International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Isolation of L-Asparaginase Enzyme from Microbes

Abhishek Ashok Nagergoje

Vel Tech Rangarajan Dr. Sagunthala R&D Institute of Science and Technology, Avadi, Chennai, India
Email: abhisheknagargoje842[at]gmail.com

Abstract: L-Asparaginase (EC 3.5.1.1) is a crucial enzyme with significant therapeutic applications, especially in the treatment of acute
lymphoblastic leukemia (ALL). It catalyzes the hydrolysis of L-asparagine into L-aspartate and ammonia, thus depleting the supply of
asparagine, which is essential for the survival of certain tumor cells. L-Asparaginase is produced by various microorganisms, including
bacteria, fungi, and actinomycetes. The microbial production of this enzyme has drawn attention due to its cost-effectiveness, ease of
fermentation, and ability to produce high yields. This review article focuses on the microbial sources of L-Asparaginase, methods of
isolation and purification, and the importance of optimizing the production conditions for industrial and therapeutic applications.
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1. Introduction

L-Asparaginase is an amidohydrolase enzyme that plays a key
role in cancer chemotherapy, particularly for hematologic
malignancies such as ALL. Tumor cells require L-asparagine
for protein synthesis and proliferation, but many cancer cells
lack the ability to synthesize this amino acid. By depleting L-
asparagine, L-Asparaginase induces apoptosis in these cells.
While L-Asparaginase can be obtained from different sources,
microbial production has become a prominent method due to
its economic benefits and scalability.

1) Microbial Sources of L-Asparaginase

The microbial production of L-Asparaginase is widely
studied, with bacteria, fungi, yeast, and actinomycetes being
the primary sources. Bacterial species, such as Escherichia coli
and Erwinia chrysanthemi, are the most commonly used for
commercial production due to their high yield and efficiency.
However, fungi and other microbes also show great potential
for L-Asparaginase production.

a) Bacterial Sources

o Escherichia coli: The most extensively studied and
utilized organism for L-Asparaginase production.

o Erwinia chrysanthemi: Commonly used in clinical
applications,  particularly  when  patients  show
hypersensitivity to the enzyme derived from E. coli.

« Pseudomonas aeruginosa: Known for its relatively high
L-Asparaginase activity, though less common in
commercial applications.

b) Fungal Sources

e Aspergillus oryzae: A filamentous fungus with the
potential to produce large quantities of L-Asparaginase.

e  Penicillium spp.: Known for its potential as a source of L-
Asparaginase and has been studied in various
fermentation conditions.

o Fusarium spp.: Another fungal source, with promising
yields of L-Asparaginase under optimized growth
conditions.

2) Isolation and Production of L-Asparaginase
The isolation and production of L-Asparaginase from
microorganisms typically follow a series of steps that involve

culturing the organism, inducing enzyme production, and
purifying the enzyme from the culture medium.

a) Cultivation of Microbes

Microbial strains are cultured in a suitable growth medium,
typically containing sources of carbon (e.g., glucose),
nitrogen, and essential minerals. Optimal growth conditions,
including pH, temperature, aeration, and incubation time, are
critical for maximizing enzyme production. For example, E.
coli strains are generally grown at 37°C, while fungal strains
like Aspergillus oryzae thrive at lower temperatures around
28-30°C.

b) Induction of L-Asparaginase Production

The production of L-Asparaginase can be induced by adding
L-asparagine or other inducers to the growth medium. The
presence of L-asparagine increases the enzyme's production,
as the microorganism metabolizes the amino acid and
generates the enzyme as part of its natural metabolic
processes.

c) Enzyme Extraction and Purification

The extraction of L-Asparaginase from microbial cells can be

done using various methods, including:

e  Cell disruption: Enzyme release can be achieved by
physical methods (sonication, homogenization) or
chemical methods (detergents, lysozyme treatment).

« Centrifugation: The cell debris is separated from the
supernatant containing the crude enzyme extract.

« Precipitation:  Ammonium sulfate precipitation is
commonly used to concentrate the enzyme by reducing
its solubility.

« Chromatography: Various chromatography techniques,
including ion-exchange and gel filtration, are employed
to purify the enzyme to homogeneity.

2. Optimization Of Production Conditions

For industrial-scale production, it is essential to optimize the
fermentation parameters, including pH, temperature,
agitation, aeration, and nutrient composition. Research has
shown that altering these conditions significantly affects
enzyme yield. The use of recombinant DNA technology has
also been explored to enhance L-Asparaginase production by
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creating genetically engineered strains with higher enzyme
activity.

a) Biotechnological Approaches

Recombinant technology has allowed for the overexpression
of L-Asparaginase in host organisms, such as E. coli. This not
only increases the yield but also enables the modification of
enzyme properties, such as reducing immunogenicity or
improving thermostability. Recent studies have focused on
creating mutant strains that produce more stable and effective
forms of L-Asparaginase.

b) Applications of L-Asparaginase

o Therapeutic Use: L-Asparaginase is a frontline
chemotherapeutic agent used in treating ALL and some
lymphomas. Its ability to deplete L-asparagine from the
bloodstream starves cancer cells, leading to their death.

o Food Industry: L-Asparaginase is used in the food industry
to reduce acrylamide formation during the cooking of
starchy foods. Acrylamide is a potential carcinogen
formed when foods are heated at high temperatures.

« Biosensor Development: L-Asparaginase is being explored
for use in biosensors that can detect L-asparagine
concentrations in various clinical and industrial samples.

3. Conclusion

Microbial production of L-Asparaginase is a critical area of
research due to its wide range of applications, particularly in
cancer therapy. Advances in biotechnology and microbial
fermentation have enabled the large-scale production of this
enzyme, making it more accessible for therapeutic use.
Ongoing research on optimization techniques and genetic
engineering will further improve the production efficiency
and efficacy of L-Asparaginase, ensuring its continued
relevance in both medical and industrial sectors.

4. Equations

The enzyme reaction catalyzed by L-Asparaginase can be
represented by the following chemical equation:
L-Asparagine + H.O — L-Aspartate + NHs

In this reaction:

e L-Asparagine is hydrolyzed by the
Asparaginase in the presence of water.

« The products of the reaction are L-Aspartate (an amino
acid) and ammonia (NHs).

enzyme L-
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