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1. Fig. 1.1. Partial 16S rRNA gene sequence of the isolate PB12 
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2. Fig. 1.2. 16S rRNA gene sequence based neighbor-joining tree, 

showing the position of Klebsiella pneumoniae PB12 (green 
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3. Fig. 1.3. a) Growth pattern (in terms of viability) of PB12 in 
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(closed squares; O.D at 600 nm) and EPS production (open 
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poor) broth at 30 °C, pH 7.2 ± 0.2. Data are the mean of 

triplicates ± S.E. 
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are the mean of triplicates ± S.E. 

34 
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min); b) K. pneumoniae PB12 bacterial obtained on LB agar 

plate after 24 h of incubation (d= ~1.5 mm; CFU= 1.8 x 108 
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agar plate after 24 h of incubation (d= ~0.5 mm; CFU= 5.4 x 

108 cells). The data represent the mean ± standard deviation of 
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grown in 0.01x LB; scatter plot of FSC vs SSC to visualize the 

distribution of PB12 cells based upon size; c) PB12 cells grown 

in LB; d) PB12 cells grown in 0.01x LB. The data represent the 

mean ± standard deviation of three independent experiments (n 

= 3). 
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LB or 0.01x LB broth; b) Raman spectra of PB12 cells grown 

in either presence or absence of ZnO-PEI suspension (red 

colour line, PB12 cells grown in 0.01x LB broth; black colour 

line, PB12 cells grown in LB; green colour line, ZnO-PEI NPs 

treated PB12 cells grown in 0.01x LB broth; ZnO-PEI NPs 
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11. Fig. 3.1. a) FT-IR spectra of purified EPS. b) Flow diagram of 

isolation and purification of the exopolysaccharide, KNPS 

produced by K. pneumoniae PB12. 
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12. Fig. 3.2. Gel permeation chromatogram of crude 
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13. Fig. 3.3. 1H NMR spectrum (500 MHz, D2O, 30 ºC) of 

exopolysaccharide, KNPS produced by K. pneumoniae PB12. 

Acetone was taken as the internal standard, fixing the methyl 

proton signal at δ 2.225. 
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14. Fig. 3.4. 13C NMR spectrum (125 MHz, D2O, 30 ºC) of 

exopolysaccharide, KNPS produced by K. pneumoniae PB12, 

acetone was taken as the internal standard, fixing the methyl 

carbon signal at δ 31.05. Inset shows part of DEPT-135 

spectrum (D2O, 30 ºC) of exopolysaccharide, KNPS. 
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15. Fig. 3.5. The HSQC spectrum of a) anomeric part and b) other 

than anomeric part of the exopolysaccharide, KNPS produced 

by K. pneumoniae PB12. The annotation A1 refers to 

AH1/AC1 cross peak, B1 refers to BH1/BC1 cross peak and so 

on. 
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16. Fig. 3.6. Part of ROESY spectrum of exopolysaccharide, KNPS 

produced by K. pneumoniae PB12. The ROESY mixing time 

was 300 ms. 
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17. Fig. 3.7. 13C NMR spectrum (125 MHz, D2O, 30 ºC) of 

glycerol containing trisaccharide residue obtained from Smith-

degradation of KNPS produced by K. pneumoniae PB12. 
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18. Fig. 3.8. a) Dot plot of lymphocytes stained with anti-CD4 or 

anti-CD8 antibodies. b) Cytotoxicity of KNPS against human 

lymphocytes. c) Concentration of reduced glutathione (GSH) 

and oxidized glutathione (GSSG) of normal human 

lymphocytes when treated with KNPS. d) Lipid peroxidation 

study in terms of MDA release in KNPS treated human 

lymphocytes. e) Measurement of intracellular ROS in 

lymphocytes, using a oxidant-sensing fluorescent probe 2',7'-

dichlorodihydrofluorescein diacetate (DCFH-DA), treated with 

varied concentration of KNPS. (n = 6, values are expressed as 

mean ± SEM. * Indicates the significant difference as 

compared to control group). 
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20. Fig. 4.1. The DLVO theory of bioflocculation. 
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21. Fig. 4.2. a) Effect of EPS dosage on flocculating rate. b) Effect 

of CaCl2 concentration or dosage on flocculating rate. 
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25. Fig. 4.6. Photograph showing flocculation of activated carbon 

in 5 min; sample 1: with EPS; sample 2: without EPS. 
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