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ABSTRACT

Objectives: Lipases are widely used in biodiesel, food, detergent, and pharmaceutical
industries. To fulfil the rising demand for these crucial industrial enzymes, an extensive study
on lipases from various micro-organisms will be useful in maximising the growing conditions
and reducing production costs. Materials and Methods: The current work concentrated on
optimising the carbon source, inducer concentration, and growth parameters to produce lipases
atareasonable price from pseudomonas species. Results: Extracellular lipases from Pseudomonas
fluorescens were produced and optimised, achieving a concentration of 220 IU/mL of submerged
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fermentation broth. Conclusion: The results showed that the extracellular lipase production

from Pseudomonas fluorescens was enhanced by three folds using submerged fermentation.
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Cation Exchange Chromatography.

INTRODUCTION

Lipases belong to the triacylglycerol ester hydrolase (E.C. 3.1.1.3)
family. They catalyse the breakdown of long-chain triglycerides
into fatty acids, diacylglycerols, monoacylglycerols, and glycerols.
In addition to hydrolytic activity, they exhibit transesterification,
esterification, aminolysis, and alcoholysis activities that are
important in various industries."? Microbial lipases are widely
used for reasons such as the diversity of available catalytic
activities, high production yields, ease of genetic manipulation,
lack of seasonal variation, regular supply, excellent stability, safety,
and convenience.**® Lipases isolated from microorganisms offer
higher activity and thermal stability associated with neutral or
alkaline pH. Pseudomonas alcaligenes, Pseudomonas aeruginosa,
Pseudomonas fluorescens and Bacillus subtilis are bacterial strains
that produce lipases in considerable amounts.®® The fungal
strain that produces lipases includes Penicillium expansum,
Trichoderma, and Aspergillus niger.'® Several microbial lipases
have been identified to be thermostable at temperatures >70°C and
alkaline stability at pH>9.""""* Microbial lipases are ubiquitous in
nature and are commercially important because they are cheaper
to produce, more stable, and more readily available than animal
and plant lipases.'*'® Natural or recombinant microbial lipases
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are widely used in various biotechnological applications. Most
of the extracellular lipases are derived from fungi and bacteria

species.'”!8

As versatile biological catalysts, lipases are expected to meet the
needs of various industries such as detergent, food and beverages,
leather, textiles, detergents, pharmaceuticals, medicals and
biodiesel.'"'* Microbial lipases have already shown great potential
for use in various industries. Lipases are often used as flavour
enhancers in dairy products.” Lipase enzymes break down greasy
stains, and surfactants in detergents stick to the residue and
remove stains from clothing.?! Lipase is used along with other
enzymes to remove the glue from the spools of yarn that aid in
dyeing.”” Lipases significantly increase oil yield during vegetable
oil processing and improve the appearance of the final product.
Lipases also play important roles in wastewater treatment
(degradation and removal of oils), cosmetics (removal of lipids),
leather (removal of lipids from animal skin), pharmaceuticals
(digestion of oils and fats in food) and medicine (blood
triglycerides-examination).”*** Lipases were also investigated to
hydrolyse chemically created biodegradable polymers to substrate
analogues.”>? Lipases are currently being studied in producing
cocoa butter equivalents and breast milk fat equivalents.”*%

MATERIALS AND METHODS

Media and growth condition

Pseudomonas fluorescens culture was obtained from Vishwamitra
bio agro private Limited. 100 mL LB broth was incubated with
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pseudomonas culture (1%) inoculated into 100 mL LB broth and
incubated at 37°C till it grew exponentially. Pseudomonas culture
was then transferred to lipase production media.

Lipase production

Lipase production media was prepared with 1-5% (w/v) dextrose,
1-10% (v/v) olive oil, 1% yeast extract, 0.07 g of K. HPO,, 0.03 g of
KH,PO,, 0.05 g MgSO,, 0.01 g MnCl,, 0.01 g CaCl, and sterilized.
The fermentation media was then seeded with an inoculum size
of 1-5% (v/v) and submerged fermentation was carried outin 5L
flasks for 72 hr at 37°C. The fermentation broth was centrifuged
at 6000 rpm for 10 min after 3 days. The source of lipases was
taken from the supernatant.

Lipase purification

Ammonium sulphate precipitation (70% saturation) was
employed to pellet down the proteins in the supernatant. The
solution was then centrifuged for 10 min at 6000 rpm. 10 mM
phosphate buffer was used to dissolve the protein pellet that
was produced following centrifugation. The protein solution
was then dialysed several times to remove the excess salt. The
crude extract of lipases thus obtained was purified using CM
Sephadex C, column (50 cm X 2 cm) chromatography. Flow rate
was maintained at 1 mL/min using 10 mM potassium phosphate
buffer and fraction size was limited to 1 mL. A sodium chloride
gradient of 0 M to 0.5 M was used to elute the bound proteins. For
the eluted fractions, optical density was measured at 280 nm and

a chromatogram was plotted (Figure 1A).

Lipase activity assay

P-Nitrophenyl Butyrate (p-NPB) was used as the substrate for the
spectrophotometric determination of lipase activity, with some
minor modifications to the procedure published by Krieger et al.
in 2019. Nine parts of solution A (100 mM sodium phosphate
buffer, 150 mM sodium chloride and 0.5% (V/V) Triton X100)
and one part of solution B (50 mM p-NPB) were taken as a
reaction mixture. 0.9 mL of solution A was mixed with 0.1 mL of
50 mM p-NPB and 0.1 mL of purified lipase extract. The reaction
mixture was then incubated at 37°C for 5 min. A blank solution
devoid of p-NPB substrate was used as a reference for measuring
the amount of P. nitrophenol butyrate released during enzymatic
reaction at 400 nm. The amount of enzyme required to catalyse
the release of 1 nanomole of p-nitrophenol from P. nitrophenyl
butyrate per minute under test conditions was designated as one
International Unit (IU) of lipase activity. The formula below was
used to compute the enzyme activity.

(AA400nm/min Test-A A400 nm/min Blank) x
Assay volume x DF

Units/mL enzyme =
(0.0148)xVolume of enzyme

International Journal of Pharmaceutical Investigation, Vol 14, Issue 1, Jan-Mar, 2024

where DF is the dilution factor and 0.0148 is the micromolar
extinction coefficient of p-nitrophenol at 400 nm.

Temperature effect on lipase activity

Lipase activity was measured after the purified lipase enzyme was
heated in a hot water bath for 10 min at temperatures ranging
from 30°C to 80°C.

pH effect on lipase activity

Lipase enzymes were then exposed to solutions with different
pHs ranging from pH 4 to pH 9 for 10 min. The impact of pH on
a pure enzyme was then estimated using a lipase activity assay.

Statistical analysis

Results were reported as Mean+SEM. All analyses findings were
determined to be statistically significant at p<0.05.

RESULTS

Lipase production

To enhance the production of lipase, Pseudomonas fluorescens
culture was used with an inoculum size ranging from 1-5%.
Different variants of dextrose concentrations (1%-5%) and olive
oil concentrations (1%-10%) were also used to optimize the
production of lipases. In a 5 L flask, submerged fermentation
was done for 72 hr using the aforementioned versions along with
additional minerals and nutrients. The fermentation broth was
then subjected to centrifugation and the microbial cells were
pelleted down. Extracellular lipases were then collected in the
supernatant and subjected to (NH,4),SO, precipitation.

Lipase purification

Lipase crude solution was subjected to fractionation using CM
Sephadex C, | cation exchange chromatography. Figure 1A shows
the chromatogram that was obtained during cation exchange
chromatography. All the peak fractions in the chromatogram
were tested for lipase activity. The protein peak highlighted with
red showed significant lipase activity.

Influence of inoculum percentage on lipase
production

Lipase production was done with three different variants of
inoculum (1%, 3% and 5%) using submerged fermentation. We
observed maximum production of lipases with 3% inoculum size
compared to the other two variants Figure 1B.

Effect of inducer and initial carbon levels on lipase
production

Pseudomonas lipase production was optimized by adjusting
the initial carbon and inducer concentrations. Initial carbon
concentration has minimal effect on lipase production. We
observed a slightly higher concentration of lipase produced with
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Figure 1: A. Purification of lipase using CM Sephadex C,, column chromatography B. Effect of inoculum size on lipase production.

3% dextrose in broth (Figure 2A). An increase in olive oil (inducer)
concentration from 1-5% exhibited significant enhancement in
lipase production, but no major change in lipase production was
observed beyond 5% olive oil concentration. When compared to
other variants, significantly more lipases were generated with a
5% olive oil concentration (Figure 2B).

Temperature effects on lipase activity

Temperatures ranging from 30°C to 80°C were used to test the
lipase activity. We observed purified lipases to be thermally stable
even at 60°C and lipase activity gradually decreased from 60°C to
80°C (Figure 3A).

Effect of pH on lipase activity

pH showed a drastic effect on lipase production. We observed
maximum lipase activity at pH 8 (Figure 3B).

DISCUSSION

Lipases belonging to the triacylglycerol ester hydrolase family
of enzymes are widely used in biopharmaceutical industries. A
production that is optimised is necessary to increase productivity
and satisfy the industrial demand for lipases. The current
study used submerged fermentation to perform purification
and production optimisation of extracellular lipases from
Pseudomonas fluorescens. Optimization studies were performed
with three different initial substrate concentrations of dextrose
and 4 different concentrations of olive oil as inducers. We
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Figure 2: A. Effect of initial substrate concentrations on lipase production B.
Effect of inducer concentrations on lipase production.

observed a slightly higher concentration of lipase produced
with 3% dextrose in broth. An increase in olive oil (inducer)
concentration from 1-5% exhibited significant enhancement in
lipase production, but no major change in lipase production was
observed beyond 5% olive oil concentration. When compared to
other variants, significantly more lipases were generated with a 5%
olive oil concentration. Inoculum size can be an additional factor
which determines the lipase production rate. We observed higher
production of lipases with 3% inoculum in the fermentation
broth. We were able to optimize the production of Pseudomonas

fluorescens lipases to a concentration of 220 IU/mL of broth.
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Figure 3: A. Effect of temperature on lipase activity. B. Effect of pH on lipase activity.

CONCLUSION

Lipase production from Pseudomonas fluorescens was optimized
using several media variants in submerged fermentation.
Significantly more lipases were generated with 5% olive oil
concentration, 3% inoculum size and 3% dextrose concentration
in the fermentation broth. The results showed that the extracellular
lipase production from Pseudomonas fluorescens was enhanced
by three folds using submerged fermentation.
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