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1. Experimental procedures and calculations 

Sample Preparation for Biomolecules Screening: 

Different analytes such as amino acids, cations, anions, reactive sulfur species (RSS), reactive 

oxygen species (ROS), and other relevant species were added to the PBS buffer solution and 

sonicated for a short time for dissolving the analytes to get the stock solution. For various 

anions and cations, the tetrabutylammonium salts and nitrate salts were used, respectively. 

 

Cell line and cell culture conditions: 

For in vitro experiments Human hepatocellular carcinoma cell lines (HepG2) was used. 

Dulbecco’s minimal essential media (DMEM) was used for maintaining the cell line and then, 

the cell line was supplemented with 10% FBS (fetal bovine serum) and 1% penicillin 

streptomycin (PenStrep) and the cells were maintained at 37 °C in 5% CO2. 

 

Treatment of the dye MQ-CN-BTZ: 

10 mM stock solution of the dye was made by dissolving in HPLC grade DMSO. For the 

successive experiments, 5 μM was used as the working concentration. While performing in 

vitro experiments, HepG2 cells were incubated with dye for two hours at 37 ºC and DMSO 

was used as vehicle control. 

 

In vitro experiments 

Cytotoxicity assay for the dye: 

The MTT assay was performed to check the cytotoxicity of MQ-CN-BTZ in the cells. Firstly, 

8000 cells were seeded in 96 well plate for 24 hours and then the cells were treated with 

different concentration of dye (0, 2.5, 5, 7.5, 10, 12.5 and 15 μM) for 24 hours. After that, the 

cells were treated with MTT dye (0.5 mg/ml) for 4 hours. Media from cells was removed and 

the formed formazan crystals were dissolved in 200 μL of DMSO. Using iMark plate reader 

(BIORAD), the absorbance at 570 nm was measured. The viability of the cells was expressed 

as percent cell viability relative to the control. 
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Inhibitor experiment protocol: 

Firstly, the coverslips were coated with PLL (poly-L-lysine) and then, the HepG2 cells were 

seeded on the coverslips for 12 hours. After that, the cells were treated with 3-bromopyruvic 

acid inhibitor (50 and 150 µM) for half hour in serum free media. Then, the cells were incubated 

with 5 µM MQ-CN-BTZ for 2 hours in serum free media and further, the cells were incubated 

at 37°C. Post treatment the cells were washed with PBS three times for 5 mins each and then 

mounted onto glass slides using mounting agent as DAPI and then the imaging was done using 

confocal microscopy.  

 

2. Synthesis outline and procedure for MQ-CN-BTZ 

 

Scheme S1. Synthesis route for MQ-CN-BTZ 
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Synthesis of 2 

  

 

Compound 2 has been synthesized following the reported literature method.1-4 

Spectroscopic details of 2: 

1H NMR (500 MHz, CDCl3), δ (ppm): 8.05 (d, J = 8.1 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 

7.55-7.52 (m, 1H), 7.47-7.44 (m, 1H), 4.25 (s, 2H). 

13C NMR (125 MHz, CDCl3), δ (ppm): 158.2, 152.8, 135.4, 126.7, 125.9, 123.3, 121.7, 114.9, 

23.2. 

HRMS (ESI): Calc. for C9H5N2S [M-H]- :173.0173; Found: 173.0171. 

Physical Properties: Yellow solid.  

% Yield: ~ 36% 

Synthesis of 4: 

 

A solution of 2 (benzothiazol-2-yl acetonitrile) (1 equiv) and quinoline-3-carboxaldehyde (3) 

(1.07 equiv) in ethanol (5 mL) was stirred for 5 min at room temperature and then piperidine 

(one drop) was added to the solution, and the resulting mixture was heated at 80° C for 3 h. 

The reaction was monitored using thin layer chromatography. After completion of the reaction, 

the mixture was cooled down to room temperature and then, the yellow precipitate was filtered 

off and washed with cold ethanol for several times to afford 4 as yellow solid with ~ 80% yield. 
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Spectroscopic details of 4: 

1H NMR (500 MHz, CDCl3), δ (ppm): δ 9.23 (d, J = 2.25 Hz, 1H), 9.09 (d, J = 2.15 Hz, 1H), 

8.42 (s, 1H), 8.16-8.11 (m, 2H), 8.00-7.94 (m, 2H), 7.87-7.84 (m, 1H), 7.68-7.65 (m, 1H), 7.58-

7.55 (m, 1H), 7.49-7.46 (m, 1H). 

13C NMR (125 MHz, CDCl3), δ (ppm): 161.9, 153.5, 151.5, 149.0, 142.8, 136.7, 135.1, 132.1, 

129.4, 129.2, 127.9, 127.3, 127.2, 126.3, 125.5, 123.8, 121.8, 116.2, 107.4. 

HRMS (ESI): Calc. for C19H12N3S [M+H]+: 314.0752; Found: 314.0753 

Physical Properties: Yellow solid. 

Synthesis of MQ-CN-BTZ: 

 

In a sealed tube, compound 4 (1 eq) was dissolved in acetonitrile (1 mL), and then methyl 

iodide (3 eq) was added dropwise and stirred at room temperature for 30 min. Then, the reaction 

mixture was heated at 70° C for 3 h. The progress of the reaction was monitored using thin 

layer chromatography. Then, the reaction mixture was cooled to room temperature. The orange 

precipitate was filtered off and washed with diethyl ether for 5 times to obtain MQ-CN-BTZ 

as orange solid with ~ 80% yield. 

Spectroscopic details of compound MQ-CN-BTZ: 

1H NMR (500 MHz, DMSO-d6), δ (ppm): 10.01 (s, 1H), 9.86 (s, 1H), 8.73 (s, 1H), 8.64-8.60 

(m, 2H), 8.41 (t, J = 7.95 Hz, 1H), 8.30 (d, J = 7.95 Hz, 1H), 8.20-8.15 (m, 2H), 7.68-7.60 (m, 

2H), 4.70 (s, 3H). 

13C NMR (125 MHz, DMSO-d6), δ (ppm): 161.6, 153.0, 151.5, 145.5, 141.2, 138.4, 137.3, 

134.8, 131.5, 131.0, 128.7, 127.6, 127.1, 126.8, 123.7, 122.8, 119.6, 115.0, 111.3, 46.1. 

HRMS (ESI): Calc. for C20H14N3S [M-I]+: 328.0903; Found: 328.0901 

Physical Properties: Orange solid. 
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3. Synthesis outline and procedure for MQ-CN-BTZH 

 

Scheme S2. Synthesis route for MQ-CN-BTZH. 

Synthesis of MQ-CN-BTZH: 

 

NADH (1.1 eq) was taken in a round bottom flask and dissolved in PBS buffer (~7.4 pH, 7 

mL). A solution of MQ-CN-BTZ (1 eq) in DMSO (2 mL) was added to the solution of NADH 

and the resulting mixture was stirred at room temperature for 1 hour. The progress of the 

reaction was monitored using thin-layer chromatography. After completion, the reaction 

mixture was extracted with dichloromethane. The extracted organic layer was dried over 

sodium sulfate and concentrated using rotavapor. Further, the crude was purified using column 

chromatography (a mixture of ethyl acetate and hexane was used as eluent) to obtain MQ-CN-

BTZH as a dark-orange solid with ~ 75% yield. 

Spectroscopic details of MQ-CN-BTZH: 

1H NMR (500 MHz, CDCl3), δ (ppm): 7.89 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.66 

(s, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H), 7.18-7.13 (m, 2H), 7.02 (t, J = 7.5 

Hz, 1H), 6.81-6.79 (m, 2H), 4.37 (s, 2H), 3.31 (s, 3H). 

13C NMR (125 MHz, CDCl3), δ (ppm): 166.0, 153.9, 148.1, 146.9, 137.3, 134.4, 130.2, 127.5, 

126.3, 124.7, 124.3, 123.3, 122.1, 121.4, 119.5, 113.5, 107.7, 91.9, 39.6, 26.9. 

HRMS (ESI): Calc. for C20H16N3S [M+H]+: 330.1065; Found: 330.1061 

Physical Properties: Dark orange solid. 
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4. 1H-NMR, 13C-NMR and Mass spectra 

 

Figure S1. 1H and 13C NMR spectra of compound 2 



 
 

S8 
 

 

 

Figure S2. HRMS spectra of compound 2 
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S3. 1H and 13C NMR spectra of 4 
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S4. HRMS spectra of compound 4. 
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S5. 1H and 13C NMR spectra of MQ-CN-BTZ. 
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S6. HRMS spectra of compound MQ-CN-BTZ. 
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S7. 1H and 13C NMR spectra of MQ-CN-BTZH. 
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S8. HRMS spectra of compound MQ-CN-BTZH. 
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5. Optical behaviour of MQ-CN-BTZ 

Fluorescence response of MQ-CN-BTZ (10 μM) towards various analytes: 

 

Figure S9. Fluorescence response of MQ-CN-BTZ (10 μM) towards various analytes 

(300 μM) and NADH (300 μM) in PBS buffer (10 mM, pH ∼7.4) after incubation at 37 °C for 

15 min and recorded at two different emission wavelengths, viz ~529 nm and ~656 nm (λex = 

475 nm): (1) control, (2) glutamic acid, (3) asparagine, (4) arginine, (5) methionine, (6) 

glutamine, (7) tryptophan, (8) threonine, (9) valine, (10) phenylalanine, (11) aspartic acid, (12) 

tyrosine, (13) alanine, (14) I−, (15) F−, (16) Br−, (17) Cl−, (18) NO3−, (19) SO4
2−, (20) Co2+, 

(21) Zn2+, (22) Na+, (23) Mg2+, (24) Ca2+, (25) K+, (26) cysteine, (27) NaSH, (28) glutathione, 

(29) homocysteine, (30) H2O2, (31) NaOCl, (32) ATP, (33) glucose and (34) NADH. The blue 

bar represents the emission of MQ-CN-BTZ towards various analytes and NADH at ~529 nm, 

and the red bar represents the emission at ~656 nm (λex = 475 nm). 
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Fluorescence emission profile of MQ-CN-BTZ with increasing concentration of NADH (10-

50 μM): 

 

Figure S10. Fluorescence emission profile of MQ-CN-BTZ (10 μM) in the presence of 

increasing equivalents of NADH (10-50 μM). 

 

THF-Water experiment for the probe MQ-CN-BTZ: 

 

Figure S11. Fluorescence spectra of the probe (10 μM) were recorded using varied ratios of 

THF-water mixtures in the presence of NADH (300 μM) (Incubation time:15 mins at 37°C).  
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Table S1: Average lifetime of MQ-CN-BTZ in the presence of different equivalents of NADH 

at 529 nm.  

Different equivalents of 

NADH 

τ1 (ns) τ2 (ns) τ3 (ns) χ2  Average lifetime 

(ns) at 529 nm 

1 equivalent of NADH 0.631 0.047 4.80 1.00 0.055 

2 equivalents of NADH 0.807 0.027 4.40 0.96 0.030 

3 equivalents of NADH 0.785 0.029 4.70 0.97 0.032 

10 equivalents of NADH 0.905 0.055 4.36 1.00 0.064 

20 equivalents of NADH 0.781 0.026 4.57 1.07 0.028 

30 equivalents of NADH 0.764 0.031 4.78 1.02 0.034 

 

Table S2: Average lifetime of MQ-CN-BTZ in the presence of different equivalents of NADH 

at 656 nm. 

Different equivalents of 

NADH 

τ1 (ns) τ2 (ns) τ3 (ns) χ2 Average 

lifetime (ns) at 

656 nm 

10 equivalents of NADH 0.207 1.07 2.83 0.96 0.44 

20 equivalents of NADH 0.498 1.77 - 1.08 0.78 

30 equivalents of NADH 0.481 1.77 - 1.11 0.77 
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6. MTT assay for MQ-CN-BTZ 

 

Figure S12. Cell viabilities of HepG2 cells treated with different concentrations (0–15 µM) of 

MQ-CN-BTZ and recorded for 24 h. 

 

 

7. Table S3: Performance parameters of some of the reported efficient probes for 

NADH/NADPH detection and cellular imaging. 

 

S. No. Structure λex/ λem 

(nm) 

Stokes 

shift (nm) 

Fluorescence 

response 

Response 

time 

Application Reference 

 

1. 

 

 

537/561 

 

24 

 

Turn ON 

 

5 min 

 

Cells and 

tumor 

spheroid 

model 

 

ACS Sens., 2016, 1, 702-

709.5 

 

2. 

 

 

 

480/575 

 

 

95 

 

Turn ON 

 

20 min 

 

Cells 

 

J. Am. Chem. Soc., 2016, 

138, 10394-10397.6 

 

 

 

3. 

 

 

560/650 

 

90 

 

Turn OFF 

 

10 min 

 

Cells 

 

Tetrahedron Lett., 2018, 

59, 3210-3213.7 
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4. 

 

 

 

 

582/610 

 

 

28 

 

 

Turn ON 

 

 

25 min 

 

 

Cells and 

mice 

 

 

Chem. Sci., 2019, 10, 

8179-8186.8 

 

 

5. 

 

 

 

568/660 

 

 

92 

 

 

Turn ON 

 

 

15 min 

 

 

Cells and 

mice 

 

 

Anal. Chem., 2018, 91, 

1368-1374.9 

 

6. 

 

 

 

525/560 

 

 

35 

 

Turn ON 

 

2 h 

 

Cells 

 

Chem. Commun., 2019, 

55, 537-540.10 

 

 

 

7. 

 

 

 

390/460 

 

70 

 

Turn ON 

 

60 min 

 

Cells and 

tumor tissue 

 

Sens. Actuators, B, 2020, 

324, 128637.11 

 

 

8. 

 

 

590/640 

 

50 

 

Turn ON 

 

80 min 

 

Cells 

 

Sens. Actuators, B, 2020, 

320, 128360.12 

 

 

 

9. 

 

  

 

 

 

510/624 

 

 

 

114 

 

 

 

Turn ON 

 

 

 

60 min 

 

 

 

Cells 

 

 

 

J. Mater: Chem. B, 2021, 

9, 9547-9552.13 

 

10. 

 

 

595/670 

 

75 

 

Turn ON 

 

20 min 

 

Cells 

 

Sens. Actuators, B, 2022, 

350, 130862.14 

 

11. 

 

 

475/580 

 

105 

 

Turn ON 

 

10 min 

 

Cells and 

mice 

 

Talanta, 2023, 257, 

124393.15 

 

12. 

 

 

520/584 

 

64 

 

Turn ON 

 

4 min 

 

Cells and 

tumor 

spheroids 

 

ACS Sens., 2023, 8, 829-

838.16 
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13. 

 

 

 

 

600/670 

 

 

 

70 

 

 

 

Turn ON 

 

 

 

60 min 

 

 

 

Cells and fruit 

fly larvae 

 

 

 

ACS Appl. Bio Mater., 

2024, 7, 8465-8478.17 

 

 

 

 

14. 

 

 

 

 

543/620 

 

 

 

77 

 

 

 

Turn ON 

 

 

 

30 min 

 

 

 

Cells and 

mice 

 

 

 

Sens. Actuators, B,  

2024, 409, 135618.18 

 

15. 

 

 

630/748 

 

118 

 

Turn ON 

 

60 min 

 

Cells and 

larvae of D. 

melanogaster 

 

J. Mater: Chem. B, 2024, 

12, 448-465.19 

 

16. 

 

 

680/ 742.1 

 

62.1 

 

Turn ON 

 

75 min 

 

Cells and fruit 

fly larvae 

 

Sens. Actuators, B, 2024, 

402, 135073.20 

 

17. 

 

 

475/529, 

656 

 

 

54, 181 

 

Turn ON 

 

15 min 

 

Cells 

 

This work 
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