




Production of Asparaginase Enzyme by Aspergillus niger Isolated from Different Soil Samples        

[bookmark: _Toc166480522]ABSTRACT
Asparaginase is an enzyme which converts L-asparagine to L-aspartic acid produce asparaginase. Eukaryotic microorganisms like yeast and filamentous fungi such as Aspergillus, Penicillium and Fusarium species, have a potential for L-asparaginase production without side effects. The study was designed to produce Asparaginase by fungi isolated from the soil. Different soil samples were collected from various locations around Uli in the Ihiala Local Government area and used for the isolation of fungi. The fungal isolates were screened for asparaginase production. Thereafter, the best fungal isolates were selected and used for optimisation studies. Pure cultures of the fungi isolates were obtained after repeated subculture on SDA plates.  The multivariate regression tests were used as a tool, using SPSS version 25. Among the 43 fungi isolated, 15 were positive for L-apsaraginase production. It was found that fungal isolate wds-8 (from waste dump site soil) produced the highest L-asparaginase yield of 380 U/mL, followed by isolate gds-7 (from garden soil) with 280 U/mL and isolate ccf-3 (from cassava cultivated field soil) with 250 U/mL.  The isolate wds-8 was selected as the best producer and was used for further study. It was identified as Aspergillus niger and designated as Aspergillus niger wds-8. Maximum L-asparaginase yield (572 U/mL) by Aspergillus niger wds-8 was observed at an incubation period of 96 h; thereafter, the yield gradually decreased till 168 h. The highest L-asparaginase production corresponded with the dry mass yield of 1.7 g/100 mL. Sucrose stimulated the highest L-asparaginase yield of 655 U/mL, followed by galactose with 503 U/mL. Ammonium sulphate stimulated the highest L-asparaginase yield of 776 U/mL, followed by ammonium chloride with 657 U/Ml. The results of the study show that some asparaginase-producing fungi are present in the soil.
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1.0 INTRODUCTION
“Asparaginase (L-asparagine amido hydrolase, E.C.3.5.1.1) is an enzyme which converts L-asparagine to L-aspartic acid and ammonia. Under normal physiological conditions, this hydrolytic reaction is mostly non-reversible” (Siddalingeshwara and Lingappa, 2011). “Since its discovery in guinea pig serum, L-asparaginase has shown anticancer activity, which depends on the ability of asparaginase to hydrolyse asparagine” (Manhas et al., 2023). “Microbial L-asparaginase has been widely studied in recent years for its potential applications in the pharmaceutical and food industries” (Chand et al., 2020). “According to an estimate, it is one of the largest groups of therapeutic enzymes, accounting for ~40% of the total sales worldwide as anti-leukemic and anti-lymphoma agents, and its demands are increasing several-fold every year” (Gurunathan and Shadevan, 2011).
“L-asparaginase interferes with protein synthesis and also with DNA and RNA synthesis, and appears to be cell cycle specific for the G1 phase of cell division” (Stams et al., 2005). “L-asparaginase exhibits potent antineoplastic and antilymphomatic activity against tumours” (Sahu et al., 2007). “This enzyme causes the selective death of asparagine-dependent tumour cells and also induces apoptosis in tumour cells” (Mathiyalagan & Raju, 2021).
Moreover, “L-asparaginase degradation gives rise to free amino acids, which a precursors of acrylamide before baking. It is also used in the food industry to reduce the acrylamide formation in food products” (Taeymans et al., 2005). “Preventase (production from Aspergillus niger by DSM Company) and Acrylaway (production from A. oryzae by Novozyme Company) are commercially available asparaginases currently used in the food industry. The Acrylaway has been used to reduce acrylamide formation in French fries. After blanched and unblanched potato strips were treated with 10000 U/L asparaginase solution before final frying, it was reported that acrylamide formation was reduced by 30% and 60%, respectively” (Pedreschi et al., 2008). L-asparaginase is produced from diverse types of microorganisms, plants and animals (Mohan et al., 2013). Various microorganisms, including Erwinia carotovora, Escherichia coli, Aspergillus sp. and also from marine-derived fungal endophytes such as Fusarium sp., Phomopsis sp., Trichoderma sp. and Sargasam wightii, have been studied extensively for production of L-asparaginase. “Because of the deficiencies in the production and administration of current formulations, the L-ASNase agent in clinical use is still associated with serious side effects, so controlling its dose and activity monitoring during therapy is crucial for improving the treatment success rate” (Wang et al., 2022). “Microbes are a better source of L-asparaginase because they can be cultured easily, and the extraction and purification of L-asparaginase from them are also convenient, facilitating the large-scale production. The fungal L-asparaginases have less adverse effects than bacterial L-asparaginase, which causes an allergic reaction like skin rash, difficulty in breathing, decreased blood pressure, sweating or loss of consciousness” (Sarquis et al., 2004). “With the increasing misuse of L-asparaginase, the serious problem of hypersensitivity is arising very fast with the bacterial L-asparaginase. Therefore, an intensive search for new L-asparaginase without side effects is going worldwide” (Sarquis et al., 2004). “Eukaryotic microorganisms like yeast and filamentous fungi such as Aspergillus, Penicillium and Fusarium species, have a potential for L-asparaginase production without side effects” (Pinheiro et al., 2001).
The research programme was focused on developing a fermentation process which could enable one to produce asparaginase for use in Nigeria. Most of the enzymes utilised in the country are imported, which involves spending a huge amount of foreign exchange. However, asparaginase can be produced locally by microbiological methods using available raw materials. The aim of the research was to produce Asparaginase from fungi isolated from the soil. 
[bookmark: _Toc166480554]2.0 MATERIALS AND METHODS
[bookmark: _Toc166480555]2.1   Sample Collection 	
 Different soil samples (10g) were collected from gardens, waste dump sites, compost and cassava cultivated fields around Uli in Ihiala Local Government Area, Anambra state, Nigeria. All the collected samples were taken to the laboratory in sterile plastic bags.
[bookmark: _Toc166480556]2.2 Isolation of Fungi
[bookmark: _Toc166480557]Each soil sample (1gram) was weighed out and suspended in a test tube containing 9.0 ml of normal saline and shaken. Then, 0.1 ml of the soil suspension was inoculated into Petri dishes that contained Sabouraud Dextrose agar (SDA) supplemented with 50 mg/L tetracycline (in order to inhibit bacterial growth). All of the plates were then incubated for three days at 27°C. Thereafter, pure cultures of the fungi isolates were obtained after repeated subculture on SDA plates.  The isolates were stored on SDA agar slants at 4 °C. 
2.3 Qualitative Screening of Asparaginase-Producing Fungi 	
The fungi isolated from the soil were screened for their asparaginase-producing capacity using the method of Luhana and Bariya (2023). A sterile cork borer was used to cut a mycelium disc off the edge of actively growing colonies of fungal cultures (72 h), which was then inoculated into sterile Modified Czapekdox agar medium. The Modified Czapek Dox (MCD) agar medium consists of the following (g/L): glucose, 2.0; L-asparagine, 10.0; KH2PO4, 1.52; KCl, 0.52; MgSO4. 7H2O, 0.52; agar, 20.0; pH 6.5. The medium was supplemented with 0.3 ml of 2.5% Phenol red dye, made in 96% ethanol. The inoculated Modified Czapekdox agar and control agar (that did not include the substrate L-asparagine) plates were kept in an incubator at 28 ˚C for 48 h.  L-asparaginase-producing cultures are indicated by the single, distinct colonies that, during 48 h of incubation, showed a distinct pink zone encircling the colonies. The diameter of the pink zone, which is created when ammonia is liberated and turns phenol red pink, is used to calculate the L-asparaginase activity. The Sabouraud Dextrose agar slants were used to pick up and grow the L-asparaginase-positive cultures from these colonies.
[bookmark: _Toc166480558] 2.4 Production of L-asparaginase by submerged fermentation process 
[bookmark: _Toc166480559]2.4.1 Inoculum preparation
10 ml of sterile water containing 0.01% (v/v) Tween 80 was added to the slant. This solution served as a source of inoculum.
[bookmark: _Toc166480560]2.4.2 Fermentation
In this experiment, 250 ml Erlenmeyer flasks containing 100 ml of Modified Czapek Dox medium (consisting of the following (g/L): glucose, 2.0; L-asparagine, 10.0; KH2PO4, 1.52; KCl, 0.52; MgSO4.7H2O, 0.52; agar, 20.0; pH 6.5) were inoculated with 1 ml of inoculum (4x107 spores/ml). Thereafter, the flasks were incubated at 28 ˚C in a rotary shaker at 150 rpm for 48 h. The fungal cultures were harvested by filtering them through Whatman No. 1 filter paper. After rinsing the mycelial mat of each fungal species with hot water, it was oven-dried to a dry mass weight at a constant temperature of 80 °C. By weighing the filter paper, the dry mass yield was determined. Muslin cloth was used to clarify the culture filtrates, and 10,000 xg centrifugation was carried out for 10 mins to determine the L-asparaginase activity. To determine L-asparaginase activity, the supernatant (a crude enzyme source) was used. Uninoculated media were used as a control. The highest L-asparaginase-producing fungus was selected and identified. Based on the shape of the fruiting bodies and spores, as well as the cultural traits, the fungal colonies was identified up to the species level using standard guides.
[bookmark: _Toc166480561]2.5 Optimisation of parameters for production of L-asparaginase by Aspergillus niger
[bookmark: _Toc166480562]2.5.1 Effect of incubation period 
[bookmark: _Toc166480563]The influence of the incubation duration on the production of L-asparaginase was investigated. Fermentation was conducted in 250 mL Erlenmeyer flasks containing 100 mL of Modified Czapek Dox (MCD)   medium. One millilitre of the inoculum (4x107 spores/mL) was inoculated into the medium after it had been sterilised at 121 °C for 15 mins. The flasks were incubated at 28 ˚C in a rotary shaker at 150 rpm for 168 h. As was previously mentioned, a sample of the culture broth was obtained every 24 h to measure the asparaginase yield and dry mass weight. The experiments were carried out in duplicate flasks, and uninoculated flasks served as controls.
 
2.5.2 Effect of carbon source
[bookmark: _Toc166480564]It was determined how different carbon sources (0.2% of glucose, mannitol, xylose, sucrose, maltose, galactose, lactose, and starch) affected the production of asparaginase.
Fermentation was conducted in 250 mL Erlenmeyer flasks containing 100 mL of Modified Czapek Dox (MCD) medium. Each one of these carbon sources was added to the MCD medium individually and sterilised at 121°C for 15 mins. Thereafter, 1 mL of the inoculum (4x107 spores/ml) was inoculated into the medium, and the flasks were incubated at 28 ˚C in a rotary shaker at 150 rpm for 96 h. As was previously mentioned, a sample of the culture broth was obtained every 24 h to measure the asparaginase yield and dry mass weight. The experiments were carried out in duplicate flasks, and uninoculated flasks served as controls.
 
2.5.3 Effect of additional nitrogen source
Although L-asparagine itself acts as a nitrogen source in the growth medium, the effect of additional nitrogenous sources (0.2% of Peptone, tryptone, Yeast extract, Urea, Potassium nitrate, Ammonium chloride and Sodium nitrate) on asparaginase production was assessed. Fermentation was conducted in 250 mL Erlenmeyer flasks containing 100 mL of Modified Czapek Dox (MCD) medium. Each one of these nitrogenous sources was added to the MCD medium individually and sterilised at 121°C for 15 mins. Thereafter, 1 mL of the inoculum (4x107 spores/ml) was inoculated into the medium, and the flasks were incubated at 28 ˚C in a rotary shaker at 150 rpm for 96 h. As was previously mentioned, a sample of the culture broth was obtained every 24 h to measure the asparaginase yield and dry mass weight. The experiments were carried out in duplicate flasks, and uninoculated flasks served as controls.
[bookmark: _Toc166480569]2.6 L-asparaginase enzyme estimation
L-asparaginase is an extracellular enzyme. The modified Imada et al. (1973) approach was used to measure the enzyme activity. The Nesslerization reaction, which uses L-asparagine as the substrate and an orange-colored solution to signal the ammonia released from L-asparagine, is utilised in the L-asparaginase assay. The reaction mixture was created by mixing 0.5 mL of 0.5 M phosphate buffer (pH 7), 0.5 mL of 0.04 M L-asparagine, 0.5 mL of distilled water, and 0.5 mL of crude enzyme. The mixture was then thoroughly shaken and incubated for 30 mins at 37°C. 0.5 mL of 1.5 M trichloroacetic acid (TCA) was added to stop the reaction. By mixing 0.1 mL filtrate with 3.75 mL of distilled water and adding 0.2 mL of Nessler's reagent, the amount of ammonia released could be measured using calorimetric estimation. Following a final 10-minute incubation, the absorbance was measured at 450 nm using a UV spectrophotometer. The enzyme was added after the TCA was added to create the blank. The ammonium sulphate standard curve was used to determine how much ammonia was released by the test sample. The amount of L-asparaginase required to release one mol/min of ammonia at 27°C is one international unit (IU) of the enzyme.

[bookmark: _Toc166480570]2.7 Statistical Analysis: The multivariate regression tests were used as a tool, using SPSS version 25. 
					
3.0	RESULTS
Table 1 shows the results of qualitative screening of fungi for L-asparaginase production.   Among the 43 fungi isolates, only 15 showed positive for L-asparaginase activity by developing pink colour zones around the colonies. Among the 15 isolates, six were obtained from soil from waste dump sites, three were obtained from soil from the garden, two from soil from compost and four from soil from cassava cultivated fields.  
Table 2 shows the result of submerged production of L-asparaginase by the fungi. Submerged fermentation was performed, and it was found that fungal isolate wds-8 from waste dump site soil produced the highest L-asparaginase yield of 380 U/mL, followed by isolate gds-7 from garden soil with 280 U/mL and isolate ccf-3 from cassava cultivated field soil with 250 U/mL.  The isolate wds-8 was selected as the best producer and was used for further study. It was identified as Aspergillus niger and designated as Aspergillus niger wds-8
Table 3 shows the microscopic and macroscopic characteristics of the fungal isolate wds-8. Microscopically, the fungal isolate had septate hyphae with slightly rough, irregular conidiophores. It is biserate and the conidia are brown to black, rough and globose. Macroscopically, the fungal colonies have a cottony appearance; initially, it is white, then turn black. The reverse side is pale yellow. The probable fungus is Aspergillus niger 
Table 4 shows the result of the effect of incubation time on L-asparaginase production by Aspergillus niger wds-8. Maximum L-asparaginase yield of 572U/ml was observed at 96 h, thereafter, the yield gradually decreased till 168 h. The highest L-asparaginase production corresponded with the dry mass yield of 1.7 g/100ml. Incubation time has no significant effect on L-asparaginase production (p=0.125), Aspergillus niger wds-8, but has a significant effect on dry mass yield (p = 0.01). 
Table 5 shows the result of the effect of carbon sources on L-asparaginase production by Aspergillus niger wds-8. Sucrose stimulated the highest L-asparaginase yield of 655 U/ml, followed by galactose with 503 U/ml. The highest L-asparaginase production corresponded with the dry mass yield of 1.1 g/100ml.  
[bookmark: _Toc166480315]Table 6 shows the result of the effect of additional nitrogen sources on L-asparaginase production by Aspergillus niger wds-8. Ammonium sulphate stimulated the highest L-asparaginase yield of 776 U/ml, followed by ammonium chloride with 657 U/ml. The highest L-asparaginase production corresponded with the dry mass yield of 0.9 g/100ml.  
Table 1: Qualitative screening of Fungi for L-asparaginase production 
S/no					Fungal code			Pink zone diameter (mm)		
1					wds-32				35
2					wds-2				28	
3					wds- 8				13
4					wds-6				30
5					wds-37				18
6					wds-49				21
7					gds-9				10
8					gds-13				24
9					gds-27				15
10					cs-15				10
11					cs-1				16
12					ccf-27				10
13					ccf-41				13
14					ccf-34				10
15					ccf-20				17
Key: gds =garden soil, wds=waste dump site soil, cs=compost soil, ccf =cassava cultivated field
 Table 2: Submerged production of L-asparaginase by Fungi Isolated 
S/no				Fungal code		Asparaginase activity (U/mL)	
1				wds-32				150
2				wds-2				210	
3				wds- 8				380
4				wds-6				200
5				wds-37				190
6				wds-49				230
7				gds-9				120
8				gds-7				280
9				gds-27				170
10				cs-15				110
11				cs-1				190
12				ccf-27				80
13				ccf-41				90
14				ccf-3				250
15				ccf-20				130
Key: gds =garden soil, wds=waste dump site soil, cs=compost soil, ccf =cassava cultivated field

Table 3: Microscopic and Microscopic Characteristics of Fungal Isolate wds-8
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	 The fungal isolate had septate hyphae with slightly rough, irregular conidiophores. It is biserate and the conidia are brown to black, rough and globose
	

	
	
	

	
	
	



 Table 4: Effect of incubation Time on L-asparaginase production by Aspergillus niger wds-8
Time (h)	L-asparaginase activity (U/mL) 	Dry mass yield (g/100mL)
0			0					0.8
24			153					1.0
48			267					1.2
72			345					1.5
96			572					1.7
120			481					1.8
144			417					1.7
168			222					1.5

 Table 5: Effect of Carbon sources on L-asparaginase production by Aspergillus niger wds-8
Carbon sources (%)	L-asparaginase activity (U/mL) 	Dry mass yield (g/100mL)
Glucose			443					1.3
Mannitol			351					0.9
Maltose			382					0.8
Lactose			471					1.1
Xylose				327					1.5
Starch				238					1.3
Galactose			503					1.2
Sucrose			655					1.1
 Table 6: Effect of Additional nitrogen sources on L-asparaginase production by Aspergillus niger wds-8
Nitrogen sources (%)	L-asparaginase activity (U/mL) 	Dry mass yield (g/100mL)
Ammonium chloride		657					1.3
Ammonium sulphate		776					0.9
Sodium nitrate			363					1.3
Potassium nitrate		333					1.2
Tryptone			411					0.8
Peptone			447					1.3
Urea   				352					1.1
Yeast extract			475					1.0

[bookmark: _Toc166480574]4.0 DISCUSSION
Out of the forty-three fungal isolates, only fifteen displayed positive results for L-asparaginase activity, as indicated by the development of pink colour zones surrounding the colonies. Ranjini and Subhashini (2022) reported that “only 14 of the 21 isolates from soil and medicinal plants demonstrated positive L-asparaginase activity by producing pink colour zones around the colonies in the plate assay method”. Again, Vipina and Chitra (2016) observed that “eight fungal isolates were obtained from the soil of the Kadalundi mangrove forest, and each of them produced encouraging results”. According to Fazilath et al. (2016), “of the 25 fungal isolates, 11 isolates (44%) tested positive for L-asparaginase activity”. The results of the investigation showed that the fungal isolate wds-8 (identified later as Aspergillus niger)  from the soil of waste dump site produced the maximum yield of L-asparaginase (380 U/mL), followed by isolate gds-7 from garden soil (280 U/mL) and isolate ccf-3 from the field soil of cassava cultivation (250 U/mL). According to Vipina and Chitra (2016), significant enzyme activity of 74.5 U/ml and 69.3 U/ml was demonstrated by A. oryzae and Byssochlamys nivea, which were isolated from the soil of the Kadalundi mangrove forest. The organism in the study developed well in the medium, and at 96 hours, the maximal amount of L-asparaginase (U/mL) was produced. Following that, as the incubation period was extended, the production of L-asparaginase gradually reduced. This is comparable to the findings of Sreenivasulu et al. (2009), who found that at 96 hours, Aspergillus sp. generated the maximum production of L-asparaginase (3.73 U/mL), following which there was a progressive decrease in the enzyme production. This could be the result of growth inhibition or a pH shift brought on by the metabolite synthesis or medium nutrient depletion (Hosamani and Kaliwal, 2011). In the study, it was found that sucrose increased L-asparaginase synthesis by Aspergillus niger to its maximal level. Fazilath et al. (2016) reported that Fusarium solani could produce the highest amount of L-asparaginase when sucrose (0.2%) was employed as the carbon source. According to their opinion, sucrose showed a notable increase in enzyme production because, in comparison to other carbon sources, it has an inductive impact and serves to stabilise the enzyme. Research has shown that sucrose is an effective carbon source for stimulating F. oxysporum to produce L-asparaginase (Niharika et al. 2014). Fungal isolate T-22 was shown by Nibha et al. (2011) to have high L-asparaginase activity when cultivated in the presence of fructose. however, the presence of glucose has been shown to promote the highest level of asparaginase production, whereas sucrose only moderately supported Fusarium sp. activity (Tippani and Srivadevun, 2012). According to a study on L-asparaginase, the optimal carbon source was glucose at a concentration of 0.4% (Monica et al. 2013). 
Furthermore, previous studies indicate that glucose was the most effective carbon source for F. equiseti synthesis of L-asparaginase (Hosamani and Kaliwal, 2011). According to Sreenivasulu et al. (2009), “glucose was the most effective carbon source for Aspergillus sp. VS-26 to produce asparaginase, with a maximum output of 18.8 U/ml. Soluble starch and sucrose were also observed to improve the synthesis of biocatalysts”. According to Tippani and Sivadevun (2012), the Fusarium sp. employed in this study showed notable differences in their inclination towards carbon sources for both growth and the formation of L-asparaginase.
[bookmark: _Toc166480576]Ammonium sulphate was shown to induce the highest asparaginase output in the current investigation. This is comparable to the findings of Sreenivasulu et al. (2009), who found that ammonium sulphate slightly increased the production of enzymes (19.5 U/mL). According to Praksham et al. (2007), ammonium chloride is the most effective supplementary nitrogen source for Staphylococcus sp.-6A to produce L-asparaginase. According to Nibha et al. (2011), when cultivated in the presence of proline, the fungal isolate T-22 demonstrated high L-asparaginase activity. 

5.0	Conclusion
[bookmark: _GoBack]It was possible to identify many fungal strains from soil that could produce L-asparaginase. It was discovered that Aspergillus niger wds-8 produced the maximum L-asparaginase activity of 380 U/ml among these isolates. It was found that the ideal conditions for the formation of L-asparaginase were 96 h, 0.2% sucrose and 0.2% ammonium sulphate. The findings of this study suggest that fungi have strong potential to serve as an exclusive source of extracellular L-asparaginase, an enzyme that has recently become important in both industrial and pharmaceutical applications. 
Disclaimer (Artificial intelligence)
Option 1: 
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
Option 2: 
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
Details of the AI usage are given below:
1.
2.
3.

REFERENCES
1. Chand, S., Mahajan, R. V., Prasad, J. P., Sahoo, D. K., Mihooliya, K. N., Dhar, M. S. and Sharma, G. A comprehensive review on microbial l‐asparaginase: Bioprocessing, characterization, and industrial applications. Biotechnol and Appl Biochem. 2020; 67(4), 619-647.
2. Fazilath Uzma, Narasimha Murthy K. and Srinivas C. Optimization of physiological conditions for L- asparaginase production by endophytic fungi (Fusarium solani ) isolated from Tinospora cordifolia (wild) Hook and Thrompson. European J. of Exp. Biol. 2016; 6(3) :37- 45
3. Gurunathan, B. and Sahadevan, R. Optimization of media components and operating conditions for exogenous production of fungal L-asparaginase. Chiang Mai J Sci. 2011; 38:270-9.
4. Hosamani, R and Kaliwal, B.B. (2011). Isolation, Molecular identification and optimization of fermentation parameters for the production of L-asparaginase, An anticancer agent by Fusarium equiseti. Inter J Microbiol Res.  2011; 3:108-119.
5. Imada, A., Igarasi, S., Nakahama, K. and Isono, M. (1973). Asparaginase and glutaminase activities of micro-organisms, J. Gen. Microbiol. 1973; 76: 85-99.
6. Luhana, K. and Bariya, H. Comparative analysis of purified anti-leukemic L-asparaginase enzyme from Trichoderma spp. J App Biol Biotech. 2023; 11(4):185-192.
7. Mohan, N.S., Ramasamy, R. and Manonmani,H.K. (2013). Production and optimization of L-asparaginase from Cladosporium sp. using agricultural residues in solid state fermentation. Ind. Crops Prod. 43:150- 158.
8. Monica, T., Lincoln, L., Niyonzima, F.N. and Sunil, S.M. (2013). Isolation, purification and characterization of fungal extracellular L-Asparaginase from Mucorhiemalis. J Biocatal Biotransfor. 2013; 2(2): 1-9.
9. Nibha G., Raju P.  and Sonali S. (2011). Evaluation of some fungi for L- asparaginase production. Indian J. Fundamental and Appl Life Sci. 1(4): 219-221
10. Niharika Y. and  Supriya  S. (2014). Intl J Pharmaceutical Science Invention,  3(6):32-40.
11. Pedreschi F., Kaack K. and Granby K.(2008). The effect of asparaginase on acrylamide formation in French fries, Food Chem. 2014; 109: 386-392.
12. Pinheiro, I.O., Araujo, J.M., Ximenes, E.C.P.A., Pinto, J.C.S. and Alves, T.L.M. Production of L-asparaginase by Zymomonas mobilis strain CP4. Biomaterial Diagn. 2001; 6: 243-244.
13. Prakasham, R.S., Rao, C.S., Rao, R.S., Lakshmi, G.S. and Sarma P.N. L- asparaginase production by isolated Staphylococcus sp.–6A: design of experiment considering interaction effect for process parameter optimization, J. Appl. Microbiol. 2007; 102: 1382-1391.
14. Ranjini P.S.and  Subhashini, A. (2022). Characterization and Optimization of Fungal L Asparaginase Isolated From Soil and Medicinal Plants. J Pure Appl Microbiol.16(1):453-459.
15. Sahu M.K., Poorani E., Sivakumar K., Thangaradjou T. and  Kannan P. L. Purification and anti-leukemic activity of L-asparaginase enzyme of the actinomycete strain LA-29 isolated from the estuarine fish, Mugil cephalus (Linn.). J. Environ. Biol. 2007;  28: 645-650.
16. Sarquis, M.I., Oliveira, E.M.,Santos, A.S. and  Costa, G.L. Production of L-asparaginase by filamentous fungi. Mem. Inst. Oswaldo Cruz. 2004; 99:489-492.
17. Siddalingeshwara K.G. and Lingappa K. (2011). Production and characterization of L-asparaginase a tumor inhibitor. Int J Pharm Tech Res.  2011; 3:314-9.
18. Sreenivasulu V., Jayaveera  K.N. and Rao  P. M. (2009). Optimization of process parameters for the production of L-asparaginase from an isolated fungus. Res. J. Pharmacog and Phytochem.  2009; 1(1): 30-34
19. Stams, W.A.G., Boer, M.L.D., Holleman, A., Appel, I.M. and  Beverloo, H.B. Asparaginase synthetase expression is linked with L-asp resistance in TEL-AMLI- negative but not TEL-AMLI- positive pediatricacite liymphoblastic leukemia. Blood. 2005; 105: 4223-4225.
20. Taeymans D., Anderson A., Ashby P., Blank I., Gonde P., Van Eijck P., Faivre V., Lalljie S.P., Lingnert H., Lindblom M., Matissek R., Muller D., Stadler R.H., Studer A., Silvani D., Tallmadge D., Thompson G., Whitmore T., Wood J. and Zyzak D. Acrylamide: update on selected research activities conducted by the European food and drink industry, JAOAC. Int. 2005;  88: 234-241.
21. Tippani R. and Sivadevun G.  Nutritional factors effecting the production of L-asparaginase by the Fusarium sp. African J.  Biotechnol. 2012; 11(15): 3692-3696. 
22. Vipina, A.and Chitra, A.V. Isolation and Screening of L-Asparaginase Producing Fungi from Kadalundi Mangrove Forest Soil. Int J  Sci  Res. 2016; 5(11):217-218. 
23. Wang, N., Ji, W., Wang, L., Wu, W., Zhang, W., Wu, Q., ... & Li, L. (2022). Overview of the structure, side effects, and activity assays of l-asparaginase as a therapy drug of acute lymphoblastic leukemia. RSC medicinal chemistry, 13(2), 117-128.
24. Manhas, S., Sharma, V., & Chaubey, A. (2023). Isolation and identification of L-asparaginase-producing bacteria from soils of different agroclimatic zones of Jammu (J&K), India. International Journal of Plant & Soil Science, 35(18), 1700–1708.
25. Mathiyalagan, S., & Raju, A. (2021). L-asparaginase produced from cow’s milk isolate of Lactobacillus plantarum shows potent anti-cancer activity on cervical cancer cells. Journal of Pharmaceutical Research International, 33(49B), 343–348.

	





