Industrial 

System Co., Ltd., Japan) with an electrospray ionization (ESI) source. Mass range was set at 100-3000 m/z. 

Workstation of measurement was carried out in LabSolutions LCMS Ver. 5.99 SP2. The sample solutions 

were prepared by mixing unfolded LGB (100 μM) with/without dye VB1Cl (150 μM) in PBS solution (pH 

7.2, 0.1 M). 
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Deconvolution results

LGB

LGB
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Figure S12. Mass spectrometry on unfolded protein β-lactoglobulin (LGB) with/without VB1Cl labelling. 

(a) LGB only, found 18361.53516. (b) VB1Cl-LGB conjugate, found 18670.64453 (one VB1Cl adduct), 

VB1Cl was found at 309.1135.  

1.15. Selectivity of VB2Cl towards different amino acids 

 

Figure S13. Fluorescence spectra and quantified intensity of VB2Cl (5 μM) at 543 nm upon addition of 

varied analytes (1 mM) after incubated for 1 h in MeCN/PBS (pH 7.2, v/v=1/1). Excitation wavelength is 

480 nm. 
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1.16. Cytotoxicity Assay (MTT Assay) 

HeLa human cancer cells were cultured at 37 ˚C and 5% CO2 in DMEM supplemented with 10% fetal 

bovine serum (FBS), 500 units Penicillin and 500 µg Streptomycin. Measurement of cell viability was 

evaluated by reducing of MTT to formazan crystals using mitochondrial dehydrogenases.  The cytotoxicity 

assays were performed in 96-well plates with a seeding density of 1 × 104 cells per well. After 24 h of cell 

attachment at 37 ˚C in 5% CO2 before adding test substances. The plate was washed with 100 µL/well PBS. 

Then the cells were cultured in medium with 0.01, 0.1, 1, 10 µM of probe VB1Cl or VB2Cl for 24 h. Cells 

in culture medium without probe were used as the control. Six replicate wells were used for each control 

and test concentration. 100 µL of MTT (0.5 mg/mL) prepared in medium was added to each well and the 

plates were incubated at 37 °C for another 4 h in a 5% CO2 humidified incubator. Wells without cell were 

used as the blank. The medium was carefully removed and washed with PBS, and the purple crystals were 

lysed in 200 µL DMSO. Absorbance at 550 nm was measured with micro-plate spectrophotometer (800TS, 

Biotek).  Cell viability was calculated using the following equation:   

Cell viability (%) = (Atest-Ablank)/(Acontrol-Ablank) × 100 

 

Figure S14. Cytotoxicity assays of (a)VB1Cl and (b) VB2Cl at 0, 0.01, 0.1, 1, 10, and 100 μM against 

HeLa cells for 24 h. 

 

1.17. Living cell imaging 

HeLa Cells (1 × 105 cells) were seeded in high μ-35 mm dish (ibidi)  and incubated for 24 h at 37 °C 

under 5% CO2. VB1Cl or VB2Cl (5 μM) was added to the dishes after washed with DMEM without phenol 

red (1 mL × 2) and cells were further incubated for 1 h at 37 °C under 5% CO2, followed by washing thrice 
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N-ethylmaleimide (NEM, 2 mM) for 30 min, and then treated with VB1Cl or VB2Cl (5 μM) for 1 h, 

followed by washing thrice with phosphate-buffered saline (PBS). The fluorescence imaging was 

performed with LSM 700 inverted fluorescence microscope with 63× objective lens. Under the confocal 

fluorescence microscope, VB1Cl and VB2Cl was excited at 488 nm and emission was collected at 490–

540 nm and 490–550 nm. For the colocalization experiments, the cells were treated with MitoTracker Deep 

Red (200 nM) or LysoTracker Deep Red (50 nM) or ER-Tracker Red (1 μM) for 15 mim. The intracellular 

localization of these reagents was analyzed by CLSM. For fixation assays,4 labeled HeLa cells were washed 

with phosphate-buffered saline (PBS (–)), and fixed with methanol at –20 °C for 15 min. Methanol was 

replaced with PBS (–), and the intracellular localization of these reagents was analyzed by confocal imaging. 

For visualization of stress-induced unfolded proteins, HeLa cells were pretreated with tunicamycin (5 

μg/mL for 8 h) or MG132 (0.5 μg/mL for 4 h) at 37 °C under 5% CO2, followed by staining with VB1Cl 

(5 μM) for 1 h, then labelled cells for confocal imaging after fixation by cold methanol. The fluorescence 

intensities were extracted from seven POIs in each image. Statistical analyses were performed with a t-test 

(n = 5) relative to the data of no stress-treated cells. Conditions: for VB1Cl, λex= 488 nm, λem = 490–540 

nm. For LysoTracker Deep Red, λex= 633 nm, λem = 640–720 nm. For ER-Tracker Red, λex= 561 nm, λem = 

565–640 nm. For Mito-Tracker Deep Red, λex= 633 nm, λem = 640–760 nm. 

 

Figure S15. Confocal images in living HeLa cells. HeLa cells were pretreated with or without NEM (N-

ethylmaleimide, 2 mM) for 30 min, then washed with DMEM and treated with probe VB2Cl (5 µM) for 1 h. 

After washed with DMEM for 2 times, fluorescence images were acquired by confocal microscopy. Green 

channel: 490–550 nm. λex = 488 nm. Scale bar: 20 µm. 

Green channel Bright field Merged

VB2Cl only

NEM+VB2Cl
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Figure S16. Representative confocal merged images of living HeLa cells treated with 5 µM of VB1Cl for 1 h 

and MitoTracker Deep Red (200 nM) for 15 min. Conditions: for VB1Cl, λex= 488 nm, λem = 490–540 nm. 

For Mito-Tracker Deep Red, λex= 633 nm, λem = 640–710 nm. 

 

 

Figure S17. Confocal microscopy images of HeLa cells incubated with probe VB1Cl or B-2 (5 µM) for 90 min, 

then fixation of cells by MeOH for 15 min. Excitation at 488 nm. 
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<Cartesian coordinates for optimized geometry of VB1Cl and VB1Cl-Cys> 

The ground state of VB1Cl optimized at the 

B3LYP/6-31G(d) level 

C,0,-1.2616772914,0.3948846654,-0.0047202796 

 C,0,-2.6071271781,0.888619848,-0.0762485025 

 C,0,-3.4303093052,-0.2262418953,0.0256180986 

 C,0,-2.617065112,-1.3721859789,0.1414983142 

 N,0,-1.323369546,-0.9947057684,0.1267956349 

 C,0,1.1870811081,0.3432753898,0.058807678 

 N,0,1.1657542347,-1.0540376361,0.1302243725 

 C,0,2.4229827512,-1.513619012,0.2634108202 

 C,0,3.2858056356,-0.3972237236,0.3026559667 

 C,0,2.5471185426,0.7777311525,0.1889960326 

 C,0,-0.023237564,1.0578465961,-0.0633209196 

 C,0,-0.0181106428,2.5257502759,-0.2706192043 

 C,0,0.5250523173,3.1279237149,-1.3317027332 

 B,0,-0.1062872149,-1.9630107425,0.1181785705 

 F,0,-0.1237919562,-2.7472887062,-1.0314993637 

 F,0,-0.1203295928,-2.7596103297,1.2582857069 

 C,0,-3.092328576,2.300171515,-0.2241663017 

 C,0,-3.0383285738,-2.8008012709,0.2527603059 

 C,0,3.1281224971,2.1576009176,0.2719091901 

 C,0,2.7606865176,-2.9630946514,0.3592753831 

 Cl,0,5.0136140384,-0.5060336626,0.4895107159 

 H,0,-4.5128466549,-0.2284320436,0.0148874799 

 H,0,-0.5443685841,3.1235555578,0.4711861129 

 H,0,0.4747657063,4.2063290649,-1.4536672687 

 H,0,1.0253103447,2.5653101012,-2.1152404879 

 H,0,-2.8626966252,2.9127482456,0.6576529442 

 H,0,-2.6448125206,2.8021252257,-1.0885352759 

 H,0,-4.1792352227,2.3083481772,-0.3510220283 

 H,0,-2.655798629,-3.246091621,1.1770297554 

 H,0,-4.1281389695,-2.8811641272,0.2377375043 

 H,0,-2.6233645623,-3.3872507183,-0.5742788498 

 H,0,4.1061653785,2.1129150078,0.7593130213 
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 H,0,3.275435618,2.6050301879,-0.7181046338 

 H,0,2.4884965335,2.8378404407,0.8388412159 

 H,0,2.2652299469,-3.5206869594,-0.4412034386 

 H,0,3.8406554997,-3.108574158,0.2926063753 

 H,0,2.4009516511,-3.3779520786,1.3071470882 

 

 

The excited state of VB1Cl optimized at the CAM-

B3LYP/6-31G(d) level 

C,0,-1.1876647275,0.5332995181,-0.1625901279 

 C,0,-2.4170720061,1.0017282544,0.329467263 

 C,0,-3.1340562979,-0.1315033928,0.7145047149 

 C,0,-2.3557281063,-1.2648278802,0.4467964622 

 N,0,-1.1730661599,-0.8706698755,-0.0661078207 

 C,0,1.1133295989,0.3712764559,-0.2467400958 

 N,0,1.2737483189,-0.9524688993,-0.580685641 

 C,0,2.3350709916,-1.4283371831,0.0985426662 

 C,0,2.8901359462,-0.3527829916,0.8588099237 

 C,0,2.0755326165,0.7510040146,0.7340954469 

 C,0,-0.0435467289,1.116528645,-0.7701150965 

 C,0,0.0238688914,2.0336877486,-1.8342531105 

 C,0,1.1700658017,2.5188216523,-2.3800282695 

 B,0,-0.1210850454,-1.7321153538,-0.8403137443 

 F,0,-0.3915968031,-1.7798107966,-2.1783587528 

 F,0,-0.0122160207,-2.9821693336,-0.2677068185 

 C,0,-2.8304541142,2.4350860115,0.4349389059 

 C,0,-2.7315502326,-2.6966152105,0.6404040249 

 C,0,2.2060873468,2.1058684099,1.3320933239 

 C,0,2.7637220756,-2.8440012318,0.0904515925 

 Cl,0,4.3348874027,-0.4700287881,1.7844739852 

 H,0,-4.1245624124,-0.1519291942,1.1508197887 

 H,0,-0.931447851,2.3685533979,-2.2325037807 

 H,0,1.1442804005,3.1784738012,-3.2385997993 

 H,0,2.1485980641,2.2486854799,-1.9997796975 

 H,0,-1.9735989335,3.1016959942,0.3038070993 

 H,0,-3.5716616979,2.696317191,-0.3290717932 

 H,0,-3.2824382744,2.6495278264,1.4083959738 

 H,0,-2.0281088134,-3.2089530574,1.3011121408 

 H,0,-3.7321746885,-2.7611422562,1.073347452 

 H,0,-2.7307169979,-3.2417202237,-0.3083946693 

 H,0,2.8363454538,2.0818540312,2.2232814125 

 H,0,2.6509889218,2.8116538224,0.6211345324 

 H,0,1.2208024398,2.4983990589,1.599430054 

 H,0,2.5969238599,-3.2948213855,-0.8884225136 

 H,0,3.8169746982,-2.9218444837,0.3658816723 

 H,0,2.1713870833,-3.4167187756,0.8118822957 

 

 

The ground state of VB1Cl-Cys adduct optimized 

at the B3LYP/6-31G(d) level 

C,0,1.1594736821,0.366609238,-0.0739773752 

 C,0,2.5187065337,0.8358976256,0.0035270038 

 C,0,3.304516428,-0.2921528291,0.2002666233 

 C,0,2.464650459,-1.4231724664,0.2415490562 

 N,0,1.190042936,-1.0253974099,0.0756729358 

 C,0,-1.2787869305,0.3194268319,-0.3244321374 

 N,0,-1.2828227822,-1.071510146,-0.1804486442 

 C,0,-2.5423799709,-1.5326583029,-0.2787850388 

 C,0,-3.3876100686,-0.424148666,-0.4958143841 

 C,0,-2.6338252311,0.7467728428,-0.5296942446 

 C,0,-0.0634944336,1.0347478777,-0.2618345817 

 C,0,-0.0815926418,2.5452663487,-0.3366151913 

 C,0,-0.2386866793,3.1657349511,1.0647852269 

 B,0,-0.0389877268,-1.9766353727,0.0770391089 

 F,0,-0.1571714053,-2.6058250876,1.3136447939 

 F,0,0.0813396306,-2.9157218871,-0.9428128921 

 C,0,3.0832078851,2.2226328603,-0.1162777311 

 C,0,2.8446941635,-2.8537215905,0.4352143774 

 C,0,-3.2070281768,2.1131007433,-0.7619821996 

 C,0,-2.8954375004,-2.9764010119,-0.1665338661 

 Cl,0,-5.1136236341,-0.5413851145,-0.6926897058 

 H,0,4.3812771509,-0.3112469266,0.3025799594 

 H,0,0.8371040943,2.9111637004,-0.7922340531 

 H,0,-2.2425046489,8.2355734116,2.419937577 

 H,0,0.5850809974,2.8494751976,1.711829896 

 H,0,2.9359378543,2.6444602455,-1.1176097671 

 H,0,2.6509548234,2.92864023,0.5995743342 

 H,0,4.1609242339,2.1932222633,0.0639877191 

 H,0,2.524366897,-3.4532809746,-0.4220189272 

 H,0,3.9246551079,-2.9496935673,0.5615622592 

 H,0,2.3385966824,-3.2667126525,1.3130967255 

 H,0,-4.296787591,2.0524398916,-0.7844491089 

 H,0,-2.9331093285,2.8290603077,0.018049552 

 H,0,-2.8868686097,2.5333970861,-1.7225990259 

 H,0,-2.5240878616,-3.3812645653,0.7792018427 

 H,0,-3.9758320623,-3.1116044457,-0.2240819547 

 H,0,-2.4133318417,-3.5467865289,-0.9660500282 

 H,0,-0.8957451652,2.8840463056,-0.9752109738 

 H,0,-1.1736915433,2.8328109248,1.5255439593 

 H,0,2.1742264491,8.1298115025,2.5954562391 
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 O,0,1.5248613333,7.510118863,2.9694977938 

 C,0,0.3357215709,7.8074186798,2.3936941658 

 C,0,-0.7945050371,6.9032557853,2.9088010331 

 N,0,-2.1004460048,7.2297471337,2.3641366375 

 O,0,0.1940846525,8.7093575471,1.5994991886 

 C,0,-0.4666722392,5.4133798609,2.715315907 

 S,0,-0.2455348913,4.9970503111,0.9322651774 

 H,0,-0.8223153962,7.0630075731,3.9964665925 

 H,0,-2.1133175124,7.0067295169,1.3706753603 

 H,0,0.4467245789,5.1605312662,3.2578021942 

 H,0,-1.3029512503,4.8294325662,3.1084786162 

 

 

The excited state of VB1Cl-Cys adduct optimized 

at the CAM-B3LYP/6-31G(d) level 

C,0,1.1491219969,0.3858286401,-0.0861654734 

 C,0,2.5111607835,0.8505170254,-0.0005371899 

 C,0,3.2839035624,-0.2776546594,0.2107650488 

 C,0,2.4424720148,-1.4089933661,0.2523943547 

 N,0,1.1724485296,-1.0083774106,0.0739068779 

 C,0,-1.2805673511,0.3324326195,-0.3396711683 

 N,0,-1.265675959,-1.0671562788,-0.1841137689 

 C,0,-2.5147522041,-1.5409167291,-0.273548762 

 C,0,-3.3716966722,-0.4372356696,-0.493035322 

 C,0,-2.6338113298,0.7424618892,-0.5397304971 

 C,0,-0.0691219425,1.0764404519,-0.2859098841 

 C,0,-0.0943466321,2.5765030233,-0.3438722018 

 C,0,-0.2557673721,3.1853920174,1.0558075159 

 B,0,-0.0329943612,-1.9604946042,0.0704756124 

 F,0,-0.1526965606,-2.6046155977,1.2975077083 

 F,0,0.0918501338,-2.9027655478,-0.9445196051 

 C,0,3.0659627674,2.2350653359,-0.1320177271 

 C,0,2.8043580688,-2.83359539,0.4556154686 

 C,0,-3.2111709084,2.1012857855,-0.7814097306 

 C,0,-2.8452173279,-2.9801100588,-0.1491087942 

 Cl,0,-5.0772326359,-0.5743815723,-0.6739466053 

 H,0,4.3601760915,-0.302023447,0.323741895 

 H,0,0.8221654123,2.9555144005,-0.7953191185 

 H,0,-2.1875877687,8.2566200016,2.4236631578 

 H,0,0.5696045328,2.866043506,1.6997073909 

 H,0,2.9460830237,2.6389968178,-1.1443817828 

 H,0,2.6104354198,2.952815312,0.5582728197 

 H,0,4.1383111459,2.2160345752,0.0797534963 

 H,0,2.473751354,-3.4373283281,-0.3970623103 

 H,0,3.882181845,-2.9451589721,0.5861919273 

 H,0,2.2853664053,-3.2378184226,1.3322773293 

 H,0,-4.3013633494,2.0409096632,-0.7721468142 

 H,0,-2.9181134035,2.8317116038,-0.0214823609 

 H,0,-2.9197165101,2.5065866946,-1.7572303625 

 H,0,-2.4947708714,-3.3634121637,0.8154344157 

 H,0,-3.9195913214,-3.14155643,-0.2413659491 

 H,0,-2.3171732799,-3.5553667001,-0.9172741387 

 H,0,-0.9078211828,2.922070577,-0.9814618761 

 H,0,-1.1870202346,2.8372501139,1.5135326511 

 H,0,2.2077634189,8.0236922817,2.5721849124 

 O,0,1.5450675647,7.4189093739,2.9510821745 

 C,0,0.3619288062,7.758329359,2.4044219184 

 C,0,-0.7813610214,6.8865653904,2.9198512854 

 N,0,-2.0726193656,7.2475480448,2.3757676404 

 O,0,0.2371813303,8.6718398422,1.6279966297 

 C,0,-0.4896998152,5.3979047152,2.7130958908 

 S,0,-0.2765139822,5.002360119,0.9415198942 

 H,0,-0.8067894261,7.0432790759,4.0064129486 

 H,0,-2.1007426576,7.0121972717,1.3861576632 

 H,0,0.4151048755,5.1194856634,3.2569373266 

 H,0,-1.3384636566,4.8313701013,3.103835514 
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3. NMR spectra 

1H NMR of VB1Cl (CDCl3) 

 

13C NMR of VB1Cl (CDCl3) 
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1H NMR of VB2Cl (CDCl3) 

 

13C NMR of VB2Cl (CDCl3) 

 


