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                                                                                          Abstract 

 

An oligotrophic bacterium, growing in nutrient-poor condition, is very likely to 

have a strategy to concentrate nutrient molecules from highly diluted solution to its own 

survival advantage. In this study a facultative oligotrophic strain isolated from the water 

sample of River Mahananda, Siliguri India was selected for its property to produce 

exopolysaccharide (EPS) in nutrient-poor (oligotrophic) medium. Based on phenotypic 

and phylogenetic analyses, the strain PB12 was identified as Klebsiella pneumoniae. 

Viability assay of the strain was performed in sterile liquid LB, R2A, river water and 

diluted (10-3 or 0.001x) LB at 30 °C and pH 7 to understand oligotrophy. PB12 cells were 

able to grow in 0.001x LB broth as well as sterile river water without supplementation of 

any carbon or nitrogen source or growth factors. An increment of nearly 13 times the 

initial cell number was noted in a span of 3 days in 0.001x LB. The ability of PB12 to 

survive without any reduction in viable cell number from the input cells explains the 

oligotrophic nature. A decrease in approximately 31% of EPS during further incubation 

beyond 48 h (from 48 h to 72 h) in the same batch culture was associated with two times 

increment in viable cell number. Colony diameter (d) of PB12 grown on LB agar after 24 

h was found to be 1.5 mm, whereas, colony diameter of PB12 on 0.01x LB after 24 h of 

incubation was 0.5 mm. After assessing the number of cells presents in this colony it was 

noted that colonies obtained on LB agar (d=1.5 mm) there are 1.8 x 108 cells present. 

Interestingly, 5.4 x 108 number of cells was obtained from the colony grown on diluted 

LB agar plates. Scanning electron micrograph of PB12 cells grown on LB or 0.01X LB 

was found to be 1.55 ± 0.15 µm or 0.787 ± 0.18 µm respectively, which supports the 
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earlier observations. Flow cytometric analysis revealed that PB12 cells population grown 

in LB was skewed to the right on the x axis (forward- scattered light), indicating that the 

cells were possibly larger than PB12 cells grown in 0.01x LB (which as skewed to the left 

on the x axis). While observing the intracellular ROS it was noted that intracellular ROS 

production is more in the LB grown PB12 cells compared to the cells when allowed to 

grow in diluted LB. It is well-known that NO exerts both pro-oxidant and antioxidant 

effects, depending on the ambient redox status, the presence of other reactants, and the 

nature of the reaction. It was found that the PB12 cells grown in LB exhibited higher NO 

production than the cells grown in 0.01x LB. It now seems clear that starvation adaptation 

is important for cells to initiate long-term survival via developing resistance to oxidative 

stress. Clearly, oxidative stress is a condition likely to be professed by many bacteria, for 

example, in the form of reactive oxygen species. As SOD functions to detoxify 

superoxide, we sought to determination of Cu, ZnSOD activity in Klebsiella pneumoniae 

PB12 grown in LB and 0.01x LB. Our present result exhibited that Cu,ZnSOD activity 

has increased significantly (P< 0.05) in 0.01x LB grown PB 12 cells compared to LB 

grown PB 12 cells. Moreover, cells grown in diluted LB were found to be much more 

resistant towards potent ROS generator ZnO-PEI nanoparticles (NPs). It was noted that 

LD50 dosage of ZnO-PEI NPs cause only 35% reduction in bacterial growth of 0.01x LB 

grown cells whereas, approximately 50% reduction in bacterial growth was noted when 

LB grown cells were treated with same dosage of NPs. Moreover, Raman spectroscopy 

was used to obtain more insight. Results showed differences in the spectra of LB grown 

cells compared to 0.01x LB grown cells treated with same concentration of ZnO-PEI 

NPs. Klebsiella pneumoniae PB12 spectra showed distinctive absorption bands between 
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600 and 1800 cm-1, that includes peak for proteins, lipids, carbohydrates and nucleic acids 

and these spectra are in good agreement with the previously published spectra. The main 

Raman peaks of PB12 cells showing bands around 853, 1005, 1252 and 1665 cm-1 were 

assigned to proteins; bands around 726, 783, 936, 1101, 1340 and 1577 cm-1 were 

assigned to nucleic acids; bands around 977 and 1453 cm-1 were assigned to lipids; and 

those around 1035 cm-1 was assigned to carbohydrates. An exopolysaccharide (KNPS) of 

an average molecular weight ∼1.8 × 105 Da was isolated from the culture medium of 

Klebsiella pneumoniae PB12. Structural characterization of KNPS was carried out using 

sugar and methylation analysis, Smith degradation and 1D/2D NMR experiments. Sugar 

analysis showed that the KNPS composed of arabinose, galactose, 3-O-methyl-galctose 

and glucose in a molar ratioof nearly 4:3:1:1. The proposed repeating unit of the KNPS 

has a backbone chain consisting of two (1 → 6)-galactopyranosyl residues, two (1 → 5)-

arabinofuranosyl residues, one (1 → 6)-glucopyranosylresidue and one (1 → 3)-

arabinopyranosyl residue, out of which one (1 → 6)-galactopyranosyl residuewas 

branched at O-2 position with a (1 → 2)-linked-galactopyranosyl residue terminated with 

non reduc-ing arabinofuranosyl residue and one (1 → 5)-arabinofuranosyl residue 

branched at O-3 position with nonreducing end 3-O-Me-galactopyranosyl residue. KNPS 

was found non-toxic toward human lymphocyte up to the dosage of 100 µg/ml. KNPS 

enhanced malondialdehyde (MDA), reactive oxygen species (ROS), and have the 

potential to alter the ratio of oxidized glutathione (GSSG) and reduced glutathione (GSH) 

levels in the cellular system. Fourier transform infrared (FT-IR) spectroscopy indicated 

the presence of hydroxyl, carboxylic and methoxyl functional groups. The optimal 

dosages for flocculation of activated carbon suspension were 17 mg/l EPS and 4 mM 
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CaCl2. EPS showed flocculating rate of above 80% over a wide range of pH (pH 3-10) 

whereas, more than 90% rate was noted in the temperature range (10-50°C) tested in 

presence of CaCl2. Moreover, EPS showed characteristic emulsifying activity with 

toluene (66.6%), n-hexadecane (65%), olive oil (63.3%) and kerosene (50%). The 

physiological studies of the facultatively oligotrophic bacterium, K. pneumoniae PB12, 

along with the structure-function analysis of its EPS have not only contributed to the 

knowledge domain of the oligotrophic bacteria but have also pointed out the promise of 

biotechnological application of PB12 EPS. 

 

 


