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Abstract

This thesis concerns the studies on a lipase from a halophilic bacterium, Marinobacter
sp. EMB5. The major part of the work deals with lipase production and optimization, along
with its purification and characterization. The aggregation tendency of the lipase, being a
unique feature among halophilic enzymes has aso been studied in detail. In addition to that,
the halophilic adaptations of the strain using a proteomics approach and its comparison with

the proteomic profile of a non-halophilic system also form an important part of the thesis.

Halophilic bacteria are a relatively important group of extremophilic microbes that
thrive in presence of high concentration of salts. In recent years, thereis an increasing interest
in their lipase for use in industrial enzymology as they have shown remarkable solvent
stability. The halophilic strain EMBS5, isolated from the marine waters of Kozhikode, Kerala

was selected as a source for lipase.

A preliminary characterization of the strain and its lipase was done. The strain was
found to be moderately halophilic, and was identified as Marinobacter sp. using 16S rRNA
gene sequencing. The lipase produced by the strain was found to be stable in a wide range of

organic solvents.

To enhance the production level of this lipase, medium optimization was carried out
by one-at-a-time approach. Optimization enhanced lipase production by 40.0 fold over that of
un-optimized media. Starch as the carbon source (10.0 g/L), peptone, (8.0 g/L) and yeast
extract (5 g/L) as nitrogen and vitamin sources, gum arabic (1 g/L) as the surfactant, olive ail
(5 mL/L) as the inducer, MgSO, (0.039 g/L) and FeSO, (0.0001 g/L) as metal ions, NaCl-
KCI (40 g/L and 10 g/L) as saltsin culture media (pH 9.0) and inoculum of 4 % (v/v) were
determined as optimum conditions for lipase production.

\"



During early purification attempts it was realized that the Marinobacter sp EMB5
lipase had a tendency to aggregate. In order to understand the aggregation tendency of the
EMBS5 lipase, the effect of different additives and process conditions were studied on
aggregation. Molecular weight of the aggregates was determined to be 180 kDa by using
size-exclusion chromatography. While molecular weight of the disaggregated monomer was
established to be 10 kDa using same method, suggesting octadecamer units in aggregates.
The morphology revealed by electron microscopy showed irregular aggregates which were
prone to disintegration in presence of high concentration of 2-propanol. This disaggregation
using 2-propanol also resulted in a drastic decrease in the enzyme activity. However,
disaggregated form showed better structura integrity compared to aggregated form of
enzyme as suggested by secondary and tertiary structure analysis of the lipase protein. It
emerged from these studies that the aggregates were products of random non-specific
association between lipase molecules and were important for the hydrolytic activity of the

lipase.

Marinobacter sp. EMB5 lipase was purified 28.2 fold with 5.6 % recovery by
ultrafiltration and Sephacryl S-200 gel filtration chromatography. It was recovered in the
form of aggregates. The relative molecular mass of enzyme was estimated to be ~82 kDa. It
preferred medium chain fatty acid ester (C8) as substrate. The purified EMB5 lipase
exhibited Ky: 143 pM and Vpa: 1.43 pmol/mL/min towards p-nitrophenyl octanoate
(PNPO) as substrate. The lipase was most active at 50 ‘C and pH 8.5. The EMBS5 lipase was

remarkably stable in hydrophobic organic solvents and majority of the detergents tested.

In an attempt to study the proteins responsible for halophilic adaptation in
Marinobacter sp. EMB5, a two dimensional gel electrophoresis-based proteomics approach

was adopted. The intracellular proteome was extracted from the cells prior exposed to
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optimum and less-than-optimum NaCl concentrations. Overall, there was a 32 % reduction in
protein expression levels under sub-optimal NaCl concentration. This indicates that a
significant proportion of proteins expressed in the cell were involved in adaptation to a high

salt environment.

Since organic solvents are known to mimic high salt conditions in the proximity of
proteins, therefore a non-halophilic, organic solvent tolerant bacterial system was also chosen
for studying the proteomic adaptation in presence of organic solvents. Pseudomonas
aeruginosa PseA, an established organic solvent-tolerant strain was taken as the model
system and the changes were studied at the level of membrane and extracellular proteome in
the presence and absence of organic solvents. The studies revealed that the outer membrane
porins, structural protein like flagellin and stress-induced proteins such as GroEL and

superoxide dismutase were significantly affected in cells exposed to organic solvents.

The present study focuses on extremophiles, which are interesting systems of study.
This work opens up new avenues of research into halophilic lipase aggregation and

extremophile proteomics.
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