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Asparaginase was extracted from Frozen Plant seeds of Pisam sativum 

collected from a field crop after 3 months of freezing. Enzyme specific 

activity was (74.1 U/mg). Asparaginase was extracted from frozen 

seeds and purified by ion exchange chromatography using DEAE-

Cellulose and gel filtration chromatography using sephadex G-200. We 

found that the molecular weight of asparaginase is 44000 Dalton, 

specific activity of Purified asparaginase  was 226.5 U/mg. Purified 

asparaginase was characterized, the optimum pH for enzyme activity 

and stability was pH 8.5 and 9.5 respectively, while the optimum 

temperature for enzyme activity and stability was  40 ºC and 37 ºC 

respectively.   
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Introduction:- 
L-asparaginase (E.C.3.5.1.1) is the enzyme that catalyzesthe hydrolysis of the amide group of L-asparagine releasing 

L-aspartate and ammonia. The enzyme plays important roles in the metabolism of all living organisms and the  

pharmacology as well (1). Asparagine is predominates in the transport of nitrogen in many legumes studied so far 

and constitutes an important source of reduced nitrogen for developing seeds (2). 

 

Pea (Pisum sativum) is a member of Leguminecea family that is widely grown in the world as a source of protein for 

human food (3). Green pea can be eaten as a cooked vegetable, or can be marketed fresh, canned, or frozen while 

ripe dried pea is used whole, split, or made into flour (4). Pea is reported to have potential antioxidant, anti-

inflammatory and antimicrobial effect (5; 6) . 

 

The plant asparaginase from frozen Pisum sativum has been less studied. In plants, L-asparagine is the major 

nitrogen storage and transport compound (2). According to importance of L-asparaginase in different therapeutical 

treatment. Hence the necessity to find out a novel sources of this enzyme from plants this study was aimed to 

extract, purify and characterize the enzyme from frozen plant seeds of Pisum sativum in order to determine the 

activity of asparaginase from frozen sources of plant which could be considered as a unique case study  
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Materials and Methods:- 
Sample collection:-       
Plant seeds of Pisum sativum were collected during first season  of 2016 from field of plant crops and freezed for (3) 

months at 0 ºC. (7) 1 

 

Extraction of asparaginase from frozen plant seeds:-  

Extraction of asparaginase from frozen plant seeds was achieved according to Chang and Farnden (8) by 

homogenization, 10 grams of frozen plant seeds with three volumes of 0.05 M potassium phosphate buffer, pH 8.0 

containing 1.5 M sodium chloride, 1mM PMSF, 1mM EDTA, and 10% (w/v) glycerol, then centrifuged at 10000 

rpm for 20 minutes. Supernatant was regarded as crude enzyme.      

 

Enzyme assay:- 

Asparaginase was assayed according to Nesslerization method based on the conversion of L-asparagine to Ammonia 

and L-asparatate, as described by Ren et al. 2010 (9). 

 

Protein concentration in plant extracts and enzyme concentrates was determined according to Bradford method (10). 

 

Purification of asparaginase:-  
Asparaginase from frozen seeds of Pisum sativum was purified by ion exchange chromatography using DEAE-

Cellulose (2×23 cm) equilibrated with 50 mM potassium phosphate buffer (pH 8.0), then bound proteins were eluted 

with a flow rate of 3 ml/fraction by gradient concentrations of NaCl (0.1-0.5M) in 0.05 M potassium phosphate 

buffer solution (pH 8.0). Fractions represent asparaginase activity were collected, concentrated and applied onto gel 

filtration chromatography column using Sephadex G-200 (1.6×43 cm), and eluted with 0.1 M potassium phosphate 

buffer (pH8.0) with flow rate of 20 ml/hour. Fractions represent asparaginase activity were pooled, concentrated and 

kept at 4°C for further analysis.   

 

Characterization of purified asparaginase:-     

Characterization of purified asparaginase was achieved by determining the optimum pH and temperature for enzyme 

activity and stability, and the activation energy according to Segel (11), while the molecular weight of asparaginase 

was determined by gel filtration chromatography technique using Sephadex G-200 as described by Andrews (12).  

 

Result and Discussion:-  
Asparaginase activities were detected in plant seeds of Pisum sativum that was frozen for three months to determine 

the activity of enzyme. Al-Hussaini, (2012), showed that the quality of beans and peas increased after three months 

freezing, in spite of the content of vitamin C was decreased during freezing periods of 3 months (7).  

 

Results indicated in Table (1) showed that asparaginase activity (571.0 U/ml), specific activity of (74.1 U/mg) and 

total activity (5710 U) were noticed in frozen plant seeds extract.  According to these results frozen plant seeds were 

used for enzyme production, purification, characterization of asparaginase to determine the activity of the Frozen 

plant sources. Khalaf, et al., (2012), showed that asparaginase activity that extracted from fresh seeds of Pisum 

sativum var. Jof were (605.0 U) and specific activity (75.6 U/mg), (13). 

 

Table 1:- Asparaginase activity and specific activity in the extracts of frozen plant seeds of Pisum sativum.          

Total activity 

(U) 

Specific Activity 

(U/mg) 

Protein 

(mg/ml) 

Activity 

(U/ml) 

Volume 

(ml) 

Plant part 

 

5710 74.1 7.7 571.0 10 Seeds 

 

Asparaginase extracted from frozen seeds of Pisum sativum was purified by ion-exchange chromatography using 

DEAE-Cellulose. Results indicated in figure (1) showed that one protein peak appeared in the washing step, while 

there are three protein peaks were appeared after elution peak as mentioned with gradient concentrations of sodium 

chloride, asparaginase activity was detected in the third peak in figure (1). The maximum asparaginase activity and 

specific activity in the asparaginase concentrate were 483.0 U/ml and 155.8 U/mg respectively, with 2.06 % fold of 

purification in the table (2). 
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Gel filtration chromatography technique was the next step for purification of asparaginase after the ion-exchange 

chromatography step. Results mentioned in figure (2) showed that only one protein peak represents asparaginase 

activity was appeared after elution with 0.1 M potassium phosphate buffer solution. 

 

 

 

 
Figure 1:- Ion exchange chromatography for purification of asparaginase from frozen seeds of Pisum sativum using 

DEAE-Cellulose column (2×23 cm) with a flow rate of 20 ml/hour. 
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Figure 2:- Gel filtration chromatography for purification of asparaginase from frozen seeds of  Pisum sativum using 

Sephadex G-200 (1.6×43 cm) equilibrated with potassium phosphate (pH 8.0), fraction volume was 5ml at flow rate 

of 20 ml/hour. 

 

Results indicated in table (2) showed that there is an increase in both activity and specific activity of the purified 

enzyme with a purification fold of 0.013 and an increase in the yield of asparaginase to 3.05 %. 

In other study, it was found that purification of asparaginase from fresh seeds of Pisum sativum using Sephadex G-

200 as a second step (after DEAE-Cellulose Ion Exchange cromatography) gives the highest specific activity of 

226.5 U/mg and 0.013 fold of purification with 3.05 % yield, (14).  

 

Table 2:- Purification steps of asparaginase extracted from frozen seeds of Pisum sativum.     

 

     

Molecular weight of the purified asparaginase was determined by gel filtration using Sephadex G-200 in the 

presence of six standard proteins. Results indicated in figure (3) showed that asparaginase has a molecular weight of 

44000 Dalton. Molecular weight of asparaginase differs according to the type of the produced genera, species, type 

of storage, and parts of plant. There was no evidence for dissociation into subunits on SDS-PAGE, and this suggests 

that asparaginase is a monomeric protein of molecular weight 69000 Da (15, 16). 
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conc. 

(mg\ml) 
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Step 

 

1 1 250098 74.1 7.7 571.0 100 
Crude 

enzyme 

0.06 
2.06 

 
15939 155.8 3.0 483.0 15 

Ion 

exchange 

3.05 0.013 3284.5 226.5 2.9 650.9 5 
Gel 

filtration 
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Figure 3:- Selectivity curve for determining the molecular weight of purified asparaginase extracted from Pisum 

sativum seeds by gel filtration chromatography using Sephadex G-200 (1.6×43 cm). 

 

Optimum pH for activity of purified asparaginase from frozen seeds of Pisum sativum was determined by incubation 

with asparagine at different pH values ranging between pH4 and pH10.5. Results indicated in figure (4) showed that 

asparaginase was a maximum activity of 155.4 U/ml at pH 10.0. Effect of pH on the rate of hydrolysis of asparagine 

is due to the effect of asparaginase on the velocity of enzyme-substrate complex formation and breakdown in 

addition to its effect on the ionic state of the active site of enzyme since the change in the hydrogen ion 

concentration may affect the ionization state of amino acid side chains in the enzyme active site (17, 18). 

 

On the other hand, results indicated in figure (5) showed that asparaginase was more stable at pH values ranged 

between 8.5 and 9.5, at this range enzyme gain both maximum activity and remaining activity, while the activity and 

remaining activity was lower when the enzyme was incubated at pH values less or more than optimum. 

 

 
Figure 4:- Effect of pH on activity of purified asparaginase extracted from frozen seeds of Pisum 

sativum. 
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Figure 5:- Effect of pH on stability of purified asparaginase extracted from Frozen seeds of Pisum sativum 

 

Saleh et al., (2015) found that asparaginase from Phaseolus vulgaris seeds had optimum pH at 8.0. It showed that 

the tertrameric form of asparaginase from Phaseolus vulgaris seeds remain stable at pH values ranged between pH 

7.5–9.0, it had high stability at alkaline pH when incubated for up to 24 h (19).  

 

Effect of temperature on the purified asparaginase was also studied. Results indicated in figure (6) showed that the 

optimum temperature for enzyme activity was 524.6 U/ml at 40°C, while the activity was decreased at less or higher 

than this temperature. Most enzyme reactions were found to be accelerated with the increase in temperature for a 

limited range.                              

 
Figure 6:- Effect of temperature on the activity of purified asparaginase extracted from frozen seeds of Pisum 

sativum. 
 

 It was also found that  the asparaginase stability was 624 U/ml at at 37°C as shown in figure (7), at this temperature 

enzyme gain maximum activity and remaining activity, while they were decreased when the enzyme was incubated 

at temperatures less or more than the optimum temperature. The increase in temperature may lead to denaturation of 

enzyme by destruction the three dimensional structure of protein which leads to inactivation of the enzyme at higher 

temperatures. 
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Figure 7:- Effect of temperature on stability of asparaginase purified from seeds of Pisum sativum. 
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