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ABSTRACT 
 

A milestone was set in the field of medicine with the discovery of L-asparaginase present in the 
serum of guinea pig responsible for action against the acute lymphoblastic leukemia. Since then, 
the use of L-asparaginase as a potential anti-cancer drug has been a great success in the field of 
modern oncology. Despite its varied sources, new sources are continuously being explored to 
obtain a high therapeutic index drug. The study aims to isolate potential L-asparaginase producing 
microorganisms from environmental niches of Northwestern Himalayas. The climatic conditions of 
the region and ancient agricultural practices which are still being followed in these areas, add up to 
the diverse microbial repository and a potential habitat which can be explored to obtain a potent 
asparaginase producing microbial source. In the study, soil samples from different regions of 
Jammu were collected aseptically. From the isolation studies, a total of 44 bacterial isolates were 
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obtained. Pure cultures were then screened for asparaginase activity both qualitatively as well as 
quantitatively using agar plate and nesselerization method. Screening studies resulted in the 
isolation of a potent L-asparaginase producer isolated from black gram soil sample of Rajouri, 
Jammu showing an enzyme activity of 9.14 U/ml. Based on biochemical and molecular 
approaches, the isolate was identified as Enterobacter aesburiae strain R16C1 / No. MT93543. The 
study resulted in the isolation of a pure bacterial culture from the soils of Northwestern Himalayas 
possessing anti-cancer asparaginase activity. Further, optimization studies can help in considerably 
increasing the enzyme activity which can be tested against different human cancer lines for its anti-
cancer efficacy.  
 

 
Keywords: L-Asparaginase; anti-cancer; Enterobacter aesburiae; Northwestern Himalayas; isolate. 
 

1. INTRODUCTION 
 
L-asparaginase (EC 3.5.1.1) catalyses the amido 
hydrolytic breakdown of L-asparagine into L-
aspartate and ammonia by attacking the side 
chain amide group in L-asparagine.  The enzyme 
is produced by the cells to carryout deamination 
reaction of converting L-asparagine into 
ammonia and aspartic acid [1]. This catalytic 
action of the enzyme makes it a desirable anti-
cancer drug which is potentially used in 
chemotherapy treatment of certain lymphoblastic 
malignancies, majorly in the treatment of       
Acute Lymphoblastic Leukaemia (ALL) and 
lymphosarcoma over the years [2]. Since, its 
discovery in guinea pig serum, L-asparaginase 
has shown anticancer activity which depends on 
the ability of asparaginase to hydrolyse 
asparagine [3, 4]. The enzyme uses in leukaemia 
treatment and other lympho proliferative 
disorders has expanded greatly due to its growth 
inhibiting properties by causing nutritional 
deprivation to the growing cancer cells. 
Leukaemia cells are different from normal cells 
as they lack asparagine synthetase and fail to 
produce asparagine making them completely 
dependent on the host to supply asparagine 
required for protein synthesis [5]. By causing the 
breakdown of asparagine in serum, L-
asparaginase can create an environment which 
lacks asparagine in turn affecting synthesis of 
protein in leukemic cells. This leads to cancer 
cell growth inhibition or death [6]. Non-toxicity, 
biodegradability and its easy administration at 
local sites can be referred as the main properties 
of enzyme, preferred for cancer therapies [7]. 
 
A variety of microorganisms are known for their 
L-Asparaginase producing potency along with 
some plant and animal species. Amongst, its 
variety of sources, a high level of L- 
Asparaginase is produced using Escherichia coli, 
and Erwinia chrysanthemum species for 
anticancer therapy [8]. The multidisciplinary 

enzyme has wide applications in several other 
fields also including its role as a biosensor, 
mineralization of soil nitrogen, amino acids 
biosynthesis and its role in food industry to 
reduce acrylamide content of baked foods [9]. 
The enzyme grabbed attention due to its 
effective therapeutic effects against lymphocytic 
leukaemia various human cancers including 
breast, colorectal, lung etc. [10]. In recent 
studies, contribution of asparaginase to the 
reduction of cancer metastasis.  has also been 
reported. Amongst other leukaemia treatments 
such as steroids, radiation therapy, severe 
combined treatments which includes stem cell or 
bone marrow transplants, chemotherapy is of 
great success and highly preferential [11]. 
Despite its success in the field, there is still need 
to look for new sources of asparaginase due to 
adverse reactions of the drug such as 
bronchospasm, hypotension, and urticaria along 
with hepatitis, altered production of coagulation 
factors and pancreatitis [12]. Other side effects 
include chills, vomiting, pancreatitis, fever, weight 
loss caused by hepatocellular dysfunction during 
treatment of Lymphoblastic Leukaemia [13]. Side 
effects are due to its inherent toxicity because of 
L-glutaminase activity. L-glutamine is essential 
for transporting nitrogen in the blood, while its 
long-term depletion during the treatment causes 
acute biochemical disorders in the body [14]. 
Presently, glutaminase-free bacterial production 
of asparaginase is in focus due to adverse 
toxicity effects of asparaginase [15]. There are 
varied sources of asparaginase but bacterial L-
asparaginases have drawn much attention 
because of their eco-friendly nature, 
anticarcinogenic activities and cost effectiveness 
[16]. The enzyme obtained from different sources 
have different properties therefore looking for 
new asparaginase sources can lead to the 
possibility of obtaining a high therapeutic index 
drug which shows less or no adverse effects 
during treatment. The enzyme is found not only 
in microorganisms but other sources like many 
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plants, animal tissues, bacteria, and in the serum 
of certain rodents [17].  
 
The activity of asparaginase is dependent on its 
multimeric state and sources [18]. L-
asparaginase from E. coli (Kidrolase) was 
natively a tetramer, but under storage conditions 
at -80°C, its oligomeric state was reportedly 
changed to a monomer and other higher-order 
state Both the states were less active compared 
to its native state [19].  L-asparaginase obtained 
from Pyrococcus furiosus was a fully functional 
dimer, while, under varied conditions it converted 
into a monomer that showed no or low activity 
[20].  Several other studies suggested that 
asparaginase from varied sources had different 
oligomeric states like dimer, hexamer or tetramer 
[21]. The variation in genetic makeup of enzyme 
when obtained from different sources suggests 
that exploring new sources of L-asparaginases 
could provide us with a serologically different 
enzyme having similar therapeutic effects. This 
study therefore aimed to explore the diverse 
microbial repository of Northwestern Himalayas 
and obtain a pure asparaginase producing 
isolate. 
 

2. MATERIALS AND METHODS 
 
Four different rhizospheric soil samples were 
collected from Janglote in Kathua, Jammu  (black 
gram), Snetar  in Udhampur, Jammu (Mung 
bean), Kangri in Rajouri, Jammu (black gram) 
and Loran in Poonch, Jammu (Rajmash).  
 
Collection of samples: Plants were uprooted, 
and the soil was collected in sterile air tight 
polythene bags. Soil samples were air dried at 30 
0C in a hot air oven and kept for isolation in air 
tight containers.  
 
Isolation of pure cultures: Using serial dilution 
method, isolation of L-asparaginase producing 
cultures from collected soil samples was carried 
out. 1 gm of soil from each sample was taken 
separately and suspended in 9 ml distilled water 
and left on a shaker for 1 h at room temperature. 
Soil samples were then serially diluted up to 10 
ml with distilled water. Up to 10-8 dilutions were 
taken for all the samples [22]. Alternate dilutions 
from each soil sample were taken and 80 µl of 
the dilution was spread over nutrient agar plates. 
To control fungal growth, Fluconazole 75 µg/ml 
was added to the nutrient agar medium. All the 
plates were then incubated at 37°C for 24 - 48 h.  
Bacterial colonies of different size, morphology 
and colour were picked and streaked                  

again on nutrient agar plates to isolate pure 
cultures. Pure cultures thus obtained                       
were then used for the screening of L-
asparaginase activity using qualitative and 
quantitative studies. 
 

Screening of asparaginase positive cultures: 
Qualitative screening of L-asparaginase 
producing bacteria was done by using rapid plate 
assay method. Isolated cultures were inoculated 
on czapekdox agar media plates containing 1 % 
L-asparagine along with 0.1% phenol red 
indicator dye, inoculated plates were then 
incubated overnight at 370C along with control 
plates. The colonies showing formation of pinkish 
red colour were considered as L-asparaginase 
positive. The isolates showing L-asparaginase 
activity were then quantitatively estimated for 
enzyme activity using Nesslerization method 
[23]. The activity of enzyme was determined in 
culture broth by using asparaginase enzyme 
assay (Imada et al. 1973). For asparaginase 
assay, 0.1 ml of substrate solution (L-asparagine 
189 mM) was used and mixed with 1 ml of buffer 
(Tris 50 mM, pH 8.6) followed by an icubation at 
37 0 C for 10 - 15 mins., To the incubated 
mixrure, 0.1 ml of enzyme solution was then 
added except blank and was further kept at  37 0 
C for 30 mins. 1.5M, TCA (0.1ml) was added to 
stop the reaction. The contents were then 
centrifuged and clarified. To 0.2 ml of 
supernatant, 4.3 ml of water (de-ionized) was 
added. Nessler’s reagent (0.5 ml) was then 
added to the mixture.   OD for the samples was 
taken at 436 nm. Ammonium sulphate standard 
curve was used to calculate the amount of 
ammonia released.  
 

1 unit of L-asparaginase produced in the reaction 
mixture is the amount of enzyme which catalyses 
the formation of 1 µm of ammonia in 1 minute 
[24]. 
 

2.1 Characterization Studies 
 

The isolates were smeared on the slide and heat 
fixed. The smear was air dried and observed 
under the microscope using gram stain. 
Biochemical characterization was done by 
performing different biochemical tests (Table 1). 
For molecular characterization, 16s rRNA 
sequencing was done. As per bacterial 
identification report, DNA of the isolated culture 
was extracted and amplification of 16S rDNA 
region was performed using Emerald Amp GT 
PCR master using 27F and 1492R primers, 
amplification of 1500 bp was performed and the 
test amplicon was purified using Gel elution/SAP. 
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The sequencing results were then assembled 
and compared with NCBI data base. 16S rRNA 
sequence obtained was aligned in the GenBank 
database using BLAST and sequences that were 
highly similar were used for the study of 
molecular taxonomy.  Real Time method was 
used for generating the time. Divergence times 
were calculated for all the branching points in 
topology using Maximum Likelihood method [25] 
and evolutionary analysis was done in MEGA6 
[26] (Fig. 1). 
 

3. RESULTS AND DISCUSSION 
 
The extracellular secretion of the enzyme is 
dependent on available nitrogen and carbon 

sources present in the medium and cultural 
parameters like medium pH, temperature at 
which the culture is incubated, size of the 
inoculum used and time of fermentation. All the 
factors are different for different types of 
organisms (Bascomb et al. 1975). Several 
microorganisms are known to produce 
asparaginase such as Saccharomyces 
cerevisiae, Dickeya chrysanthemi, Escherichia 
coli, Serratia marcescens, Aspergillus species, 
Proteus vulgaris among others and screening 
work still continues to find new asparaginase 
producers [27]. However, only from E. coli and D. 
chrysanthemi asparaginases are produced on an 
industrial scale for pharmaceutical use. In this 
study, we explored the possibility of isolating a

 
Table 1. Biochemical characterization of bacterial isolate R16C1 

 

Morphological tests Culture code R16C1 Results 

Gram staining -ve 

Shape Rod shaped 

Color Cream 
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Indole Test +ve 

MR test - ve 

VP test +ve 

Citrate slant test +ve 

Nitrate reduction test +ve 

Arginine test +ve 

Amylase test -ve 

Protease test -ve 

Asparaginase test +ve 

Carbohydrate fermentation tests 

Dextrose test +ve 

Sucrose test +ve 

Galactose test +ve 

Fructose test -ve 

Mannitol test -ve 

Culture identified as per Bergey’s Manual 
of Systematic Bacteriology Vol. 2 

Enterobacter 

 

 
 

Fig. 1. Phylogenetic tree of the results obtained 

 Enterobacter cloacae strain RHBSTW-00473

 Enterobacter sp. 18A13

 Enterobacter roggenkampii strain FDAARGOS_523

 Enterobacter roggenkampii strain 704SK10

 Enterobacter roggenkampii strain R11

 Enterobacter roggenkampii strain WCHER090065

 Enterobacter asburiae strain CAV1043

 Enterobacter cloacae strain 339389L

 Enterobacter asburiae strain R16C1

 Enterobacter ludwigii strain K170

0.00
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new asparaginase producer from soil samples of 
different regions of J&K. 44 different                  
bacterial isolates were obtained from the 
isolation studies conducted on 4 different 
rhizospheric soil samples collected from 4 
different regions of J&K - black gram (Kathua), 
black gram (Rajouri), mung bean (Udhampur) 
and rajma (Poonch). Of all the cultures showing 
pink colour formation on nutrient plates 
containing 1% L-asparagine, those showing high 
intensity of pink colour formation were 
considered as L-asparaginase positive and 
picked up for further quantitative determination of 
enzyme activity using nesselerization enzyme 
assay Fig. 2.  
 
On qualitative screening 2 out of 44 isolates 
showed L-asparaginase activity in rapid plate 
assay. L-asparaginase production accompanies 
pH increase of the growth medium due to the 
breakdown of asparagine into aspartic acid and 
ammonia. The release of ammonia causes 
alkalinity of medium which leads to change in 

colour. The plate assay was thus based on the 
incorporation of pH indicator (phenolred) in a 1% 
L- asparagine containing growth medium. A pink-
colored zone was formed in the plates which 
indicated the production of enzyme [28].  
Recently, plate assay method has become the 
most commonly used screening method due its 
sensitivity, efficiency, quick and reproducible 
results for the screening of a large number of 
microorganisms [29,30]. Based on primary 
screening, a quantitative study was performed to 
estimate asparaginase activity for both the 
cultures by using nessler’s method and the 
culture isolated from black gram (Rajouri) soil 
sample exhibited maximum enzyme activity of 
9.14 U/ml under un-optimized conditions. The 
observed enzyme activities for both the cultures 
were plotted. Bacterial strain R16C1 showed 
highest activity of 9.14 U/ml as compared to 
RA8C1 showing 4.22 U/ml of activity after an 
incubation of 72 h at 370C (Fig. 3). In both the 
strains maximum enzyme activity was observed 
after an incubation of 72 h. 

 

 
 

Fig. 2. Plates showing (a) Control plate (b) L-Asparaginase –ve culture (c) & (d) L-Asparaginase 
+ve cultures 

 

 
 

Fig. 3. Comparative enzyme activity study of isolated bacterial cultures -Ra8C1 and R16C1 
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Fig. 4. 100X view of gram stained culture R16C1 

 

 
 

Fig. 5. Enetrobaxter aesburiae16rRNA sequence derived from isolated cultureR16C1 
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Further, characterization studies for the culture 
showing highest activity were carried out. 
Morphological, biochemical as well as molecular 
studies were used to characterize the isolated 
bacterial strain (R16C1). Gram staining of 
bacterial isolate R16C1 showed gram negative 
bacteria, round edged, non-elevated colonies, 
short rods in shape (Fig. 4). Different biochemical 
tests were performed for the isolate R16C1. 
Biochemical characterization results showed that 
R16C1 was able to utilize galactose, dextrose 
and sucrose with positive test results for arginine 
decarboxylation, indole, citrate slant, nitrate 
reduction and VP test whereas the culture gave 
negative test results for amylase, protease, 
fructose, mannitol and MR test  (Table 1). 
Characterization results showed a close 
relationship of the culture obtained to 
Eenterobacteriacae bacterial family. Molecular 
studies on the culture using 16s rDNA showed 
that the culture belongs to Enterobacteriacae 
family. Both the studies indicated that the culture 
is a member of Enterobacteriacae bacterial 
family. Based on the results, the strain was 
identified as Enterobacter aesburiae and the 
sequence product of the culture was        
submitted in Genbank database, Accession 
number MT93543 (Fig. 5). Of all other 
asparaginase producing bacterial species, 
members of bacterial family Enterobacteriaceae 
are known to be the best producers of 
asparaginase [28]. 
 

4. CONCLUSION 
 
Using first asparaginase therapy was breaking 
medical innovation and its success in the field 
helped in extending the lives of millions of people 
but the asparaginase products that are being 
currently used in the market do not possess 
desirable pharmaceutical characteristics. 
Therefore, different sources of the enzyme 
sources are being looked for in order to produce 
enzyme with high chemotherapeutic index to be 
used as frontline therapy thus, reducing the risks 
associated with the line of treatment. Considering 
the need, this work deals with the bioprospection 
of microorganisms from different soil samples of 
north-western Himalayas for L- asparaginase 
enzyme. Different samples of rhizospheric soil 
were collected from Jammu Division for the 
isolation of a potential L-asparaginase producer. 
Of all the isolates, two bacterial strains Ra8C1 
and R16C1 were found positive for enzyme 
production. The strains were then tested 
quantitatively using nessler’s assay for the 
production of enzyme. A comparative study 

revealed that the culture from black gram soil 
sample of Rajouri (R16C1) showed highest 
asparaginase production of 9.14 U/ml Isolation 
and screening studies thus gave a potential L-
asparaginase producer from black gram soil 
sample of Rajouri (Jammu). Further, biochemical 
and molecular studies revealed that the            
isolated culture was Enterobacter aesburiae. 
Conclusively, a new bacterial species-
Enterobacter has been isolated and                    
identified in the present study. By inducing 
optimal assay conditions and optimizing different 
parameters that affect the enzyme activity, 
asparaginase activity can be further increased 
and produced on a large scale under                    
optimal conditions for further purification and 
anti-cancer studies on different human cancer 
cell lines. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Talluri VSSLP, Mutaliyeva B, Sharipova A, 

Ulaganathan V, Lanka SS, Aidarova S, 
Suigenbayeva A, Tleuova A. L-
asparaginase delivery systems targeted to 
minimize its side effets. Advances in 
Colloid and Interface Science. 2023;16: 
102915. 

2. Egler RA, Ahuja SP, Yousif  M.  L-
asparaginase in the treatment of patients 
with acute lymphoblastic leukemia. Journal 
of Pharmacology and Pharmacotherapies. 
2016;7:62-71. 

3. Kidd JG. . Regression of transplanted 
lymphomas induced in vivo by means of 
normal guinea pig serum. course of 
transplanted cancers of various kinds in 
mice and rats given guinea pig serum, 
horse serum, or rabbit serum. Journal of 
Experimental Medicines. 1953;98:565–82.  

4. Yellin TO, Wriston JC.  Purification and 
properties of guinea pig serum 
asparaginase. Biochemistry. 1966;5(5):160
5–12.  

5. Rizzari C, Putti MC, Colombini A, 
Casagranda S, Ferrari GM, Papayannidis 
C.  Rationale for a pediatric-inspired 
approach in the adolescent and young 
adult population with acute lymphoblastic 
leukemia, with a focus on asparaginase 
treatment. Hematol Reports. 2014;6(3): 
5554.  



 
 
 
 

Manhas et al.; Int. J. Plant Soil Sci., vol. 35, no. 18, pp. 1700-1708, 2023; Article no.IJPSS.104284 
 
 

 
1707 

 

6. Choi BH, Coloff JL. The diverse functions 
of non-essential amino acids in 
cancer. Cancers (Basel), 2019;11(5):675.  

7. Kamble KD, Bidwe PR, Muley VY, Kamble 
LH, Bhadange DG, Musaddiq M. 
Characterization of L-asparaginase 
producing bacteria from water, farm, and 
saline soil. Bioscience Discovery. 2012; 
3(1):116-119. 

8. Mohammed M Kassab. Screening and 
Production of Fungal L-Asparaginase 
Enzymes as Anticancer Agents              
from High-Contrast Soil Environments in 
Egypt. Egyptian Academic Journal of 
Biological Sciences. 2023;15(1):                  
21-41. 

9. Ruiying Jia, Xiao Wan, Xu Geng, Deming 
Xue, Zhenxing Xie and Chaoran Chen. 
Microbial L-asparaginase for Application in 
Acrylamide Mitigation from Food: Current 
Research Status and Future Perspectives. 
Microorganisms. 2021;9:1659.  
Available: https://doi.org/10.3390/ 
microorganisms9081659 

10. Kumar DS, Sobha K. L-asparaginase from 
microbes: A comprehensive review. 
Advances in Bioresearch. 2012;3:137-157.  

11. Agarwal S, Kango N. Development and 
catalytic characterization of L-
asparaginase nano-bioconjugates. 
International Journal of Biological 
Macromolecules. 2019;135:1142–1150. 

12. Sanawer S, Ali S, Mohsin T, Nasir A. 
Production, purification and advance 
applications of L- Asparaginase. 
International Journal of Scienctific 
Research in Science and Technology. 
2017;4:341-351. 

13. Lim H, Oh S, Yu S, Kim M. Isolation and 
Characterization of Probiotic Bacillus 
subtilis MKHJ 1-1 Possessing 
LAsparaginase Activity. Applied Sciences. 
2021;11(10): 4466. 

14. Kravchenko OV, Kislitsin YA, Popov AN, 
Nikonov SV, Kuranova IP. Three-
dimensional structures of Lasparaginase 
from Erwinia carotovoracomplexed with 
aspartate and glutamate. Acta Cryst. Sect. 
2008;64:248–256. 

15. Asep A. Prihanto, Indah Yanti, 
Mohammad Achsanil Murtazam, 
Yoga Dwi Jatmiko. Optimization of 
glutaminase-free L-asparaginase 
production using mangrove endophytic 
Lysinibacillus fusiformis B27. 
F1000Research. Last updated: 10 JUN 
2020. 2020;8:1938. 

16. Ashok A, Doriya K, Rao JV, Qureshi A, 
Tiwari AK, Kumar DS. Microbes Producing 
L-Asparaginase free of Glutaminase and 
Urease isolated from Extreme Locations of 
Antarctic Soil and Moss, Scientific Reports. 
2019;9:1423. 
Available: https://doi.org/10.1038/s41598-
018-38094-1 

17. Lopes AM, Oliverira NL, Ribeiro A. 
Therapeutic L-asparaginase: upstream, 
downstream, and beyond.  Critical 
Reviews in Biotechnology. 2017;37:82-99. 

18. Bansal S, Gnaneswari D, Mishra P, Kundu 
B. Structural stability and functional 
analysis of L-asparaginase from 
Pyrococcus furiosus, Biochemistry 
(Moscow). 2010;75:375–381.  
Available:https://doi.org/10.1134/S0006297
910030144 

19. Charbonneau DM, Aubé A, Rachel NM, 
Guerrero V, Delorme K, Breault-Turcot J, 
Masson JF, Pelletier JN.  Development of 
Escherichia coli asparaginase II for 20 
immunosensing: A trade-off between 
receptor density and sensing efficiency, 
ACS 2 Omega. 2017;2:2114–2125.  
Available:https://doi.org/10.1021/acsomeg
a.7b00110 

20. Garg DK, Kundu B. Hyperthermophilic L-
asparaginase bypasses monomeric  
intermediates during folding to retain 
cooperativity and avoid amyloid assembly, 
Arch 3 Biochem Biophys. 2017;622:36–46.  

21. Einsfeldt K, Baptista IC, Pereira JCCV, 
Costa-Amaral IC, Da Costa ES, Ribeiro 
MCM, Land MGP, Alves TLM, Larentis AL, 
Almeida RV.  Recombinant L asparaginase 
from Zymomonas mobilis: A potential new 
antileukemic agent produced in 13 
Escherichia coli, PLoS One; 2016.  
Available:https://doi.org/10.1371/journal.po
ne.0156692. 

22. Devi ASL, Ramanjaneyulu R. Isolation of 
L-asparaginase producing microbial strains 
from soil sample of Telangana and Andhra 
Pradesh States, India. International 
Journal of Current Microbiology and 
Applied Sciences. 2016;5:1105-1113. 

23. Gulati R, Saxena RK, Gupta RA. Rapid 
plate assay for screening L-asparaginase 
producing micro-organisms. Letters in 
Applied Microbiology. 1997;24:23-26. 

24. Mahajan RV, Kumar V, Rajendran V, 
Saran S, Ghosh PC, Saxena RK. 
Purifcation and characterization of a novel 
and robust L-asparaginase having low-
glutaminase activity from Bacillus 



 
 
 
 

Manhas et al.; Int. J. Plant Soil Sci., vol. 35, no. 18, pp. 1700-1708, 2023; Article no.IJPSS.104284 
 
 

 
1708 

 

licheniformis: in vitro evaluation of anti-
cancerous properties. PLOS ONE. 
2014;9:1-9. 

25. Tamura K, Nei M. Estimation of the 
number of nucleotide substitutions in the 
control region of mitochondrial DNA in 
humans and chimpanzees. Molecular 
Biology and Evolution. 1993;10:512-                
526. 

26. Tamura K, Stecher G, Peterson D, Filipski 
A, Kumar S. MEGA6: Molecular 
evolutionary genetics analysis version 
6.0. Molecular Biology and Evolution. 
2013;30:2725-2729. 

27. Farag AM, Hassan SW, Beltagy EA, El-
Shenawy MA. Optimization of production 
of anti-tumor L-asparaginase by free and 
immobilized marine Aspergillus terreus. 

Egyptian Journal of Aquatic Research. 
2015;41:295-302. 

28. Doriya K, Kumar DS. Isolation and 
screening of L-asparaginase free of 
glutaminase and urease from fungal 
species. 3 Biotech. 2016;6:1-10.  

29. Dhale MA, Mohan-Kumari HP. A 
comparative rapid and sensitive method to 
screen L -asparaginase producing fungi. 
Journal of Microbiological Methods. 
2014;102:66-68. 

30. Meghavarnam AK, Janakiraman S. A 
simple and efficient dye-based technique 
for rapid screening of fungi for L-
asparaginase production. Journal of 
Experimental Biology and Agricultural 
Sciences. 2015;3:123-130. 

_________________________________________________________________________________ 
© 2023 Manhas et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/104284 

http://creativecommons.org/licenses/by/4.0

