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ABSTRACT

Asparaginase is an important component for the treatment of acute lymphoblastic
leukemia and other tumor malignancies, used more than four decade. The currently
available asparaginases for chemotherapeutic applications possess intrinsic
glutaminase activity due to which patients suffer with several severe side effects. In
this investigation, physical and nutritional conditions were optimized for
asparaginase production from Enterobacter cloacae. Maximal yield of
asparaginase were recorded with batch time 21 h, inoculum age of 15 h, inoculum
size 2%, initial pH 7.0 and temperature 40°C. Pyruvate, yeast extract, magnesium
ions and asparagine were found to be the best carbon, nitrogen, mineral ion and
inducer, respectively for asparaginase production. The intrinsic glutaminase
activity was not reported with crude as well as purified asparaginase, which can be
medically more important. These results suggested that E. cloacae can be used for
large scale production of glutaminase free asparaginase but more detailed studies
are required for strengthening of our current findings.

I ntroduction

Bacterial asparaginase  (L-Asparaginase
amidohydrolase, E.C. 3.5.1.1) is a selective
and highly effective chemotherapeutic agent
extensively used over the world in first-line
treatment of acute lymphoblastic leukemia
(ALL), Hodgkin disease, acute myelocytic
leukemia, acute melanomonocytic leukemia,
chronic lymphocytic leukemia,
lymphosarcoma, reticlesarcoma and
melanosarcoma (Verma et al., 2007). The
anti-neoplastic action of asparaginase is
explained on the fact that certain tumor
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cells, more specifically ALL tumor cells are
deficient in their ability to synthesize the
non-essential amino acid asparagine de-novo
due to absence of asparagine synthetase
(Asselin et al., 1989) but they require huge
amount of asparagine to keep up their rapid
malignant growth. To fulfill their nutritional
requirement they use serum and
cerebrospinal fluid (CSF) asparagine. The
administration of asparaginase as a
chemotherapeutic drug rapidly hydrolyses
serum as well as CSF asparagine into
aspartate and ammonia (Lubkowski et al.,
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1996). The nutritional stress induced by
asparaginase by depletion of serum as well
CSF asparagine leads to DNA, RNA and
protein biosynthesis inhibition in ALL and
other asparagine dependent tumor cells,
resulting in subsequent apoptosis due to cell
cycle arrest in G1 phase (Gong and Basilico,
1990). However, normal cells are unaffected
due to presence of asparagine synthetase
(Nartaet al., 2007).

Since, it was demonstrated that asparaginase
is a component of guinea pig serum and
inhibited the proliferation of asparagine
dependent certain tumors (Broome, 1961),
various microorganisms such as Bacillus
licheniformis (Mahgan et al., 2014),
Bacillus aryabhattai ITBHUO2 (Singh et al.,
2013), Penicillium digitatum (Shrivastava et
al., 2012), Erwinia carotovora (Devi and
Azmi, 2012), Pectobacterium carotovorum
MTCC1428 (Kumar et al.,, 2011),
Sreptomyces  thermoluteus NBRC14270
(Hatanaka et al., 2011), Aspergillus niger
AK10 (Dharmsthiti and Luechai, 2010),
Serratia marcescens SK-07 (Agarwal et al.,
2010), Aspergillus terreus (Mishra, 2007),
Pseudomonas aeruginosa (Abdel-Fattah and
Olama, 2002), Escherichia coli (Khushoo et
al., 2004) and Enterobacter aerogenes
(Mukherjee et al., 1999) were reported as
asparaginase producer.

Unfortunately, till date asparaginase
purified from Escherichia coli (EcAll) and
Erwinia chrysanthemi (ErA) has been used
for clinical purposes (Kozak and Jurga,
2002) due to their prolong serum half life,
high affinity towards asparagine and low
intrinsic glutaminase activity (3-10%).

The glutaminase activity of asparaginase is
responsible for irreversible conversion of
blood glutamine into glutamate and
ammonia. This glutamate reacts with blood
sodium and monosodium glutamate is
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formed (Kurtzberg et al., 2003). Severa
recent reports suggested that due to
glutaminase activity of asparaginase patients
suffers with severa life threatening side

effects such as leucopenia,
immunosuppression,  acute  pancredtitis,
thromboembolysis, hyperglycemia and

neurological seizures (Ramya et al., 2011;
Kravchenko et al., 2008). Therefore, the
search of glutaminase free asparaginase
from indigenous microorganisms is still
representing an actual scientific task.

Each bacterial species has its own particular
nutritional and environmental requirement
for maximum asparaginase Synthesis.
Therefore, no specific medium has been
developed for the optimum production of
asparaginase  from  different  bacteria
species. Screening and evaluation of the
physica and nutritional requirements of
microorganism are important stages to
develop and determine overal economic
feasibility of bioprocess (Chidambaram et
al., 2009).

The objective of this study is to optimize the
various environmental and nutritiona
sources for maximize the production of
asparaginase from Enterobacter cloacae.

Materials and M ethods

Anhydrous L-asparagine, L-glutamine,
sucrose, maltose, starch, galactose, lactose,
melibiose, glucose, xylose, pyruvate,
gelatin, tryptone, beef extract, ammonium
oxalate, potassium  nitrate,  casein,
ammonium chloride, urea, yeast extract,
NaCl, CaCl,, K,HPO,, MgSO, KCl,
trichloroacetic acid (TCA), and Folin-
Ciocalteu’s phenol reagent were purchased
from Himedia, Mumbai, India. All other
chemicals used were of analytical grade and
purchased from standard sources.
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Bacterial strain and culture condition

The glutaminase free  asparaginase
producing strain E. cloacae (NCBI
accession no: KF607094) was obtained from
Bacterial Culture Collection Centre (BGCC
no: 2389) from Rani Durgavati University,
Jabalpur (M.P.), India, which was
previously isolated by Sharmaet al. (2014).

The strain was maintained on Luria-Bertani
(LB) agar dant (pH 7) and stored at 4°C.
Stock culture was transferred to fresh LB
agar dant after every 4 weeks. The
production of asparaginase was performed
in modified M-9 medium containing (gL™)
glucose, 3 g; NaHPO,-2H,O, 6.0 g;
KH2,PO4, 3g; NaCl, 0.5g; MgSO,-7H,0,
0.5g; CaCl,-2H,0, 0.015; asparagine, 3 g
with aninitial pH of 7.0 (Gulati et al. 1997).

Optimization of
shakeflask culture

asparaginase under

The asparaginase production from E.
cloacae was optimized under shake flask
culture according to the method of Kenari et
al. (2011). The effect of different production
parameters including batch time, inoculum
age and size, pH, temperature, carbon,
nitrogen, mineral ions and amino acids on
enzyme production were studied. All
experiments for  optimization  were
performed in triplicates.

Primary inoculum preparation and batch
time

For inoculum preparation, a loopfull of 24 h
old pure culture of E. cloacae was
transferred in 20 ml of aforementioned
sterile medium and flask was incubated
overnight at 37°C in a rotary shaking
incubator (Remi C-24 BL) at 180 rpm. In
order to determine batch time, 2% (v/v)
inoculum (A600 = 0.6-0.8) of this culture
was inoculated in 100 ml of modified M-9
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broth medium and incubated at 37 °C with
shaking at 180 rpm. After 3 h of regular
interval, 5 mL medium was withdrawn,
centrifuged at 10,000 rpm and supernatant
was subjected for asparaginase activity.

Effect of age and inoculum size

In order to determine the age and size (%) of
inoculum on the level of asparaginase
production, inoculum of different ages (5,
10, 15, 20, 25 and 30 h) and different sizes
(1, 15, 2, 2.5, 3, 3.5 and 4%, v/v) was used
to inoculate in 250 ml flask containing 30
mL minimal medium. Flasks were incubated
at optimized incubation period at 37°C with
shaking at 180 rpm and asparaginase activity
was analyzed.

Effect of pH and temperature

The effect of different pH (5, 5.5, 6, 6.5, 7,
7.5, 8, 8.5 and 9) and different temperatures
(20, 25, 30, 35, 37, 40, 45 and 50°C) on
asparaginase activity was investigated. The
medium with pH 7.0 and temperature 37°C
were set as a control. Asparaginase activity
was analyzed by standard asparaginase
assay.

Effect of carbon and nitrogen sour ces

To determine the influence of different
carbon sources on asparaginase activity,
various carbon sources (0.3%) (sucrose,
maltose, starch, galactose, lactose,
melibiose, xylose and pyruvate) were
substituted in the medium in place of
glucose. Then, to study the effect of
different nitrogen sources on asparaginase
activity various nitrogen sources (0.5%)
(gelatin, tryptone, beef extract, ammonium
oxalate, potassum  nitrate,  casein,
ammonium chloride, urea and yeast extract)
were substituted in the modified M-9 broth
medium, individually. Asparaginase activity
was analyzed by standard asparaginase
assay.
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Effect of mineral ions and amino acids

The effect of various ions sources such as
NaCl, CaCl,, K,HPO,;, MgSO, and KCI
(0.3) were used in the medium individually,
and flasks were incubated at aforementioned
optimized process parameters at 180 rpm.
Asparaginase activity was analyzed by
standard asparaginase assay. Then, to study
the effect of different amino acids (L-form)
(histidine, lysine, ornithine, asparagine,
aspartic acid, glutamine, and arginine) on
asparaginase activity, various amino acids
(0.3%) were substitute individually in place
of asparagine. Flasks were inoculated and
incubated at aforementioned optimized
conditions and asparaginase activity was
analyzed.

Determination of aspar aginase activity

The method of Wriston, (1970) was
followed to determine the asparaginase
activity of the isolates using Nesslerization
reaction. This method utilizes the
determination of ammonia librated from
asparagine hydrolysis. The reaction mixture
containing 0.1 mL crude enzyme preparation
was added into 0.9 mL of pre-warmed
0.01M asparagine prepared in 0.05M Tris-
HCIl buffer (pH 8.6). The tube content was
mixed by vortexing and incubated at 37°C
for 30 min. The reaction was terminated by
the addition of 01 mL of 15 M
trichloroacetic acid (TCA).

The reaction mixture was centrifuged at
10,000 rpm for 5 min at room temperature to
remove the precipitate. Nessler’s reagent
(0.25 mL) was added to the tubes containing
0.5 mL supernatant and 1.75 mL distilled
water. The content of the tubes were
vortexed and incubated at room temperature
for 10 min. The absorbance A gy values were
measured against the control prepared by
addition of trichloroacetic acid (TCA)
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before enzyme addition. The ammonia
produced in the reaction was calculated on
the basis of standard curve prepared with
ammonium sulphate. One international unit
of asparaginase (IU) is defined as the
amount of enzyme that liberates 1umol of
ammonia min™ at 37°C. Specific activity of
asparaginase is expressed as U mg™ protein.

Glutaminase assay

Glutaminase assay was performed by
following the standard method of Imada et
al. (1973). A reaction mixture containing 0.5
mL of 0.5M Tris-HCI buffer (pH 7.5), 0.5
mL of crude enzyme preparation and 1 ml
distilled water was incubated at 37°C for 30
min and reaction was stopped by adding 0.5
mL of 1.5 M trichloroacetic acid. Control
was prepared by adding trichloroacetic acid
prior to the addition of enzyme preparation.

The reaction mixture was centrifuged at
10,000 rpm for 5 min at room temperature to
remove the precipitate. 0.1 mL of the above
reaction mixture and 0.2 mL of Nessler’s
reagent was added in a tube containing 3.7
mL distilled water. After incubating the
reaction mixture at 37°C for 30 min, optical
density was measured a 450 nm (UV-
Visible spectrophotometer, Systronic-2375).

Deter mination of protein content

The total protein content of the samples was
determined according to the method of
Lowry et al. (1951), using bovine serum
albumin (BSA) as standard.

Results and Discussion

Effect of batch time

In order to evaluate the effect of batch time
on asparaginase synthesis, culture flask was
incubated at 37°C and 180 rpm. After 3 h, 5
mL culture was withdrawn and supernatant
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was subjected for asparaginase activity.
Results showed that 21 h of incubation was
more suitable for asparaginase production
(1.3+0.04 IU mL™) (Table 1). However,
extended incubation period led to the low
yield of asparaginase activity.

Effect of age and size of inoculum

As seen from Table 2 and 3, inoculum age
of 15 h (1.43+0.06 IU mL™) and inoculum
size of 2% (v/v) (2.46+0.10 U mL™) were
found to be the most suitable for maximum
asparaginase yield. However, asparaginase
yield was decreased at lower or higher
inoculum age and inoculum size.

Effect of pH and temperature

The asparaginase production was studied
over a pH range of 5.0-9.0. Maximum
asparaginase yield 3.7+0.12 IU mL™ was
achieved at pH of 7.0 followed by pH of 7.5
which was 3.02+0.17 IU mL™ Indeed,
further on increasing the pH, enzyme yield
was decreased in pH dependent manner
(Table 4). The result presented in Table 5
showed that maximum  asparaginase
production was achieved at 40°C which was
4.31+0.15 IU mL™. On further increasing
temperature, enzyme activity was decreased
in temperature dependent manner, which
may be due to thermal denaturation of
enzyme. However, lowest enzyme yield was
Iound at 20°C which was 0.61+0.12 IlU mL"

Effect of carbon and nitrogen sour ces

The results showed that various carbon
sources was able to support maximal
asparaginase expression but pyruvate was
responsible for maximum (7.01+0.15 |U
mL™Y) enzyme yield followed by lactose
(6.21£0.13 IU mL™) (Fig. 1). The effect of
different nitrogen compounds on the
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production of asparaginase by this strain was
studied by incorporating of different
nitrogen sources into minima medium,
individually in place of glucose. Among
them, culture medium emended with yeast
extract (9.80+0.32 IU mL™) has affirmative
effect on enzyme production followed by
tryptone (6.93+0.27 IU mL™). The effect of
different nitrogen sources is summarized in
Figure 2.

Effect of mineral ions and amino acids

Different mineral ion sources were
incorporated in minimal medium
individually to determine their effect on
asparaginase production. Results reveaed
that maximum enzyme yield 11.76+0.39 1U
mL™? was achieved with MgSO, (Fig. 3).
The effect of various amino acids on
asparaginase production by E. cloacae is
summarized in Figure 4. The data revealed
that maximal asparaginase yield 13.06+0.37
IU mL™ was obtained by incorporation of

asparagine.

Asparaginase is an integra part of
combination chemotherapy protocols of
pediatric ALL and  other  tumor
malignancies, used world widely (Narta et
al., 2007) since last 40 years (Chan et al.,
2014). Today’s rather than ALL therapy,
asparaginase is aso used in many other
clinical experiment relating to tumor therapy
due to which its demand increased
tremendously and will be continue in
forthcoming years (Geckil et al., 2006).
Indeed, low productivity and high
bioprocessing cost of this drug is restricted
its clinical  applications.  Biologica
production of any enzyme is a highly
complex process, which involves severa
catalytic reactions and regulatory parameters
at environmental, biochemical and genetic
level (Prakasham et al., 2006). Screening
and evauation of the environmental and
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nutritional requirements of microorganisms
are important steps for asparaginase
production. In present investigation, various
environmental and nutritional parameters
were optimized for maximum synthesis of
asparaginase from E. cloacae. This
bacterium  previoudy isolated from
rhizospheric soil of Calendula officinalis
and identified by Sharmaet al. (2014).

The batch time profile showed that
maximum enzyme Yyield was achieved
during late stationary phase (21 h) while,
trace enzyme activity was found at 9 h of
incubation. This short fermentation time can
be more sgignificant for large scae
production of enzyme. The inoculum age
and inoculum percent directly influence the
enzyme production. In this investigation, we
observed that 1.1 and 1.8 fold increase in
asparaginase yield, when 15 h old 2%
inoculum was used. This is because that the
E. cloacae achieved logarithmic growth
after 15 h of incubation and the reduction of
enzyme activity at inoculum size higher than
2% can be attributed to decrease in the
concentration of the medium components
(Kenari et al., 2011).

The effect of pH on enzyme production was
examined at various pH values ranging from
5-9. At pH 7.0 the yield of asparaginase was
increased 2.8 fold. This might be due to that
E. cloacae grow rapidly at near neutral pH
or at this pH E. cloacae asparaginase might
be more stable. However, below and above
this pH enzyme yield was decreased
abruptly. The adverse effect of acidic
medium might be responsible for low
production of asparaginase. These results are
in accordance with the previous findings of
Nawaz et al. (1998) and Geckil and Gencer
(2004), they reported that the production of
asparaginase from Enterobacter cloacae was
down regulated linearly with pH of the
medium, and the optima activity was
observed at neutral and alkaline pH.
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In this study, the effect of different carbon
sources on production of asparaginase was
investigated. We observed that pyruvate was
the best carbon source for asparaginase
production which enhanced 5.3 fold yields.
However, in the presence of glucose enzyme
yield was just half as compared to pyruvate.
This may be due catabolic repressor nature
of this sugar or production of various acids
by glucose catabolism which leads the
lowering of medium pH. In the presence of
glucose, low asparaginase yield were also
reported with Enterobacter aerogenes
(Mukherjee et al., 2000), Erwinia
carotovora (Warangkar and Khobragade,
2009) and Escherichia coli (Kenari et al.,
2011). While, from Klebsiella aerogenes
glucose does not inhibit the production of
this enzyme (Resnik and Magasanik, 1976).

Asparaginase production from this strain
varied with various compound tested as
nitrogen sources. Among them, culture
medium supplemented with yeast extract
(7.5 fold) favored maximum asparaginase
synthesis followed by tryptone (5.3 fold). In
bacterium Erwinia aroideae (Liu and Zgjic,
1973), yeast extract supported high yield of
asparaginase while, tryptone and yeast
extract stimulated asparaginase synthesis in
Erwinia carotovora and Escherichia coli
(Maladkar et al., 1993; Kenari et al., 2011).

To select the most favorable mineral ion
source for the enhanced production of
asparaginase, experiments were performed
using various mineral ion sources. The
presence of Mg (magnesium sulphate) ions
in the medium improved the enzyme
productivity approximately 9 fold. The
presence of asparagine in the medium
improved the enzyme  productivity
approximately 10 fold. However, rest of all
the inducers, glutamine and arginine were
aso found to improve asparaginase
synthesis 8.4 and 6.9 fold, respectively.
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These results indicated that asparaginase
produced from E. cloacae was an inducible
enzyme. These results are in the accordance
with previous report of Singh and
Srivastava, (2013), who reported 3 fold,
increased of extracellular asparaginase
synthesis from Bacillus aryabhattai
ITBHUO2 when medium supplemented with

asparagine.

Asparaginase is an important anticancer
agent world widely used in first and second
line treatment of acute Ilymphoblastic
leukemia (Pieters et al., 2007) and
lymphoproliferative malignancies (Narta et

al., 2007). Currently, E. coli and E.
chrysanthemi asparaginases are used in
clinical practices. Unfortunately,

asparaginase obtained from both sources
showed intrinsic glutaminase activity due to
which patients suffer with severa life
threatening side effects (Masetti and
Pession, 2009). The intrinsic glutaminase
activity with crude as well as purified (the
data of purification is not shown) E. cloacae
asparaginase did not detected. Therefore,

this unique property suggested that purified
enzyme is different from other known
asparaginases that previously reported from
various bacterial species. Therefore, E.
cloacae asparaginase could be used as an
ideal antileukemic agent for the treatment of
acute lymphoblastic leukemia and other
lymphoproliferative disorders.

In conclusion, present study demonstrated
that optimization of cultural and nutritional
conditions for production of asparaginase
from E. cloacae. The biosynthesis of
asparaginase from this strain was maximum
when batch time 21 h, inoculum age of 15 h,
inoculum size 2%, initiadl pH 7.0 and
temperature 40°C was used. However,
pyruvate, yeast extract, magnesium ions and
asparagine were best carbon, nitrogen,
mineral ions and inducer  sources,
respectively. E. cloacae asparaginase did not
exhibit intrinsic glutaminase activity. The
results of present study suggested that E.
cloacae could be used for large scae
production of glutaminase free asparaginase.

Table.1 Effect of batch time on asparaginase production from E. cloacae. Strains were
inoculated in 100 mL medium and incubated on rotary shaking incubator at 37°C and 180
rpm

Batch time (h)

Asparaginase activity (IU mL™)

9
12
15
18
21
24
28

0.2+0.04
0.3+0.05
0.69+0.07
1.0+0.05
1.3+0.04
1.2+0.05
1.1+0.03

Values are the means of three replicates + SD.
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Table.2 Effect of inoculum ages on asparaginase production from E. cloacae. Different ages
of inoculum were inoculated in 50 mL medium and incubated on rotary shaking incubator at

37°C and 180 rpm
Inoculum age (h) Asparaginase activity (IU mL™)
5 0.62+0.05
10 0.95+0.08
15 1.43+0.06
20 1.32+0.05
25 1.02+0.08
30 0.71+0.06

Vaues are the means of three replicates + SD.

Table.3 Effect of inoculum size on asparaginase production from E. cloacae. Different size
(%) of inoculum was inoculated in 50 mL medium and incubated on rotary shaking incubator

at 37°C and 180 rpm
Inoculum size (%) Asparaginase activity (IU mL™)
1 0.54+0.05
15 1.76+0.07
2 2.46+0.1
2.5 2.23+0.09
3 1.86+0.12
3.5 1.23+0.07
4 0.68+0.07

Values are the means of three replicates £ SD.

Table.4 Effect of pH on asparaginase production from E. cloacae. 2% inoculum was
inoculated in 50 mL medium of different pH and flasks were incubated on rotary shaking

incubator at 37°C and 180 rpm
pH Asparaginase activity (IU mL™)
5 0.32+0.1
55 0.53+0.13
6 1.68+0.08
6.5 2.38+0.16
7 3.70£0.12
7.5 3.02+0.17
8 2.45+0.12
8.5 1.59+0.16
9 0.98+0.12

Vaues are the means of three replicates + SD.
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Table.5 Effect of temperature on asparaginase production from E. cloacae. 2% inoculum
was inoculated in 50 mL medium (pH 7.0) and flasks were incubated on rotary shaking
incubator at different temperature at 180 rpm

Temperature (°C) Asparaginase activity (IU mL™)
20 0.61+0.12
25 0.82+0.14
30 2.31+0.17
35 3.31+0.13
37 4.01+0.15
40 4.31+0.15
45 2.52+0.17
50 0.89+0.13

Vaues are the means of three replicates + SD.

Fig.1 Effect of carbon sources on asparaginase production from E. cloacae. Strains were
incubated in 50 mL of medium in 250 mL Erlenmeyer flask on rotary shaking incubator at

180 rpmfor 21 h
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Fig.2 Effect of various nitrogen sources on asparaginase production from E. cloacae. Strains
were incubated in 50 mL of medium in 250 mL Erlenmeyer flask on rotary shaking incubator
at 180 rpmfor 21 h

Enzyme activity (IU ml?)
Bt
«

3

2 -

1 -

01@ & & ¢ & S
N

F T ST s
QQ &0 cg}Q &0 &Q‘b'
‘&& ]° &

Fig.3 Effect of various mineral ions on asparaginase production from E. cloacae. Strains
were incubated in 50 mL of medium in 250 mL Erlenmeyer flask on rotary shaking incubator
at 180 rpmfor 21 h

—
O QO = N W

Enzyme activity (IU ml )

O~ N Wk ao®

() M o> &0 » O Q,O

305



Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 296-309

Fig.4 Effect of amino acids on asparaginase production from E. cloacae. Strains were
incubated in 50 mL of medium in 250 mL Erlenmeyer flask on rotary shaking incubator at
180 rpmfor 21 h
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