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Production, characterization and anticancerous activity of L-asparaginase

from Bacillus sp

Keywords: L-Asparaginase, Acute Lymphoblastic Leukemia (ALL), Glutaminase-free L-
Asparaginase, SDS-PAGE, MTT assay, Nessler’s reagent

ABSTRACT

L-asparaginase, an enzyme that catalyzes the hydrolysis of L-asparagine to L-aspartate and
ammonia, is widely used as an antineoplastic agent in the treatment of AcuteLymphoblastic
Leukemia (ALL) and in the food industry. Microorganisms producing the enzyme. were
isolated from soil and cultured in Luria-Bertani (LB) media. The optimal conditions for
enzyme production were determined to be 40°C, pH 6, and 48 hours of .incubation. The
addition of ammonium sulfate, sucrose, and cobalt chloride enhanced enzyme production.
The enzyme was purified through salt dialysis, ion-exchange chromatography, and gel
filtration. Gram staining and biochemical tests identified the producer as a Bacillus species.
Characterization of the purified enzyme showed an activity of 0.27 U/mL at 30 minutes of
incubation, 2.93 U/mL at 50 mM substrate concentration, 0.36 U/mL at pH 6, and 0.44 U/mL
at room temperature. SDS-PAGE analysis revealed a molecular weight of 45 kDa. MTT
assay using the 3T3 cell line demonstrated 62.37% inhibition, indicating significant
anticancer potential. These findings highlight L-asparaginase as a promising candidate for

therapeutic applications.
1. INTRODUCTION:

L-Asparagine, a key.amino acid for protein and peptide synthesis, is produced within cells by the
enzyme asparagine synthetase. This tetrameric protein deaminates asparagine and glutamine (Dhanam
Jayam G and Kannan S, 2014)[1]. L-Asparaginase catalyzes the hydrolysis of L-Asparagine into
aspartic acid and ammonia. While normal cells can regenerate L-Asparagine, cancer cells lack this
ability:and rely on blood serum for their supply. L-Asparaginase depletes L-Asparagine, disrupting

protein synthesis, arresting the cell cycle in the G1 phase, and inducing apoptosis in cancer cells.
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L-Asparaginase has gained significant attention in cancer therapy, particularly for treating
Acute Lymphoblastic Leukemia (ALL) and lymphomas. It is also widely used in the food
industry to reduce acrylamide formation, a carcinogenic byproduct of the Maillard reaction in

starchy foods during heating (Arastoo Badoei-Dalfard, 2014)[2].

Microorganisms serve as the primary source of L-Asparaginase, with Escherichia coli and
Erwinia carotovora being commonly used in pharmaceutical applications. However, these
sources have drawbacks, such as glutaminase activity, which can lead to side effects like
diabetes, allergic reactions, and coagulation: disorders... To overcome these limitations,
alternative microbial sources, including fungi like Aspergillus oryzae and Aspergillus niger
(Jorge Javier Muso Cachumba et al., 2016) [3], and actinomycetes such as Streptomyces
gulbargenis, S. olivalus NEAE-119, S."parvus NEAE-95, and S. brollosae (Noura El-
Ahmady El-Naggar et al., 2016)[4], have been explored for enzyme production.

Soil, rich in microbial diversity, provides an excellent natural reservoir for L-Asparaginase-
producing organisms. Optimizing factors such as pH, temperature, incubation time, and
nutrient sources, including carbon, nitrogen, and trace elements, enhances enzyme yield. This
study focuses on the identification, isolation, and optimization of L-Asparaginase production
from various microorganisms with minimal glutaminase and urease activity. The enzyme was

further purified, determined its molecular weight and evaluated its anticancer potential.

2. EXPERIMENTAL SECTION

2.1. Isolation of organism

Soil samples were collected from different locations of Bangalore for isolation of organism
and was carried out by pour plate methodology. In this process, 1g of soil was dissolved in a
saline solution used as inoculum. Subsequently, 200ul of each soil solution was poured into a
sterile petriplates above that approximately 20mL modified in M9 media (Asep Awaludin
Prihanto, et.al. 2020)[19] was poured and allowed for salinification. After the process, the
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plates were incubated in bacteriological incubator at 37°C. A bacterial identification was

performed by a gram staining technique.
2.2. Screening for production

Approximately 20mL media was poured in sterile petriplates further streaked in a zig zag
manner on the media and incubated for 24hrs at 37°C and confirmed by the biological assay
method. In this process, the reaction mixture contains 1mL of Tris HCI buffer, 0.ImL of
189mM of L-asparagine solution followed by incubation for 10min at 37°C and centrifuged.
0.1mL of cell free media was added to the sample solution and incubated.for 30min.at 37°C
and stopped the reaction by adding 0.ImL of 1.5M trichloroacetic ‘acid.  Then, 0.2mL of
sample solution was pipetted out, diluted with water and subsequently, 0.5mL of Nessler’s
reagent was added. The liberation of ammonia was analyzed by .UV absorbance at 436nm
against 6mM of ammonium sulphate standard solution to find T-unit of enzyme activity
which is defined as the amount of enzyme that catalyzes the reaction of 1umol of substrate

per minute.
2.3. Optimization of physical parameters

Physical parameters such as incubation time was carried out by the preparation of S0mL of
media, inoculated the organism and incubated in shaker incubator and for every 24 hrs
enzyme assay was carried out. After standardization of incubation time, it was subjected to
optimization of pH. In this process, 50mL media was prepared in five different conical flasks
adjusted to pH of 4 to 9 using NaOH solution and after 48 hours assay was performed.
Thereafter, temperature was optimized with 50mL of media and adjusted to pH 6 and
incubated at different temperatures such as 25°C, 30°C, 35°C and 40°C. Enzyme assay was

carried outto observe the optimum temperature.
2.4. Effect of nitrogen sources, carbon sources and trace elements

Five different types of nitrogen sources such as 1% tryptone, Peptone, Ammonium sulphate,
Ammonium nitrate and Sodium nitrate were added into a media and adjusted to pH 6 and the
organism was inoculated followed by the incubation for 48 hours at 40°C .Assay was
performed to determine a nitrogen source that has been utilized by an organism. Thereafter, a
range of concentrations from 0.25% to 1% of selected nitrogen source were added to the
broth and assay was carried out to determine the specific amount of nitrogen source used by

the organism. Similarly, carbon sources such as 1% of cellulose, sucrose, starch, glucose and
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maltose as well as trace elements includes 10mg MnCl,, MgSOy4, Fe(SO4),, ZnCl,, CoCl, and
Cu(SOy), were added into a l-asparagine broth and assays were performed for all the above

chemical sources along with its different concentration.
2.5. Purification of L-asparaginase and protein estimation

The enzyme solution was centrifuged, and the cell free media obtained was subjected to
purification which includes salt precipitation where 70% saturation was achieved by the
addition of salt followed by dialysis. The dialysed sample was purified by ion exchange
chromatography using a gradient elution. Diethylamino ether (DEAE) cellulose was-added to
a column as a matrix, and it served as a positively charged resin. An.enzyme solution was
then purified by gel filtration chromatography where, 75g sephadex gel was added to a
column. Protein estimation was carried out against BSA standard at 660nm (Oliver H. Lowry
etal., 1951) [20] and assay was conducted for all the purified samples by modified

Nesslerization method.
2.6. Characterization and SDS page

The purified sample underwent further characterization such as, incubation time ranging from
Smin to 30min and for substrate coneentration, different concentrations of Tris HCI buffer
(reagent A) were prepared, pH was adjustedto 4,5,6,7,8,9 and 10 using different buffers and
incubated at different temperatures during the assay experiment and its activity was
calculated for all the parameters. SDS page was performed to find a molecular weight (Sarina

P. Khabade, et.al, 2024) [21].
2.7. Anti —Proliferating assay

The anticancer activity of L-asparaginase was evaluated using the 3TS cell line, a standard
model for testing anticancer agents. Cells were cultured in DMEM supplemented with 10%
fetal bovine serum (FBS) and antibiotics. Upon reaching 70%-80% confluency, they were
trypsinized, counted, and seeded into 96-well plates at a density of 10,000 cells per well.
After overnight adhesion, L-asparaginase was added in concentrations ranging from 0.1 to 10
U/mL in triplicate, while control wells contained only culture medium. The plates were
incubated at 37°C with 5% CO: for 48 hours. Cell viability was assessed using an MTT
assay. After incubation, 20 uL of MTT reagent (5 mg/mL in PBS) was added to each well
and incubated for 4 hours. The media was then removed, and 150 uL of DMSO was added to
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dissolve the formazan crystals formed by metabolically active cells. Absorbance was

measured at 575 nm using a microplate reader.
3. RESULTS AND DISCUSSION
3.1. Confirmation of L-asparaginase activity

Soil was chosen as the source to isolate microbes producing L-asparaginase enzyme.
Collected soil samples were dissolved in a saline solution (Fig 1) followed by its introduction
into a petridish containing asparagine dextrose salts agar media (ADS). The presence of L-
asparaginase enzyme was indicated by the formation of pink colour colenies due to the
addition of phenol red indicator, thus there was a change in pH from acidic to alkaline (Fig 2a
to 2e). The similar change was observed by Noha et.al.[14]. The gram staining technique

identified the culture as belonging to Bacillus species.

Fig 2c Fig 2d Fig 2e

Fig 1(soil sample dissolved in saline solution) Fig 2a to 2e (Sample showing pink colour

colonies indicates the presence of L-asparaginase enzyme)
3.2. Determination of physical parameters by L-asparaginase assay

The physical parameters were optimized with respect to pH, incubation time and temperature
and thereby, enzyme activity was determined by l-asparaginase assay. Ammonium sulpahate
was used as a standard .The highest enzyme activity was observed in the first organism at
48hrs incubation time (Fig 3a). Further, it remained stable as compared to other organisms

where, the enzyme activity differed. The selected organism was further analysed for pH and
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temperature in which the maximum enzyme activity was observed at 40°C and pH 8 (Fig 3b
and 3c). Pallavi et.al.[11] reported the maximium enzyme activity at 37°C and pH 9.6 and
Khabade et.al.[21] observed the similar results for temperature at 37°C and pH 7. By
optimizing these parameters production of the enzyme can be increased. Biochemical tests
were performed on the bacterial culture in order to understand the correlation of the

compounds associated with the enzyme which will be helpful in the preparation of growth
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media as well as in clinical aspects. Nineteen biochemical tests were conducted and among

them some of them showed positive results as represented in table 1.

Fig 3 — optimization of physical parameters a) incubation time b) pH c¢) Temperature

Table 1 — Biochemical tests of a bacterial culture

Positive Negative
Carbohydrate fermentation test

Glucose Positive -
Maltose - Negative
Lactose - Negative

Sucrose Positive -
Indole - Negative
Methyl red - Negative

Voger Proskauer Positive -
Citrate - Negative
Gelatin - Negative

H,S - Negative
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Nitrate reduction Positive -

Catalase Positive -
Oxidase - Negative
TSi Positive -
Urease Positive -
Lipid hydrolysis - Negative
Starch hydrolysis - Negative
Cellulose degradation Positive -
Casein hydrolysis Positive -

3.3. Effect of different chemical sources

Among five nitrogen sources, the more enzyme activity was found with 1.25% ammonium
sulphate, (Fig 4a and 4b). In carbon sources, the greatest activity was observed in 1. 5% of
sucrose (Fig 4c and 4d) and in trace elements Smg of cobalt chloride showed the highest
activity (Fig 4e and 4f). Similar results were ebserved by Narendra et.al. [22] Whereas, Ali
et.al.[13] showed the maximum enzyme activity result in glucose and the least activity in
sucrose. Noura et.al. [23] obtained the maximum values for manganese and cobalt metal ions

such as 145.15% and 143.04% respectively. The addition of these chemical sources will
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Fig 4- different chemical parameters a) Nitrogen source b) Concentartion of ammonium
sulphate c¢) Carbon source d) Concentration of Sucrose ) Trace elements f) Concentration of

Cobalt chloride
3.4. Purification and protein estimation

The optimized sample was further purified by salt precipitation, dialysis and ion exchange
chromatography. Protein estimation was performed at 660nm for all the purified samples (Fig
5) against a BSA standard. Enzyme activity was found to be 75.31 units/mL in salt precipitate
whereas, the activity decreased gradually to 5.42 units/mL for ion exchange sample. The
activity was even more decreased when subjected to gel filteration chromatography. Similar
results were reported by Narendra et.al.[22] and P.Devaghi et.al.[24].
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Fig 5- Protein estimation of all the purified samples
3.5. Characterization of purified enzyme and SDS page for molecular determination

The purified “‘enzyme was characterized based on pH, temperature, incubation time, and
substrate.concentration. Enzyme activity showed a sharp increase, reaching 0.22 U/mL at 20
minutes. of ‘incubation before declining at 30 minutes (Fig 6a). The highest activity was
observed at pH 6 (0.36 U/mL), with a decline in alkaline conditions (Fig 6b). Maximum
activity was recorded at a 100 mM substrate concentration, remaining stable up to 150 mM
(Fig 6¢). The optimal temperature for enzyme activity was 35°C (Fig 6d). Similar findings
were reported by Estefania et al. [16], who observed peak activity at pH 6 and 37.5°C, while
Narendra et al. [22] found maximum activity at pH 9, 40 minutes of incubation, and 40°C.

The molecular weight of the enzyme was determined to be 45 kDa (Fig 7), aligning with
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previous studies, where Noura et al. [12] reported 64 kDa and Estefania et al. [16] found 37
kDa.

Fig 6 — Characterization of purified enzyme a) Incubation time b)pH c)Substrate
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Fig 7— SDS page showing the molecular weight of the protein
3.6. Effect of enzyme volume on cell inhibition

This study has evaluated and confirmed the anti-cancerous properties of the enzyme extracted
from a soil-isolated microorganism. Anassay performed using the 3T3 cell line demonstrated
a gradual increase in the percentage of inhibition with the incremental addition of the sample.
At a sample volume of 10 ul;.the inhibition percentage was recorded at 13.67%, whereas at
50 pl, it increased.to 40.39% (Table 2) and IC-50 was calculated from the graph (Fig 8b), and
it was found to be 62.37%. This indicates that the lower sample volume resulted in minimal
reduction in.cell viability, while the higher volume produced a more significant effect. The
comparative ‘analysis with Manish Bhat et al. [25] revealed a 98% inhibition upon the
addition of 0.019 IU/mL of the enzyme sample, whereas Islam Husain et al. [26] reported a
31.79% inhibition after adding 10 IU/mL of the sample.

Table 2 — Effect of enzyme volume on cell inhibition

Control 0.9765 =
10ul 0.843 13.67127 %
20ul 0.764 21.76139 %

30ul 0.688 29.54429 %



212

213

214

215

216

217

218
219

220

221
222
223
224
225
226
227
228

229

230
231
232
233
234
235
236
237
238

40ul 0.6285 35.63748 %
S0ul 0.582 40.39939 %

—ed
L = MTT assay

w

B ¢ 10 3 %o b Touls

.
=3

w

A"y~ 0.6733x+ 8.0031
R?=0.9888

SR
s S

o

0 20 40 60

Concentration in pl

Percentage of inhibition (%)

Fig 8a Fig 8b

Fig 8 a) — Various concentration of control and enzyme solutions, Fig b) — Percentage of

inhibition for different volumes of enzyme

4. CONCLUSION

This study successfully optimized and characterized L-asparaginase from soil-isolated
Bacillus species. Enhanced enzyme production was achieved through optimized physical and
chemical conditions, followed by purification using salt precipitation, dialysis, ion-exchange,
and gel filtration chromatography.. Characterization confirmed its activity across various
parameters, with SDS-PAGE revealing.a molecular weight of 45 kDa. MTT assay using the
3T3 cell line showed 62.37% inhibition, demonstrating significant anticancer potential. These
findings reinforce the  therapeutic relevance of L-asparaginase, particularly in Acute

Lymphoblastic Leukemia treatment, and highlight its broader industrial applications.
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