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ABSTRACT

L-aspraginase, a protein encrypted with chemotherapeutic potential is used to treat
Acute lymphoblastic leukemia and Lymphosarcoma. However, increasing reports
of toxicity and resistance limit the application of the clinically approved enzyme.
L-asparginase with different characteristics, extracted from a novel source implies
promising application in case of resistance and hypersensitivity. With this interest,
an L-asparginase producing microorganism was isolated from the highly akaline
and saline Lonar Lake and its partial 16s rRNA sequence had high similarity with
Senotrophomonas koreenst TR6 O1 strain. In this article the effect of Nitrogen
sources (L-aspargine, yeast extract, peptone), Carbon sources (Glucose, Fructose,
Sucrose, Maltose, Lactose) and growth affecting parameters like initial pH,
incubation temperature and inoculum size on the extracelluluar production of L-
asparginase from the same isolate using Nesderization assay is presented. L-
aspargine 1% wiv, Yeast extract 0.6% wi/v, Peptone 0.8% w/v and Glucose 0.4%
w/v. were found to be optimum concentrations with optimum initial pH of 7,
inoculum size of 2% and incubation a room temperature. The maximum
L-Asparainase activity of 19.79 1U/ml was obtained at optimized conditions.

I ntroduction

L-asparginase, an aminohydrolase, cleaves acid.

Depletion of |-aspargine by

its substrate L-aspargine into L-aspartate
and ammonia. L-aspargine can be
synthesized by normal cell by the virtue of
the enzyme L-aspargine synthetase,
making it a non-essential amino acid. On
contrary, it provesto be an essential amino
acid for tumor cells as they lack or have
low levels of L-aspargine synthetase and
depend on the serum levels of this amino

asparginase starves the tumor cells of their
essential amino acid, hampers their protein
synthesis and leads to apoptosis (Becker F,
Broome, 1969; Bon et al., 1997).

Enzyme produced from E.coli and Erwinia
chrysanthemi, used under the clinica
names of Elspa® and Erwinaze™
respectively, has shown increasing cases
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of hypersensitivity reactions, both, in
children and adults, leading to toxicity like
liver disturbances, central nervous
disturbances, thrombocytopenia,
hyperlipidemia, intracranial hemorrhage,
renal failure (Broome, 1981, Cairo
Mitchell, 1982; Chande Ashish and Bhat
Manish, 2014; El-Bessoumy ET AL.,
2004) and even resistance in some cases.
Administration of |-asparginase from a
different  source independently  or
combination with the aready used ones
can reduce the allergic responses (Gaffar
S, Shethna, 1077). Production of this
enzyme from various fungi, bacteria, yeast
and actinomycetes has been reported
(Haskell, et al., 1969; Howard and James,
1968; Kil et al. 1995 Mishra, 2006;
alergic responses (Muller and Boos,
1998); rena failure (Oettgen et al., 1970;
Priest John et al., 1982 Gaffar S, Shethna
Y 1977, El-Bessoumy AA et a. 2004,
Mishra A 2006, Sahu M et a. 2007,
Khamna S et al. 2009, Kil J. O. et al.
1995, Bon E. P. et al. 1997, Howard C,
James S 1968).

Microbes from unusua habitats tend
produce proteins with novel or different
characteristics than those in usual habitats.
Isolation of an I-asparginase producing
isolate from the highly saline and akaline
Lonar Lake was reported for the first time.
The partial 16s rRNA sequence of this
isolate has shown maximum similarity
with Stenotrophomonas koreensis TR6 01
strain  (Chande Ashish, Bhat Manish
2014) In this article Optimization of
Carbon/Nitrogen sources and cultural
conditions is presented for the same.

Materialsand M ethods

Micro-organism

1026

The microbe used for this study was
isolated from Lonar Lake, Maharashtra,
India. This lake is believed to be formed
by a meteor impact and is known for its
extreme sdinity and akainity, an
attraction for microbiology research to
discover novel species and their
metabolites. The partial 16s rRNA
sequence of thisisolate had similarity with
Senotrophomonas koreensis TR6 01 strain
(Chande Ashish, Bhat Manish 2014.).

Optimization of Carbon/Nitrogen
sources

Optimization was started by adding varied
concentrations (0.2%, 0.4%, 0.6%, 0.8%,
1.0% and 1.2%) of |-aspargine in Sterile M
9 broth ( NagHPO,4 — 6 gmg/ Lit , KH, PO,
— 3 gmg Lit, NaCl — 0.5 gm¢/ Lit, CaCl, -
0.001 gmg/ Lit , MgSo047H,0 — 0.12 gms/
Lit . Quantitative  Nesslerization
Assay(Chande Ashish, Bhat Manish,
2014) was performed for four days in the
intervals of 24 hours and a concentration
yielding the highest enzyme activity was
selected and included as an additional
component of M9 medium thereafter. M 9
broth without L-aspargine was used as a
control every time. This process was
similarly carried forward by using nitrogen
sources yeast extract and peptone. For
optimizing Carbon sources different
sugars glucose, fructose, sucrose, maltose,
lactose were added separately to the sterile
M9 media with optimized concentration of
Nitrogen sources. A carbon source
showing high enzyme production was
selected and the effect of its different
concentration of 0.2% - 0.6% was then
studied.

Optimization  of
parameters

growth  affecting
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The effect of growth affecting parameters
on the production of L-asparginase in the
nutrient optimized media was aso studied.
Production was subjected in different
conditions like pH (3-7), temperature
(Room temperature and 37° C) and
inoculum size (0.5% - 2.5%). The activity
of the enzyme produced under the
optimized conditions was cal cul ated.
Results and Discussion

The optimum Concentration of L-
asparginse, yeast extract and peptone was
found out to be 1%, 0.6% and 0.8%
respectively (table 1, fig 1-3). Out of all
the other sugars used, enzyme activity
with glucose was observed to be the
highest with its concentration of 0.4%

(table 2 and fig. 4, 5). The optimum pH
was found out to be 7 (fig.6), the optimum

inoculum size was 2%

of the tota

volume of media (fig.7) and Room
temperature was found out to be an
optimum temperature of incubation for the

production of L-asparginase (fig. 8).

Y east extract when added to modified M9
media including 1% L-aspargine, elevated
the enzyme activity from 10.06 1.U/ml to
19.54 1.U/ml while addition of Peptone as
an extra Nitrogen source and Glucose as a
Carbon source decreased the overall
activity to some extent due to catabolite

repression.

Table.l1 Effect of various Nitrogen sources and their different concentration on Enzyme
activity calculated in the intervals of 24 hrs

Concentration Enzyme activity Enzyme activity Enzyme activity Enzyme activity Enzyme activity
% (WIV) after 24 hrs after 48 hrs after 72 hrs after 96 hrs after 120 hrs
(1.U/ml) (1.U/ml) (1.U/ml) (1.U/mi) (1.U/ml)
L-aspargine
0.2% 4.94 5.88 6.82 7.08 2.13
0.4% 4,01 4.35 5.97 5.80 4.01
0.6 % 5.71 6.65 9.55 8.10 7.85
0.8% 4.86 6.40 8.10 7.33 7.25
1.0% 7.25 7.59 10.06 8.44 3.84
1.2% 5.03 5.29 6.40 6.40 5.88
Y east extract
0.2% 2.73 341 10.41 10.49 10.32
0.4 % 3.07 3.32 10.83 10.49 9.98
0.6 % 7.25 13.99 19.54 19.37 18.51
0.8% 7.42 12.88 18.00 18.00 17.92
1.0% 5.54 10.49 15.01 14.84 14.08
1.2% 6.31 8.87 13.90 13.90 13.90
Peptone
0.2% 571 6.65 7.50 7.16 6.99
04 % 4.52 4.94 6.65 6.40 6.05
0.6 % 6.57 7.33 10.75 1041 10.06
0.8% 541 7.16 11.34 10.92 10.58
1.0% 6.05 7.93 10.41 10.24 10.06
1.2% 5.37 5.63 6.74 6.74 6.22
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intervals of 24 hrs.

Sugars Enzyme Enzyme Enzyme Enzyme Enzyme
(0.4%) activity activity activity activity activity
after after after after after
24 hrs | 48 hrs | 72 hrs | 96 hrs | 120 hrs
(1.U/ml) (1.U/ml) (1.U/ml) (1.U/ml) (1.U/ml)
Glucose 1.28 11.776 17.49 17.06 16.64
Maltose 1.19 1.96 8.96 8.70 8.53
Sucrose 0.68 2.04 8.10 7.68 7.50
Fructose 1.10 10.83 15.78 15.53 15.36
Starch Sol 0.08 1.53 7.25 6.65 6.48
Lactose 0.85 1.45 7.50 7.25 7.08

Fig.1 Graph showing the effect of different conc. of L-aspargine on enzyme activity.
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Fig.2 Graph showing the effect of different conc. of Y east extract on enzyme activity
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Fig.3 Graph showing the effect of different conc. of peptone on enzyme activity
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Fig.4 Graph showing the effect of different Sugars on enzyme activity
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Fig.5 Graph showing the effect of different concentrations Glucose on enzyme activity
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Fig.6 Graph showing the effect of different pH on enzyme activity
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Fig.7 Graph showing the effect of different inoculums size on enzyme activity
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Fig.8 Graph showing the effect of temperature on enzyme activity

18.5

18

Enzyme Activity (1.U/ml)

17

19 -

Effect on temperature on Enzyme Activity

RT 37

Temperature (°C)

1030




Int.J.Curr.Microbiol . App.Sci (2014) 3(4): 1025-1031

The increase in temperature from RT leads
to denaturation of protein because of
which high activity 19.37 |.U/ml was
found at RT and 17.92 [.U/ml at 37°C.
Increase in H' ion concentration above the
neutral pH tends to change the secondary
and tertiary structure of proteins, changes
the charge interactions between the
polypeptides and result in low activity.
Purification and characterization of
enzyme, its effect on cell lines form the
future prospects of the study.

Acknowledgement

The author is grateful to Dr. Debjani
Dasgupta, Head of the Department and
Mr. Manish Bhat, Asst. Professor,
Padmashree Dr. D.Y. Patil University,
Department of  Biotechnology and
Bioinformatics for their guidance and
support.

References

Becker F, Broome J. L-asparginase: inhibition
of endogenous RNA polymerase activity
in regenerating liver. Arch. Biochem.
Biophys., 1969, 130, 1, 332-336.

Bon E. P. et al. Asparaginase Il of
Saccharomyces cerevisae. GLN3/URE2
regulation of a periplasmic enzyme. Appl
Biochem Biotechnol, 1997,63, 203-212.

Broome J. L-Asparginase: discovery and
development as a tumour-inhibitory agent.
Cancer Treat. Rep, 1981, 65, 111-114.

Cairo Mitchell. Adverse reactions of L-
asparginase.  Journal of  pediatric
hematol ogy/oncology. 1982, 4, 3.

Chande Ashish and Bhat Manish. Isolation
and Characterizaetion of L-asparginase
producing isolate from Lonar lake.
Research journal of recent sciences. 2014
3(I1SC 2013) 38-41.

El-Bessoumy AA, Sarhan M, Mansour J.
Production, isolation, and purification of
L-asparaginase  from  Pseudomonas
aeruginosa 50071 wusing solid-state

1031

fermentation. J Biochem Mol Biol., 2004,
37, 387-393.

Gaffar S, Shethna Y. Purification and Some
Biological Properties of Asparaginase
from  Azotobacter vinelandii. Appl
Environ Microbiol. 1977. 33(3), 508-514.

Haskell C. M, Canellos G. P, Leventha B. G,
Carbone P. P. Block J. B, Serpick A. A
and Sedlawry O. S. L-Asparaginase -
Therapeutic and Toxic Effects in Patients
with Neoplastic Disease. NEJM. 1969,
281, 1028-1034.

Howard C And James S. Production of L-
Asparaginase |l by Escherichia coli.
Journal of Bacteriology, 1968, 2043-2048.

Khamna S, Yokota A, Lumyong S. L-
Asparaginase production by
actinomycetes isolated from some Thai
medicinal plant rhizosphere soils.
International  Journal of Integrative
Biology, 2009, 6, 1-22.

Kil J. O. et al. Extraction of extracellular L-
Asparaginase from Candida utilis. Biiosci
Biotechnol Biochem, 1995, 59, 749-750.

Mishra A. Production of L-Asparginase from
Aspergillus niger using agricultural waste
in solid state fermentation. Applied
Biochemistry and Biotechnology, 2006,
135, 1, 33-42.

Muller H. J, Boos J. Use of L-asparaginase in
childhood ALL. Criticadl Reviews in
Oncology:Hematology. 1998, 208, 97-
113.

Oettgen H, Stephenson P, Schwartz M et al.
Toxicity of E. coli L-asparaginase in man.
Cancer, 1970, 25, 253-278.

Priest John et al. A syndrome of thrombosis
and hemorrhage complicating L-
asparaginase therapy for childhood acute
lymphoblastic leukemia. The journa of
pediatrics. 1982, 100(6), 984-989.

Sahu M, Sivekumar K, Pooranu E,
Thangaradjou T, Kannan L. Studies on L-
Asparaginase enzyme of actinomycetes
isolated from estuarine fishes. Journal of
Environmental Biology, 2007, 28, 2, 465-
474,



