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Abstract: The present study focuses on the production & partial purification of L-asparaginase enzyme from Bacillus sp.
The rhizosphere soil sample was collected and screened for L-asparaginase producing bacteria on M9 media respectively
using phenol red indicator growth medium. The potential isolate was selected and tested for morphological and
biochemical characteristics, which confirmed Bacillus sp. The enzyme production was carried out by submerged
fermentation. The different carbon and nitrogen sources were used for the enzyme production and xylulose was found to
be the better carbon source, ammonium sulphate was used as a nitrogen source. The activity of crude enzyme was checked
in different physical conditions of varying pH and temperature, The characterized enzyme exhibited maximal enzyme
activity at pH 7 and temperature 30°C. The crude L-asparaginase was partially purified with ammonium sulfate
precipitation and dialysis. Optimization of growth parameters showed significant effect on production of enzyme L-
asparaginase from 2.18 to 2.92 umol/mL/min. Thus, use of optimized M9 broth increased enzyme activity by 33.94%.
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1. INTRODUCTION:

L-Asparaginase (ASNase) is one of the vital components used in the treatment of acute lymphoblastic leukemia (ALL),
an aggressive type of blood cancer expected to afflict over 53,000 people worldwide by 2020. The ASNase has the
potential for preventing metastasis from solid tumors, however it’s characterized by a plethora of potential side effects,
ranging from immune reactions to severe toxicity. Consequently, in accordance with Quality-by-Design (QbD) principles,
ingenious new products are tailored to minimize adverse reactions while increasing patient survival [1].

L-asparaginase as a chemotherapeutic agent represents a milestone in the field of medicine due to the ratio of acute
lymphoblastic leukemia children’s patients who achieve complete remission after treatment incorporating ASNase (93%)
due to its selectivity against the tumor cells. Its main mechanism of action is the depletion of the amino acid L-asparagine
(LAsn) from the bloodstream, which is hydrolyzed into aspartic acid (ASP) and ammonia (NHs). Since tumor cells lack
the enzyme asparagine synthetase they are unable to synthesize enough L-asparagine for their maintenance and
accelerated growth, which compromises its cellular functions and leads to cell death [2].

Although L-asparaginase is present in mammals, birds, plants, yeast, and bacteria, microorganisms are considered as the
main source for L-asparagine synthesis. The production of this enzyme is mainly preceded by submerged fermentation
from bacteria such as Pseudomonas fluorescens [3], Escherichia coli [4], Streptomyces albidoflavus [5] and Streptomyces
ginsengisoli [6] and several genera of fungi as Aspergillus [7], Penicillium [8] and Fusarium [9]. In pharmaceutical
industry, the best producers of L-asparaginase are members of the Enterobacteriaceae, such as Escherichia coli however
in most of the patients receiving bacterial enzymes it results in immunological sensitization and immune inactivation.
Most of asparaginase have low stability and are active in a narrow pH range and also the glutaminase activity generated
by these enzymes can cause secondary effects such as allergic reaction, nausea, pancreatitis, diabetes, and coagulation
abnormalities [10].

The medical use of ASNase is, however, not without risks, being associated with allergic reactions and several types of
toxicity [11], hence there is a current need for novelbio better ASNase in the market. The new drugs designed from
existing peptide or protein-based biopharmaceuticals by improving their properties such as affinity, selectivity, and
stability against degradation are termed biobetter or biosuperior [12]. The present investigation deals with isolation and
characterization of L-asparaginase from rhizosphere of paddy field and optimization of different parameters in its
production.

2. MATERIALS AND METHODS:
2.1 Isolation and screening of bacteria for production of L-Asparaginase by plate assay.

The soil samples were collected from the rhizosphere of Paddy at Siddalaghatta, Chikballapur district to isolate potent L-
Asparaginase producing bacteria. A known quantity (1g) of each soil sample was taken for bacterial isolation by serial
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dilution technique using nutrient agar medium. Antifungal agents (Fluconazole 75ug/ml, Ketocanazole-75ug/ml) were
added to control the fungal contamination. The inoculated agar plates were incubated at 37°C for 24 hrs.

Selected bacterial strain was inoculated on agar based modified M9 medium containing Na;HPO4.2H20, 6; KH2POs4, 3;
NaCl, 0.5; L-asparagine, 5; 1M MgS0..7H.0, 2ml; 0.1M CaCl, 2H,0, 1ml;20% Glucose stock solution 10ml; Agar, 20;
phenol red indicator (2.5%): 0.04-0.36ml; pH 7.0. and incubated at 37°C for 24hrs. The isolate was streaked on nutrient
agar slant grown at 37°C and was stored at 4°C. The bacterium was sub-cultured on fresh nutrient agar slants every
fortnight. After isolation as a pure culture, the culture was characterized using morphological and biochemical test.
Submerged fermentation studies were also carried using M9 broth, prepared in 75ml conical flask. After sterilization,
about 10 % of bacterial inoculum was aseptically transferred into one of the production medium flasks and the flasks were
kept at 37°C for 48 hours. The un-inoculated flask serves as negative control. After incubation, a small quantity of broth
was taken in the test tubes, were added with few drops of phenol red solution [0.012 gm. /liter]. A color change of phenol
red to pinkish red color observed in test flask indicates positive result for production of L- asparaginase enzyme.

2.2 Enzyme assay for L-asparaginase

The L-asparaginase activity was determined by hydrolysis of L-asparagine to release the ammonia which was measured
by using Nessler’s reaction. A mixture of 0.1ml of enzyme extract; 0.2ml of 0.05M Tris HCI buffer (pH 8.6), and 1.7ml
of 0.01M L-asparagine was incubated for 10min at 37°C. The reaction was stopped by the addition of 0.5ml of 1.5M
trichloroacetic acid (TCA). After centrifugation at 1000rpm, 0.5ml of the supernatant was diluted to 7ml with distilled
water and treated with 1ml of Nessler’s reagent. The color reaction was allowed to develop for 10minutes, and the
absorbance read at 480nm with a spectrophotometer by nesselerization. Tubes kept at O-time incubation acts as control.
Enzyme activity was determined based on liberation of ammonia calculated with reference to a standard curve of
ammonium sulphate 1mM in concentration.

2.3 Optimization Studies for L-Asparaginase Producers:

The enzyme activity of crude enzyme was checked in different carbon and nitrogen sources also with the physical
conditions of varying pH ranges (4, 5, 6, 7, 8, 9) and temperatures in ° C (10, 25, 30, 35, 40). The isolate was grown in
M9 broth in 50ml flask. Optimization of Carbon source (1%W/V) like Glucose, Sucrose, Maltose, Glycerol and xylulose
and Nitrogen sources (0.5%W/V) like Ammonium chloride, Ammonium sulfate, Sodium nitrate, Urea and Casein was
studied. The OD was measured at 480nm.The enzyme activity was determined by nesslerization.

2.4 Mass production of Crude enzyme preparation:

The enzyme was mass produced by submerged fermentation method. In a clean 250ml conical flask M9 broth is prepared
along with the nitrogen (0.5% W/V) and carbon source (1%W/V), optimum temperature and pH were maintained. After
sterilization, about 10 % of bacterial inoculum (Bacillus spp.) was aseptically transferred into one of the production
medium flasks and the flasks were kept at 40°C for 72 hours. M9 broth (minimal) inoculated with the culture acts as
reference for before optimization. The un-inoculated flask serves as negative control. After the fermentation for 72hrs
broth was separated by centrifugation at 12,000rpm for 12 minutes to separate the biomass. The clear supernatant was
collected in a screw cap tube and stored at 4°C until further use. The clear supernatant was used as crude enzyme.

2.5 Partial Purification of Crude Enzyme L-asparaginase:

The L-asparaginase crude enzyme is partial purified by using ammonium sulfate precipitation method. It is a method that
involves the precipitation of proteins from the sample extract by the ammonium sulphate salts. When ammonium sulphate
salt is added into the protein extracts, the solubility of proteins increases with the concentration of ammonium sulphate
salts added. The proteins are surrounded by the hydrated counterions, which prevents the aggregation of the proteins in
the solution. This is known as salting in effect. When the concentration of salts added reaches a limit, the salts withdraw
the hydrated water molecules from the proteins, and thus leads to aggregation and precipitation of protein molecules due
to the hydrophobic effect between each other.

This phenomenon is known as salting out. The ammonium sulfate salts within the crude extract were then removed by
conducting dialysis against 0.1M sodium phosphate buffer at pH 7. During this process, the crude enzyme was centrifuged
at 10,000rpm for 10min then brought to 85 % saturation with ammonium sulfate at pH 8.4 and kept overnight in a
refrigeration condition at 4°C. The precipitated solution was there after subjected to centrifugation at 10,000 rpm for 12
minutes, ammonium sulfate salts was then removed by using sodium phosphate buffer at pH 7.4. The obtained precipitate
was transferred into dialysis membrane and re-suspended in a dialysis buffer solution. Finally, the enzyme activity of
dialysate was quantitatively assayed. The amount of protein was estimated by the Lowry’s method using bovine serum
albumin as the standard.
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3. RESULTS AND DISCUSSION:

3.1 Enrichment, Isolation, and Screening for L-Asparaginase producing bacteria.

Bacterial strains producing L-Asparaginase were screened by plate assay on M9 agar medium. Pink coloration around
colonies with phenol red is an indicator for L-Asparaginase producing organisms. Among the isolated bacterial colonies,
the bacterial strain, S1 produced maximum pinkish red colored zone and this strain was selected for further studies. The
isolated strain was characterized by morphological and biochemical tests. Gram characteristics revealed that the organism
is gram positive endospore forming bacilli with short chains, biochemical tests resulted in its identification as Bacillus
species. Moorthy et al [13] and Maysa et al [14] have also found Bacillus sp. to be a good source of asparaginase.
Optimization of enzyme production at different physico-chemical parameters.

Optimization of physico-chemical parameters like pH, temperature, carbon, and nitrogen sources plays an important role
in production of biocatalysts. Temperature is one of the most critical parameters to be optimized in any bioprocess. pH
of the medium strongly affects many enzyme processes and transport the various components across the cell membrane.
In present study optimization revealed that maximum production is 2.93+0.06ug/ml/min at 30°C after 72 hrs. of
incubation (Figure 1).

Optimization at different temperatures
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Figure 1: Effect of different incubation temperature on the production of L-asparaginase by Bacillus Sp. Values
are the mean of three replicates £ SD.

Production of L-asparaginase varies with incubation period at 30°C indicating optimization of incubating period also
exhibit a significant role. The enzyme production showed variation at different pH. L-asparaginase production was found
to be maximum 2.89+0.02ug/ml/min at pH 7 and observed to be gradually decreased below and beyond this range (Figure
2). Optimization studies on Enterobacter sp., by submerged fermentation has also revealed enhanced production in the
enzyme when grown at optimum temperature and pH [15].

The enzyme production varied in presence of different carbon sources. L-asparaginase production was found to be
maximum in presence of Xylulose (2.88%0.14ug/ml/min) followed by Glycerol (2.50£0.19ug/ml/min), enhanced
production in presence of xylose and glycerol as a source of carbon has been observed in Arthrobacter kerguelensis [16]
and Nocardia levis [17] respectively.
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Effect of pH on production of L-Asaraginase
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Figure 2: Effect of different pH on the production of L-asparaginase by Bacillus Sp. Values are the mean of
three replicates + SD.

Table 1: L-asparaginase production by Bacillus sp. grown in M9 broth amended with different carbon sources.

Carbon source Enzyme activity (ug/ml/min)
Maltose 2.18+0.05

Xylulose 2.88+0.14

Glucose 2.15+0.05

Glycerol 2.50+0.19

Sucrose 2.1740.15

Values are the mean of three replicates £ SD.

Enzyme production varied in presence of different nitrogen source. L-asparaginase production was found to be maximum
(2.3320.05pg/ml/min) when grown in presence of ammonium sulphate. Similar promising results was obtained from
Bacillus licheniformis isolated from Red sea, Saudi Arabia. Maximal ASNase production was achieved with
(NH4)2SO4 used as a nitrogen source [18].

Table 2: L-asparaginase production by Bacillus sp. grown in M9 broth amended with different nitrogen sources.

Nitrogen source Enzyme activity (ug/ml/min)
Ammonium chloride 2.24+0.07

Ammonium sulfate 2.3340.05

Sodium nitrate 1.86+0.09

Urea 2.23+0.02

Casein 1.1+0.09

Values are the mean of three replicates + SD.

3.3 Production and Partial purification of enzyme.

The bacterial strain showed maximum growth at 48 h of submerged fermentation in the presence of carbon and nitrogen
source, xylulose (1%W/V) and ammonium sulphate (0.5%W/V) respectively. Protein content was calculated from the
crude and partial purified culture filtrate before and after dialysis and was found to be 29 and 38 mg/ml; 8 and 12 mg/ml
respectively. The maximum enzyme activity was observed in optimized culture medium. There was a 33.94% increase
in enzyme activity due to optimization. Similar kind of enhanced production was observed in Streptomyces ginsengisoli,
where there was enhanced enzyme activity by 28% due to optimization of growth parameters [6].
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Table 3: Protein content and enzyme activity in culture filtrate of control and optimized medium.
Without optimization With optimization

Protein content (mg/ml) (Crude) 29 38

Protein content (mg/ml) (dialysed) 8 12

Enzyme activity after dialysis (ug/ml/min) 2.18 2.98
CONCLUSION:

L-Asparaginase is an important enzyme that has been industrially produced due to its importance in the treatment of acute
lymphoblastic leukemia. The present study aimed at improving the production of L-Asparaginase from Bacillus species.
Optimization studies revealed that all the selected parameters examined showed a considerable impact on L-asparaginase
production by the bacterium. High activity of the enzyme was obtained at pH 7 and temperature 30°C. Maximum enzyme
production was achieved when M9 broth was supplemented with xylose and ammonium sulphate as carbon and nitrogen
sources, respectively. Optimization of growth parameters showed significant effect on production of enzyme L-
asparaginase from 2.18 to 2.92 umol/mL/min. Thus, use of optimized M9 broth increased enzyme activity by 33.94%.
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