Appl Microbiol Biotechnol (2015) 99:1069-1079
DOI 10.1007/s00253-014-6271-9

MINI-REVIEW

Recent research progress on microbial L-asparaginases

Shaohua Zuo - Tao Zhang - Bo Jiang - Wanmeng Mu

Received: 9 September 2014 /Revised: 25 November 2014 / Accepted: 25 November 2014 /Published online: 11 December 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract L-Asparaginases (EC 3.5.1.1) are enzymes that cat-
alyze the hydrolysis of L-asparagine to L-aspartic acid and
found in a variety of organisms from microorganisms to
mammals. However, they are mainly expressed and produced
by microorganisms. Microbial L-asparaginases have received
sustained attention due to their irreplaceable role in the ther-
apy of acute lymphoblastic leukemia and for their inhibition of
acrylamide formation during food processing. In this article,
we review the application of microbial L-asparaginases in
medical treatments and acrylamide mitigation. In addition,
we describe in detail recent advances in the existing sources,
purification, production, properties, molecular modification,
and immobilization of L-asparaginase.

Keywords L-Asparaginase - Acute lymphoblastic leukemia -
Acrylamide - Production - Modification - Immobilization

Introduction

L-Asparaginases (L-asparagine amidohydrolase; EC 3.5.1.1),
which catalyze the hydrolysis of the amide group of the side-
chain of L-asparagine into aspartic acid and ammonia (Fig. 1),
are widely distributed among living creatures, including ani-
mals, plants, and microorganisms (Verma et al. 2007b). For
more than four decades, L-asparaginases have been a hallmark
of multidrug chemotherapeutic regimens broadly used for the
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treatment of lymphoid systems malignancies, childhood acute
lymphoblastic leukemia, Hodgkin’s lymphoma, lymphosarco-
ma, and melanosarcoma (Stecher et al. 1999; Duval et al.
2002). Moreover, L-asparaginases have been used as a diag-
nostic biosensor for L-asparagine due to the large amount of
ammonia produced by the enzymatic reaction and its direct
correlation to the level of L-asparagine in a patient’s blood
(Verma et al. 2007a). Apart from its clinical usage, L-
asparaginases have also been characterized successfully as
inhibitors of the formation of acrylamide in heated food
(Komnbrust et al. 2009); acrylamide is classified as a probable
human carcinogen by the International Agency for Research
on Cancer (IARC 1994), suggesting that L-asparaginases have
great potential for use in the food industry.

Although L-asparaginase has been reviewed by Savitri and
Azmi (2003) and Verma et al. (2007b), here we focus on
recent advancement in aspects such as the sources, purifica-
tion, and characterization of L-asparaginase and its application
in the pharmaceutical and food industries. The L-asparaginase
production by fermentation as well as its modification and
immobilization are also reviewed in this paper.

Application of microbial L-asparaginase
Pharmaceutical application

L-Asparaginases are a cornerstone of treatment protocols for
childhood acute lymphoblastic leukemia (ALL) and are used
for remission induction and intensification treatment in all
pediatric regimens and most adult treatment protocols. There
are three main L-asparaginase drug preparations used current-
ly; these include the native L-asparaginase from Escherichia
coli (E. coli asparaginase), a PEGylated (PEG: polyethylene
glycol) form of L-asparaginase (PEG-asparaginase), and L-
asparaginase derived from Erwinia chrysanthemi (Evwinia
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Fig. 1 Biochemical reaction catalyzed by L-asparaginase

asparaginase) (Pieters et al. 2011). E. coli asparaginase or
PEG-asparaginase is used as a first-line treatment of child-
hood ALL in current treatment protocols. Typically, patients
showing sensitivity to one formulation of L-asparaginase are
switched to another to ensure they receive the most efficacious
treatment. Erwinia asparaginase has been adopted in Europe-
an and US protocols for second- or third-line treatments. In
addition to the abovementioned three drugs, a novel recombi-
nant E. coli asparaginase preparation is currently being sub-
jected to clinical evaluation. The original data show that this
recombinant enzyme has an efficacy and toxicity profile sim-
ilar to the native E. coli asparaginase. An L-asparaginase
encapsulated into homologous red blood cells has recently
been proposed as a new approach to maintain enzyme activity,
while reducing the formation of anti-asparaginase antibodies
(Agrawal et al. 2013). In addition, a PEGylated form of
recombinant Erwinia asparaginase is under preclinical study
(Allas et al. 2009).

Unlike normal cells that can synthesize L-asparagine by L-
asparagine synthetase, tumor cells require abundant exoge-
nous L-asparagine to ensure rapid growth (Verma et al.
2007b). Therefore, the presence of L-asparaginase can deprive
lymphatic tumor cells of this essential amino acid, thereby
causing the cells to starve to death (Fig. 2). The toxic effects of
most L-asparaginases are associated with their L-glutaminase
activities, causing a prolonged low level L-glutamine intake
by normal cells of the liver and pancreas, thereby leading to
liver enzyme elevations and pancreatitis (Patil et al. 2011).
According to Asselin et al. (1989), E. coli asparaginase causes
more coagulation abnormalities and yields a better anti-
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Fig. 2 Schematic diagram of L-asparaginase inhibiting growth of tumor
cells

leukemia effect than Erwinia asparaginase due to its more
effective and sustained ability to deplete L-asparagine.

Application as a food processing aid

L-Asparaginase came under scrutiny by food experts when
acrylamide was initially detected in some fried and baked
foods, which are rich in carbohydrates (Tareke et al. 2002).
Compared with other methods, L-asparaginase has the advan-
tage of mitigating acrylamide levels without altering the final
sensorial experience typical of these products (Hendriksen
et al. 2009). In previous studies, L-asparaginase pretreatment
of potato and cereal foods achieved a final acrylamide content
reduction of 30-97 % (Ciesarova et al. 2006; Pedreschi et al.
2008; Hendriksen et al. 2009; Pedreschi et al. 2011; Kumar
etal. 2014a, b). Pedreschi et al. (2011) reported that traditional
blanching in combination with L-asparaginase treatment could
effectively reduce acrylamide levels by 90 % in potato chips.

As described above, L-asparaginase catalyzes the conver-
sion of L-asparagine into L-aspartic acid, which is one of the
two important precursors (asparagine and reducing sugar) for
acrylamide synthesis (Fig. 3) (Hedegaard et al. 2008). Several
articles show that the activity of L-asparaginase is related to
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enzyme dose, reaction conditions, and the ingredients used in
processing. There are also direct correlations between lowered
asparagine levels and the reduction in acrylamide according to
the complexity of the processing system (Anese et al. 2011a,
b; Hendriksen et al. 2009). Anese et al. (2011b) demonstrated
that the existence of fat might reduce both the enzyme activity
and the contact between the substrate and L-asparaginase.

L-asparaginases produced by Aspergillus oryzae
(Hendriksen et al. 2009) and Aspergillus niger (Kornbrust
et al. 2009) have been universally accepted in recent years
because of their advantageous properties, such as an optimum
pH of 6.0-7.0 and high activity at 60 °C, and because they
have been carefully evaluated by the Joint FAO/WHO Expert
Committee on Food Additives. Commercially available L-
asparaginase produced from genetically modified organisms
(A4. oryzae and A. niger) is now permitted for use in the United
States, Australia, New Zealand, Switzerland, China, México,
Russia, and in several EU countries (Anese et al. 2011a).
Canada has recommended amending regulations to allow the
application of L-asparaginase as a food additive, and some EU
countries have also authorized bakeries to use the enzyme in
food processing (Anese et al. 2011a).

Purification and characterization of microbial
L-asparaginase

Occurrence in microorganisms

L-Asparaginases are extensively distributed in all three do-
mains of life, from microorganisms (bacteria, molds, yeasts,
actinomycetes, and algaes) to higher organisms (plants, verte-
brates, and animal tissues). L-Asparaginase plays a critical role
in amino acid metabolism by hydrolyzing L-asparagine to L-
aspartic acid, which, can be transformed to oxaloacetate,
which can enter the Kreb’s cycle (Savitri and Azmi 2003). L-
Asparaginase is also important in the biosynthesis of the
aspartic family of amino acids (Martin 1989). L-Asparaginase
is produced constitutively, and its role may be as an overflow
enzyme, decomposing excess L-asparagine into L-aspartic ac-
id, which is the precursor of lysine, threonine, and methionine
(Savitri and Azmi 2003). In addition, the product of the L-
asparaginase catalytic reaction in plants, L-asparagine, is used
for nitrogen storage and transport, and is vital for the utiliza-
tion of this essential resource (Bruneau et al. 2006).
Microbes can produce several asparaginase types that differ
in their cellular location and properties, namely periplasmic
asparaginase, extracellular asparaginase, intracellular
asparaginase, and glutaminase-asparaginase, which plays a
role in basic metabolism (Cedar and Schwartz 1967; Hiiser
et al. 1999). Borek and Jaskoélki (2001) compared almost all
known protein sequences encoding L-asparaginase. Based on

phylogenetic conservation and other biochemical and crystal-
lographic data, they concluded that the L-asparaginases could
be divided into three different and unrelated families that they
termed bacterial-type, plant-type, and Rhizobium-type. There
are two designated bacterial-types: type I and type II. Type I L-
asparaginases display high K, values toward L-asparagine
and also show catalytic activity toward L-glutamine, while
type II L-asparaginases exhibit high affinity to L-asparagine
and low-to-negative activity toward L-glutamine (Cedar and
Schwartz 1967, 1968; Jerlstrom et al. 1989).

Novel microbial sources

Microorganisms have been considered as the most important
source of L-asparaginase since it was first reported in E. coli
(Mashburn and Wriston Jr 1964). Although L-asparaginase
has also been isolated from plant and animals sources, micro-
organisms, such as bacteria, fungi, yeasts, actinomycetes, and
algaes, have proven to be abundant sources of this enzyme.
Although the sources of L-asparaginase have been reviewed
before 2007 (Savitri and Azmi 2003; Verma et al. 2007b),
there have been many other novel microorganisms reported in
recent years.

Sahu et al. (2007) screened six actinomycetes strains
(Streptomyces aureofasciculus, Streptomyces
chattanoogenesis, Streptomyces hawaiiensis, Streptomyces
orientalis, Streptomyces canus, and Streptomyces olivoviridis)
from estuarine fish. Two Helicobacter pylori species were
reported to produce L-asparaginase (Shibayama et al. 2011;
Gladilina et al. 2008). Basha et al. (2009), using solid-state
and submerged fermentation, screened three strains (S3, S4,
and K8) of marine actinomycetes. L-Asparaginase has been
reported from two species of Serratia, Serratia marcescens
SK-07 (Agarwal et al. 2011) and S. marcescens NCIM 2919
(Ghosh et al. 2013). Eisele et al. (2011) reported the first
characterized L-asparaginase from a basidiomycete,
Flammulina velutipes. Fungal isolates from rhizosphere soils
were screened for L-asparaginase production by using modi-
fied Czapek Dox agar containing L-asparagine and phenol red
as an indicator. The 16S rDNA sequence analysis indicated
that one of these strains was most closely related to Fusarium
equiseti (Hosamani and Kaliwal 2011).

e Kumaretal. (2011a) identified another glutaminase-free 1-
asparaginase from Pectobacterium carotovorum MTCC
1428. A moderate halophilic bacterium, Bacillus sp.
BCCS 034, was screened for both intra- and extracellular
l-asparaginase production (Ebrahiminezhad et al. 2011).
Penicillium digitatum was screened for the production of
extracellular l-asparaginase (Shrivastava et al. 2012). A
protease-deficient Bacillus aryabhattai ITBHUO2 for 1-
asparaginase production was isolated from soil contami-
nated with hospital waste (Singh and Srivastava 2012).
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Sudhir et al. (2012) screened a new strain, Streptomyces
ABR2, which showed the highest l-asparaginase activity
among all screened organisms. Chlorella vulgaris was
identified as a novel microalgal source for l-asparaginase
production (Ebrahiminezhad et al. 2014). Recently, three
extremely thermostable l-asparaginases have been charac-
terized from hyperthermophilic archaeon strains, includ-
ing Thermococcus kodakaraensis KOD1 (Chohan and
Rashid 2013), Thermococcus gammatolerans EJ3 (Zuo
et al. 2014), and Pyrococcus furiosus (Bansal et al. 2010).
However, these l-asparaginases from 7. kodakaraensis
KOD1 and P, furiosus displayed no L-glutaminase activ-
ity, while the 7. gammatolerans 1-asparaginase had rela-
tively high hydrolysis activity toward L-glutamine (Zuo
etal. 2014).

Purification and characterization

L-Asparaginase is an injectable drug used for the treatment of
tumors. The sensitivity of the application of this enzyme
requires a high degree of purity. The majority of microbial L-
asparaginases are intracellular. Most purification procedures
are comprised of conventional methods, such as ammonium
sulfate fractionation combined with gel filtration or ion ex-
change column chromatography, while recombinant L-
asparaginase harboring a 6x hisidine-tag was purified to ho-
mogeneity using one-step nickel-affinity chromatography.
Several novel methods have also been applied to purify this
enzyme. In situ extraction of intracellular L-asparaginase using
a thermo-separating aqueous two-phase system was compared
with the conventional aqueous two-phase extraction process,
and the purification of L-asparaginase by this novel method
produced greater yield and higher specific activity (Zhu et al.
2007). The recovery of the enzyme was further enhanced
when Zhu and Liu (2008) combined high-pressure homoge-
nization with aqueous two-phase extraction for the purifica-
tion of intracellular E. coli L-asparaginase. Ferrara etal. (2010)
studied the extraction of periplasmic L-asparaginase from
recombinant Pichia pastoris harboring the Saccharomyces
cerevisiae ASP3 gene. They obtained high extraction yields
and enzyme recovery using freeze—thaw cycles, ethanol treat-
ment and alkaline extraction in the presence and absence of
cysteine.

L-Asparaginases from different organisms vary in their
biochemical properties. Generally, the optimum temperature
for L-asparaginase activity is between 30 and 40 °C; several
Yersinia and Streptomyces species have higher optimum tem-
peratures (40-60 °C), while the hyperthermophilic L-
asparaginases from archaea Thermococcus kodakarensis
KODI1, T gammatolerans EJ3, and P. furiosus have optimum
temperatures at 85, 85, and 80 °C, respectively (Table 1). The
enzyme displayed activity across a wide pH range, with
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optimum activity in the range of 6.0-9.5. Most of the enzymes
have an optimum at alkaline pH, while only a few strains have
maximum enzymatic activity below pH 7.0 (Table 1). Strep-
tomyces gulbargensis L-asparaginase was more stable at alka-
line pH, and it retained 55 % activity at 80 °C for 1 h (Amena
et al. 2010).

Different ions have different influences on the activity of L-
asparaginase. Fe*" strongly inhibited Bacillus subtilis B11-06
L-asparaginase activity. Rhizobium etli 1-asparaginase activity
was reduced in the presence of Mn?", Zn>", Ca®*, and Mg*"
(Moreno-Enriquez et al. 2012). Complete inhibition of L-
asparaginase activity from P. carotovorum MTCC 1428 was
observed in the presence of Cu*’, Cd*", and Hg*" (Kumar
et al. 2011a). The addition of the metal chelating agent EDTA
had no effect on enzyme activity, revealing that the enzyme
was not a metalloprotein (Jia et al. 2013; Kumar et al. 2011a;
Chohan and Rashid 2013; Singh et al. 2013; Kumar and
Manonmani 2013).

Production of L-asparaginase by fermentation

There have been many reports examining the production of L-
asparaginase under diverse conditions by different microor-
ganisms. L-Asparaginase was produced normally during sub-
merged fermentation and solid-state fermentation. Many
methods were employed to optimize the production of L-
asparaginase, such as the Plackett—-Burman experimental de-
sign, genetic algorithm, and artificial neural network-based
design models, central composite rotatable design, and
response surface methodology.

Prakasham et al. (2007) described the interaction of fer-
mentation process parameters (carbon and nitrogen sources,
incubation temperature, medium pH, aeration and agitation,
and inoculum levels) for the production of L-asparaginase by
Staphylococcus sp. —6A. The production of Streptomyces
albidoflavus 1-asparaginase under submerged fermentation
was optimized, and the maximum level of enzyme production
was found at pH 7.5 and 35 °C in culture medium supple-
mented with maltose and yeast extract as carbon and nitrogen
sources, respectively (Narayana et al. 2008). Application of
the Plackett—-Burman experimental design and response sur-
face methodology for the optimization of L-asparaginase pro-
duction from P. carotovorum MTCC 1428 in submerged
fermentation was described for the first time by Sanjeeviroyar
et al. (2010). A new isolate, S. gulbargensis, was studied for
the production of extracellular L-asparaginase under sub-
merged fermentation conditions using groundnut cake extract
(Amena etal. 2010). A three-level central composite design of
the response surface methodology and the artificial neural
network-linked genetic algorithm were applied to optimize
the operating conditions for the enhanced production of L-
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Table 1  Summary of distinct properties from different microbial L-asparaginase

Sources Optimum temperature (°C) Optimum pH Ky, (mM) Reference

1. gammatolerans EJ3 85 8.5 10.0 Zuo et al. (2014)

B. subtilis B11-06 40 7.5 0.43 Jia et al. (2013)

R. etli 37 9.0 8.9 Moreno-Enriquez et al. (2012)
T. kodakarensis KOD1 85 9.5 55 Chohan and Rashid (2013)

Y. pseudotuberculosis Q66CJ2 60 8.0 0.017 Pokrovskaya et al. (2012b)

R. rubrum 54 9.2 0.22 Pokrovskaya et al. (2012a)

E. coli MTCC 739 37 6.0 NR Vidya et al. (2011)

S. thermoluteus subsp. fuscus NBRC 14270 63.6 8.0-9.0 1.83 Hatanaka et al. (2011)

S. griseus 43.8 8.0-9.0 2.33 Hatanaka et al. (2011)

P. furiosus 80 9.0 12 Bansal et al. (2010)

H. pylori CCUG 17874 37 7.5 0.33 Cappelletti et al. (2008)
Cladosporium sp. 30 6.3 100 Kumar and Manonmani 2013)
S. griseoluteus WS3/1 40 7.5 33.7 Kumari et al. (2013)

B. aryabhattai ITBHU02 40 8.5 0.257 Singh et al. (2013)

P, digitatum 30 7.0 0.01 Shrivastava et al. (2012)

P. carotovorum MTCC 1428 40 8.5 0.657 Kumar et al. (2011a)

S. noursei MTCC 10469 50 8.0 NR Dharmaraj (2011)

S. gulbargensis 40 9.0 NR Amena et al. (2010)

NR not reported

asparaginase by submerged fermentation of Aspergillus
terreus MTCC 1782 (Baskar and Renganathan 2012). The
production of Streptomyces noursei MTCC 10469 L-
asparaginase by submerged fermentation was conducted using
a tryptone, glucose, and yeast extract broth (Dharmaraj 2011).

Bacillus circulans MTCC 8574 L-asparaginase production
was optimized under solid-state fermentation using different
agricultural materials, such as red gram husk, Bengal gram
husk, coconut, and groundnut cake, with red gram husk yield-
ing the maximum enzyme production (Hymavathi et al.
2009). The optimization of L-asparaginase production by
A. niger using solid-state fermentation on sesame cake was
performed using genetic algorithms and artificial neural
network-based design models (Babu et al. 2010). Different
physical and chemical parameters were optimized under solid-
state fermentation conditions for F. equiseti L-asparaginase
production (Hosamani and Kaliwal 2011). Kumar et al.
(2013b) reported the production and optimization of L-
asparaginase from Cladosporium sp. using agricultural resi-
dues and solid-state fermentation. The classical one-factor-at-
a-time and response surface methodology have been applied
to optimize L-asparaginase production by S. marcescens
(NCIM 2919) under solid-state fermentation conditions using
coconut oil cake (Ghosh et al. 2013). The production of
extracellular L-asparaginase from marine actinomycetes was
conducted in both solid-state and submerged fermentation
conditions (Basha et al. 2009).

Many frequently used methods were applied to optimize
the culture medium and fermentation production of L-
asparaginase. The production of L-asparaginase from
P carotovorum MTCC 1428 has been studied several times
since it was first reported. The Plackett-Burman experimental
design has been applied to maximize the production of a novel
glutaminase-free L-asparaginase from P. carotovorum MTCC
1428 (Kumar et al. 2009). Kumar et al. (2010) also studied the
effect of various carbon and nitrogen sources on the produc-
tion of L-asparaginase by P. carotovorum MTCC 1428.
Among the tested carbon sources, L-asparagine or the combi-
nation of L-asparagine and glucose were the best carbon
sources. Kumar et al. (2011b) optimized the physical process
conditions (initial pH, temperature, rotation rate of the shaking
incubator, and inoculum size) for the production of L-
asparaginase from P. carotovorum MTCC 1428.

Central composite rotatable design was used to optimize
the chemical and physical parameters to enhance the produc-
tion of L-asparaginase from a novel isolated S. marcescens
SK-07 in a batch bioreactor, and the maximum L-asparaginase
production was obtained at an initial pH of 6.5 and a dissolved
oxygen level 0f40 % (Agarwal et al. 2011). The production of
L-asparaginase from E. coli ATCC 11303 was reported using
response surface methodology (Kenari etal. 2011). Narta et al.
(2011) evaluated the production of L-asparaginase by Bacillus
brevis cultivated in the presence of three oxygen-vectors:
liquid paraffin, silicone oil, and n-dodecane. The results
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showed that each of the three oxygen-vectors stimulated the
enzyme yield. L-Asparaginase production by mangrove-
derived Bacillus cereus MABS was optimized by response
surface methodology (Thenmozhi et al. 2011). The production
of L-asparaginase by Nocardia levis MK-VL 113 isolated
from laterite soils of the Guntur region has been optimized
(Kavitha and Vijayalakshmi 2012). Response surface meth-
odology was found to be not as efficient as artificial neural
network-linked genetic algorithms for maximizing produc-
tion. Response surface methodology and genetic algorithm-
based techniques were also implemented to improve the pro-
duction of L-asparaginase by B. aryabhattai ITBHUO02 (Singh
and Srivastava 2012). The high-throughput production of L-
asparaginase using a kinetic model-based approach has been
developed (Singh and Srivastava 2014). Recombinant
Erwinia carotovora L-asparaginase Il in E. coli was produced
using a robust fed-batch technique with pre-determined expo-
nential feeding rates (Roth et al. 2013).

Molecular recombinant and modified L-asparaginase

Recombinant DNA technology is an important strategy to
improve the protein yield. In recent years, many researchers
used recombinant technology to increase L-asparaginase ex-
pression level successfully. Recombinant L-asparaginases
were summarized in Table 2. And the comparison of amino
acid sequences of L-asparaginases from various microorgan-
isms was shown in Table 3. The heterologous expression of
S. cerevisiae ASP3 gene in P. pastoris was first reported by
Ferrara et al. (2006). The recombinant L-asparaginase was
produced in shake flasks and in a 2-L instrumented bioreactor.
Kotzia and Labrou (2007) reported the cloning, expression,
and characterization of L-asparaginase from E. chrysanthemi
3937 in E. coli BL21(DE3) containing the plasmid pLysS. A
novel L-asparaginase from the pathogenic strain H. pylori
CCUG 17874 has been cloned and expressed in E. coli
BL21(DE3); the recombinant enzyme displayed a strong pref-
erence for L-asparagine over L-glutamine (Cappelletti et al.
2008). Yano et al. (2008) first reported the overexpression of
type I L-asparaginase of B. subtilis NBRC 3009 in E. coli
Rosetta Gami B. The ansA4 gene from P, furiosus was cloned
and expressed in E. coli, and the recombinant enzyme was
purified to homogeneity (Bansal et al. 2010). The enzyme was
found to be thermostable, dimeric in its native form, and
glutaminase-free, with optimum activity at pH 9.0. Urea could
not induce unfolding and enzyme inactivation; however, with
guanidine hydrochloride (GdnCl), a two-state unfolding pat-
tern was observed. Two E. carotovora L-asparaginase 1l con-
structions, with and without the signal peptide, were com-
pared with each other, and the results show that the former has
lower glutaminase activity (Wink et al. 2010).

@ Springer

Five L-asparaginase genes from Streptomyces strains,
Streptomyces thermoluteus subsp. fuscus NBRC 14270,
Streptomyces coelicolor, Streptomyces avermitilis, and Strep-
tomyces griseus were expressed in Streptomyces lividans
using the hyperexpression vector: pTONAS5a (Hatanaka
et al. 2011). Among those genes, only the genes from
S. thermoluteus subsp. fuscus NBRC 14270 and S. griseus
were successful for overexpression. Onishi et al. (2011) ex-
amined the expression of the ansZ gene encoding a putative L-
asparaginase I from B. subtilis in E. coli. No expression was
found in E. coli transformed with a plasmid containing the
full-length ansZ gene. Three N-terminal truncated enzymes
were constructed based on a comparison with the N-terminal
sequences of other type I L-asparaginases. All of the truncated
enzymes were successfully expressed. The ansB gene
encoding L-asparaginase Il from E. coli MTCC 739 was
successfully expressed in E. coli DE3 cells (Vidya et al.
2011). Recombinant intracellular Rhodospirillum rubrum L-
asparaginase with low L-glutaminase activity and antiprolifer-
ative effects has been reported (Pokrovskaya et al. 2012a).
The L-asparaginase Il gene from a moderately thermotolerant
bacterial isolate belonging to Enterobacteriaceac was cloned
in the pET20b vector with a pelB leader sequence (Vidya and
Pandey 2012).

Pokrovskaya et al. (2012b) have cloned the ansB gene from
Yersinia pseudotuberculosis Q66CJ2 and have constructed a
stable inducible expression system that overexpresses L-
asparaginase from Y. pseudotuberculosis in E. coli BL21
(DE3). A thermostable recombinant L-asparaginase from
T kodakaraensis KOD1 exhibited the highest ever reported
enzyme activity (Chohan and Rashid 2013). The gene
encoding L-asparaginase from a nonpathogenic strain of
B. subtilis B11-06 was successfully expressed in B. subtilis
168 (Jia etal. 2013). A novel fungal L-asparaginase gene from
Rhizomucor miehei was cloned and expressed in E. coli
(Huang et al. 2014). Its deduced amino acid sequence shared
only 57 % identity with those of other reported L-
asparaginases.

The short half-life and high immunogenicity of native L-
asparaginase were the greatest deficits identified for medical
applications. The most commonly used method to circumvent
these problems is to modify the enzyme to increase the half-
life and lower immune reactivity. The E. coli D178P mutant
was created by replacing Asp178 located within a hydrogen-
bonded turn with proline. The results show that the mutant has
higher thermostability without affecting the enzyme activity
(Li et al. 2007). Three active-site mutants of P. furiosus L-
asparaginase were developed to improve the substrate affinity
and antineoplastic activity at physiological conditions (Bansal
etal. 2012). The effect of surface charge on the stability of the
enzyme L-asparaginase II was studied by site-directed muta-
genesis of the cloned ansB gene from Escherichia sp. (Vidya
etal. 2014). A library of enzyme variants was constructed by a



Appl Microbiol Biotechnol (2015) 99:1069-1079

1075

Table 2  Molecular cloning of the genes encoding L-asparaginase

Microbial sources of the GenBank accession No. of  GenBank accession no.  Host cells Plasmid for Reference
foreign gene the foreign gene of the enzyme recombinant
B. subtilis B11-06 KF444946.1 AGT62618.1 B. subtilis 168 pMAS Jia et al. (2013)
E. chrysanthemi 3937 AY560098.1 AAS67028.1 E. coli pCR®T7/CT-  Kotzia and Labrou
BL21(DE3)pLysS TOPO® (2007)
H. pylori CCUG 17874 AIHX01000025.1 EIE30409.1 E. coli BL21(DE3) pET101 Cappelletti et al.
(2008)
Escherichia sp. NII KF059845.1 AGO43921.1 E. coli BL21(DE3) pET-20b(+) Vidya and Pandey
(2012)
P, furiosus DSM 3638 NC 003413.1 NP _579776.1 E. coli codon plus pET-14b Bansal et al. (2010)
Rosetta
R. etli CNF 42 AF181498.2 AAF00929.1 E. coli BL21(DE3) PANSA Moreno-Enriquez
pPIRL etal. (2012)
R. miehei KF290772.1 AHF50151.1 E. coli BL21(DE3) pET-28a(+) Huang et al. 2014
R. rubrum CP003046.1 AE050276.1 E. coli BL21(DE3) pET-23a(+) Pokrovskaya et al.
(2012a)
Streptomyces ABR2 IN399994.1 AEW27298.1 NR NR Sudhir et al. (2012)
S. thermoluteus subsp. AB469678.1 BAJ25701.1 S. lividans 1326 pTONASa Hatanaka et al.
fuscus NBRC 14270 (2011)
T. gammatolerans EJ3 NC 012804.1 YP_002959808.1 E. coli BL21(DE3) pET-22b(+) Zuo et al. (2014)
T. kodakaraensis KOD1 NC_006624.1 YP_184069.1 E. coli BL21 Codon pET-21a(+) Chohan and Rashid
Plus(DE3) RIL (2013)
Y. pseudotuberculosis BX936398.1 CAH20651.1 E. coli BL21(DE3) pBAD24 Pokrovskaya et al.
Q66CJ2 (2012b)

NR not reported

staggered extension process using the genes coding for L-
asparaginase from E. chrysanthemi and E. carotovora and

subsequently screened using activity assays to determine the
activity of all represented variants (Kotzia and Labrou 2011).

Table 3  Comparison of amino acid sequences of L-asparaginases from various microorganisms
No. Identity of (%) of amino acid sequences
1 2 3 4 5 6 7 8 9 10 11 12 13

1 100 57 48 55 40 28 36 25 24 42 28 34 50
2 57 100 45 48 38 25 50 22 47 41 29 28 45
3 48 45 100 51 30 26 45 22 24 13 26 28 52
4 55 48 51 100 40 26 50 25 6 12 26 26 76
5 40 38 30 40 100 35 28 33 60 32 32 34 39
6 28 25 26 26 35 100 10 36 64 42 59 58 29
7 36 50 45 59 28 10 100 42 33 36 71 36 86
8 25 22 22 25 33 36 42 100 16 10 36 37 25
9 24 47 24 6 60 64 33 16 100 52 10 36 37
10 42 41 13 12 32 42 36 10 52 100 27 28 33
11 28 29 26 26 32 59 71 36 10 27 100 79 28
12 34 28 28 26 34 58 36 37 36 28 79 100 28
13 50 45 52 76 39 29 86 25 37 33 28 28 100

The Arabic numerals from 1 to 12 represented recombinant L-asparaginase from B. subtilis B11-06 (Genbank accession no. AGT62618.1),
E. chrysanthemi 3937 (AAS67028.1), H. pylori CCUG 17874 (EIE30409.1), Escherichia sp. NIl (AGO43921.1), R. rubrum (AE050276.1), P. furiosus
DSM 3638 (NP_579776.1), R. etli CNF42 (AAF00929.1), R. miehei (AHF50151.1), Streptomyces ABR2 (AEW27298.1), S. thermoluteus subsp. fuscus
NBRC 14270 (BAJ25701.1), T gammatolerans EJ3 (YP_002959808.1), T' kodakaraensis KOD1 (YP_184069.1), and Y. pseudotuberculosis Q66CIJ2
(CAH20651.1), respectively
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A variant of the E. carotovora enzyme with undetectable
glutaminase activity was found. Sequence analysis showed
that this variant contained a single point mutation resulting in
a single amino acid substitution (Leu711le).

Immobilization of L-asparaginase

Immobilization is a helpful method to modify L-asparaginase
to increase half-life and lower immune reactivity (Table 4).
Kotzia et al. (2007), using the site-directed mutagenesis
technique followed by covalent coupling of methoxypoly
(ethylene glycol) succinate N-hydroxysuccinimide ester
(mPEG-SNHS) to the L-asparaginases from E. carotovora
1526, found that the modified enzyme retains most of its
original activity (82 %), shows improved resistance to tryp-
sin degradation, and displays higher thermal stability than
the wild-type enzyme. The recombinant enzyme from
E. chrysanthemi 3937 has been immobilized on epoxy-
activated Sepharose CL-6B, and the immobilized enzyme
retains 60 % of its original activity and exhibits high stabil-
ity at 4 °C (Kotzia and Labrou 2007). This method offers
the possibility of designing a bioreactor that can be operated
over a long period of time with high efficiency, which can
be used for leukemia therapy. Zhang et al. (2008) described
a method of preparing silk fibroin nanoparticles and suc-
cessfully used the method to immobilize L-asparaginase by
glutaraldehyde cross-linking. The thermal stability of the
immobilized enzyme increased markedly, and the optimal
pH range became broader. The optimum temperature of the
modified enzyme was also increased approximately 10 °C.
Later, Zhang et al. (2011) reported another novel and highly
efficient method to process fine crystalline silk fibroin nano-
particle-L-asparaginase bioconjugates in the presence of ex-
cess organic solvents. The bioconjugates could resist higher

temperatures, were more resistant to trypsin digestion, and
had better stability in serum. No leakage of the enzyme from
the nanoparticles was found. Ghosh et al. (2012) described a
novel polyaniline nanofiber immobilization matrix for the
anti-leukemia enzyme L-asparaginase. Immobilized L-
asparaginase showed greater stability toward decomposition
or denaturation at a range of temperatures and pH conditions
compared with the free enzyme. L-Asparaginase from
Cladosporium sp. was modified with bovine serum albumin,
ovalbumin by crosslinking using glutaraldehyde, N-
bromosuccinimide, and mono-methoxy polyethylene glycol
(Kumar et al. 2014a, b).

Future

Despite the wide application of L-asparaginase in medical
treatment and acrylamide mitigation in the food industry,
there are also remaining deficiencies and problems to be
resolved. The side effects, short half-life, and low levels
of enzyme production are major concerns for clinical
usage. Firstly, further screening of microorganisms is
needed to improve enzyme yield, activity, and L-aspara-
gine specificity to reduce L-glutamine hydrolytic charac-
teristics. Secondly, modification, directed evolution, and
recombinant techniques should be applied to improve
stability against proteolysis, to increase enzyme half-life,
and to reduce immunogenicity. In addition, fermentation
conditions need to be optimized to yield higher enzyme
activity. For application in the food industry, enhancing
the thermostability of L-asparaginase and its activity
across a broad pH range is still the most important issue
to overcome. There remains a lot to be explored about this
useful enzyme.

Table 4 The microbial sources of L-asparaginases were immobilized by different methods

Microbial source of Preparation method

L-asparaginase

Results Reference

E. carotovora 1526 Covalent coupling of methoxypoly
(ethylene glycol) succinate
N-hydroxysuccinimide ester

Cross-linked epoxy-activated
Sepharose CL-6B

Glutaraldehyde cross-linking silk
fibroin nanoparticles

Immobilized by polyaniline
nanofiber

Bovine serum albumin, ovalbumin
by crosslinking using glutaraldehyde,
N-bromosuccinimide, and mono-methoxy
polyethylene glycol

E. chrysanthemi 3937
E. coli
B. circulans

Cladosporium sp.

Retaining 82 % of its original activity
and showing improved resistance to
trypsin degradation and thermal stability

Retaining 60 % of its original activity

and exhibiting high stability at 4 °C

Remarkably increasing the optimum
temperature and the thermal stability

Showing greater stability toward
decomposition or denaturation

Having prolonged half-life and serum
stability; showing improved activity
and stability

Kotzia et al. (2007)

Kotzia and Labrou (2007)
Zhang et al. (2008)
Ghosh et al. (2012)

Kumar et al. (2014a, b)
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