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ABSTRACT
L-Asparaginase, an enzyme (E.C.3.5.1.1) that is responsible for breakdown of L-asparagine into aspartic acid and
ammonia, has significant applications in the therapeutics and food technology. Presently L-Asparaginase is mostly
produced by using microbial sources including bacteria, fungi and actinomycetes. In therapeutics L-Asparaginase is
used as antileukemic agent to treat acute lymphoblastic leukemia (ALL), a malignancy mostly present in children. In
food industry this enzyme is used to diminish the quantity of acrylamide that is present in fried and baked starchy
foods and carcinogenic in nature. L-Asparaginase done deamination of asparagine thus reduced acrylamide
concentration. Another application is its use in biosensors. Both at industrial scale and at laboratory level production
of L-Asparaginase can be done by submerged fermentation (SmF) or by solid-state fermentation (SSF). Comparison
of both methods revealed that SSF is preferable over SmF because it is inexpensive, environment-friendly and it
provides high yield of L-Asparaginase enzyme. SSF method consumes both industrial and agricultural wastes as
their substrate. The contamination is significantly decreased in SSF because of presence of low moisture content.
Purification of enzyme can be done by using different techniques i.e. precipitation of sample, dialysis and various
chromatographic techniques are used in different combinations. A wise combination of steps increase the
purification and yield.
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I. INTRODUCTION
L-Asparaginase (E.C. 3.5.1.1) is an amidohydrolase that
is found in a wide range of organisms i.e. plants,
microbes and animals that catalyzes the hydrolysis
aspargine (amino acid) into aspartic acid and ammonia.
It is difficult to extract it from plants and animals
therefore microorganisms are assessed as potential
sources for the production L-Asparaginase enzyme
(Arima et al., 1972). This enzyme has significant
applications in the therapeutics and food industry. In
therapeutics L asparaginase act as anti-tumor agent and
show tumor inhibitory properties. Acute lymphoblastic
leukemia (ALL) is mainly treated by Asparaginsae.
Normal body cells can produce L-asparagine by using
asparagine synthetase enzyme, while certain malignant
cells are not able to synthesize aspargine and require an
external source of L-asparagine for their growth. In ALL

treatment with L-Asparaginase, in the body of the
patient all the circulating asparagine is hydrolyzed into
ammonia and aspartic acid as a result of which
absorption of asparagine by tumor cells is prevented and
hence divesting the tumor cells of their extracellular Lasparagine source (Broome, 1963). The cancerous cells
cannot carry out the de novo asparagine synthesis
(Killander et al., 1976). Anaphylaxis, thrombosis,
pancreatitis, coagulation abnormality, liver dysfunction,
hyperglycemia, and cerebral dysfunction are side effects
that are associated with L-Asparaginase therapy. L
asapaginase can evoke immune response in which
antiasparaginase antibodies are formed in the body. The
other cause of side effects is L-glutaminase activity of
L-Asparaginase enzyme used (Haskell et al., 1969). LGlutaminase activity of enzyme leads to a reduction of
plasma L-glutamine level (Avramis et al., 2002). These
side effects can be life threatening like anaphylactic
shock (Soares et al., 2002). The same enzyme also plays
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vital role in food industry to stop the production of a
carcinogen named as acrylamide at high temperatures
such as frying or baking of starchy food items.
J.G. Kidd, in 1953 presented that transplanted
lymphomas of mice and rat are inhibited in vivo when
mice repeatedly injected with guinea pig serum. He
found some active component in pig serum that plays an
important role in selective necrosis of lymphoma cells
(Kidd, 1953). In 1961 Broome revealed that the enzyme
that is responsible for inhibitory action of lymphoma and
present in guinea pig serum is L-Asperaginase (Broom,
1961). A major development resulted when two
researchers Mashburn and Wriston in 1964 stated that
Escherichia coli asparaginase can also inhibit the growth
of tumors (Mashburn & Wriston, 1964). Lymphatic
tumor cells need high quantity of L-asparagine to ensure
their rapid malignant growth while L-Asparaginase
enzyme is used for the reduction of asparagine. Then
this mechanism was acknowledged as a favorable
method for the reduction of tumors. Now a days a
number of microbial species are identified and studied
that can produce L-Asparaginase for medical trials of
Acute Lymphoblastic Leukemia chemotherapy. (Hill et
al., 1967).
Mechanism of Action
L-asparagine is a nonessential amino acid that is
produced in human cells by an enzyme that is called Lasparagine synthetase. Tumor cells require huge amount
of asparagine as an essential factor for their survival and
growth. During the treatment of patients with ALL, LAsparaginase is injected into the body and start
hydrolysis of L-asparagine into aspartate and ammonia
as result of which asparagine starvation occur and
cancerous cells die (Broome, 1963). The mechanism of
action of L-Asparaginase occurs in two steps. First step
includes formation of beta-acyl-enzyme intermediate, a
covalent intermediate occur by L-Asparaginase
nucleophilic attack. In the second step, a water molecule
attacks the acyl-enzyme intermediate to produce Laspartate and ammonia (Michalska & Jaskolski, 2006).
Quantification of release of ammonia or quantification
of aspartic acid are used to examine hydrolysis reaction.
Release of ammonia is measured by Nessler’s reagent.
Mechanism of catalytic activity of L-Asparaginase is
alike to serine protease. Exact mechanism of action of L-

Asparaginase is still unknown because it has two types
of activities i.e glutaminase and asparaginase activities
(Gulati et al., 1997).

Figure 1: Illustrate the mechanism of action of LAsaparaginase (Kumar & Sobha, 2012).
L-Asparaginase is also use glutamine as substrate but it
have less affinity for glutamine than L-Asparagine.
Glutamine donates an amino group to L-asparagine
synthetase for de novo pathway for L-asparagine
biosynthesis, therefore L-Asparaginase decreases the
level of glutamine and also help in supporting the
reduced level of asparagine and so contributes the
chemotherapic effect of L-Asparaginase (Zeidan et al.,
2009).
Microbial Sources
(a)

Bacterial Asparaginase:

A number of bacterial sources are widely used for the
production of L Asapaginase therefore they are studied
extensively. Easy manipulation of bacteria also evoke its
extensive use in enzyme production. For the production
of L-Asparaginase For the chemotherapy of ALL
bacterial L-Asparaginases are mostly use. Especially E.
chrysanthemi and E. coli are medically approved to treat
ALL. Depending upon different bacterial sources LAsparaginase show differences in stability, pH, and
affinity (Imada et al., 1973). Microbial sources that can
reduce the allergic reactions and also decrease the toxic
effects of bacterial L-Asparaginase are tried to produce
by using different methods.
(b)
Fungal Asparaginase:
Due to the hypersensitive reactions like anaphylactic
shock by bacterial L-Asparaginase, filamentous fungal
L-Asparaginase from Aspergillus terreus exhibited a
better anti-tumor effect on static tumor (De-Angeli et al.,
1970). Presence of amidase activity was first observed in
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fungal strains by Imada et al Penicillium clavgorme and
P. expansum (Imada et al., 1973). Later extracellularly
produced L-Asparaginase purified from A. terreus was
attached with polyethylene glycol (PEG) and estimated
for its antiproliferation activity. Results showed that A.
terreus L-Asparaginase is effective against proliferation
of two leukemic cell lines, with a molecular weight
similar to that of E. coli asparaginase. These LAsparginases does not show any glutaminase activity
(Loureiro et al., 2012). Fungal L-Asparaginase is a
significant alternative of bacterial L-Asparaginase to
decrease the toxic effects of bacterial asparaginases.
Fungi are eukaryotic and are evolutionarily closer to
human, chances of immunological reactions against
fungal L-Asparaginase are less (Shrivastava et al., 2012).
Colletotrichum, Eupenicillium, Fusarium, Penicillium,
Talaromyces, Aspergillus niger, Aspergillus terreus,
Aspergillus tamarii, are fungal sources for LAsparaginase (Theantana et al., 2009; Patro & Gupta,
2012).
(c) Actinomycetes L-Asparaginase:
In recent times, marine microbes are consider to use for
the production of bioactive compounds. A potential
source of actinomycetes is marine environment from
where these microorganisms can be isolated and used for
antibiotics and bioactive compounds production. Marine
actinomycetes also synthsize L-Asparaginase that can
kill malignant cells and show cytotoxic effects on
myelogenous leukemia and acute T-cell leukemia
(Dhevagi & Poorani, 2006). Six strains of actinomycetes
streptomyces
aureofasciculus,
Streptomyces
chattanoogenesis,
Streptomyces
hawaiiensis,
Streptomyces orientalis, Streptomyces canus, and
Streptomyces olivoviridis were screened in marine fish
(sahu et al., 2007). In 2011 Dharmaraj reported LAsparaginase of marine actinomycetes where purified LAsparaginase exhibited 78.88 IU/mg specific activity at
pH 8. L-Asparaginase formation from various
actinomycetes
like
Streptomyces
ABR2
and
Streptomyces albidoflavus have been explored (Sudhir et
al., 2012).

Table 1. Different microbial sources of L-Asparaginase.
Fungal

Bacterial Sources

Actinomycetes

Sources
Aspergillus
niger
(Patro
&
Gupta, 2012).
Aspergillus
terreus
(De-Angeli et
al., 1970).
Aspergillus
tamari
(Patro
&
Gupta, 2012).
Penicillium
expansum
(Imada et al.,
1973)
Fusarium
tricinctum
(Scheetz
et
al., 1971).
Penicillium
clavgorme
(Imada et al.,
1973).

Erwinia aroideae
(Peterson
&
Ciegler,
1969a,
1972)
Hydrogenomonas
eutropha
(Peterson
&
Ciegler,
1969a,
1972).
E. chrysanthemi
(Imada et al., 1973
& Verma et al.,
2012).
E. coli
(Imada et al., 1973
& Verma et al.,
2012).
Serratia
marcescens
(Heinemann
and
Howard., 1969).
B. subtilus
(Fisher
et
al.,
2002).

Streptomyces
albidoflavus
(Narayana et al.,
2008).
Streptomyces
ABR2
(Sudhir et al.,
2012).
S. gulbargensis
(Amena et al.,
2010).
streptomyces
aureofasciculus
(sahu et al.,
2007)
Streptomyces
orientalis
(sahu et al.,
2007)
Streptomyces
olivoviridis
(sahu et al.,
2007)

Production of Asparaginase
(A)

Solid State Fermentation: (SSF)

L-Asparaginase is generally produced by using SmF
method. But different disadvantages like high cost, low
product yield, and the production of huge quantities of
waste water effluent are associated with SmF. Solid
State Fermentation (SSF) is widely used in many
processes like in biodetoxification of different harmful
compounds, production of various therapeutic enzymes,
bioremediation, production of secondary metabolites,
and as an operative alternate of SmF. a process in which
the growth of microbes takes place on a solid surface
(substrate) in the absence or presence of minute quantity
of water or with least moisture content is known as SSF.
In this approach solid substrate act as the only source for
the microbes. In 2002 Watanabe et al reported that SSF
uses agricultural trashes and industrial remains that are
inexpensive and freely available material as source of
growth for microbes for the production of different
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products. (Watanabe et al., 2002). Marine actinomycetes
L-Asparaginase was produced by SmF and SSF and
compared for enzyme activity, results showed that LAsparaginase isolated from SSF process have greater
activity (Basha et al., 2009). Substrates includes wheat
bran, soy bean meal, black sesame oil cake, coconut oil
cake, and sugar cane bagasse are usually used for the
production of enzyme by SSF. In 2006 Mishra reported
optimum production of L-Asparaginase by A. niger
when Glycine max used as substrate. Several statistical
systems have been described for the optimization of the
process of extraction of L-Asparaginase from
microorganisms. Estimation of nutritional and
environmental factors should be estimated for the
production of enzyme.
Production of L-Asparaginase by Cladosporium specie
was studied with five different experimentally designed
variables that are temperature, pH, moisture content,
inoculum concentration, and time, while substrate was
wheat bran on SSF, indicated an enzyme yield of 3.74 U
(Mohan Kumar & Manonmani, 2013). Production of LAsparaginase on sesame oil cake by using A. niger C4 as
a source of enzyme in a SSF media was optimized for
three parameters that are temperature, aeration rate and
bed thickness, showed maximum L-Asparaginase yield
of 310 U/g (Uppuluri et al., 2013). This enzyme was
produced by Pseudomonas aeruginosa 50071 on SSF
media and purified 106 fold using ammonium sulfate
precepitation followed by Sephadex gel filtration (ElBessoumy et al., 2004). There are different types of
bioreactors are present for SSF such as tray, packed bed,
rotating drum, and fluidized bed. SSF cannot be used in
large-scale extraction and purification of the enzyme
because the scaling up of SSF bioreactor is tough due to
problems of heat and mass transfer in heterogeneous
system.
(B)
Submerged Fermentation: (SmF)
Submerged fermentation (SmF) is a process in which the
growth of microbes takes place in liquid broth media at
where which is optimization of essential nutrients is
done to enhance cultivation of microbes. In this process
selected microbes grow carefully in a closed reactor that
have fermentation media and a high oxygen
concentration. SmF has well-established equipment that
makes use of the existing microorganisms. Among
different microbes Bacteria are usually used as a source

in this process because they need high content of
moisture. Fungal species such as A. tamari, Aspergillus
niger, A. terreus, Fusarium, and Penicillium are
reported for L-Asparaginase production by SmF (Patro
& Gupta, 2012), and studies on optimization of culture
media and environment conditions in both batch and
continuous SmF have been reported. Production of LAsparaginase depends upon the type of the
microorganism as well as on different factors that are
nutrient composition, temperature, pH of medium,
inoculation
concentration,
dissolved
oxygen
concentration and fermentation time (Kumar & Sobha,
2012).
Table 2. Types of fermentation processes by using
microbes.
Organism Name
Pseudomonas
aeruginosa
50071
Aspergillus niger

Type
of Reference
fermentation
SSF
(El-Bessoumy
et al., 2004)
SSF

B.
circulans SSF
(MTCC 8574)
Aspergillus
SMF
terreus,
A.
tamarii
P. carotovorum
SSF
Fusarium
equiseti
Cladosporium sp.

SSF

Serratia
marcescens
Erwinia
carotovora
Bacillus sp.

SSF/SMF

Enterobacter
aerogenes
Thermus
thermophilus

SMF

Streptomyces
gulbargensis

SMF

SSF

SMF
SMF

SMF
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(Mishra, 2006;
zia et al., 2013)

(Sarquis et al.,
2004)
(Kumar et al.,
2010)

(Mohan Kumar
et al., 2013)

(Kamble et al.,
2006)
(Moorthy et al.,
2010)

(Pritsa
&
Kyriakidis,
2001)
(Amena et al.,
2010)
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Penicillium sp.

SMF

(Patro & gupta,
2012)

Penicillium
digitatum
Cladosporium sp.

SMF

(Shrivastava et
al., 2012)
(Mohan Kumar
& Manonmani,
2013).

SSF

Presence of L-Asparaginase from marine bacteria was
separated and found as a good choice (Mohapatra et al.,
1995). Fungal L-Asparaginase Production was examined
in A. tamarii and A. terreus and showed that A. terreus
exhibited maximum L-Asparaginase activity of 58 U/L
in a 2% proline medium (Sarquis et al., 2004). Use of
agricultural waste like corn steep liquor for the
production of L-Asparaginase was studied as cheap
source (Zia et al., 2013). To overcome or minimize the
side effects of immunological reactions from Bacterial
L-Asparaginase ASP3 gene from Saccharomyces
cerevisiae was cloned and expressed in Pichia pastoris
then this recombinant strain used in SmF for the
production of enzyme as a result of which 800 U/g per
dry cell mass can be yielded. (Ferrara et al., 2006). SmF
is extensively used for large-scale production of LAsparaginase. A comparison of SSF and SmF shows
that SSF provides high yield and constitutes an ecofriendly process that avoids environmental pollution.
Purification
Purification of L-Asparaginase mainly consists of
alkaline lysis, ammonium sulfate precipitation, ionexchange, gel filtration, dialysis, and crystallization. LAsparaginase of Erwinia specie purified firstly by using
cation-exchange chromatography technique then affinity
chromatography, a highly specific chromatography
technique was applied and at the end dialysis was done.
Different important enzymes purification was achieved
by cation-exchange chromatography technique because
enzymes of bacteria are acidic in nature (Lee et al.,
1986). Side effects of L-asparginase that are caused by
glutaminase activity of this enzyme can be decreased by
producing glutaminase free L-Asparaginase. LAsparaginase free of glutaminase was purified by using
ammonium sulfate precipitation followed by Sephadex
G-100 chromatography and Diethylaminoethyl (DEAE)
cellulose column chromatography. Kinetic factors, Km

and Vmax of purified L-Asparaginase from P.
carotovorum MTCC 1428, were 0.657 mM and 4.45
U/μg (Kumar et al., 2011). Usually, microbial LAsparaginase shows activity at pH 7–9 but enzyme
derived from T. thermophilus shows optimal activity at
pH 9.2 and a Km value of 2.8 mM (Pritsa & Kyriakidis,
2001). The production and purification of LAsparaginase from bacteria are studied and worked a lot
while the yield of the enzymes of bacteria is low. Mohan
Kumar et al cultivated fungal strain Cladosporium
specie on wheat bran by SSF and purified with Vmax of
4.44 μmol/mL/min and Km of 0.1 M representing
greater affinity of L-Asparginase for L-Asparagine
(Mohan Kumar et al., 2013).
(A)

Protein precipitation:

Separation by precipitation is a classical technique that
is used for the recovery and purification of biomolecules
from a liquid solution (Golunski et al., 2011). Process of
precipitation reversibly disrupt secondary and tertiary
structures of protein that cause precipitation of a protein.
It is an easy method for scale up, with simple
requirements of equipment, cheap. Additionally, the
precipitant agent can be recycled in the final process by
distillation, evaporation or heat drying, thus decreasing
the environmental influence related to its removal.
Recovery of Asparginase from different sources usually
done by precipitation. A number of researchers have
purified L-Asparginase up to apparent homogeneity by
ammonium sulphate precipitation (Basha et al., 2009;
Amena et al., 2010; Moorthy et al., 2010; Gervais et al.,
2013). When ammonium sulphate added to crude sample
extract that have enzyme at its saturation precipitation of
Asparaginase occur and crude sample partially purified.
Different yields depending on the source of Asparginase
can be obtained by using 35% to 100% ranges of salts
concentrations. In 2010 about 96.2% Asparaginase was
recovered from Bacillus specie of bacterial source that
was grown on glucose and after precipitation purified
10.9 fold (Moorthy et al., 2010). Salt precipitation is
usually followed by centrifugation and column filtration
to increase the purification yield. Streptomyces
gulbargensis Asparaginase was yielded 50.6%, with 1.8
fold purification after production and purification.
Purification of the same enzyme was improved and
approaches up to 26.9-fold after centrifugation of
precipitate then precipitant dialyzed against buffer
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followed by Sepharcryl S-200 column filtration (Amena
et al., 2010).
In 2004 El-Bessoumy et al., employed comparable
strategy to synthesize, separate and purify Asparaginase
from P. aeruginosa after SSF. After ammonium sulphate
precipitation 5.2-fold Purification was obtained and with
the use of Sephadex G-100 gel filtration technique it was
increased about five times. For the purpose of
concentration of crude sample ethanol can also be used
and act as pre purifier or precipitant. In Brazil
production of ethanol is very extensive. Ethanol can be
reused after the process of precipitation and as a result
decreases the environmental effect (Golunski et al.,
2011). Precipitation is one of the first steps in the
downstream process and it is usually combined with
traditional techniques to enhance biomolecules
purification fold and process yield. However, advanced
techniques should be explored for a speedier and cost
effective purification methods.
(B)

Liquid–liquid extraction:

Liquid– liquid extraction (LLE) is one of the exciting
alternate that can be used for the purpose of purification
or extraction of different proteins or enzymes by using
two-phase aqueous systems. Removal of a solute from a
liquid mixture after the interaction with another nonsoluble or partially soluble liquid mixture at which
solute is differently soluble is known as liquid-liquid
extraction. Affinity ligands can be used to enhance the
partition in LLE (Lam et al., 2004). Aqueous two-phase
systems can be achieved after combining the mixtures of
water-soluble polymers with a different polymer or with
some inorganic salts at or above critical concentrations.
Different physicochemical properties effect partition of
protein in two-phase systems, like surface
hydrophobicity, molar mass, isoelectric point and
components of system and some other factors that
influence partitioning are concentration of polymer or
surfactant, salt addition and pH. In 2003 Qin and Zhao
reported a collective approach to release and isolate
Asparaginase from E. coli ATCC 11303 cells by using
micellar aqueous two-phase systems. When cells were
treated with Triton X-100 (15%, w/v) and 9.4% (w/v)
potassium hydrogen phosphate for 15-20 hours at 25 °C
about 80% enzyme was released from cells of E. coli.
As L-Asparaginase is present in periplasmic space, the

authors suggested that Triton X-110 micelles can
interrupt the outer membrane of E. coli release the LAsparaginase enzyme from the periplasmic space of
bacterial cells. For surfactant/phosphate/ water system,
phase parting into top phase that is micelle-rich and
bottom phase (salt-rich phase) was detected above
concentration of critical micelle. In phosphate-rich (salt
rich), bottom phase abundance of released Lasparaginase was obtained. Although aqeuous two-phase
micellar systems have a potential for the release or
purification of asparaginase but there is still no data on
purification factor.
In 2007 Jian-Hang et al., described another approach in
which cells are disrupted by high-pressure
homogenization and the enzymes are taken by aqueous
two-phase micellar system for of intracellular
asparaginase extraction from E. coli. Those researchers
employed polypropylene oxide (PPO) and polyethylene
oxide (PEO) as copolymers in triblock like PEO–PPO–
PEO, to form main aqueous two-phase systems for
purification
of
L-asparaginase.
Asparaginase
purification via this in-situ process resulted in increased
enzyme yield by in-situ process (from 52% to 73%) and
specific activity (from 78.60 to 94.80 U/mg) compared
with the conventional process including cell disruption,
centrifugal clarification and subsequent aqueous twophase micellar system.
For the commercial purification of Asparaginase,
aqueous two-phase system still requires more
exploration for its implementation. Additionally, we
believe that there is a requirement to further study
aqueous two phase system that are made up of ionic
liquids for the purification of Asparaginase which
appears to be a predominantly promising substitute
(Souza et al., 2015).

(C)

Chromatography:

A high level of purity is needed for circulatory enzymes
preparations like Asparaginase that is why a defined
system of purification method is required. In 2008
Gra¨slund et al reported that an elevated degree of purity
of enzyme is also significant from the perspective of
process control, but steps that are required for the
process of purification, In common, enzyme activity loss
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and increased expenses are resulted. Asparaginase from
P. aeruginosa 50071 attained by SSF was purified by
ammounium sulphate precepitation(NH4)2SO4, gel
filtration (Sephadex G-100) and ionic exchange (CMSephadex C50) then the specific activity was increased
up to 1900 IU/mg in final product from 17.90 in crude
extract (El-Bessoumy et al., 2004). A similar method
was used by in 2013 Singh et al. used a similar process
for the purification of extracellular Asparaginase from
protease-deficient Bacillus aryabhattai ITBHU02 strain.
After ammounium suphate precipitation and DEAESepharose fast flow chromatography and Seralose
column chromatography, Asparaginase was purified
with specific activity of 680.47 U/mg up to 68.9-fold
yield. who extracted and purified Asparaginase from E.
carotovora was extracted and purified by (NH4)2SO4
precipitation, followed by CM cellulose, Sephadex G100 and DEAE Sephadex chromatographies specific
activity was increased from 1.36 to 1034 IU/mg, with a
least mass loss and an ultimate recovery yeilded 36.5%
(Warangkar & Khobragade, 2010). Penicillium
digitatum was another used source to synthesize
extracellular Asparaginase. After the process of protein
precipitation desalting was done, chromatography
technique i.e gel filtration was used with Sephadex G-25
then followed by Sephadex G-100 as a result of which
60.9-fold
purification was
obtained.
purified
Asparaginase was purified from Aspergillus specie by
ion exchange chromatography (DEAE Sepharose) after
which
gel
filtration
(Sephacryl
S-200HR)
chromatography was done at different flows results
showed 12% ending yield and 7.72 purification factor
(Loureiro et al., 2012).
When an extra purification phase was applied with the
mutual fraction to the similar Sephacryl S-200HR
chromatography column resulted in purification factor of
10.7 with a lower product yield (7.28%). Recently
asparaginase has been taken from the fungal genus
Cladosporium. Precipitation followed by DEAE
cellulose ion exchange and subsequent size exclusion
chromatography ensured a final specific activity of 83.3
U/mg (Kumar & Manonmani, 2013). The summary tells
that protocols for the purification of Asparaginase from
various sources lead to different purification results.
However
gel
filtration
and
ion
exchange
chromatography are the mostly used purification steps.
They are often preceded by precipitation with

(NH4)2SO4 used as the pre-chromatographic procedure
that can effectively be replaced by aqueous two-phase
system.

II. Applications
i.

Role of L-Asparaginase in Amino Acid
Metabolism:
For the production of different amino acids like lysine,
threonine, and methionine are biosynthesized by LAsparaginase. These amino acids are known as aspartic
family amino acids. In addition to Kreb’s cycle aspartic
acid is synthesized by L-asparaginase. This aspartic acid
is further used as a direct precursor of threonine and
lysine (Sinha et al., 2013)
ii.

Role of L-Asparaginase in Food industry:

In food processing L-asparaginase is also extensively
used enzyme. Current advances in food technology
revealed that a crystalline solid that is colorless and
odorless in nature is produced by Millard reaction, is
known as acrylamide (IUPAC name is 2-propenamide).
Millard reaction occurs when starchy foods are fried or
baked at 120 °C (Lingert et al., 2002). Acrylamide is act
as neurotoxin and considered as carcinogenic agent and
therefore it is harmful for human (Gokmen et al., 2008).
Millard reaction occur when α-amino group of free
asparagine and carbonyl groups of reducing sugars like
glucose react with each other during the process of
frying and baking. High temperature and pH induce the
production of acrylamide (Friedman, 2003). Lasparaginase has an ability to convert asparagine amino
acid into aspartate because of this reason LAsparaginase can be used in food industry to reduce
acrylamide formation in starchy foods. To avoid
acrylamide production pre-treatment of starchy foods
such as potato and bread dough is done with LAsparaginase (Pedreschi et al., 2008). Though,
acrylamide cannot completely removed because of
presence of asparagineindependent formation of
acrylamide (Dhanam & Kannan, 2013). Fungal sources
such as Aspergillus oryzae and Aspergillus niger
produce L-Asparaginase that are used in food processing.
In 2006 Ciesarova, Kiss, & Boegl described that use of
L-Asparaginase (2 U/g) effectively reduced acrylamide
concentration up to 90% in potato products that have
high concentration of asparagine. Recombinant
asparaginase from Aspergillus oryzae was tested on
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various food items like ginger biscuits, semisweet
biscuits, sliced potato chips, French fries and crisp bread
and the results showed 34–92% reduction in acrylamide
content (Hendriksen et al., 2009). In another study it was
confirmed that the use of L-Asparaginase could decrease
acrylamide level up to 99%, when used before baking
and frying of starchy food (Zyzak et al., 2003). In past,
some other researches have dealt with this application of
L-Asparaginase that can decrease the side effects of
acrylamide having foods without damage their features.
iii.
Anticancer Drug:
L-Asparaginase plays a vital role in treatment of Acute
Lymphoblastic Leukemia (ALL) with vincristine and a
glucocorticoid (Szymanska et al., 2012). L-Asparaginase
have anti-melignant properties that is why it has been
considered as a therapeutically significant antitumor
drug. Now L-asparaginase is a famous chemotherapeutic
agent which is used in combination with other drugs to
treat certain malignancies such as ALL (mostly in
childs), acute myelocytic leukemia, Hodgkin’s disease,
chronic lymphocytic leukemia, acute myelomonocytic
leukemia,
reticulosarcoma,
melanosarcoma
and
lymphosarcoma, (Kidd, 1953; Broome, 1961).
L-asparagine, act as an important amino acid required
for synthesis of protein, for various tumor cells and cell
growth, whereas L-asparaginase converts L-asparagine
to aspartate that is why presence of L-Asparaginase
destruct the growth factors of malignant cells as a result
of which depletion of asparagine occur and malignant
and ultimately tumor cells die (Salzer et al., 2014). Lasparaginase is present in plants, animals, and microbes,
but only selected L-asparaginase from E. chrysanthemi
and E. coli was permitted for chemotherapy for ALL
treatment (Verma et al., 2012). However latest research
shows that autophagy is associated with L-asparaginase
treatment, so it is recommended to use anti-autophagy
drug in combination with L-asparaginase for the
treatment of ALL. Inhibition of autophagy enhances Lasparaginase-induced cytotoxicity and overcomes the
acquired resistance to L-asparaginase in ALL cells
(Takahashi et al., 2017).

Figure 2: shows anti-leukemic action of L-Asparaginase
(Van den Berg, 2011).
iv.

Role of L-Asparaginase in Biosensor:

To study the levels of asparagine in leukemic patients
and food industry biosensors of L-Asparaginase are
developed (Verma et al., 2012). A number of
spectroscopy techniques like XPS, XRD, TEM, and
SEM are recently used for the analysis of L-asparagine,
but the main disadvantage is their high cost (Zubavichus
et al., 2004). As compare to these expensive techniques,
biosensor technology can be a reliable, cheap, and userfriendly approach. The mechanism of action of the
biosensor is based on asparaginase activity, ammonium
ions produced from the hydrolysis of asparagine cause a
change in pH resulting in the change of color and
absorption (Kumar et al., 2013).

III. CONCLUSION
In conclusion, L-Asparaginase from different microbial
sources shows such propertites which make it an
important enzyme in both pharmaceutical and food
industries. Further studies should be conducted for
reducing the cost of enzyme production. This could be
done by increasing the yield of L-asparaginase through
optimization of the production process or by strain
improvement. Although bacterial L-Asparaginase is
clinically used for treatment of ALL, it also induces
certain adverse reactions. Novel producers of Lasparaginases should be explored which may have less
side effects while clinical use.
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