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Spectral data for IR-783 dye 

4-((E)-2-((E)-2-(2-chloro-3-((E)-2-(3,3-dimethyl-1-(4-sulfonatobutyl)-3H-indole-1-ium-2-

yl)vinyl)cyclohex-2-en-1-ylidene)ethylidene)-3,3-dimethylindolin-1-yl)butan-1-sulfonate sodium 

 

IR-783 was prepared according to paper: Okoh, O.A.; Bisby, R.H.; Lawrence, C.L.; Rolph, C.E.; 

Smith, R.B. Promising near-infrared non-targeted probes: benzothiazole heptamethine cyanine dyes. J. 

Sulfur Chem. 2014, 35, 42–56. https://doi.org/10.1080/17415993.2013.778258.  

Yield was 0.43 g (49%), dark green powder. λabs = 780 nm (in methanol). λfl = 799 nm (in ethanol).  

1H NMR (400 MHz, CD3OD, δ, ppm, J/Hz): 1.73 (s, 12 Н, 2 C(CH3)2), 1.90 - 2.04 (m, 10 H, 5 CH2), 

2.73 - 2.79 (m, 4 H, 2 CH2), 2.89 (t, 4 H, 3JHH = 7.12, 2CH2SO3
-), 4.22 (t, 4 H, 3JHH = 7.12, 2 CH2N+), 6.33 (d, 2 

H, 3JHH = 14.06, 2 =СН), 7.27 (t, 2 H, 3JHH = 7.34, Ar), 7.34 - 7.45 (m, 4 H, Ar), 7.51 (d, 2 H, 3JHH = 7.34, Ar), 

8.44 (d, 2 H, 3JHH = 14.00, =СН). 

13C NMR (100 MHz, CD3OD δ, ppm): 22.28, 22.72, 23.75, 27.45 (all CH2), 28.50 (C(CH3)2), 45.20 

(C(CH3)2), 50.77 (CH2N+), 51.92 (CH2SO3
-), 102.64 (CH), 112.54 (Ar), 123.61 (CH), 126.63, 128.43, 130.07 

(all Ar), 142.74 (С=С(Cl)-C), 143.75, 145.72 (all Ar), 151.22 (C-Cl) 174.32 (C=N). 

IR, ν/cm–1: 1029.32 (C-Cl), 1166.24 (S=O), 1130.01, 1245.31 (CH2SO3
-), 1548.56 (С=N). 
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Table S1. An example of a data table used in the discrimination of model proteins. The intensities in the 

table were obtained using ImageJ software for the images captured at different reaction times. Only the 

upper left corner of the table is shown. R, G, B refer to the red, green and blue channels of visible light 

images 

 

 

Figure S1. Red channel intensities for the visible photographs of the plate with NaOCl – lysozyme – Cy5.5 

mixture for the pH values from 1.0 to 11.5 and various reaction times. Other conditions as in Fig. 1. 
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Figure S2. Images of the 96-well plates with the reaction mixtures of rennet samples with NaOCl and 

dyes: Cy5.5 (a, b) and IR-783 (c, d) in visible light (a, d) and under excitation with UV light at 254 nm (b) 

and 366 nm (c) captured 3 min (a, b) and 4 min (b, c) after the reaction start. Columns, from left to right: 

samples 1–10, blank. 
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Table S2. The amino acid composition of the proteins, mass % 

Protein Met Cys His Trp Tyr Arg Gly Ref. 

BSA 0.7 6.0 2.9 0.3 3.4 6.5 2.7 [1] 

HSA 0.7 5.6 3.4 0.5 4.9 5.6 1.4 [2] 

Lysozyme 1.6 6.2 0.8 4.7 2.3 8.5 9.3 [3] 

-Globulin 0.9 2.1 2.4 2.6 5.8 4.0 3.4 [4] 

Pepsin 1.5 4.7 0.8 4.7 11.6 1.6 11.1 [5] 

Proteinase K 1.6 1.6 2.2 0.5 7.8 4.9 12.0 [6] 

Chymosin 1.1 0.7 4.0 7.6 4.7 1.4 12.4 [7] 

 

  
a b 

Figure S3. Dependences of LDA factors on the amount of pepsin per well: (a) on negative factor F2, (b) 

on negative factor F1. 

 

Figure S4. An LDA score plot for the low quantities of pepsin. 
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Figure S5. An LDA score plot for the discrimination of rennet samples, introduced as 1 g/L solutions 

(weight of sample/L).  
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Table S3. Full datasets used in this study. Each line represents a dataset obtained from a photograph 

(two right-hand columns), comments in the left-hand and central columns describe the dye and 

conditions of capturing the photos 

I. Discrimination of model proteins 

Dye Spectral conditions 
Original 
dataset* 

Data columns left by 
the software after 
LDA procedure** 

IR-783 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Visible absorbance 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

1, R  

1, G  

1, B 1, B 

3, R 3, R 

3, G  

3, B 3, B 

5, R  

5, G 5, G 

5, B  

9, R 9, R 

9, G 9, G 

9, B  

21, R  

21, G  

21, B  

51, R  

51, G 51, G 

51, B 51, B 

Fluorescence excited by 366 nm light 
  
  
  
  
  

1, R  

1, G  

1, B  

3, R 3, R 

3, G  

3, B 3, B 

Near-IR fluorescence 
  

3 3 

6 6 

Cy5.5 
  
  
  
  
  
  
  
  
  
  
  
  

Visible absorbance 
  
  
  
  
  
  
  
  
  
  
  
  

2, R  

2, G 2, G 

2, B 2, B 

5, R 5, R 

5, G  

5, B  

8, R  

8, G 8, G 

8, B  

13, R  

13, G 13, G 

13, B  
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27, R 27, R 

27, G  

27, B 27, B 

Fluorescence excited by 254 nm light 
   

2, R 2, R 

2, G 2, G 

2, B 2, B 

Fluorescence excited by 366 nm light 
   

2, R  

2, G  

2, B 2, B 

Near-IR fluorescence 
 

2  

15 15 

* Minutes from the reaction start and RGB channels are shown 

**After sorting out insignificant data columns (variables) 

 

II. Discrimination of rennet samples (1 g/L solutions) 

Dye Spectral conditions 
Original 
dataset 

Data columns left by 
the software after 

LDA procedure 

IR-783 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

Visible absorbance 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

1, R 1, R 

1, G 1, G 

1, B 1, B 

2, R 2, R 

2, G 2, G 

2, B 2, B 

3, R  

3, G  

3, B  

5, R 5, R 

5, G  

5, B 5, B 

8, R 8, R 

8, G 8, G 

8, B 8, B 

18, R 18, R 

18, G 18, G 

18, B  

Near-IR fluorescence  3 3 

7  

20 20 

Cy5.5 
 
  
  
  
  

Visible absorbance  
  
 

1, R  

1, G 1, G 

1, B 1, B 

2, R 2, R 

2, G  

2, B 2, B 

5, R  
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5, G 5, G 

 5, B 5, B 

Fluorescence excited by 254 nm light 
   

1, R 1, R 

1, G 1, G 

1, B 1, B 

Near-IR fluorescence  1 1 

III. Discrimination of rennet samples with the 3 g/L solutions 

Dye Spectral conditions 
Original 
dataset 

Data columns left by 
the software after 

LDA procedure 

IR-783 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

Visible absorbance 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

2, R 2, R 

2, G  

2, B 2, B 

5, R  

5, G  

5, B  

9, R  

9, G  

9, B  

18, R  

18, G  

18, B  

29, R 8, R 

29, G 29, G 

29, B 29, B 

40, R 40, R 

40, G  

40, B  

Fluorescence excited by 366 nm light 1 1 

Near-IR fluorescence  30 30 

Cy5.5 
 
  
  
  
  

Visible absorbance  
  
 

1, R 1, R 

1, G  

1, B 1, B 

7, R 7, R 

7, G 7, G 

7, B  

18, R 18, R 

18, G 18, G 

18, B 18, B 

Fluorescence excited by 254 nm light   1, R 1, R 

1, G 1, G 

1, B 1, B 

Near-IR fluorescence  

1  

17  
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Table S4. Accuracy of discrimination of rennet samples at 1 g/L for various datasets 

Data 
set No 

Data columns included in the original dataset 
Number of data columns  Accuracy 

by cross-
validation 

Cy5.5 IR-783 

vis UV (254) NIR vis UV (366)  NIR original after DA 

1 + + + + + + 34 23 92 

2 + - + + - + 31 24 91 

3 + - - + - - 27 23 91 

4 + - + + - + 27 23 91 

5 - - - + - + 21 13 85 

6 - - - + - - 18 14 87 

7 + - + - - - 10 9 75 

8 - - + - - + 4 3 69 
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