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L-Asparaginase or L-asparagine amido hydrolases are enzymes that 

catalyze the substrate hydrolysis of L-asparagine. It results in the 

formation of  L-aspartate and ammonia. It has immense application in 

the treatment of lymphoblastic leukemia as an antineoplastic agent and 

also finds its use in food technology. Its vast application in the 

pharmaceutical industry has led to the need for more sources of 

production of L-asparaginase. The current work is focused on 

production, purification, and characterization of L-asparaginase. The 

enzyme is produced using the batch mode of cultivation with critical 

media components disodium phosphate (0.042M), sodium chloride 

(0.0854M) and Asparagine (0.060M) respectively. The extracellular L-

asparaginase was later purified by the following techniques: salt 

dialysis, ion-exchange chromatography, and gel filtration 

chromatography. Meanwhile, protein estimation was done using 

lowry’s method. The molecular weight of the enzyme was found to be 

at 55KDa as revealed through SDS-PAGE. The biochemical analysis 

revealed that the species producing the enzyme belonged to 

Pseudomonas sp. The culture condition favoring the production of the 

enzyme L-asparaginase was found to be at a temperature of 40
0
C, pH-

9, and incubation time of 24hr. Optimization with critical carbon and 

nitrogen sources with varying concentrations disclosed sucrose and 

ammonium sulfate at 1.5%(w/w) to maximize the enzyme production. 

The purified enzyme was characterized by the above parameters (400C, 

pH-9) and incubation period of 40 minutes was found to be having an 

enzyme activity 434.10(U/ml). Additionally, to overproduce the 

enzyme, strain development was performed with the treatment of UV-B 

rays exposed at different heights and X-rays to yield more amount of 

enzyme. 
                 Copy Right, IJAR, 2019,. All rights reserved. 

……………………………………………………………………………………………………....

Introduction:- 
Erwinia and E. coli as potent sources of L-asparaginase has been described as a successful drug towards the 

treatment of acute lymphoblastic leukemia for a long time. However, these drugs are not entirely free from 

significant side effects. As a result, there is a remarkable need for safer and cost-effective sources for the production 
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of the enzyme. L-asparaginases from a bacterial source although known for its therapeutic anti-tumor importance, 

they have been reported  to lead to unfavorable allergic reactions and hypersensitivity in the long run. Although, 

sequential therapy with serologically unrelated asparaginase can be performed to avoid these immunological 

complications described above[3]. This has given a cue to find a diversity of asparaginases from different sources 

including fungi, basidiomycetes, and even small mammals such as hedgehogs. There is a check in the functional 

enzyme preparation for industrial/pharmaceutical applications due to the fact that the microbial sources used 

requires the presence of certain interfering proteins [2]. Balasubramanian et al.,  HPLC assay of enzyme activity for 

L-asparaginase and its molecular weight was determined as a characterization study of purified enzyme L-

asparaginase. SDS page results revealed molecular weight of about 94 kDa.  

 

 
Fig 1:- Schematic illustration of reaction mechanism of l-asparaginase. 

 

Materials And Methods:- 
Isolation and identification of microorganisms from the soil for production of L-Asparaginase  

 

Collection of the soil sample:  

Soil samples were collected from the Chennai industrial area, National Diary Research Institute Bengaluru and 

Kerur industrial area Bagalkot Karnataka.  

 

Screening the culture for l-asparaginase:  

The colonies formed in the pour plate method were isolated and cultured in the m9 medium agar plates by using 

streak plate method. 

Fig 2:- Collection and screening of NDRI soil sample, Kerur soil sample and Chennai industrial area soil sample. 
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Biochemical analysis: 

Gram staining: thin smears of the microorganisms were made on glass slide. Gram staining was then performed.  

The colonies were then observed under the microscope. 

 

Biochemical tests performed : indole test, Voges Proskauer test, Citrate utilization test, Gelatin test, Hydrogen 

sulphide test, Triple sugar iron test, Methyl red test, Urease test, Casein hydrolysis test, Starch  hydrolysis test, Lipid 

hydrolysis test, Cellulose degradation test, Glucose test, Sucrose test, Mannitol test, Lactose test, Catalase test, 

Oxidase test, Nitrate reduction test were performed. Gram staining revealed rod shaped colonies indicating gram 

negative bacteria. 

 

Table 1:- Results of biochemical test. 

Sl No Biochemical-Tests Test Results 

1 Indole Negative 

2         Voges Proskauer Negative  

3 Citrate utilization Positive 

4 Gelatin Positive 

5 Hydrogen sulphide Negative  

6 Triple sugar iron Negative 

7 Methyl red Negative  

8 Urease Negative 

9 Casein hydrolysis Positive 

10 Starch  hydrolysis Negative  

11 Lipid hydrolysis Positive  

12 Cellulose degradation Negative 

13 Glucose Positive  

14 Sucrose Negative 

15 Mannitol Negative 

16 Lactose Negative 

17 Catalase Positive 

18 Oxidase Positive 

19 Nitrate reduction Negative 

 

Analytical Studies: 

Enzymatic assay of L-Asparaginase (nesslerization method): Enzyme assay was performed to determine the 

organism with maximum enzyme production according to wriston and yellin (1973). The M9 media( KH2PO4 -3g/l, 

Na2HPO4 -6g/l, NaCl-5g/l, NH4Cl-2g/l, MgSO4-0.1g/l, Asparagine-8g/l, Phenol red-0.005%, Agar -20g/l pH-7.3 

distilled water- 1l) was prepared and each organism was inoculated  separately and incubated for 24 hours. 

Meanwhile, UV- Visible spectrophotometer  was used  to perform the enzyme assay at 37°C. The principle was 

based on  finding the enzyme activity through catalysis of L-asparaginase  by the Nessler's reagent which was 

directly  proportional to the ammonia liberated in the reaction. The  reaction mixture typically  comprised  of  0.05M 

Tris-HCl buffer  and 0.01M L-asparagine. It  was incubated at 37°C and a pH of 8.6 for a duration of 10 minutes. 

Additionally, 0.5 ml of 15% trichloroacetic acid  solution was added to end the reaction. At the end an ammonium 

sulphate reference  was used as a standard which helped in the quantitative determination of the released ammonia. 

 

Optimization:- 

Optimizing the incubation time, pH, Temperature, nitrogen an carbon sources and their concentration for enzyme 

production. 

 

The organism was inoculated in the M9 media broth(25ml) and incubated for 24hrs and 48hrs and pH 5,6,7,8,9,10 

and various temperatures of 27◦C,30 ◦C,35◦C 40◦C and 45◦C. The enzyme assay was performed using nesslerization 

method. The obtained maximum enzyme activity conditions were used for further optimization. This was followed 

by 1% concentration of different nitrogen sources such as ammonium nitrate, peptone, tryptone, ammonium sulfate, 

gelatin, sodium nitrate which were added in each of 6 test samples and the M9 broth(25ml) was inoculated and 

incubated. The enzyme assay was performed through nesslerization method to find the best suitable nitrogen source.  
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It was followed by similar steps with concentrations ranging between (0.5% -3%) of the highest enzyme activity 

producing nitrogen source. Additionally, 1% concentration of different carbon sources- glucose, sucrose, mannitol, 

lactose, starch, cellulose was added in each of 6 test samples and the M9 broth(25ml) was inoculated and incubated.  

 

The enzyme assay was performed through nesslerization method to find the best suitable carbon source for 

maximum enzyme production. It was followed by similar steps with concentrations ranging (0.5% -3%) of carbon 

source with the highest enzyme activity and the concentration was then determined which was further used for 

optimization studies. 

 

 
Graph 1:- Enzyme activity at different incubation time (24h ,48h), graph 2: Enzyme activity at different 

temperatures(25
0
C-50

0
C), graph 3: Enzyme activity at different pH (5-11). 

 

 
Fig 4:-  a. Enzyme activity for different nitrogen sources and enzyme activity with different ammonium sulfate 

concentrations (0.5-3.0%). b. Enzyme activity for different carbon sources and enzyme activity with different 

sucrose concentration (0.5-3.0%). 
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Strain Development For Overproduction Of Enzyme:- 

Effect of UV-induced stress on the enzyme production: The inoculated LB agar plates were exposed to UV-B rays 

for 5min,10min,15min,20min,25min respectively. The plates were incubated for 24 hours at 37◦C at a distance of 

55cm. After the incubation the enzyme assay was performed by the nesslerization method. 

 

 
Fig 5:- Control and samples for 5 ,10,15, 20 , 25minutes  of exposure to UV-B rays. b. height wise effect of 

exposure to UV rays for  control, and samples for 5,10,15,20,25 minutes .effect of UV-B radiation and its height 

wise effect on enzyme activity. 

 

Effect of height wise induced UV stress on the enzyme production:  

The inoculated LB agar plates were exposed to UV-B rays for 5min,10min,15min,20min,25min respectively. The 

plates were incubated for 24 hours at 37◦C at the distance of 20cm. The incubation was followed by enzyme assay 

 

Effect of x rays on the enzyme production: The inoculated agar plates were exposed to grace period 30,60,90 minute 

respectively. The plates were incubated for 24 hours at 37◦C.After the incubation the enzyme assay was performed 

by the nesslerization method. 

 

 
Fig 6:- Effect of X-radiation on enzyme activity on the microbial sample and its trend in the graph shown above 

when exposed to grace time of 30,60,90 minutes of grace time. 
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Purification Of Enzyme: 

Salt Dialysis: The amount of salt to be added was measured according to the formula and salt purification was 

performed.  

 

Amount of ammonium sulphate (g)= (44 x volume of supernatant)/ 100. The membrane was then activated using 2% 

sodium bicarbonate(w/w). It was followed by diffusion of the sample for partial purification. 

 

Ion Exchange chromatography: In 7 test tubes 250 µl of tris HCl was added . And  in test tube-1 and test tube-2   

250 µl of NaCl was added to the remaining test tubes.  NaCl was added with an increase of 250 µl each. It was made 

up to 5ml by adding autoclave water.  Elution-1 was added to equilibrate DEAE cellulose in the ion exchange 

column, it was completely removed and then sample was added into the ion exchange tubes. Followed by addition 

of elution-2,3,4,5,6,7 and the samples were collected. 

 

Estimation of protein: The method proposed by Lowry et al. (1951) was used for the determination of the amount of 

protein. 

 

Gel Filtration Chromatography: The sephadex g-75 gel was poured into the gel filtration column, followed by the 

sample and f 0.1M phosphate buffer at Ph 7. The sample were eluted in 25 Eppendorf tubes. The absorbance was 

measured at 280 nm.  

 

Table 2:- Protein purification chart. 

SAMPLE Enzyme activity (units 

/ml)  

Protein amount 

(mg/ml) 

Specific 

activity (units 

/mg) 

Fold 

purificatio

n  

Percentage 

yield (%) 

Crude 2191.98 4.803 456.37 1 100 

Salt 1679.58 1.808 928.97 2.036 76.62 

Dialysis 744.74 0.881 845.33 1.852 33.93 

Ion exchange  679.98 0.804 844.52 1.850 31.02 

Gel filtration   434.10 0.513 846.19 1.854 19.80 

SDS-PAGE: In 6 Eppendorf, 100 ul of salt, crude, dialysis, gel filtration, ion exchange and BSA samples were 

added. Followed by 50 microlitre SDS dye was added and the PAGE was run using standard gel and stacking gel 

setup. 

 

 
Fig 7:- SDS-PAGE result. 

 

Characterization Of Enzyme: 

Effect of pH, temperature, incubation time and substrate concentration on the enzyme activity. The cell free extract 

was taken and the pH was adjusted for 4, 5, 6, 7, 8, 9 and different temperature such as 27, 30, 35, 40, 45 Celsius. 

Followed by different incubation time intervals 10, 20, 30, 40, 50 and 60 minutes. Additionally, substrate 
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concentrations ranging 0.2%, 0.4%, 0.6%, 0.8%, 1.0% (w/w) was used for characterization. Enzyme assay was 

performed through nesslerization method for each of the steps above and the enzyme was characterized. 

 

 
Fig 8:- Graph a: Effect of enzyme activity with different incubation time(minutes) Graph b: Effect of enzyme 

activity with different pH. Graph c: Effect of enzyme activity with different temperature (Celsius). Graph d: Effect 

of enzyme activity with different substrate concentration (%). 

 

Results And Discussion:- 
The soil samples were collected from the Chennai industrial area, National Diary Research Institute Bengaluru and 

Kerur industrial area Bagalkot Karnataka. The bacterial strain was isolated on M9 agar media from these soil 

samples. The strains which produced L-Asparaginase were identified by pink-colored colony (Praksham et al. 2010).  

 

The enzyme producing colony was selected for further studies  (Chennai industrial area). The microbial strain was 

characterized by morphological and biochemical analysis. Microscope observation of the colony disclosed that the 

strain with rod-shaped colonies was gram-negative. The microbial strain was able to utilize citrate, liquify gelatin 

and hydrolyze casein and lipid. The strain also showed positive catalase and oxidase tests. Through these results, we 

identified the microorganism to belong to the Pseudomonas genus. The bacterial strain chosen elucidated a 

maximum growth at 24h for the batch fermentation process and the maximum production of the enzyme was found 

to be at 24h as well(fig 3) .The enzymatic activity-906.78U/ml was observed at pH 9 which was noted to be the 

optimum pH for maximum enzyme production (fig 3). The enzyme activity increased to 958.03U/ml  at  40
o
 C (fig 

3) .Similar results were recorded at (40
0
 C) in studies done by [15] on pseudomonas aeruginosa. These conditions 

were used for further optimization studies. The strain development was performed using UV-B rays and X rays (fig 

5,6). The enzyme activity increased when exposed to UV-B, hence we infer that exposure to UV-B created a 

mutation in the microbial strain thereby increasing the enzyme activity. Highest activity was found for the plate 

which was exposed to 15 minutes(enzyme activity-878.23 units/ml). When exposed to different time intervals with a 

distance of 10cm, plate which was kept for 10 minutes showed maximum enzyme activity(921.65 Units/ml)(fig 5).  

 

However, X rays did not show any significant consequence on the enzyme activity and a decline in enzyme activity 

can be seen in the grace time 60 and 90 min (fig 6). Modified M9 media, when used with different carbon and 

nitrogen sources optimized with different concentrations showed maximum enzyme activity for sucrose (fig 4) and 

ammonium sulfate (fig 4) respectively. The trend of these carbon and nitrogen sources is evident in the (fig 4.a, fig 

4.b) and it is clear the maximum production of the enzyme is at a concentration of 1.5%(w/w) for each one of these 

sources. This was in line with the studies done by [22] for Pseudomonas sp. Ammonium sulfate precipitation, salt 

dialysis consecutively ion exchange chromatography and gel filtration chromatography was done for the purification 

of the enzyme. The purified enzyme was further used for characterization studies. The enzyme activity decreased 

from crude to gel filtration gradually this was in line with studies done by Ashraf et.al., 2003 Vidhya Moorthy et.al. , 

2010.The percentage yield of protein decreased up to 19.8% in the gel filtration and the fold purified up to 1.854 in 

gel filtration. The protein profiling  to determine the molecular weight of the enzyme was done using SDS-PAGE. A 

protein band of a molecular weight of approximately 55 kDa (Fig 7) was obtained. The study done by [9]Bacillus sp 
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had a molecular weight of 55 kDa. Table 2 represents the protein purification trend from crude to gel filtration. The 

purified enzyme was then characterized with optimum pH, temperature, incubation time and substrate asparagine 

concentration. The enzymatic activity of the purified enzyme gradually increased up to 40 minutes (644U/ml) and 

then decreased on further increase in the incubation time (fig 8). The enzyme showed maximum activity at a pH 9-

472.51 U/ml (fig 8). A similar trend was found for enzyme activity at 40
0
C and decreased on further increase of 

temperatures (fig 8). The obtained results illustrated a gradual enzyme activity increase with increasing substrate 

concentration up to 1.20% substrate concentration (maximum enzyme activity for 1.20% concentration was 580.61 

U/ml) as illustrate in fig 8.   

 

Conclusion:- 
The current study disclosed L-Asparaginase production from soil isolates of Pseudomonas sp. The purification was 

achieved through  ion exchange chromatography and surplus salt was removed using  dialysis. The enzyme was then 

characterized  which showed the optimum pH found to be at 9.The enzyme had its maximum activity at a 

temperature of 40
0
C and an incubation time of about 40 minutes .6 different carbon and nitrogen sources were used 

for production among which sucrose and ammonium sulphate showed maximum enzyme activity. Exposure to UV-

B rays had increased the enzyme activity. Highest activity was found for the plate which was exposed to 15 minutes 

(enzyme activity-878.23 units/ml). For height wise effect, when exposed to different time with a distance of 10cm, 

kept for 10 minutes showed maximum enzyme activity (Enzyme activity 921.65 Units/ml). The X rays did not show 

any considerable effect on the enzyme. The high amount of catalytic activity along with remarkable stability over  a 

comprehensive pH and temperature  makes it a considerably good anti-cancerous agent. To sum up, L-Asparaginase 

from different microbial sources shows such properties which make it a potent enzyme for  both pharmaceutical and 

industrial application. Future studies need to be performed in order to reduce  the cost of enzyme production. This 

could be done by increasing the yield of L-asparaginase through optimization of the production process or by strain 

improvement. Although bacterial  L-Asparaginase  causes  certain unfavorable reactions [14]. The purification and 

characterization studies on the enzyme would definitely open unexplored prospects in the health care industry[9] 
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