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Table 2. Changes in absorption spectra with the addition of E. coli cells. 
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Figure 2. Bacterium-induced changes to the absorption spectra of THIA, THO & THC (6 

μM) in the presence and absence of E. aerogenes 5x10
7
 cells mL

-1
 (a) run 1, (b) run 2 and 

(c) run 3, in 2mM Tris buffer at pH 8.5 ( ex = 420 nm, em = 475 nm).
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Table 3. Changes in absorption spectra with the addition of E. aerogenes cells. 
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Figure 3. Bacterium-induced changes to the absorption spectra of THIA, THO & THC (6 

μM) in the presence and absence of B. subtilis 5x10
7
 cells mL

-1
 (a) run 1, (b) run 2 and 

(c) run 3, in 2mM Tris buffer at pH 8.5 ( ex = 420 nm, em = 475 nm). 
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Table 4. Changes in absorption spectra with the addition of B. subtilis cells. 
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Figure 4. Bacterium-induced changes to the absorption spectra of THIA, THO & THC (6 

μM) in the presence and absence of B. sphaericus 5x10
7
 cells mL

-1
 (a) run 1, (b) run 2 

and (c) run 3, in 2mM Tris buffer at pH 8.5 ( ex = 420 nm, em = 475 nm). 
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Table 5. Changes in absorption spectra with the addition of B. sphaericus cells. 
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Figure 5. Bacterium-induced changes to the absorption spectra of THIA, THO & THC (6 

μM) in the presence and absence of B. globigii endospores 5x10
7
 cells mL

-1
 (a) run 1, (b) 

run 2 and (c) run 3, in 2mM tris buffer at pH 8.5 ( ex = 420 nm, em = 475 nm). 
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Table 6. Changes in absorption spectra with the addition of B. globigii endospores. 
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Table 7. Changes in absorption spectra with the addition of B. thuringiensis 

endospores. 
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Table 8
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Table 9. Change in absorption wavelength shift as a function of time after introduction 

of bacterial cells. 
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Figure 8. Bacterium-induced changes to the properties of the mixed-dye absorption 

spectra of a 6 μM mixed-dye solution in the presence and absence of E. aerogenes cells 

(a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 9. Bacterium-induced changes to the properties of the mixed-dye absorption 

spectra of a 6 μM mixed-dye solution in the presence and absence of B. subtilis cells (a) 

run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 11. Bacterium-induced changes to the properties of the mixed-dye absorption 

spectra of a 6 μM mixed-dye solution in the presence and absence of B. globigii 

endospores (a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 12. Bacterium-induced changes to the properties of the mixed-dye absorption 

spectra of a 6 μM mixed-dye solution in the presence and absence of B. thuringiensis 

endospores (a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
.  
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Table 12. Relative changes in absorption properties of dye by bacterial species. 

  Relative change in Absorbance of dye by bacterial species 

Samples Dye E. coli E. 
aerogenes 

B. subtilis B. 
sphaericus 

B. globigii B. 
thuringiensis 

      

        

       

±  ±  ±  ± ±  ±  

 ±  ±  ±  ± ±  ±   

 ±  ±  ±  ± ±  ±  
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Figure 13. Bacterium-induced changes in the properties of the emission spectra for a 6 

μM THIA with E. coli cells (a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 

cells mL
-1

. 
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Figure 16. Bacterium-induced changes in the properties of the emission spectra for a 6 

μM THIA with B. sphaericus cells (a) run 1, (b) run 2 and (c) run 3, at a cell density of 

5x10
7
 cells mL

-1
. 
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Figure 17. Bacterium-induced changes in the properties of the emission spectra for a 6 

μM THIA with B. globigii endospores (a) run 1, (b) run 2 and (c) run 3, at a cell density 

of 5x10
7
 cells mL

-1
. 
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Figure 18. Bacterium-induced changes in the properties of the emission spectra for a 6 

μM THIA with B. thuringiensis endospores (a) run 1, (b) run 2 and (c) run 3, at a cell 

density of 5x10
7
 cells mL

-1
. 
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Figure 19. Time-dependent emission spectra of 6 μM THO with E. coli cells (a) run 1, 

(b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 20. Time-dependent emission spectra of 6 μM THO with E. aerogenes cells (a) 

run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 



69 

Figure 21. Time-dependent emission spectra of 6 μM THO with B. subtilis cells (a) run 

1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 22. Time-dependent emission spectra of 6 μM THO with B. sphaericus (a) run 1, 

(b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 23. Time-dependent emission spectra of 6 μM THO with B. globigii endospores 

(a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 24. Time-dependent emission spectra of 6 μM THO with B. thuringiensis (a) run 

1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 26. Time-dependent emission spectra of 6 μM THO with E. aerogenes cells (a) 

run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 27. Time-dependent emission spectra of 6 μM THO with B. subtilis cells (a) run 

1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 28. Time-dependent emission spectra of 6 μM THO with B. sphaericus (a) run 1, 

(b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 29. Time-dependent emission spectra of 6 μM THO with B. globigii endospores 

(a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Figure 30. Time-dependent emission spectra of 6 μM THO with B. thuringiensis 

endospores (a) run 1, (b) run 2 and (c) run 3, at a cell density of 5x10
7
 cells mL

-1
. 
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Table 13. Emission intensity of thiacyanine dyes with the addition of E. coli cells. 
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Table 14. Emission intensity of thiacyanine dyes with the addition of E. aerogenes 

cells. 
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Table 15. Emission intensity of thiacyanine dyes with the addition of B. subtilis cells. 
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Table 16. Emission intensity of thiacyanine dyes with the addition of B. sphaericus 

cells. 

      

      

      

      

      

      

      

      

      



84 

Table 17. Emission intensity of thiacyanine dyes with the addition of B. globigii 

endospores. 
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Table 18. Emission intensity of thiacyanine dyes with the addition of B. thuringiensis 

endospores. 
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Table 19. Changes in emission intensity of thiacyanine dyes due to the addition of 

bacterial species. 
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Table 20. Changes in emission intensity of thiacyanine dyes due to the addition of 

bacterial species. 
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Table 21. Changes in emission intensity of thiacyanine dyes due to the addition of 

bacterial species. 

    

    

    

    

    

 

    

    

    

 

    

    

    

    

    

    

    

    

    

    



89 

Table 22. Rates of change in the emission from thiacyanine dyes with the addition of 

bacterial species. 
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I = I(t0 ) I(t)  Equation 4. 

I
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92 

Figure 31. Absorption and fluorescence spectra of THIA (6 μM) for various protic 

solvents: (a) absorption spectra and (b) fluorescence spectra ( ex = 420 nm). The curves 

correspond to different media: Blue – Glycerol; Black – Tris buffer (2 mM aqueous Tris 
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buffer, pH = 8.5); Violet  Methanol; Light Green – Ethylene glycol; Brown – 

Ethanol; and Red  Butanol. The emission spectrum for glycerol was reduced 10x for 

clarity. 
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Figure 32. The steady-state absorption spectra of THIA at 420 nm: (a) before and after 

the introduction of 5x10
7
 E. coli cells mL

-1
; (b) the kinetics of the absorption spectra of 

THIA over a 20-minute time course with and without 5x10
7
 E. coli cells mL

-1
. 

Figure 33. Dynamics of the quenching of the fluorescence of a 7.5 μM eosin Y (EY) 

solution with 100 μM methyl vialogen (MV) at similar conditions as the measurements of 

the absorption spectra (without stirring). 
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Figure 34. Emission spectra of THIA (475 nM) in the presence of various concentrations 

of TWEEN 20: black – no TWEEN 20; green – 0.5 mM TWEEN; blue – 5 mM TWEEN; 

red – 10 mM TWEEN. ( ex = 420 nm, 2 mM Tris aqueous buffer, pH = 8.5). 

f
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f f

f

Figure 35. Polynomial correlation of solution viscosity with the emission quantum yield 

of THIA. The data used for the correlation were acquired by introducing a 600-nM THIA 

dye solution into samples of varying viscosity, R
2
 = 0.98.
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Table 23. Fluorescence quantum yield of THIA for protic solvents with different 

polarities and viscosities.  

f
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Figure 36. Kinetic curves resulting from the introduction of E. coli cells into a 6 μM 

THIA in Tris buffer with and without cells at a cell density of 5x10
7
 cells mL

-1
. The red 

points represent discrete data points averaged over one second. 



Figure 37. Kinetic curves for THIA with and without E. coli ( ex = 420 nm, em = 480 

nm; aqueous Tris buffer containing 565 μM TWEEN 40, 2 mM, pH = 8.5) 5x10
8
 cells 

mL
-1 

E. coli in different dye concentrations: Black – Tris buffer; Maroon  600 nM; Dark 

red  6 M; Red  60 M. 





Figure 38. Kinetic curves resulting from the introduction of E. aerogenes cells into a 6 

μM THIA in Tris buffer with and without cells at a cell density of 5x10
7
 cells mL

-1
. The 

red points represent discrete data points collected every tenth of a second while the black 

curves represent best-fit lines that were extracted by regressing on the experimental data. 



Table 24. ANOVA output for a single-parameter ANOVA analysis analyzing time 

constants from E. coli and E. aerogenes. 

       

       

       

       

       

       

       

       

       

       

       

       



Figure 39. Kinetic curves resulting from the introduction of B. subtilis cells into a 6 μM 

THIA in Tris buffer with and without cells at a cell density of 5x10
7
 cells mL

-1
. The red 

points represent discrete data points collected every tenth of a second while the black 

curves represent best-fit lines that were extracted by regressing on the experimental data. 



  

       

       

       

       

       

       

       

       



Figure 40. Kinetic curves resulting from the introduction of B. sphaericus cells into a 6 

μM THIA in Tris buffer with and without cells at a cell density of 5x10
7
 cells mL

-1
. The 

red points represent discrete data points collected every tenth of a second while the black 

curves represent best-fit lines that were extracted by regressing on the experimental data. 



Table 26. ANOVA table for a two-way ANOVA analysis analyzing time constants 

from B. sphaericus.  

       

       

       

       

       

       

       

       



Figure 41. Kinetic curves resulting from the introduction of B. globigii endospores into a 

6 μM THIA in Tris buffer with and without endospores at a cell density of 5x10
7
 cells 

mL
-1

. The red points represent discrete data points collected every tenth of a second while 

the black curves represent best-fit lines that were extracted by regressing on the 

experimental data. 



Figure 42. Kinetic curves resulting from the introduction of B. thuringiensis endospores 

into a 6 μM THIA in Tris buffer with and without endospores at a density of 5x10
7
 cells 

mL
-1

. The red points represent discrete data points collected every tenth of a second while 

the black curves represent best-fit lines that were extracted by regressing on the 

experimental data. 



Table 27. Time constants for Bacillus endospores. 

Table 28. Single-factor ANOVA analysis using the time constants from Bacillus 

endospores at a spore density of 10
6
–10

8
 cells mL

-1
 and dye concentration of 600 nM–60 

μM THIA. 

       

       

       

       

       

       

       

       

   

   

   

   

   

   

   

   

   

   



 

Table 29. Time constants for emission enhancement of THIA with TWEEN 40 added at 

565 μM and E. coli cells. 

Conc E .coli  1  A 2  B F 

600 nM 5x10
6
 cells mL

-1
 3.1 2.1x10

4
  35 2.1x10

4
 2.5x10

5
 

600 nM 5x10
6
 cells mL

-1
 0.04 1.7x10

6
  31 7.5x10

4
 5.2x10

5
 

600 nM 5x10
6
 cells mL

-1
 13 8.6x10

5
  35 8.6x10

5
 2.2x10

5
 

600 nM 5x10
7
 cells mL

-1
 0.05 8.2x10

4
  35 1.0x10

5
 1.5x10

6
 

600 nM 5x10
7
 cells mL

-1
 4.9 5.0x10

5
 28 7.8x10

5
  1.3x10

6
 

600 nM 5x10
7
 cells mL

-1
 0.20 3.7x10

4
 35 5.3x10

5
 1.4x10

6
 

600 nM 5x10
8
 cells mL

-1
 3.0 1.5x10

6
  19 8.4x10

5
 2.2x10

6
 

600 nM 5x10
8
 cells mL

-1
 5.4 1.6x10

6
 20 8.2x10

5
 2.2x10

6
 

600 nM 5x10
8
 cells mL

-1
 3.1 9.3x10

5
 27 5.8x10

5
 1.9x10

6
 

6 μM 5x10
6
 cells mL

-1
 16 3.8x10

5
 28 9.9x10

5
 1.3x10

6
 

6 μM 5x10
6
 cells mL

-1
 23 4.0x10

5
 26 4.0x10

5
 1.3x10

6
 

6 μM 5x10
6
 cells mL

-1
 3.4 8.6x10

5
 28 8.6x10

5
 9.3x10

5
 

6 μM 5x10
7
 cells mL

-1
 13 8.2x10

6
 23 3.9x10

5
 8.7x10

6
 

6 μM 5x10
7
 cells mL

-1
 2.3 3.9x10

5
 27 6.4x10

5
 7.8x10

6
 

6 μM 5x10
7
 cells mL

-1
 9.0 3.6x10

6
 30 2.9x10

6
 6.6x10

6
 

6 μM 5x10
8
 cells mL

-1
 4.2 2.1x10

4
 32 2.1x10

4
 8.1x10

6
 

6 μM 5x10
8
 cells mL

-1
 4.5 1.7x10

6
 28 1.7x10

6
 7.7x10

6
 

6 μM 5x10
8
 cells mL

-1
 5.5 8.6x10

5
 28 8.6x10

5
 7.5x10

6
 

60 μM 5x10
6
 cells mL

-1
 1.0 1.0x10

5
 35 7.8x10

4
 1.5x10

5
 

60 μM 5x10
6
 cells mL

-1
 1.3 3.4x10

4
 29 1.7x10

4
 2.6x10

4
 

60 μM 5x10
6
 cells mL

-1
 4.3 6.4x10

3
 29 6.9x10

3
 1.2x10

4
 

60 μM 5x10
7
 cells mL

-1
 2.5 1.9x10

4
 35 8.5x10

4
 6.0x10

4
 

60 μM 5x10
7
 cells mL

-1
 2.7 2.7x10

5
 39 2.6x10

5
 4.8x10

5
 

60 μM 5x10
7
 cells mL

-1
 2.7 2.7x10

5
  34 2.6x10

4
 3.6x10

5
 

60 μM 5x10
8
 cells mL

-1
 2.6 2.1x10

4
 26 2.1x10

4
 9.7x10

6
 

60 μM 5x10
8
 cells mL

-1
 1.8 1.7x10

6
 26 1.7x10

6
 1.0x10

7
 

60 μM 5x10
8
 cells mL

-1
 1.8 8.6x10

5
 27 8.6x10

5
 1.1x10

7
 

 

 



Table 30. Mean time constants for emission enhancement of THIA with TWEEN 40 

added at 565 μM and E. coli cells. 

Conc E .coli  1  2

± ±

± ±

± ±

 

 

Table 31. Time constants for emission enhancement of THIA with TWEEN 40 added at 

565 μM and E. aerogenes cells. 

Conc E .coli  1  A 2  B F 

600 nM 5x10
6
 cells mL

-1
 15 5.3 x10

5
 24 5.9 x10

5
 4.0 x 10

4
 

600 nM 5x10
6
 cells mL

-1
 7.9 1.1 x10

5
 16 3.9 x10

6
 6.7 x 10

4
 

600 nM 5x10
6
 cells mL

-1
 3.4 4.7 x10

5
 24 8.9 x10

5
 5.8 x 10

4
 

600 nM 5x10
7
 cells mL

-1
 2.4 1.0 x10

5
 23 4.0 x10

5
 1.5 x 10

5
 

600 nM 5x10
7
 cells mL

-1
 1.6 1.3 x10

5
 17 4.5 x10

5
 1.5 x 10

5
 

600 nM 5x10
7
 cells mL

-1
 2.0 2.0 x10

5
 18 3.0 x10

5
 2.3 x 10

5
 

600 nM 5x10
8
 cells mL

-1
 6.8 5.7 x10

5
 24 6.9 x10

4
 7.2 x 10

5
 

600 nM 5x10
8
 cells mL

-1
 2.2 4.7 x10

5
 24 8.9 x10

4
 8.4 x 10

5
 

600 nM 5x10
8
 cells mL

-1
 10 8.6 x10

5
 12 3.0 x10

4
 7.3 x 10

5
 

6 μM 5x10
6
 cells mL

-1
 1.5 1.5 x10

5
 17 1.5 x10

4
 1.6 x 10

5
 

6 μM 5x10
6
 cells mL

-1
 1.6 1.1 x10

5
 18 2.9 x10

4
 1.3 x 10

5
 

6 μM 5x10
6
 cells mL

-1
 1.0 1.0 x10

5
 15 2.2 x10

4
 1.2 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 5.9 2.5 x10

6
 17 9.8 x10

5
 9.7 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 16 3.2 x10

5
 16 1.2 x10

6
 9.4 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 12 4.9 x10

6
 18 9.1 x10

5
 5.4 x 10

5
 

6 μM 5x10
8
 cells mL

-1
 1.9 5.7 x10

5
 24 6.9 x10

4
 8.0 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 3.1 3.4 x10

6
 21 2.6 x10

6
 4.7 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 22 1.7 x10

6
 20 2.8 x10

6
 7.4 x 10

6
 

60 μM 5x10
6
 cells mL

-1
 5.6 1.9 x10

5
 18 5.6 x10

4
 2.5 x 10

5
 

60 μM 5x10
6
 cells mL

-1
 3.6 7.7 x10

4
 22 2.2 x10

5
 1.2 x 10

5
 

60 μM 5x10
6
 cells mL

-1
 2.5 9.6 x10

4
 20 5.5 x10

5
 1.4 x 10

5
 

60 μM 5x10
7
 cells mL

-1
 1.2 3.2 x10

6
 15 1.2 x10

6
 5.0 x 10

5
 

60 μM 5x10
7
 cells mL

-1
 3.0 2.5 x10

4
 17 1.0 x10

6
 4.9 x 10

5
 

60 μM 5x10
7
 cells mL

-1
 5.5 1.9 x10

5
 20 5.9 x10

4
 2.5 x 10

5
 

60 μM 5x10
8
 cells mL

-1
 0.0 8.0 x10

4
 17 2.1 x10

4
 1.4 x 10

5
 

60 μM 5x10
8
 cells mL

-1
 4.9 1.0 x10

3
 19 1.3 x10

5
 1.5 x 10

5
 

60 μM 5x10
8
 cells mL

-1
 4.4 2.0 x10

5
 24 4.5 x10

4
 1.4 x 10

5
 

 



Table 32. Mean time constants for emission enhancement of THIA with TWEEN 40 

added at 565 μM and E. aerogenes cells. 

Conc E .coli  1  2  

± ±

± ±

± ±

 

 

Table 33. Time constants for emission enhancement of THIA with TWEEN 40 added at 

565 μM and B. subtilis cells. 

Conc E .coli  1  A F 

600 nM 5x10
6
 cells mL

-1
 2.1 -4.7E6 7.3 x 10

6
 

600 nM 5x10
6
 cells mL

-1
 5.3 -7.3E6 7.6 x10

6
 

600 nM 5x10
6
 cells mL

-1
 1.8 -2.3E6 4.6 x 10

6
 

600 nM 5x10
7
 cells mL

-1
 2.7 -9.8E6 9.0 x 10

6
 

600 nM 5x10
7
 cells mL

-1
 2.2 -4.2E6 3.1 x 10

6
 

600 nM 5x10
7
 cells mL

-1
 1.8 -3.3E6 3.0 x 10

6
 

600 nM 5x10
8
 cells mL

-1
 3.0 -4.2E6 7.3 x 10

6
 

600 nM 5x10
8
 cells mL

-1
 3.7 -5.4E6 7.6 x10

6
 

600 nM 5x10
8
 cells mL

-1
 4.6 -9.5E6 4.6 x 10

6
 

6 μM 5x10
6
 cells mL

-1
 4.4 -9.5E4 2.5 x10

5
 

6 μM 5x10
6
 cells mL

-1
 4.1 -3.1E5 8.5 x 10

4
 

6 μM 5x10
6
 cells mL

-1
 3.3 -4.8E4 1.2 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 2.8 -1.4E6 1.4 x 10

6
 

6 μM 5x10
7
 cells mL

-1
 4.4 -9.6E5 1.3 x 10

6
 

6 μM 5x10
7
 cells mL

-1
 4.4 -9.4E6 1.3 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 3.5 -6.8E6 9.9 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 2.5 -6.3E6 7.4 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 2.4 -8.2E6 5.7 x 10

6
 

60 μM 5x10
6
 cells mL

-1
 5.3 -9.6E4 5.5 x 10

6
 

60 μM 5x10
6
 cells mL

-1
 4.5 -4.5e4 7.1 x 10

6
 

60 μM 5x10
6
 cells mL

-1
 5.6 -1.9E4 8.9 x 10

6
 

60 μM 5x10
7
 cells mL

-1
 2.9 -4.2E6 3.1 x 10

6
 

60 μM 5x10
7
 cells mL

-1
 2.4 -4.3E6 3.5 x 10

6
 

60 μM 5x10
7
 cells mL

-1
 2.6 -3.7E6 3.7 x 10

6
 

60 μM 5x10
8
 cells mL

-1
 2.9 -8.5E6 4.6 x 10

4
 

60 μM 5x10
8
 cells mL

-1
 2.7 -9.9E6 2.6 x 10

4
 

60 μM 5x10
8
 cells mL

-1
 3.1 -6.8E6 1.0 x 10

4
 



Table 34. Mean time constants for emission enhancement of THIA with TWEEN 40 

added at 565 μM and B. subtilis cells. 

Conc E .coli  1  

±

±

±

 

 

Table 35. Time constants for emission enhancement of THIA with TWEEN 40 added at 

565 μM and B. sphaericus cells. 

Conc E .coli  1  A 2  B F 

600 nM 5x10
6
 cells mL

-1
 5.8 -1.5e5 54 -6.9e4 5.3 x 10

5
 

600 nM 5x10
6
 cells mL

-1
 5.0 -3.4e5 45 -2.5e5 3.9 x 10

5
 

600 nM 5x10
6
 cells mL

-1
 5.9 -1.4e5 55 -7.0e4 4.0 x 10

5
 

600 nM 5x10
7
 cells mL

-1
 5.3 -1.2e6 67 -5.9e5 5.0 x 10

6
 

600 nM 5x10
7
 cells mL

-1
 2.8 -1.2e6 55 -6.4e5 4.1 x 10

6
 

600 nM 5x10
7
 cells mL

-1
 1.9 -8.2e5 54 -6.2e5 4.4 x 10

6
 

600 nM 5x10
8
 cells mL

-1
 3.4 -6.6e5 63 -4.9e5 8.6 x 10

6
 

600 nM 5x10
8
 cells mL

-1
 5.0 -6.2e6 58 -7.6e6 7.6 x 10

6
 

600 nM 5x10
8
 cells mL

-1
 1.9 -8.2e5 54 -4.2e6 6.2 x 10

6
 

6 μM 5x10
6
 cells mL

-1
 3.7 -2.4e7 19 -1.4e10 4.0 x 10

5
 

6 μM 5x10
6
 cells mL

-1
 2.7 -1.9e7 12 -8.3e6 4.5 x 10

5
 

6 μM 5x10
6
 cells mL

-1
 4.0 -1.1e7 52 -4.1e6 3.2 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 5.8 -6.6e6   2.0 x 10

6
 

6 μM 5x10
7
 cells mL

-1
 6.2 -8.0e6   2.0 x 10

6
 

6 μM 5x10
7
 cells mL

-1
 6.4 -9.7e6   1.6 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 5.3 -1.0e6 35 -3.1e5 8.0 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 2.2 -2.6e5 33 -2.4e5 5.9 x 10

6
 

6 μM 5x10
8
 cells mL

-1
 7.2 -8.8e5 47 -1.0e6 7.2 x 10

6
 

60 μM 5x10
6
 cells mL

-1
 14 -1.7e6 57 -3.1e5 4.6 x 10

4
 

60 μM 5x10
6
 cells mL

-1
 0.10 2.1e4 50 2.2e6 2.6 x 10

4
 

60 μM 5x10
6
 cells mL

-1
 5.4 -8.6e5 56 -1.0e6 1.0 x 10

4
 

60 μM 5x10
7
 cells mL

-1
 3.1 -8.0e5 48 -1.0e6 3.1 x 10

6
 

60 μM 5x10
7
 cells mL

-1
 2.7 -9.0e6 49 -3.1e5 3.5 x 10

6
 

60 μM 5x10
7
 cells mL

-1
 4.1 -7.0e4 57 2.0e6 3.7 x 10

6
 

60 μM 5x10
8
 cells mL

-1
 3.4 -8.6e5 50 -1.0e6 5.5 x 10

6
 

60 μM 5x10
8
 cells mL

-1
 10 -8.8e5 49 -1.0e6 7.1 x 10

6
 

60 μM 5x10
8
 cells mL

-1
 4.2 -2.0e6 52 -3.0e5 8.9 x 10

6
 



Table 36. Mean time constants for emission enhancement of THIA with TWEEN 40 

added at 565 μM and B. sphaericus cells. 

Conc E .coli  1  2

± ±

± ±

± ±

 

 

Table 37. Time constants for bacterial solution with TWEEN 40 added at 565 μM 

TWEEN 40 for B. globigii endospores. 

Conc B.globigii  1  A 2  B F 

6 μM 5x10
6
 cells mL

-1
 1.4 5.6x10

5
 22 6.7x10

5
 1.0x10

6
 

6 μM 5x10
6
 cells mL

-1
 20 2.8x10

5
 20 2.6x10

6
 1.1x10

6
 

6 μM 5x10
6
 cells mL

-1
 1.0 7.2x10

5
 17 1.0x10

6
 1.7x10

6
 

6 μM 5x10
7
 cells mL

-1
 27 4.4x10

4
 25 1.4x10

5
 2.0x10

5
 

6 μM 5x10
7
 cells mL

-1
 19 1.2x10

5
 19 1.1x10

5
 2.9x10

5
 

6 μM 5x10
7
 cells mL

-1
 21 7.7x10

4
 22 5.1x10

4
 1.8x10

5
 

6 μM 5x10
8
 cells mL

-1
 1.9 2.8x10

5
 20 2.6x10

5
 5.5x10

4
 

6 μM 5x10
8
 cells mL

-1
 22 5.6x10

5
 22 6.7x10

5
 1.0x10

5
 

6 μM 5x10
8
 cells mL

-1
 1.5 7.2x10

5
 17 1.0x10

6
 1.2x10

5
 

Table 38. Time constants for bacterial solution with TWEEN 40 added at 565 μM 

TWEEN 40 for B. thuringiensis endospores. 

Conc B. thuringiensis  1  A 2  B F 

6 μM 5x10
6
 cells mL

-1
 1.4 3.3x10

5
 55 4.6x10

5
 3.5 x 10

6
 

6 μM 5x10
6
 cells mL

-1
 0.56 4.6x10

5
 60 3.4x10

6
 1.1 x 10

6
 

6 μM 5x10
6
 cells mL

-1
 4.7 6.1x10

5
 54 4.7x10

6
 2.0 x10

6
 

6 μM 5x10
7
 cells mL

-1
 10 3.4x10

5
 58 3.1x10

5
 3.4 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 6.5 5.2x10

5
 57 4.2x10

5
 4.0 x 10

5
 

6 μM 5x10
7
 cells mL

-1
 1.1 4.7x10

4
 67 4.7x10

5
 4.0 x 10

5
 

6 μM 5x10
8
 cells mL

-1
 94 3.8x10

5
 71 3.3x10

5
 2.2 x 10

5
 

6 μM 5x10
8
 cells mL

-1
 11 3.6x10

5
 72 3.7x10

5
 1.9 x 10

5
 

6 μM 5x10
8
 cells mL

-1
 1.4 4.2x10

5
 82 4.0x10

6
 1.2 x 10

5
 



Table 39. Mean time constants for bacterial solution with TWEEN 40 added at 565 μM 

TWEEN 40 for Bacillus endospores. 

Conc B.globigii  1  2

± ±

Conc B. Thuringiensis  1  2

± ±

 

  



Table 40. List of time constants and bacterial-cell densities for vegetative bacterial cells. 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     



Table 41. ANOVA output for a single-parameter ANOVA analysis analyzing time 

constants from B. subtilis and B. sphaericus. 

       

       

       

       

       

       

       

       

       

       

       

       

 

 

Table 42. ANOVA output for a single-parameter ANOVA analysis analyzing time 

constants from E. coli and B. subtilis. 

       

       

       

       

       

       

       

       

       

       

       

       

       



Table 43. ANOVA output for a single-parameter ANOVA analysis analyzing time 

constants from E. coli and B. sphaericus. 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

 

Table 44. ANOVA output for a single-parameter ANOVA analysis analyzing time 

constants from E. aerogenes and B. subtilis. 

       

       

       

       

       

       

       

       

       

       

       

       

       

 



Table 45. ANOVA output for a single-parameter ANOVA analysis analyzing time 

constants from E. aerogenes and B. sphaericus. 

       

       

       

       

       

       

       

       

       

       

       

       

       





Table 46. Time constants for emission enhancement of THIA without TWEEN 40 added 

with  E. coli cells. 
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 ±  ±  ±  

 ±  ±  ±  
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Figure 43. Kinetic curves for 5x10
7
 cell mL

-1
 of E. coli in 6 mM of (a) THC and (b) 

THO solutions dissolved in 2 mM Tris buffer at pH 8.5. 

 



Table 47. Time constants for bacterial solution with TWEEN 40 added at 565 μM 

TWEEN 40 for E. coli, all three thiacyanine dyes. 

THC E .coli  1  A F 

6 μM 5x10
7
 cells mL

-1
 4.7 4.0x10

7
 1.5x10

7
 

6 μM 5x10
7
 cells mL

-1
 1.4 3.9x10

7
 1.5x10

7
 

6 μM 5x10
7
 cells mL

-1
 1.2 2.4x10

7
 1.5x10

7
 

THO E .coli  1  A F 

6 μM 5x10
7
 cells mL

-1
 7.5 4.2x10

6
 7.5x10

4
 

6 μM 5x10
7
 cells mL

-1
 7.2 3.6x10

6
 6.1x10

4
 

6 μM 5x10
7
 cells mL

-1
 11 4.0x10

6
 5.7x10

4
 

 

Table 48. Mean time constants for E. coli solution with TWEEN 40 added at 565 μM 

TWEEN 40 in thiacyanine dye solutions. 

Conc E .coli  1  

±

Conc E .coli 1

±











= 0

S

S

1 10 A0

1 10 A

n

n0

2

 Equation 7. 



























Figure 44. Plot of (a) the absorption spectra of 7.5 μM EY and (b) the dynamics of the 

quenching of the fluorescence of eosin Y (EY) with methyl viologen (MV) under 

conditions identical to the conditions of the kinetic measurements of the emission 

enhancement of THIA. Quenching exhibited time constants smaller than one second.  



Figure 45. Growth curves for the investigated bacterial species E. coli, E. aerogenes, B. 

subtilis and B. sphaericus in Luria-Bertani (LB) broth at 37
o 
C 





Figure 46. Confocal microscope image of E. coli cells stained with THIA in 2mM tris 

buffer. Image taken at 630x magnification.



Appendix D: Saturation fluorescence intensities for different dye concentrations and cell 

densities  



Figure 48. Input data: Time constant from mono-exponential fits 



Table 49. Single-Factor ANOVA Analysis of data from Table 48. 

      

       

       

       

       

       

       

       

       

       

       

       

       

       

       




