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ABSTRACT
L-asparaginase has been used for the treatment of different leukemia such as Acute Lymphoblastic Leukemia. Unlike normal cells leukemic cells
cannot synthesize asparagine on their own. Therefore, when L-asparaginase is injected into blood it breaks down asparagine to aspartic acid and
ammonia and hence tumor cells die due to asparagine starvation. It is produced by both microbes as well as plants. Therefore, in the present study we
compared the L-asparaginase extracted from plants as well as microbes. Among the plants S. nigrum showed the highest activity (52 IU/ml) whereas
among microbes B. subtilis (MTCC-121) had the highest activity (43.11 IU/ml). Both the enzymes were kinetically characterized and it was found
that plant enzyme was stable over pH and temperature variations. The effect of metal ions was same on both the enzymes whereas chelators enhanced
the plant enzyme whereas had no effect on microbial enzyme. Plant enzyme showed the highest activity and was more stable to the environmental
variations as compared to microbial enzyme.
Keywords: L-asparaginase, S. nigrum, B. subtilis, kinetic characterization.

INTRODUCTION
Hematopoietic malignancies such as Acute Lymphoblastic
Leukemia (ALL) can be treated using L-asparaginase, an
important chemotherapeutic agent. Acute Lymphoblastic
Leukemia is a type of cancer in children arising due to
expansion of lymphoid blasts and monoclonal proliferation in
blood and bone marrow1,2. L-asparaginase synthetase is the only
known enzyme for the synthesis of asparagine in cells. Normal
cells are able to synthesize asparagine on their own but the
cancer cells depend on the extracellular supply of asparagine
from the blood. When L-asparaginase is injected into the blood
it breaks down asparagine to aspartic acid and ammonia
depriving the cancer cells of asparagine. Hence, the cancer cells
die as a result of asparagine starvation 3,4. It is available under
brand names such as Elspar, Oncaspar, Erwinaze, Leunase,
Medac, Crasnitin, Paronal, Kidrolase, Acrylaway, PreventASe,
Cristanaspase and PEG-asparaginase5,6. It is a tetrameric protein
produced and used by the organisms for the storage and
transport of the nitrogen which is then utilized for the protein
synthesis7. L-asparaginase is the first enzyme in humans to be
studied for its antitumor properties. L-asparaginase isolated
from E. coli and Erwinia carotovora is used for the clinical
treatment of ALL but it suffers from a number of side-effects
such as resistance, premature inactivation, allergic reaction,
shorter drug duration and easy clearance from body8,9.
Therefore, alternative sources such as plant enzyme are being
searched for the isolation of L-asparaginase10,2. As compared to
bacterial L-asparaginase plant enzyme has been not explored
widely. Plant L-asparaginase is the major transport and storage
compound for nitrogen and therefore helps in protein synthesis
and nitrogen fixation11. Although the amino acid sequence of
plant L-asparaginase is not similar to bacterial enzyme but it is
66%
similar
and
23%
identical
to
human

glycosylasparaginase11. The plant L-asparaginase is less toxic as
compared to bacterial L-asparaginase12.
MATERIALS AND METHODS
All the chemicals were purchased from Himedia and Merck,
India. The microbial cultures were procured from IMTECH,
Chandigarh.
Screening for L-asparaginase
Catharanthus roseus, Withania somnifera, Pisum sativum and
Solanum nigrum were screened for L-asparaginase. The enzyme
was extracted from different parts (roots, leaves, stem and
fruits/flowers) of these plants using method given by Bano and
Sivaramakrishnan13. The enzyme was collected by
centrifugation at 12, 000 rpm for 12 min.
Bacillus subtilis (MTCC-121), Erwinia caratovora (MTCC2760), Enterobacter aerogenes (MTCC-2822) and Escherchia
coli K-12 (MTCC-1302) were procured from IMTECH,
Chandigarh. The cultures were grown in M9 media and
incubated at 37°C for 24 hrs. The cultures were centrifuged at 5,
000 rpm for 20 min. The crude enzyme was stored in PBS buffer
(0.1 M, pH 7.2). The enzyme activity was calculated using
nesselerization’s method14.
Kinetic Characterization of Enzymes
The effect of pH (5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 and
10.0), temperature (25, 30, 35, 40, 45, 50, 55, 60, 65 and 70°C)
and asparagine concentration (10-10 to 10-1 M) was studied for
both plant as well as bacterial enzymes.
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Effect of Effectors on Enzyme Activity
Metal Ions

Pseudomonase aeruginosa were used for the production of Lasparaginase which also showed the highest activity at 40°C 21,19.

The effect of different metal ions (Ca2+, K+, Cu2+, Na+, Mn2+,
Mg2+, Co2+ and Hg2+) on L-asparaginase was studied by adding
10 mM of each metal ion into the reaction mixture and then
calculating the residual activity (ratio of enzyme activity in
presence and absence of effector). The control was taken in
which no metal ion was added and its residual activity was
considered as 100 %.

Effect of Substrate Concentration

Chelators
The effect of different inhibitors [ethylenediaminetetraacetic
acid (EDTA), urea, sodium dodecyl sulfate (SDS), βmercaptoethanol (β-ME) and Triton-X 100] on L-asparaginase
was studied by adding 5 mM of each metal ion into the reaction
mixture and then calculating the residual activity. The control
was taken in which no metal ion was added and its residual
activity was considered as 100 %.
RESULTS AND DISCUSSIONS
Screening for L-asparaginase
Different plants and their parts were screened for L-asparaginase
activity and it was found that S. nigrum (Accession Number:
K001152679) showed the highest activity i.e. 52 IU/ml (leaves)
(Figure 1). It can be seen that leaves contain more amount of
enzyme as compared to stem, roots and flowers/fruits. The
similar results were found by Kataria et al.15 in whose study S.
nigrum showed the highest activity (58.62 U/mg).
B. subtilis (MTCC-121) showed the highest enzyme activity
(43.11 IU/ml) whereas E. aerogenes (MTCC-2822) had the least
enzyme activity (21.45 IU/ml) after 24 hrs incubation. With the
increased incubation time the enzyme activity reduces (Figure
2). The enzyme activity was higher than reported by Jia et al.16
which was 9.98 U/ml.
Kinetic Characterization of Enzymes
Effect of pH
It was found that optimum pH for S. nigrum L-asparaginase was
7.5 whereas for B. subtilis (MTCC-121) it was pH 7.0 (Figure
3). The optimum pH for L-asparaginase extracted from
Phaseolus vulgaris was 8.017. It is also clear from figure 1 that
plant enzyme is more stable over pH range whereas the enzyme
activity of microbial enzyme gradually decreases with the
increasing pH. The results were similar to the fact that microbial
enzyme shows highest activity at pH 8.0-10.018,19. The optimum
pH for B. subtilis (MTCC-2822) was 7.5 and 86 % activity was
retained at pH 8.016.
Effect of Temperature
The optimum temperature for plant as well as microbial Lasparaginase is 40°C (Figure 2). Similarly, L-asparaginase
extracted from B. subtilis (MTCC-2822) showed the highest
activity at 40°C16. Moreover, it is evident from the figure 4 that
plant enzyme is more thermally stable as compared to the
microbial enzyme. The results were similar to Vigna
unguiculata which had optimum temperature at 40°C20. Lasparaginase extracted from P. vulgaris had the optimum
temperature at 37°C17. Pectobacterium carotovorum and

The Km and Vmax value for L-asparaginase extracted from S.
nigrum was 6.62 mM and 52.63 µM/min respectively (Figure
5a) whereas L-asparaginase extracted from B. subtilis (MTCC121) had Km 6.17 mM and Vmax 45.45 µM/min (Figure 5b). Km
and Vmax for L-asparaginase extracted from P. vulgaris were
6.72 mM and 0.16 µM/ml17. The Km values for Erwinia
carotovora and E. coli L-asparaginase were 7.14 and 3.5 mM
respectively22,23. L-asparaginase extracted from B. subtilis
(MTCC-2822) had Km 0.43 mM and Vmax 77.51 µM/min16.
Effect of Effectors on Enzyme Activity
Metal Ions
Effect of different metal ions on L-asparaginase extracted from
S. nigrum and B. subtilis (MTCC-121) was studied and it was
found that metal ions have similar effects on both enzymes
(Figure 6). Ca2+, K+, Na+ and Co2+ ions enhanced the enzyme
activity with K+ ions giving 60 % residual activity for plant Lasparaginase and 40 % for microbial L-asparaginase. Cu2+,
Mg2+, Mn2+ and Hg2+ showed the inhibitory effect on Lasparaginase activity. Cu2+ ions slightly reduced the enzyme
activity whereas Hg2+ ions inhibited the enzyme activity
completely. L-asparaginase extracted from V. unguiculata was
inhibited by Mn2+, Hg2+ and Ba2+ ions whereas activated by
Co2+ and Ni2+ ions20. Similar results were found in the study
conducted by Jia et al.16 where Fe3+ ions were the strongest
inhibitors. K+ enhanced the L-asparaginase activity of P.
vulgaris with 150 % residual activity whereas Hg2+ inhibited the
enzyme17. Co2+ ions enhanced the enzyme activity by 27 % in
Pseudomonas pseudoalcaligenes24.
Chelators
Different chelators were incubated in the reaction mixture and it
was found that EDTA enhanced the activity of L-asparaginase
extracted from S. nigrum but had no effect on microbial Lasparaginase (Figure 7). Similarly, β-ME slightly increased
activity of plant L-asparaginase but slightly inhibited microbial
enzyme. Urea, SDS and Triton-X 100 inhibited both the
enzymes with urea as the strongest inhibitor. The results were
similar to the study in which EDTA had no effect on Lasparaginase extracted from B. subtilis (MTCC-2822)16. EDTA
partially inhibited L-asparaginase from P. vulgaris17 whereas
had no effect on L-asparaginase from P. carotovorum21. EDTA
inhibited L-asparaginase activity in P. pseudoalcaligenes24.
CONCLUSION
Out of the different plants screened for L-asparaginase S.
nigrum had the highest enzyme activity whereas among the
microbial sources B. subtilis (MTCC-121) showed the highest
enzyme activity. The enzymes were kinetically characterized
and found that plant enzyme was more stable over pH as well as
temperature variations as compared to the microbial enzyme.
K+, Na+, Ca2+ and Co2+ ions enhanced the enzyme activity
whereas Cu2+, Mg2+, Mn2+ and Hg2+ inhibited the Lasparaginase. EDTA and β-ME acted as the enhancers whereas
urea, SDS and Triton-X 100 were the inhibitors. Overall, it can
be said that in comparison to the microbial enzyme the plant
enzyme is much more stable over different parameters.
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Figure 1: Enzyme Activity of Different Plant Sources

Figure 2: Enzyme Activity of Different Microbial Sources

Figure 3: Effect of pH values on Activity of L-asparaginase
Extracted from S. nigrum and B. subtilis MTCC-121

Figure 4: Effect of Temperature on Activity of L-asparaginase
Extracted from S. nigrum and B. subtilis MTCC-121

Figure 5: Lineweaver-Burk Plots (a) S. nigrum (b) B. subtilis MTCC-121

Figure 6: Effect of Metal Ions on Activity of L-asparaginase
Extracted from S. nigrum and B. subtilis MTCC-121

Figure 7: Effect of Metal Ions on Activity of L-asparaginase
Extracted from S. nigrum and B. subtilis MTCC-121

88

Jagjit Kaur et al / Int. J. Res. Ayurveda Pharm. 8 (5), 2017

REFERENCES
1. Fullmer A, O'Brien S, Kantarjian H, Jabbour E. Emerging
therapy for the treatment of Acute Lymphoblastic Leukemia.
Expert Opin Emerg Drugs 2010; 15(1):1-11.
2. Shrivastavaa A, Khana AA, Khurshid M, Kalamb MA, Jaind
SK, Singhal PK. Recent developments in L-asparaginase
discovery and its potential as anticancer agent. Crit Rev
Oncol Hematol 2016; 100:1-10.
3. Savitri NA, Asthana NA, Azmi W. Microbial Lasparaginase: a potent antitumour enzyme. Indian J
Biotechnol 2003; 2:184-194.
4. Kumar K, Kaur J, Walia S, Pathak T, Aggarwal D. Lasparaginase: an effective agent in the treatment of Acute
Lymphoblastic Leukemia.
Leuk Lymphoma 2014;
55(2):256-262.
5. Avramis
VI,
Panosyan
EH.
Pharmacokinetic/
pharmacodynamic
relationships
of
asparaginase
formulations: the past, the present and recommendations for
the future. Clin Pharmacokinet 2005; 44(4):367-393.
6. Pieters R, Hunger SP, Boos J, Rizzari C, Silverman L,
Baruchel A, et al. L-asparaginase treatment in Acute
Lymphoblastic Leukemia: a focus on Erwinia asparaginase.
Cancer 2010; 117(2):238-249.
7. Piatkowska-Jakubas B, Giebel S, Adamczyk-Cioch M, Czyz
A, Leach ME, Paluszewska M, et al. Use of L-asparaginase
in Acute Lymphoblastic Leukemia: recommendations of the
Polish Adult Leukemia Group. Pol Arch Med Wewn 2008;
118(11):664-669.
8. Soares AL, Guimaraes GM, Polakiewicz B, Pitombo MRN,
Abrahao-Neto J. Effects of polyethylene glycol attachment
on physicochemical and biological stability of E. coli Lasparaginase. Int J Pharm 2002; 237(1-2):163-170.
9. Panosyan EH, Seibel Nl, Martin-Aragon S, Gaynon PS,
Avramis IA, Sather H, et al. Asparaginase antibody and
asparaginase activity in children with higher-risk Acute
Lymphoblastic Leukemia: Children’s Cancer Group Study
CCG-1961. J Pediatr Hematol Oncol 2004; 26(4):217-226.
10. Thomas,X, Cannas G, Chelghoum Y, Gougounon A.
Therapeutic alternatives to native L-asparaginase in the
treatment of adult Acute Lymphoblastic Leukemia. Bull
Cancer 2010; 97(9):1105-1117.
11. Lough TJ, Chang KS, Carne A, Monk BC, Reynolds PH,
Farden KJ. L-asparaginase from developing seeds of
Lupinus arboreus. Phytochem 1992; 31(5):1519-1527.
12. Oza VP, Parmar PP, Kumar S, Subramanian RB. Anticancer
properties of highly purified L-asparaginase from Withania
somnifera L. against Acute Lymphoblastic Leukemia. Appl
Biochem Biotechnol 2010; 160(6):1833-1840.

13. Bano M, Sivaramakrishnan VM. Preparation and properties
of L-asparaginase from green chillies (Capsicum annum L.).
J Biosci 1980; 2(4):291-297.
14. Mashburn LT, Writson JC. Tumour inhibitory effect of Lasparaginase from E. coli. Arch Biochem Bioph 1964;
105:450-452.
15. Kataria M, Kaur N, Narula R, Kumar K, Verma N. Lasparaginase from novel source- Solanum nigrum and
development of asparagine biosensor. The Pharma
Innovation J 2015; 4(5):81-84.
16. Jia M, Xu M, He B, Rao Z. Cloning, expression, and
characterization of L-asparaginase from a
newly
isolated Bacillus subtilis B11–06. J Agric Food Chem 2013;
61(39):9428-9434.
17. Mohamed SA, Elshal MF, Kumosani TA, Aldahlawi AM.
Purification and characterization of asparaginase from
Phaseolus vulgaris Seeds. Evid Based complement Alternat
Med. 2015; 309214. Doi: 10.1155/2015/309214.
18. Makky EA, Loh YC, Karim MR. Purification and partial
characterization of a low molecular weight L-asparaginase
produced from corn cob waste. Biocatal Agricul Biotechnol
2014; 3(4):265-270.
19. Shanmugaprakash M, Jayashree C, Vinothkumar V,
Senthilkumar SNS, Siddiqui S, Rawat V, et al. Biochemical
characterization and antitumor activity of three phase
partitioned L-asparaginase from Capsicum annuum L. Sep
Purif Technol 2015; 142:258-267.
20. Ali EMM. Purification and characterization of Vigna
unguiculata cultivar asparaginase. J Biol Res Thessalon
2009; 11:29-36.
21. Kumar S, Dasu VV, Pakshirajan K. Purification and
characterization of glutaminase-free L-asparaginase from
Pectobacterium carotovorum MTCC 1428. Bioresour
Technol 2011; 102(2):2077-2082.
22. Willis RC, Woolfolk CA. Asparagine utilization in
Escherichia coli. J Bacteriol 1974; 118(1):231-241.
23. Kamble VP, Rao RS, Borkar PS, Khobragade CN, Dawane
BS. Purification of L-asparaginase from a bacteria Erwinia
carotovora and effect of a dihydropyrimidine derivative on
some of its kinetic parameters. Indian J Biochem Biophys
2006; 43(6):391-394.
24. Dalfard AB. L-asparaginase production in the Pseudomonas
pseudoalcaligenes strain JHS-71 isolated from Jooshan Hotspring. Mol Biol Res Commun. 2016; 5(1):1-10.
Cite this article as:
Jagjit Kaur et al. Comparative characterization of Lasparaginase extracted from plant and microbial sources. Int. J.
Res. Ayurveda Pharm. 2017;8(5):86-89 http://dx.doi.org/
10.7897/2277-4343.085250

Source of support: Nil, Conflict of interest: None Declared
Disclaimer: IJRAP is solely owned by Moksha Publishing House - A non-profit publishing house, dedicated to publish quality research, while
every effort has been taken to verify the accuracy of the content published in our Journal. IJRAP cannot accept any responsibility or liability
for the site content and articles published. The views expressed in articles by our contributing authors are not necessarily those of IJRAP
editor or editorial board members.

89

