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Abstract: Bean (Vicia faba) and white kidney bean (Phaseoulus vulgaris) seeds were selected from a screening 
programmed for L- asparagine hydrolysis by L- asparaginase. These seeds were immobilized successfully by 
simple adsorption on tricalcium phosphate, active carbon, silica gel and carboxmethyl cellulose powder. The 
best support for bean L- asparaginase (A) was silica gel with a specific activity of 2.75 U/mg protein and the 
fold of purification increased to 22.9 times. The best support for white kidney bean L- asparaginase (B) was 
carboxymethyl cellulose with a specific activity of 1.47 U/mg protein and the fold purification increased to 16.4. 
The immobilized A and B have an optimal activity over a larger range of pH (7   - 8.5) than that of the crude 
enzymes, owing to the effect of the matrix. Also the immobilized A and B showed significantly higher stability 
when the temperature raised up to 50 and 55°C, respectively for 30 min. and only lost 15% and 10% of their 
activities, respectively. L-asparaginase A could stand heating up to 45°C for 60 min with only 35% activity loss, 
compared to that of 30% loss for B at the same conditions. These results indicated that the immobilized enzyme 
has better stability and activity than crude enzyme. These results also, suggest that silica gel and carboxmethyl 
cellulose matrix can be very useful for enzyme immobilization and taking into account the good 
biocompatibility of matrix. Anti-tumor activity of L-asparaginases A and B  in vitro was investigated. The 
enzyme A of bean and  B of white kidney bean inhibited the growth of human cell lines hepatocellular 
carcinoma (Hep-G2) with IC50 value of 217.71 μg/mL and 187.86 μg/mL, respectively. 
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INTRODUCTION 
 
 L-asparaginase (E.C.3.5.1.1)  catalyses the hydrolysis of L-asparagine producing L-aspartic acid and 
ammonia (Hendriksen et al., 2009). L-asparaginase is the most abundant metabolite for storage and transport of 
nitrogen that is utilized in protein biosynthesis (Borek and Jaskolski, 2001; Qing- Long et al., 2002 ; Verma et 
al., 2007; Piatkowska- Jakubas et al., 2008)   The interest in L-asparaginase arose of its anti-tumour activity 
(Qing- Long et al., 2002; Bansal et al., 2011). Unlike normal cells, malignant cells can only slowly synthesize 
L-asparagine, due to their deficiency in L-asparagine synthetase (Moola et al., 1994; Piatkowska- Jakubas et al., 
2008). Thus, depletion of the circulating pools of L-asparagine by L-asparaginase leads to the destruction of the 
tumour cells, since they are unable to complete protein synthesis (Kotzia and Labrou, 2005; Bansal et al., 2011; 
Ghosh et al., 2011). In contrast, normal cells are protected from asparagine - starvation due to their ability to 
produce this amino acids (Prista and Kyriakidis, 2001; Duval et al., 2002 ; Verma et al., 2007).  
 L-asparaginase is widely distributed in nature, not only in animal organs (EL-Sayed et al., 2011; Kumar et 
al., 2012), but also in microorganisms (Tabandeh and Aminlari, 2009; Kattimani et al., 2009; Tippani and 
Sivadevuni, 2012) and also in plants such as Glycine max, Oryza sativa, Hordenum vulgare and Lupinus species 
(Borek and Jaskolski, 2001; Michalska et al., 2006; Ali, 2009). It also was isolated from Pisum sativum, 
Lupinus varieties and Capsicum annum (Sodek et al., 1980; Bano and Sivaramakrishnan, 1980; 
Siechiechowcicz and Ireland, 1989).  
 L-Asparaginase has been extensively used in the treatment of acute and chronic lymphoblastic leukemia, 
hodgkin's disease, acute myelocytic leukaemia, acute myelomonocytic leukaemia, lymphosorcoma, 
reticulosarcoma and melanosarcoma (Stecher et al., 1999; Duval et al., 2002; Verma et al., 2007; Pieters et al., 
2011; Bansal et al., 2011). The antineoplastic activity results from depletion of the circulating pools of L-
asparagine by L-asparaginase (Lee et al., 1989; Piatkowska- Jakubas et al., 2008), since depletion of L-
asparagine from plasma by L-asparaginase results in inhibition of RNA and DNA synthesis with subsequent 
blastic cell apoptosis. Owing to the unique anti-cancer mechanism of action, L-asparaginase has been introduced 
to the multi drug chemotherapy in children and adults with acute lymphoblastic leukemia, which has contributed 
to significant improvement of therapy outcomes and to achieve complete remission in about 90% of patients. 
Despite  its high therapeutic efficacy, L-asparaginase may lead to severe side effects such as fever, skin rashes, 
allergic reactions and even anaphylactic shocks (Mathe et al., 1970; Jaffe et al., 1973). Furthermore, L-
asparaginase circulates in the blood system for only a short time before being taken up and broken down by 
native proteases, which limit its effectiveness only to a certain degree. Physical and chemical methods may be 
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used to reduce the immunological response caused by this enzyme, prolong its action time and enhance its 
effects in blood. The native L-asparaginase was often chemically modified and physically embedded with 
various kinds of soluble and insoluble biocompatible polymers to produce various immobilized - asparaginase. 
It has been reported that the immobilized enzyme did not only reduce the immunity and toxicity but also greatly 
improved the resistance to proteolysis with respect to native L-asparaginase (Zhang et al., 2004 ; Ghosh et al., 
2011). As to soluble immobilized L-asparaginase, the natural  and artificial polymers such as albumin 
(Poznansky et al., 1982; Wileman., 1991), polyethylene glycol (Ashihara et al., 1978), polyvinyl alcohol 
(Iwamoto et al., 1995) and activated carbon (Moharam et al., 2010) have been used as the supports for enzyme 
immobilization. On the other hand, some attempts have been made on the preparation of insoluble matrix-
supports such as collagen (Jefferies et al., 1977), carboxy methyl cellulose (Hasselberger et al., 1970),  
polyacrylamide and poly (2-hydroxyethyl methacrylate) gels (O’Driscoll et al., 1996) derivatives bioconjucated 
with L-asparaginase for use in cancer therapy. So, enzyme immobilization has attracted great interest of 
chemists and biochemists for its wide application in the fields of fundamental academic research and industrial 
processes (Wang et al., 2008; Mahmoud and Helmy, 2009).   
 In the present research, L-asparaginase has been selected as a model enzyme so as to under stand the 
possibilities of such tricalcium phosphate (TCP), active carbon (AC), silica gel (SG) and carboxymethyl 
cellulose (CMC), as good matrix- supports of protein for enzyme immobilization. 
     

MATERIALS AND METHODS 
 
Materials and Substrates:  
 Termis (Lupinus termis), wheat (Triticum vulgaris), beans (Vicia faba), white kidney bean (Phaseolus 
vulgaris), cowpea (Haricot bean), soybean (Glycine Max), cabbage (Brassica oleracea) and cauliflower 
(Brassica oleracea var. botrytis) seeds were purchased from the local market (Cairo, Egypt). L-asparagine was 
used as substrate in enzyme assay and purchased from sigma. All other used chemicals were of the highest 
quality.  
 
Preparation of Seeds Extracts by Two Methods:  
(a) Dry Seeds:  
 Two groups of the above dry seeds (2.5 g, each) were ground separately in an electrical mixer avoiding high 
temperature. Then, 25 ml of distilled water were added to each sample. Samples of the first group kept in a 
refrigerator for 24 h (over night group). Samples of the second group kept in a water bath at 25°C for 6 hours. 
After centrifugation, the supernatant was collected.  
 
(b) Soaking Seeds:  
 The above dry seeds (2.5 g)were soaked separately in 25 ml distilled water and refrigerated for 24 hr. before 
being ground in an electrical mixer and further treated as above.  
 Crude extract (25 ml) of the above seeds was brought to 0-80 saturation by the addition of solid ammonium 
sulfate (51.69 gm /100 ml) at 4°C and centrifuged at 15000 rpm for 15 min. The precipitate was dissolved in 10 
ml distilled water and dialyzed against distilled water for over night. The solution was centrifuged to remove 
insoluble materials that appeared during dialysis 
 
Assay for L-Asparaginase:  
 The enzyme activity was measured directly according to the method of Bergmeyer. (1974) by measuring 
the ammonia produced from the hydrolysis of L-asparagine with Nessler's reagent. The routine assay by 
ammonia nesslerization was performed in a total volume of 2.3 ml of buffer 0.05 M Tris- HCl (Tris –
hydroxymethyl) aminomethane, pH 8.6, containing 1.7 ml of 0.01M asparagine and 0.5 ml of enzyme 
preparation. The samples were incubated for 20 min. at 37°C. The reaction was stopped by the addition of 0.1 
ml of 1.5 M trichloroacetic acide ( TCA). The protein precipitate was removed by centrifugation . To 0.5 ml 
aliquots of the reaction mixture, 7.0 ml of distilled water was added, followed by 0.5 ml of Nessler's reagent, the 
mixture was left for 10 min. at room temperature. The absorbance was determined at 385 nm against the blank, 
using CE double beam digital U.V. Spectrophotometer. 
 Protein content of the enzyme preparation was determined by the method of (Lowery et al., 1951) using 
bovine serum albumin as standard. One international unit (U) of L-asparaginase activity is defined as the 
amount of enzyme librating one µ mole ammonia in 1 min incubated at 37°C under the condition specified 
above. 
 
Enzyme Properties:  
 L-asparaginase enzymes that extracted from the bean A and white kidney bean B seeds were assayed for 
their activities at different pH's using 0.1 M acetate buffer (pH's: 4.0-6.0 ) and 0.1 M Tris –HCL buffer (pH's: 
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7.0 -9.0 ). Also, enzymes extracts were assayed for their activities at different temperatures ranging from 25 to 
60°C.  
 
Immobilization of L-asparaginase by Adsorption on Different Supports:  
 Different supports, such as tricalcium phosphate (TCP), active carbon (AC), silica gel (SG) and 
carboxymethyl cellulose (CMC), for simple adsorption of L-asparaginase were employed, without addition of 
any cross-linking agent (Das and Prabhu, 1990). Aliquots of 200 mg of each support were stirred in 0.1 M Tris 
buffer, pH 7.0 in a refrigerator for 6 hr. with different dilutions of the enzyme up to 10 mg in a total volume of 5 
ml. The supporting materials were then removed by centrifugation at 4000 rpm for 10 min. in a cooling 
centrifuge, washed well with a small volume of distilled water to remove free enzyme, and finally treated with 
0.1 M Tris buffer, pH 7.0). Protein adsorbed was calculated by the difference of protein taken for 
immobilization and that left in the combined supernatant liquor and the washings. For measuring the activity of 
the immobilized enzyme, about 50 mg of loaded supports were added to the reaction mixture as enzyme source. 
The immobilized L-asparaginase enzymes for bean A and white kidney bean B were subjected to the study of 
their biochemical properties. 
  
Cell Culture:  
 Hepatocarcinoma (HepG2)  human cell lines was used through this work purchased from ATCC, VA, USA. 
Hep-G2 Cells were routinely cultured in DMEM (Dulbeco’s Modified Eagle’s Medium). Media were 
supplemented with 10% fetal bovine serum (FBS), 2 mmole L-glutamine, containing 100 units/mL penicillin G 
sodium, 100 units/ml streptomycin sulphate, and 250 ng/ml amphotericin B. Cells were maintained at 
subconfluence at 37ºC in humidified air containing 5% CO2. For sub-culturing, monolayer cells were harvested 
after trypsin / EDTA treatment at 37°C. Tested samples were dissolved in dimethyl sulphoxide (DMSO). All 
cell culture material was obtained from Cambrex Bioscience (Copenhagen, Denmark). All chemicals were from 
Sigma/Aldrich, USA, except mentioned. All experiments were repeated three times, unless mentioned.  
 
Anti-Tumor Activity:  
 The cytotoxic effect of the samples against hepatocellular carcinoma (Hep-G2) was estimated by the 3-[4,5-
dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay according to Hansen et al. (1989). The 
yellow tetrazolium salt of MTT is reduced by mitochondrial dehydrogenases in metabolically active cells to 
form insoluble purple formazan crystals, which are solubilized by the addition of a detergent. Cells (5 x 104 
cells / well) were incubated with various concentrations of the compound at 37 ºC for 48 h in a FBS-free 
medium, before submitted to MTT assay. The absorbance was measured with an ELISA reader (BioRad, 
München, Germany) at 570 nm. The relative cell viability was determined by the amount of MTT converted to 
the insoluble formazan salt. The data are expressed as the mean percentage of viable cells as compared to the 
respective control cultures treated with the solvent. The half maximal growth inhibitory concentration IC50 
values were calculated from the linear equation of the dose–dependent curve of each sample. 
 

RESULTS AND DISCUSSION 
 
 The crude enzyme was extracted with distilled water from eight dry and soaking seeds of Termis (Lupinus 
termis), wheat (Triticum vulgaris), beans (Vicia faba), white kidney bean (Phaseolus vulgaris), cowpea (Haricot 
bean), soybean (Glycine Max), cabbage (Brassica oleracea) and cauliflower (Brassica oleracea var. botrytis). 
The above eight seeds were tested for enzyme activity. All dry and soaking seed extracts contained L-
asparaginase activity with a small different degree. Dry bean and white kidney bean seeds extractions containing 
the highest levels of L-asparaginase activity ranging between 6 and 9 U/g dry weight. Thus, we chose dry bean 
and white kidney bean seeds to prepare L-asparaginase enzymes A and B,  respectively. 
 Precipitation with ammonium sulphate resulted in 95-98% losses of their activities. So, the L-asparaginase 
enzymes that extracted from bean A and white kidney bean B dry seeds extracts were immobilized successfully 
by adsorption on different supports such as TCP, AC, SG and CMC as shown in Table (1). 
 The best amount of enzymes A and B used for immobilization was found to be 5 mg protein / 200 mg dry 
carrier. 
 
Immobilization Efficiencies and Activity of L-asparaginase: 
 The immobilization efficiencies of the four different supports are shown in Table (1). The best support for 
A was (SG) with a specific activity of 2.75 U/mg protein, and immobilization yield of 74.6% and the fold 
purification increased to 22.9 times. The best support for B was CMC with a specific activity of 1.47 U/ mg 
protein, and immobilization yield of 32.9% and the fold of purification increased to 16.3 times. This is in 
agreement with the results of Wang et al. (2006). They reported that the immobilization usually affords high 
catalytic activity and improves stability against denaturation. Also, it was reported that the immobilization of L-
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asparaginase on polyethylene glycol and PEG-BSA hydrogels were expected to provide functional bioreactors 
for use in vivo (D'urso et al.,1996); (Jean-Francois and Fortier, 1996; Jean-Francois et al., 1997; Balcao et al., 
2001; Ghosh et al., 2011).Also, Edman and Sjoholm (1979) investigated the possibilities of using microspheres 
of polyacrylamide as a carrier for L-asparaginase immobilization.  
 
Table 1: Immobilization of bean and white kidney bean L-asparaginase (A and B) with different carriers. 

 
Carrier 
(0.2 g) 

Total protein 
loading 

(mg/0.2mg carrier) 

Enzyme activity 
(U/0.2mg carrier) 

*Specific activity 
(U/mg-protein) 

Fold purification 
Immobilization yield 

(%) 

A B A B A B A B A B 
TCP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
AC 0.450 0.0 0.916 0.0 2.03 0.0 16.9 0.0 30.4 0.0 
SG 0.817 0.525 2.248 0.674 2.75 1.28 22.9 14.2 74.6 28.8 

CMC 0.475 0.525 0.707 0.776 1.488 1.47 12.4 16.3 23.4 32.9 
* Specific activity of the free enzyme A and B are 0.12 and 0.09 (U/mg-protein) respectively.    
5 mg Asparaginase was added. 

 
Properties of L-asparaginase:   
 The essence of enzyme immobilization is to attach the enzyme to a support material which will stabilize the 
enzyme, maintain enzyme activity and improves stability against denaturation (Wang et al., 2006 ; Ghosh et al., 
2011).  
 
Effect of pH on the Ictivities of the Free and Immobilized L-asparaginases: 
 The dependence of enzymes A and B activities on reaction mixture pH was examined by changing the pH 
from 4.0 to 9.0 at 37°C. As shown in figure 1and 2, the activities of the immobilized enzymes A and B changed 
with the variations of pH. The optimum pH of both the immobilized A and B were from 7.5 to 8.5, while that of 
free enzyme for both enzymes A and B were at pH 7.0. The immobilized form yielded more than 43 and 50% 
increase in activity for A and B, respectively. This clearly reflects the suitability of SG and CMC as a carrier for 
L-asparaginase A and B, respectively. These results indicate that, the immobilization of A and B stabilized the 
enzymatic activity over a broader pH range than the free enzyme, owing to the effect of the matrix. Similarly, 
Wang et al. (2008) reported that, the free L-asparaginase showed maximum activity at pH 8.5, while the optimal 
pH of the immobilized L-asparaginase in carboxymethyl konjac glucomannan-chitosan system was much wider 
in range of  7.0-10.   
 

 
 
Fig. 1: Effect of pH on activities of free and immodilized L-asparaginase-A. 
 

 
 
Fig. 2: Effect of pH on activities of free and immodilized L-asparaginase-B. 
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Effect of Temperature on the Activities and Stabilities of the Free and Immobilized L-asparaginases: 
 As shown in figure 3 and 4, the effect of the enzymatic temperature on the activities of the immobilized and 
free L- asparaginases A and B were investigated by performing the standard assay within 25 -60°C. The 
optimum reaction temperature at a maximal activity of immobilized A and B were at 45°C and 50°C, 
respectively and then began to decrease gradually with temperature up to 55°C. For the free enzymes of both L-
asparaginases A and B the optimum reaction temperature  were 40°C. i.e. at 5 and 10 °C higher than the free 
enzymes A and B, respectively with 50 and 56% increase in activity, respectively. The same results were 
reported by Zhang et al. (2004) who stated that the optimum reaction temperature of immobilized L-
asparaginase was at 60°C while that of free L-asparaginase was at 50°C. 
 Immobilized A and B also showed heat stability up to 50 and 55 °C, respectively for 30 min with loss of 
only 15% and 10% of their activities, respectively. Immobilized A could stand heating  up to 45 °C for 60 min 
with only 35% activity loss, compared to that of 30% for B at the same temperature for 60 min (Figures 5 and 
6). While free enzymes L-asparaginases A and B showed heat stability up to 45°C with loss of  25% and 23% of 
their activities for 30 min. While free L-asparaginases A and B could stand heating up to 40°C for 60 min. with 
loss of 40% of its activity for both enzymes (Figures 7 and 8). Thus an excellent thermal stability was exhibited 
with the immobilized enzyme preparation.  
 Similarly, immobilization of L-asparaginase on the microparticles of the natural silk sericin protein widened 
the optimum reactive temperature range of the enzyme and showed significantly higher stability when the 
temperature raised to  40-50°C (Zhang et al., 2004). An improvement of thermal stability of immobilized 
enzyme may be acquired by multiple attachment of SG and CMC to the enzyme molecule A and B, respectively 
resulting in greater enzyme rigidity of enzyme conformation and increasing the activation energy for unfolding 
the enzyme. A marked improvement in thermal stability of modified enzyme was obtained by Scaman et al. 
(2006); Amiri et al. (2008); Tabandeh and Aminlari. (2009) and Moharam et al. (2010). 
 

 
 
Fig. 3: Effect of temperature on the activities of  free and immodilized L-asparaginase-A. 
 

 
 
Fig. 4: Effect of temperature on the activities of free and immodilized L-asparaginase-B. 
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Fig. 5: Thermostability of immodilized L-asparaginase-A. preincubated at different temperatures for 0,30 and 
60 min. 
 

 
 
Fig. 6: Thermostability of immodilized L-asparaginase-B. preincubated at different temperatures for 0,30 and 

60 min. 
 

 
 
Fig. 7: Thermostability of free L-asparaginase-A. preincubated at different temperatures for 0,30 and 60 min. 
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Fig. 7: Thermostability of free L-asparaginase-B. preincubated at different temperatures for 0,30 and 60 min. 
 
Anti-Tumor Activity: 
 Using MTT assay, in vitro the cytotoxicity effect of bean and white kidney bean L-asparaginase enzyme on 
the growth of hepatocellular tumor cell lines (Hep-G2)  was studied. Percentage of relative viability was 
calculated using the following equation: (Absorbance of treated cells / Absorbance of control cells) x 100. The 
half maximal inhibitory concentration (IC50 values) was calculated from the linear equation of the dose effect of 
the enzyme against hepatocellular carcinoma Hep G2 cells (Y=-0.214x +96.57) for bean A and (Y=-0.226x 
+92.04) for white kidney bean B. The incubation of Hep G2 with gradual doses of bean and white kidney bean 
L-asparaginase enzyme leads to a gradual inhibition in the cell growth as concluded from its low IC50 values 
217.71 and 187.86 μg / mL, respectively (Figure 9 and10). Cappelletti et al., (2008) studied in vitro the 
cytotoxicity of L-asparaginase from pathogenic strain Helicobacter pylori against different cell lines. They 
reported that AGS and MKN 28 gastric epithelial cells being the most affected. Also,  Tardito et al. (2007) 
reported that fibrosarcoma and liposarcoma were highly sensitive to L-asparaginase cytotoxicity. 
 L-asparaginase is used for cancer medication that interferes with the growth of cancer cells, slow their 
growth and spread in the body (Ghosh et al., 2011). L-asparaginase interferes with the protein synthesis (Stams 
et al., 2005) and also with DNA and RNA synthesis, and appears to be cell cycle specific for the G1 phase of 
cell division. L-asparaginase exhibits potent antineoplastic and antilymphomatic activity against tumors (Sahu et 
al., 2007). This enzyme causes selective death of asparagine dependent tumor cells and also induces apoptosis in 
tumor cells (Kelo et al., 2009).  
 

 
 
Fig. 9: Anti-tumor activity of L-asparaginase (A) against hepatocellular carcinoma cells (Hep-G2). All data are 

average value of triplicate measuments. 
 
Concolusion: 
 The affinity of L-asparaginase with its substrate L-asparagine increased considerably when immobilized on 
the matrix. The bioconjucation of L-asparaginase widened the optimum reactive temperature range of the 
enzyme, showed significantly higher thermostability as compared with the native enzyme. Also, the results 
showed that L-asparaginase has anti- proliferative activity in cell lines growth in vitro (antitumor activity against 
hepatic carcinoma).  
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Fig. 10: Anti-tumor activity of L-asparaginase (B) against hepatocellular carcinoma cells (Hep-G2). All data are 

average value of triplicate measuments. 
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