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Abstract

L-asparaginase is an enzyme that catalyzes the conversion of L-asparagine to L-aspartate and ammonia. The important
application of the L-asparaginase enzyme in using it as chemotherapeutic for its anticarcinogenic potential .In the
present study a novel strain, AcinetobacterbaumanniiR7 was explored for the production of extra- cellular L-
asparaginase .This enzyme was purified by single chromatography step to homogenicity with a recovery yield of 77%
and 92.9 fold of purification by using isopropanol (1:2) and CM-Sephadex C-50 chromatography. The enzyme appeared
as a single protein band on SDS-PAGE gel with a molecular mass corresponding to 160 kDa. The Purified enzyme does
not possess any glutaminase activity. The Kwas calculated as 22 mg/ml and Vy,@as 625 U/mg of protein using L-
asparagine as substrate. L-asparaginase purified from AcinetobacterbaumanniiR7 at a concentration of 0.2 mg/ml
showed better toxicity on OAW-42 cell line (59 and 51 % survival) for 24 and 48 h, respectively, in comparison with

controls, and this result led to increase the benefit by using the enzyme for the treatment of human ovarian cancer.
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Introduction

Rhizosphere is a rich source of various microorganisms
that can benefit plant growth and survival. Among those
Bacillus, Enterobacter, Acinetobacter, Alcalogenes,
Arthrobacter, Flavobacterium, Rhizobium, Erwinia and
Serratia(1).

Acinetobacter  baumannii  causes  opportunistic
infections because of limited number of virulence factors
and are thus considered as low grade pathogen (2).
Acinetobacterbaumannii are able to survive on moist and
dry surfaces, are found on fruits and vegetables and on the
health human skin (3), so that the environment, soil, water
and animals are the natural habitats for it (4) .Non specific
nutritional requirements, resistance to desiccation and the
ability to form biofilm permit Acinetobacter baumannii to
grow in various environment, and therefore initial contact
with the pathogen preceding infection can be made in a
variety of ways (5, 4).

L-asparaginase enzymes (L-asparaginase
amidohydrolase, EC 3.5.1.1) catalyze the hydrolysis of L-
asparagine to L-aspartate and ammonia. Since L-
asparagine is very essential amino acid for the growth of
tumor cells whereas the growth of normal cell doesn’t of
its requirement (6, 7). In the presence of L-asparaginase,
the tumor cells deprived of an important growth factor and
they may failure to survive. Thus this enzyme can be used
as a chemotherapeutic agent for the treatment of ALL
(mainly in children) as a potent antitumor or
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antileukematic drug (6). L-asparaginase is an important
enzyme as therapeutic agents used in the treatment of
Hodgkin disease, acute myelocytic leukemia, acute
myelomonocytic leukemia, chronic lymphocytic leukemia,
lymphosarcoma treatment, reticlesarcoma and
melanosarcoma (6, 8).

L-asparaginase is found in many tissue, bacteria, plant
and in the serum of certain rodents, not of man. The
microbial source is very common for L-asparaginase,
because they can be easily cultured and extraction
purification of L-asparaginase from them is also
convenient, facilitating for the industrial scale production
(6).

The most commonly used microorganisms to produce
L-asparaginase are Erwinia carotovora, E. coli,
Pseudomonas aeroginosa, Corynebacterium glutamicum
and Bacillus sp (7), therefore ; there is a continuing need
to screen newer organisms in order to obtain strain capable
of producing new and high yield of L-asparaginase
.Because of there is not any report about L-asparaginase
production and purification by Acinetobacter baumannii ,
In the present study, an attempt has been made to
investigate the production of L-asparaginase by
Acinetobacter baumannii  besides to purify and
characterize this enzyme and studying its effect on
cancerous OAW-Y?2 cell line also has been assessed.

Material and Methods

Isolation of bacteria
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Forty four soil samples were collected from the
rhizosphere area of cucumber and lettuce plants that
cultured in a field in Baghdad city. One gram of each
sample was suspended in 10 ml of distilled water and
shaken for 15 min. Later, 0.1 ml of this suspension was
spreaded on the blood agar and MacConkey agar. The
plates were incubated at 30° C for 24 h(9).

Morphological Identification

The pure culture isolates were identified to species level
by doing some biochemical characterization such as
oxidase and catalase tests, motility test, and growth at
14,37 and 44 ° C, production of acid from glucose, xylose,
galactose, manose, rhamnose and lactose (10, 11). In
addition, APi20NE identification system was used to
differentiate Acinetobacter baumannii from other species.

Screening for L-asparaginase production

All bacterial isolates were evaluated for their ability to
produce L-asparaginase by culturing in M9 medium
containing L-asparagine with phenol red as indicator and
incubating at 37 © C for 24h. L-asparaginase producing
colonies were selected on the basis of formation of pink
zone around the colonies of the medium (9).

Determination of L-asparaginase activity

The active isolates were cultured on M9 broth
supplemented with L-asparagine and phenol red as
indicator, pH 7.0 and incubated at 37 °C with shaking at
125 rpm for 24 h. L-asparaginase activity was measured
following method of (12). The culture was centrifuged at
10000 xg for 15 min. This method utilizes the
determination of ammonia liberated from L-asparagine in
the enzyme reaction by the Nessler's reaction. Reaction
was started by adding 0.5 ml supernatant into 0.5 ml of
0.04 M L-asparagine and 0.5ml of 0.05M tris-HCI buffer,
pH 7.2 and incubated at 37°C for 30 min. The reaction was
stopped by the addition of 0.5ml of 1.5 M trichloroacetic
acid (TCA). The ammonia released in the supernatant was
determined calorimetrically by adding 0.2 ml Nessler's
reagent (45.5 g Hgl, and 35.0 g Kl in 1 liter distilled water
containing 112g of KOH) into tubes and incubated at room
temperature for 15 min. After vortexing, the absorbance
was measured at 500nm. A standard curve was drawn with
various concentrations of ammonia.

Protein determination

Total protein was determined by using bovine serum
albumin as protein standard and according to the method
of (13).

Enzyme Purification

A liquots of cell-free dialysate (CFD) were separately

treated with ammonium sulphate using range of saturation
from 20 to 60 % , methanol , ethanol , acetone or
isopropanol in a ratio of 1:1, 2:1, 3:1, 4:1, or 5:1 (solvent
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:CFD). All samples were left overnight at 4°C. The
precipitates were collected by centrifugation at 9000 xg
for 15 min, dissolved in 5 ml of 50 mMtris-HCI buffer, pH
7.5 and dialyzed overnight against the same buffer. The
dialyzed fraction was applied to the column of CM
Sephadex C-50 that was pre-equilibrated with 50mM tris-
HCI buffer, pH 7.5. It was eluted with NaCl gradient (0.1-
0.5M) and 0.1M borate buffer, pH 7.0. The active
fractions (3ml/tube) were collected then L-asparaginase
activity and protein concentration were measured.

Checking of enzyme homogeneity

The purity of the enzyme was checked by performing 12%
SDS-PAGE as described by (14). Protein bands were
visualized by staining with coomassie brilliant blue R-250.
A reverse phase C-18 column (4.6x250 mm) of high
performance liquid chromatography (HPLC) was also
employed to test the enzyme purity. The sample
components were separated using the solvent system
acetonitrile- water (70:30) at flow rate of 0.5 ml/ min. A
highly sensitive photo-diode array (PDA) detector (996
waters) was set to read the absorbance at 280 nm.

Characterization of the purified enzyme
1-Molecular weight determination

Molecular weight of the purified L-asparaginase was
estimated by SDS- RAGE. SDS-PAGE was performed as
described above using molecular markers kit .

2-Substrate specificity

To investigate the specificity of L-asparaginase, different
substrate such as  L-asparagine, D-asparagine, DL-
asparagine, D-glutamine and L-glutamine were used. The
substrates were prepared in tris- HCIl buffer of pH
7.2(0.05) at 10 mM concentration. The reaction mixture
was incubated for 30 min at 37°C and asparaginase
activity in each case was determined.

3- Determination of kinetic parameters

The michaelis constant (Km) and maximum velocity
(Vmax) values of L-asparaginase were determined by
measuring the rate of L-asparagine hydrolysis under
standard assay conditions. The reaction mixture was
0.05M tris-HCI buffer, pH7.2 with L-asparagine substrate
at concentrations ranging from 1.25 to 20 mg. The values
of Km and Vmax were then determined from line weaver-
Burk plot(15).

4-In vitro cytotoxicity assay of L-asparaginase

The in vitro cytotoxicity assay of the L-asparaginase was
performed on human ovarian cancer cell line OAW-
42.0AW-42 cell line was cultured in dulbeccos minimum
essential medium (DMEM) with 10% FBS in a fully
humidified air atmosphere containing 5% CO2 at 37 °C.
Cytotoxicity was measured using the MTT assay
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, according to the method that described by (16) . Briefly,
the cells (1x10°%) were seeded in each well containing 0.1
ml of medium in 96- well plates .After 24h , different test
concentrations 3.0-9.0 mg/ml of L-asparaginase were
added. The cells treated with L-asparaginase were
incubated in CO, incubator with 95% humidity at 37 °C
for 24, 48 and 72 h. Cell viability was assessed by adding
10 pl/well of MTT (using 5 mg of MTT /ml of 0.05 M
Tris-HCI, pH 7.2) . The plates were incubated at 37 °C for
additional 4 h. One hundred pl/well 0.04 M HCI in 2-
propanol was directly added into the wells. After 30 min,
the absorbance was measured at 570 nm by use of a
ELISA microplate reader. Appropriate controls with no L-
asparaginase but containing appropriate amount of tris-
HCI buffer (used to prepare stock of L-asparaginase) and
heat denatured enzyme were used as negative controls.

Results and Discussion
Isolation of bacteria

In an attempt to determine the distribution of
Acinetobacter in nature , 44 samples of cucumber and
lettuce plant rhizosphere soils were collected from an area
approximately 150 miles long and 60 miles wide. Nine
(20%) Acinetobacter baumannii isolates were obtained out
of eleven Acinetobacter spp. Isolates. The nutritional
properties of Acinetobacter and their ubiquitous
occurrence in soil suggest that these organisms may be
very important agents in the aerobic mineralization of
organic matter in nature (17). The large majority of
Acinetobacter strains normally occurring in water and soil
do not require growth factors, and can grow in a
mineralmedium containing acetate or some other organic
sources of carbon and energy (18).

L-asparaginase production

Out of nine Acinetobacter baumannii isolates, eight
isolates showed L-asparaginase activity on M9- asparagine
agar plates with degradation of L-asparagine and releasing
the ammonia then increasing in pH that detected by phenol
red indicator which turns red from initial yellow color and
formation of pink zone around the colonies. All active
isolates were cultivated in M9 broth supplemented with L-
asparagine. It was found that the range of L-asparaginase
activity 0.31 to 2.72 U/ml (figure-1). Acinetobacter
baumannii R7 was demonstrated high asparaginase
activity of 2.72 U/ml. In the rhizosphere soil, root
exudates are the natural source of amino acid for
rhizoshere microorganisms, which may enhance L-
asparaginase biosynthesis (19). In a study done by (20)
revealed that medicinal plant rhizosphere soils can provide
a rich source of L-asparaginase  producing
microorganisms. The presence of L-asparagine in the
medium principle carbon source was induced of L-
asparaginase producing bacteria (21). Kambleet al. (9)
Showed that E. coli, Aeromonas spp., Proteus spp.,
Serratia spp., Pseudomonas aeroginosa and Bacillus spp.
were isolated from soil and produced L-asparaginase.
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Figure (1) L-asparaginase production by Acinetobacter
baumannii isolates.

Purification of L-asparaginase

The first step of purification of L-asparaginase is carried
out by precipitation of protein from the cell-free dialysate.
Isopropanol (1:2) was found to be superior in obtaining
protein fraction having the highest specific activity .This
resulted in 18.3 fold of L-asparaginase purification with a
yield of 86.2% (table-1). A summary of purification steps
of L-asparaginase was recorded in (table-2). The
precipitated enzyme was then purified by lon exchange
through CM-Sephadex C-50.In this step, L-asparaginase
was purified 92.9 fold with a yield of about 77% and
specific activity of 2.78 U/mg protein. The activity was
located in peak 2 (Figure-2).
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Figure (2): Purification of L-asparaginase produced from
Acinetobacter baumannii R7 using ion exchange on CM
Sephadex C-50. (e) refer to protein, (A) refer to L-
asparaginase activity

The purity of the purified enzyme was checked by SDS-
PAGE and reverse phase HPLC on C-18 column. The
purified enzyme showed a single band in SDS-PAGE gel
indicating that it was homogenous (Figure-3).

HPLC chromatogram of the purified enzyme also
revealed a single peak at a retention time of 2.5 min
confirming that it was a pure preparation (Figure-4). Devi
and Azmi (16)

8lInternational Journal of Current Engineering and Technology, Vol.4, No.1 (Feb 2014)



Sahira Nsayef Muslim

Production, Purification and Characterization of a novel L-asparaginase from Acinetobacter.....

Table (1): Precipitation of L-asparaginase from AcinetobacterbaumanniiR7 cell-free dialysate by ammonium sulfate and
low molecular weight alcohols

Fold of Specific activity

Total protein

Total activity

i 0,
purification ke (U/mg) (mg/ml) (Ulml) Treatment
1 100 0.03 97.18 2.72 Cell-free filtrate
0.68 93.6 0.02 97.02 2.68 Cell-free dialysis
6.66 20 0.2 23 4.71 20
9 41.1 0.27 25 6.82 30
10 68.6 0.3 37 11.21 40 (NH4)2S04(%)
13 935 0.39 39 15.27 50
4.6 375 0.14 42 6.12 60
7.3 20.2 0.22 14.4 3.31 1:01
7.6 36.2 0.23 25.1 5.91 2:01
) Methanol
15.6 85 0.47 29 13.88 3:01 (volivol)
9.6 58.2 0.29 31.8 9.5 4:01
4 25.7 0.12 34.6 4.21 5:01
0.1 27.6 0.004 11.11 451 1:01
9.3 36.7 0.28 21 5.99 2:01
11 5158 033 253 8.41 3:01 Ethanol
(vol/vol)
14.3 8.4 0.43 31.66 13.71 4:01
17 61.9 0.51 33.05 10.11 5:01
6 19.4 0.18 17.21 3.18 1:01
7.3 25.8 0.22 17.06 4.22 2:01
B Acetone
11.6 51.3 0.35 23.3 8.38 3:01 (volivol)
13 77 0.39 31.55 12.57 4:01
5.6 375 0.17 34.7 6.12 5:01
16.3 44.2 0.49 145 7.22 1:01
19 83.1 0.52 26.13 13.66 2:01
183 86.2 0.48 29.01 14.07 3:01 Iso-propanol
(vol/vol)
14 80.7 0.42 31.01 13.18 4:01
10.6 73.5 0.32 36.5 12 5:01

Table (2): A summary of treatments used for the purification of L-asparaginase from Acinetobacterbaumannii R7

g 00 | oot | romn [ e | Capreinas [ T [ | s
100 1 163.2 0.03 2.72 97.18 60 C.FF*
93.6 0.6 152.7 0.02 2.68 97.02 57 C.F.D. **
86.2 18.3 136.6 0.52 13.66 26.13 10 C.F.p.**>*
77 92.9 125.7 2.78 25.15 9.02 7 CM- Sephadex C-50

*Cell — free filtrate

reported that 4.7 fold purification and 24% a vyield of L-
asparaginase from Erwinia carotovora by sulphopropyl
sephadex chromatography. The partially purified L-
asparaginase from E. coli had the purification fold of 2.15
with 20% vyield after 20-40 % ammonium sulphate
precipitation (22). The purification of L-asparaginase from
Pseudomonas aeroginosa by sephadex G-100 gel filtration
and SDS-PAGE analysis of the protein was performed by
(23). Ameniaet al. (24) purified the L-asparaginase from
Streptomyces gulbargensis with 82.12 purification fold
and yield 32% after simultaneous purification steps of
ammonium sulphate precipitation, sephacryl S-200 gel
filtration and CM sephadex C-50 chromatography.

Characterization of the purified enzyme

**Cell - free dialysate

***Cell — free precipitate
1-Determination of the molecular weight

SDS-PAGE of the purified enzyme was revealed only a
single distinctive protein band of L-asparaginase with an
apparent molecular weight of 160 kDa (Figure-3). The
molecular weight of E. coli L-asparaginase determined by
ion exchange chromatography was 153 kDa (25).L-
asparaginase from Pseudomonas aeroginosa 50071
showed single protein band with a molecular weight of
160 kDa (23). The partially purified enzyme from Bacillus
circulans showed an a proximal molecular weight of 140
kDa (26) , but the enzyme of Erwinia carotovora exists in

the form of dimmer of dimmers with molecular weights of
40.2 and 39.8 kDa (16).

9lInternational Journal of Current Engineering and Technology, Vol.4, No.1 (Feb 2014)



Sahira Nsayef Muslim

B A

160kDa

140kDa

97kDa

67kDa

42kDa

Figure (3): PAGE-SDS of L-asparaginase from
Acinetobacter baumannii R7. Electrophoresis was carried
out on a 12% polyacrylamide and stained with Coomassie
blue R-250. Lane A included the molecular weight of the
marker proteins. Lane B contained CM- SephadexC50
column purified enzyme.
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Figure (4): HPLC profile of the purified L-asparaginase
from Acinetobacterbaumannii R7 using a reverse phase C-
18 column (4.6 x 250mm). The purified enzyme (10 pl)
was injected into the loop of column and eluted with
acetonitrile-water (70:30) at a flow rate of 0.5 ml/min.
Aphoto-diode array (PDA) detector was set to read the
absorbance at 280nm.

Characterization of the purified enzyme
1-Determination of the molecular weight

SDS-PAGE of the purified enzyme was revealed only a
single distinctive protein band of L-asparaginase with an
apparent molecular weight of 160 kDa (Figure-3). The
molecular weight of E. coli L-asparaginase determined by
ion exchange chromatography was 153 kDa (25).L-
asparaginase from Pseudomonas aeroginosa 50071
showed single protein band with a molecular weight of
160 kDa (23). The partially purified enzyme from Bacillus
circulans showed an a proximal molecular weight of 140
kDa (26) , but the enzyme of Erwinia carotovora exists in
the form of dimmer of dimmers with molecular weights of
40.2 and 39.8 kDa (16).
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2-Substrate specificity

The substrate specificity of the enzyme is presented in
(Figure-5). The results revealed that the highest apparent
affinity of L-asparagine was found towards its natural
substrate L-asparagine while no activity could be detected
against L- glutamine and D- glutamine .This property of
the enzyme is very essential on the treatment of patients
were incomplete removal of asparagine is required . The
observations reported under the present study are in good
agreement with the finding of (27).

120
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60

40

20

Relative activity (%)

Substrate

Figure (5): Substrate specificity of purified L-
asparaginase from Acinetobacter baumannii R7

3-Determination of kinetic parameters
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Figure (6):Lineweaver-Burk plot of L- asparaginase
fraction from Acinetobacterbaumannii  R7.The L-
asparaginase fraction was incubated with different
concentrations of L- asparagine (1.25 to 20 mg) as
substrate.

The Linewearer- Burk plot of the L-asparaginase activity
at 30 min and 37°C in 0.05 M tris-HCI buffer, pH 7.2 with
various concentrations of L-asparagine as the substrate is
shown in  (Figure-6).  The relationship  was
linear(R2=0.984), giving estimate of the Kypand Vi
values of the enzyme as 0.421 mg/ml and 0.826 U/mg of
protein, respectively, and this indicates the high affinity of
the enzyme to the substrate. L-asparaginase of different
microorganisms has different substrate affinities and
probably plays different physiological roles in the enzyme
activity. Lower K, value (0.074mM) was obtained for L-
asparaginase from Vibrio costicola (28). Also K., and V.
values of  L-asparaginase @ from  Pseudomonas
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aeruginosa50071 were 0.147 mM and 357 IU,
respectively(23).

4-In vitro cytotoxicity assay of L-asparaginase

The purified L-asparaginase enzyme from Acinetobacter
baumannii has been subjected to cytotoxic activity in vitro
on the OAW-42 cell line for different times . The
treatment of cancerous cell line with increasing
concentration of L-asparaginase (up to 9.0 mg/ml )
resulted in appreciable inhibition of cell growth (59 and
51% survival) for 24 and 48 h respectively, when
compared to controls (Figure -7) .This study indicates that
this enzyme has potential for being used as anticancer drug
for treatment of human ovarian cancer. Apoptosis of
leukemia cells induced by L-asparaginase was found to be
an event that has been associated with the cell cycle arrest
in Glphase (29). Cappelletiet al. (30) studied in vitro
cytotoxicity of a novel L-asparaginase from the pathogenic
strain Helicobacter pylori CCUGI 7874 against different
cell lines and reported that AGS and MKN28 gastric
epithelial cells being the most affected.

lrﬂSurvivaIrate after 24 hr @ Survival rate after 48 hrl

2 " TEY n 5
(el R m
3 O E Z 3 / Z é %*
Ml B B B B B}
'8 v v v v
control 9.2 73 51 3.4 denatured

enzyme

L-asparaginase concentration (mg/ml)

Figure (7): Cytotoxicity of the purified L-asparaginase
from Acinetobacter baumannii R7

References

Sahin, F., R. Cakmakci and F. Kantar.(2004). Sugar beet and barley yields in
relation to inoculation with N2-fixing and phosphate solubilizing
bacteria.Plant and Soil., 265: 123-129

Bergogne-Bérézin, E. (2009).Importance of Acinetobacterspp. Acinetobacter
biology and pathogenesis. Infect. Agents Pathol. 1-18

Patricia R.; Kathy A.; Michael C.; Linda G.; Marie K.and Stephen
A.(2010).Guide  to  the  Elimination  of  Multidrug-resistant
AcinetobacterbaumanniiTransmission in Healthcare Settings. APIC.pp:1-
54

Fournier, P.E. and Richet, H.(2006).The Epidemiology and Control of
Acinetobacterbaumanniiin Health Care Facilities. Clinical Infectious
Diseases. 42:692-9.

Espinal, P.; Marti, S.and Vila, J. (2012).Effect of biofilm formation on the
survival of Acinetobacterbaumannii on dry surfaces. J. Hospit. Inf. 80 (1):
56-60.

Ahmad,N.; Pandit,N.P. and Maheshwari,S.K.(2012). L-asparaginase gene - a
therapeutic approach towards drugs for cancer cell.Int. J. Biosci. 2( 4): 1-
11.

Production, Purification and Characterization of a novel L-asparaginase from Acinetobacter.....

Ebrahiminezhad, A.; Amini,S.R. and Ghasemi,Y.(2011).L-Asparaginase
Production by Moderate Halophilic Bacteria Isolated from Maharloo Salt
Lake. Indian.J Microbiol. 51(3):307-311.

Verma, N. (2007). L-asparaginase: a promising chemotherapeutic agent. Crit.
Rev. Biotechnol., 27(1): 45-62.

Kamble, K. D.; Bidwe, P. R.; Muley, V. Y.; Kamble, L. H.; Bhadange, D. G.
and Musaddiq, M.(2012). Characterization of I-asparaginase producing
bacteria from water, farm and saline soil. Bioscience Discovery, 3(1):116-
119

Constantiniu, S.; Romaniuc, A.; Smaranda, L.; Filimon,R. and Tarasi, L.
(2004). cultural and biochemical characteristics of acinetobacterspp.
strains isolated from hospital units. the journal of preventive medicine. 12

(3-4): 35-42.

Holt, J.G. (1994). Bergey’s manual of determinative bacteriology. 2" ed.
Vol.2, Williams and Wilkins. Baltimore.
Willis, R.C.andWoolfolk, C.A. (1974). Asparaginase utilization in

Escherichia coli.J Bacteriol.118(1):231-241.

Bradford, M.M.(1976).A rapid and sensitive method for the quantification of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem.72:248-254.

Laemmli, U.K. (1970). Cleavage of Structural Proteins during the Assembly
of the Head of Bacteriophage T4.Nature, 227(5259):680-685.

Lineweaver H, Burk D (1934). The Determination of Enzyme Dissociation
Constants. J. Am. Chem. Soc. 56(3): 658-666.

De,S. and Azmi,W. (2012).0ne step purification of glutaminase free I-
asparaginase ~ from Erwiniacarotovorawith anticancerousactivty.
International J. Life Science&Pharma Research. 2(3):36-45.

Baumann,P.(1996). Isolation of Acinetobacter from Soil and Water.J.
Bacteriol.96(1):39-42.

Warskow, A. and Juni, E.(1999).Nutritional Requirements of Acinetobacter
Strains Isolated from Soil, Water, and Sewage. J. Bacteriol.112(2):1014-
1016.

Narayana, K.(2007).L-asparaginase production by Streptomyces albidoflavus.
Indian J. Microbiol., 48(3): 331-336

SutthinanKhamnal, Akira Yokota 2, SaisamornLumyong(2009). L-
Asparaginase production by actinomycetes isolated from some Thai
medicinal plant rhizosphere soils. Internat. J. Integrat.Biol.6(1):22-26.

Kamble. K.D. Khade, P.J.(2012).Studies on antineoplastic enzyme producing
bacteria from soil.Int J Pharm Biomed Res.3(2):94-99.

Shah,A.J.; Karadi,R.V. and Parekh,P.P.(2010). Isolation,Optimization and
Production of L- asparaginase from Coliform Bacteria. Asian J.
Biotechnol.2(3): 169177.

El-Bessoumy, A.A.; Sarhan, M. and Mansour, J. (2004).Production, isolation,
and purification of L-asparaginase from Psedomonasaeruginosa50071
using solid state fermentation. J. Biochem. Mol. Biol.;37:387-393.

Amena, S.; Vishalakshi, N.; Prabhakar, M.; Dayanand, A. and Lingappa,
K.(2010). production, purification and characterization of l-asparaginase
from streptomycesgulbargensis. Brazilian J. of Microbiol. 41: 173-178

Borah, D.; Yadav, R.N.S.; Sangra, A.; Shahin, L. and ChaubeyA.K.
(2012).Production, purification and process optimization of asparaginase
(an anticancer enzyme) from e. coli, isolated from sewage water.Asian J.
Pharm. Clin. Res. 5(3): 202-204

Prakasham, R. S.; Hymavathi, M.; Subba, C; Arepalli, S. K.; Venkateswara,
J.; Kavin, P. ; Nasaruddin, K.; Vijayakumar, J. B. and Sarma P. N. (2009).
Evaluation of Antineoplastic Activity of Extracellular Asparaginase
Produced by Isolated Bacillus circulans Appl. Biochem.Biotechnol.
10(8):8679-8683.

Siddalingeshwara, K.G. and Lingappa, K.(2011). Production and
Characterization of LAsparaginase-A Tumour inhibitor. Int. J. Pharm. Tech
Res.3(1): 314-319.

Prabhu,G.N. and Chandrasekaran, M.(2000). Purification and Characterization
of an Anti-cancer Enzyme Produced by Marine Vibrio CosticolaUnder A
Novel Solid State Fermentation Process.Nature, 227, 1136- 1137.

Ando, M.; Sugimoto, K.; Kitoh, T.; Sasaki, M.; Mukai, K.; Ando, J.; Egashira,
M.; Schuster,S.M. and Oshimi, K. (2005). Selective apoptosis of natural
killer cell tumors by Lasparaginase.British J. Haematol. 130:860-868.

Cappelleti, D.;Chiarelli, L.R.;Pasquetto, M.V.; Stivala, S.; Valentini, G. and
Scotti,C. (2008). Helicobacter pylori L-asparaginase: A promising
chemotherap-eutic agent. Biochem.Biophys. Research Comm. 377:1222-
1226.

11International Journal of Current Engineering and Technology, Vol.4, No.1 (Feb 2014)



