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Abstract 

Microbial L-asparaginase (L-asnase) is a widely used anti-tumor enzyme that catalyzes the 

process of converting L-asparagine to aspartate and ammonia, successfully starving cancer cells 

of an essential nutrient. L-asnase does occur in a variety of other organisms, including plants 

and fungi, but it is relatively little perennial for bacteria. The aim of this study was to isolate, 

screen and characterize soil-borne bacterial strains for their capability to produce L-

asparaginase, and evaluate the anticancer activity of this enzyme on the Pan-I cell line. Herein, 

eight bacterial isolates were recovered from soil samples collected from forested areas in 

Tehran, Iran. These specimens were cultured in vitro and screened for their capable of 

producing extracellular and intracellular L-asparaginase. Following isolation, the samples were 

cultured in M9 medium which allowed for identification of colonies producing the enzyme with 

a change in color from yellow to pink. L-asnase was confirmed for its presence by 

spectrophotometry, and its molecular mass was analyzed by SDS-PAGE on heterogeneous 

purified samples. The extracted L-asparaginase was then tested for its anticancer activity was 

assessed against the Pan-I cell line using the MTT assay. An L-asnase- was able to isolate 

Bacillus subtilis strain excited from the soil samples which exhibited positive anticancer 

activity as shown by decreased cell viability of treated Pan-I cells. 
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Introduction 

Pancreatic cancer is among the most aggressive malignancies with a highly progressive disease 

and poor prognosis. In fact, about 80% of cases have metastasized by the time of diagnosis, and 

this is partly why its reputation as an extremely aggressive cancer type (which it is) is well-

deserved. Pancreatic cancer is the fourthleading cause of cancer-related mortality in both men 

and women after lung (1, 3) and colorectal (4) and prostate (5) for men and after breast (1, 6), 

colorectal (7), and lung cancers (8) in women according to a 2014 European epidemiological 

study. Despite progress in diagnostic and therapeutic technologies, pancreatic cancer is still 

associated with a heightened five-year survival rate, estimated to be somewhere around 4% (3). 

Undoubtedly, L-asparaginase is one of the treatments that aroused enthusiasm in cancer therapy 

in general and in the treatment of pancreatic cancer. For the last 40-plus years, this enzyme has 

been the focus of research and debate over whether it has any usefulness or not. L-asparaginase 

is an anti-cancer enzyme that is used to treat a variety of hematologic malignancies, such as 

acute lymphoblastic leukemia (ALL), reticulosarcoma, Hodgkin's disease, acute myeloid 

leukemia, acute myelomonocytic leukemia, and chronic lymphocytic leukemia (CLL). It is 

generally prescribed with other therapies. This enzyme has been universally approved by Food 

and Drug Administration (FDA) and World Health Organization (WHO) for a wide range of 

clinical promise (4). 

Mechanistically, L-asparaginase acts through the hydrolysis of L-asparagine into L-aspartic 

acid and ammonia resulting in a depletion of circulating asparagine levels (5). Such depletion 

perturbs the normal assembly of cancer cells in their proliferation cycle, especially during the 

G1 phase of the cycle which results in decreased protein and nucleic acid synthesis and further 

promotes cell death (6). Significantly, L-asparaginase additionally exhibits co-activity as a 

glutaminase, an attributeu of note if L-asparaginase is to prove effective in targeting pancreatic 

cancer cells, which often demonstrate increased reliance upon glutamine metabolism for 

survival (7). Mutations in the KRAS gene, prevalent in pancreatic cancer, further augment 

glutamine utilization, which allows tumor growth and proliferation(8). L-asparaginase-induced 

glutamine depletion has been shown to inhibit the growth of human hepatocellular carcinoma 
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xenografts (9), underscoring the important role of glutamine metabolism in the survival of 

cancer cells. 

L-asparagiase can be obtained from different organisms, including plants, animals, and 

microorganisms, and displays antiproliferative activity against multiple cancer types, such as 

breast cancer (4). The demand for L-asparaginase will rise significantly due to its clinical 

potential and its applications in food processing. Microbial production, in particular using 

bacteria and fungi, has various advantages: rapid enzymes production (24–48 h), inexpensive 

and easy screening of different species (10). The use of pH indicators allows direct visualization 

that permits fast identification of active cultures(11). 

While being an efficient drug, the glutaminase activity of L-asparaginase gave way to its side 

effects on normal cells. Continued usage of common substances such as E. coli and D. 

chrysanthemi may induce immune responses that lead to allergic reactions, anaphylaxis, and 

possible resistance in tumoral cells (12). 2, L-asparaginases isolated from microbes are divided 

into two types according to their substrate affinity, where the Km values of Type II L-

asparaginases (micromolar range) are lower than that of Type I L-asparaginases (millimolar 

range) (13). The higher target affinity of Type II enzymes is beneficial for therapeutic use, in 

which it is essential that asparagine is successfully degraded. Recently, a strain of Bacillus 

subtilis isolated from Red Sea sponges has been found to have anticancer activities with a low 

adverse effect (14). 

L-asparaginase sources from Bacillus species would be a good option only if those obtained 

from soil as the soil ecosystem is the richest with diverse microorganisms(15). 

Hence, this study seeks to assess the role of therapeutic potential of L-asparaginase targeting 

pancreatic cancer and its effect on tumor growth and metabolic dependencies. Our exploration 

of the glutaminase activity, substrate affinity, and possible side effects of L-asparaginase is 

helping us evaluate its potential as an effective and safe therapeutic agent against pancreatic 

cancer. We also intend to explore new sources of L-asparaginase having improved therapeutic 

properties, especially from soil originated Bacillus species in order to extend its clinical use 

with very high property against side effects. 
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Material and Methods 

 

Collection and Preparation of Soil Sample 

Soil samples were collected from various locations within a forest park in Tehran, Iran, at a 

depth of 10 cm and stored at 4 °C in plastic containers. Each sample was serially diluted in 

sterile normal saline, followed by centrifugation at 1000 rpm for 3 minutes. From the 10⁻⁴ and 

10⁻⁶ dilutions, 25 µL of supernatant was cultured on 8 cm LB agar plates under sterile 

conditions. The cultures were spread evenly across the plates with a sterile L-shaped Pasteur 

pipette and incubated at 37 °C for 48 hours. Bacterial colonies were then purified, and 

biochemical tests were performed to identify and isolate Bacillus strains.   

 

M9 medium 

Table1 shows the properties of M9 medium used in this study.Additionally, it contained 1.5 % 

agar with phenol red (0.04-0.36 ml of a solution containing 2.5 %) to maintain a pH of 

approximately. 

Table 1: Ingredients of the culture medium M9 for 1 Liter 

amount material 

0/4 ml MgSO 4. 7 H 2 O 

0/2 ml CaCl 2. 2 H 2 O 

2 ml Glucose 

6 ml Phenol red 

4gr Agar 
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Colony selection 

 

Morphologically different colonies were streaked onto sterile plates with modified M9 medium 

with the addition of Phenol Red as pH indicator. Control plates contained un-inoculated 

medium. Plates were incubated at 37 ± 2°C for 24–72 h, and L-asparaginase activity was 

characterized by the color development of the medium from yellow to pink due to pH change 

(Fig. 1). The positive colonies were further streaked on the nutrient agar plates to purify the L-

asparaginase producer. The purified cultures were stored at 4°C for further study. 

 

 

 

 

 

 

 

 

 

Fig 1. Detection of L-ASNase- producting isolates in the modified M9 medium. 

 

 

3gr Na 2HPO 4. 2 H 2 O 

1/5 gr KH 2PO 4 

0/25 NaCl 

2/5 L -asparagine 
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Screening for L-asparaginase producing Bacillus  

Soil samples were analyzed to screen for L-asparaginase (L-ASNase)-producing isolates by 

determining colonies with a color change (pink or reddish color) for the presence of the 

enzymatic activity. L-ASNase activity from bacteria grown on modified M9 medium was 

determined by measuring ammonia secretion by the Nesslerization method (16). Enzyme 

activity was determined by measuring ammonia levels against an ammonium sulfate standard. 

Furthermore, the yellow brown coloration of Nessler's reagent symbolizing presence of 

ammonia enabled one the ability to detect minute amounts of ammonia, which yielded activity 

of L-ASNase that converts asparagine into ammonia and aspartate. 

 

𝑈𝑛𝑖𝑡 𝑚𝐿−1𝐸𝑛𝑠𝑦𝑚𝑒 =
𝑀𝑖𝑐𝑟𝑜𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑎𝑚𝑚𝑜𝑛𝑖𝑎 𝑙𝑖𝑏𝑒𝑟𝑎𝑡𝑒𝑑 × 𝑋

𝑉 × 𝑇 × 𝑌
 

X = initial volume (mL) of enzyme mixture of the first step 

Y = volume of enzyme mixture (mL) (taken from first step) used in the second step  

T = incubation time (min)  

V = volume of enzyme taken as crude enzyme (mL). 

 

Partial purification of L-asparaginase 

L-asparaginase was partially purified from the crude enzyme extract by ammonium sulfate 

(85%) precipitation. The precipitate enzyme was resuspended in a minimal volume of 1 M Tris 

HCl (pH 7.5) and dialyzed overnight through a semi-permeable membrane against the same 

buffer at 4°C. 

 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 

We used SDS PAGE for screening the purity of asparaginase enzyme. To this, the enzyme 

fractions were resuspended in 200 µL of lysis buffer (62.5 mM Tris -HCl, pH 6.8), SDS (2%), 

glycerol (15%), 2-mercaptoethanol (5%) and Bromophenol Blue 0.001% (tracking dye). The 

samples were boiled for 5 min at 100° C and loaded onto a 15% SDS polyacrylamide gel and 

run at 100 V for 7–8 hours. After electrophoresis, the gel was then stained with Coomassie 
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Brilliant Blue R-250, distained with 500 mL methanol, 100 mL acetic acid and distilled water 

to 1 L and visualized by Gel Documentation System. Determination of molecular weight of the 

partially purified L-asparaginase was performed by comparing with standard molecular weight 

markers 

 

Cell toxicity assessment by MTT assay  

Fig. 5: Cell viability was measured by the colorimetric MTT assay using [3-

(4,5dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]-based reduction into a purple 

formazane product by metabolically active cells. The Panc-1 cells, purchased from Pasteur 

Institute of Iran, were cultured in DMEM with penicillin and streptomycin to prevent 

contamination. To obtain a final concentration of 10% of fetal bovine serum (FBS), this was 

supplemented to a complete culture medium necessary for good cell growth. Cell viability 

was confirmed with trypan blue dye exclusion, followed by counting with a hemocytometer 

and seeding in 96-well plates at a density of 10,000 cells per well. 

104 human existed in each well of the 96-well plates, Panc-1cell line. After incubation for 24 

hours (5% CO2 pressure, 98% humidity, 37 degrees), culture medium was drained. Next, L-

ASNase at concentrations between 20 and 100 mg/ml was added to the cells in the culture 

medium in the 96 wells plate. Complete culture medium served as a 100% non-toxic control 

in three control wells. 

The MTT solution was added to each well with one-tenth of the total supernatant volume of 

the cells added, and the resulting 2 with each added cell-culture media were removed from the 

incubator after 24 h. Followed by placing the plate in the incubator for 4 hours. Then, 200 μl 

of DMSO dimethyl sulfoxide solution was added to the formazan crystals, and the solution 

optical absorption was read with an ELISA reader at a 560 nm wavelength. MTT converted to 

the insoluble formazan salt was used to determine relative cell viability. The data are 

expressed as the mean percentage of viable cells relative to the respective control cultures 

treated with the solve 

Results 

Screening of bacteria isolates 
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Eight soil samples were collected from various environments, including forested park areas, to 

investigate the presence of Bacillus species capable of producing the enzyme L-asparaginase 

(L-ASNase). Results revealed that four bacterial isolates were able to produce ammonia, 

evidenced by a color change to pink in the culture medium due to pH changes associated with 

asparagine breakdown. Of these isolates, four displayed a prominent pink halo around their 

colonies, indicating higher enzyme activity. The soil samples collected near the forest park had 

the greatest concentration of positive isolates, accompanied by the most intense pink coloration 

surrounding the bacterial growth. 

 

Biochemical tests 

Biochemical tests were performed on enzyme-producing isolates, which included assessments 

of colony morphology, gram staining, catalase, oxidase, indole production, citrate 

decomposition, Methyl Red (MR), Voges-Proskauer (VP), and Hydrogen Sulfide (H2S) 

production. The results indicated that, from the four bacilli bacterial isolates tested, three were 

gram-positive while one was gram-negative. Table 2 presents the outcomes of the additional 

biochemical tests categorized by the type of reaction for each bacterial isolate. 

Table2: biochemical tests  

Bacteria 

code 

gr catalase oxidase indole citrate MR VP Urease 

BAC1 + + - + + + + - 

BAC2 - - - + + + + - 

BAC3 + + + - + - + - 

BAC4 + + - + + + + - 

 

 

Bacteria number 1, 3 and 4 were selected for the next tests 

Estimation of L-asparaginase production  

The absorbance rate of the test and standard samples was measured using a spectrophotometer 

and calculated based on the Beer-Lambert law. The results are presented in Table 3. By plotting 

absorbance changes in different concentrations of standard samples, a standard absorbance 
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chart (Figure 2) was obtained, and unknown sample concentrations were calculated using the 

line slope formula (Table 4). 

 

Table3: Absorption of standard samples 

 

Absorption rate (OD) 480 nm Standard ascending concentrations Cs 

(μm/ml) 

300 0.24 

400 0.32 

500 0.4 

600 0.45 

700 0.52 

800 0.53 

 

 

 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

300 400 500 600 700 800

A
b

so
rp

ti
o

n
 r

at
e 

(O
D

) 
48

0 
n

m
 

Std  concentrations Cs (μm/ml) 

Series1

Expon. (Series1)



 

10 

Fig 2. Standard absorption diagram of different investigated concentrations; 

 

 

 

 

 

Table4: Absorption and unit of test samples (bacterial enzymes) 

 

 

L-asparaginase activities of three Bacteria were recorded to range of 65.31-104.37 unit/mL−1. 

The isolates of BAC4, exhibited a maximum enzyme activity with 104.37unit/mL−1. Other 

results can be seen in the table 4. 

 

SDS PAGE and determination of monomeric molecular of the protein 

 

All the bands related to the enzymes of all the samples were revealed approximately in the 

range of 45 kDa. As expected, the negative control samples lacked the enzyme band 

Bacteria Code Absorbance 480 

nm 

Calculated 

concentrations 

Cs (μm/ml) 

Enzyme 

Units/ml 

BAC1 0.46 720.3 72.03 

BAC3 0.42 365.1 65.31 

BAC4 0.67 1403.7 104.37 
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According to the obtained electrophoresis pattern, the extraction of L-asparaginase is confirmed 

(Figure 3). 

 

 

 

 

 

45kDa 

 

 

 

 

Anti-cancer activity 

Using MTT assay, the in vitro cytotoxicity effect of Bacillus sp asparaginase enzyme on the 

growth of pan-1 cell lines was studied. percentage of viable cells were calculated As shown in 

(Figure  4, table5). 
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Fig 3.SDS-polyacrylamide gel electrophoresis of the 

purified L-asparaginase produced by Lane 1: Protein 

marker; Lane 2: Purified L-asparaginase; 
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Fig 4.  Cytotoxic effect of L-ASNase's conccentrations on pancreatic cancer cell line. The 

percentage of cell viability was measured by MTT assay at 24 h. 

 

 

 

Table5: The percentage of cell viability 

 

 

 

 

 

 

 

 

 

 

 

Discussion  

 

Although L-asparaginase (L-ASNase) is typically more compatible with body tissues than 

classical chemotherapy drugs and new therapies (such as oligonucleotide therapies) (16), it has 

general side effects that can jeopardize patients (17). E. When sourced from bacteria, L-ASNase 

is known to induce toxicities and hypersensitivity reactions, making it unsuitable for certain 

patients. Hence, it is essential to find other sources for L-ASNase (18). 

Soil environments with abundant vegetation, such as in forest parks, are a valuable means of 

exploring bacterial species with the potential for the generation of bioactive compounds. 

viability 

Average 

control 
Average Concentrations 

52.66 
0.981 0. 51666667 100 mg/ml 

55.92 

 

0.981 0.548666667 80 mg/ml 

63.54 
0.981 0. 62333333 60 mg/ml 

65.57 
0.981 0.64333333 40 mg/ml 

69.99 
0.981 0.68666663 20 mg/ml 
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Positive activity of L-ASNase was shown by four bacterial isolates in this study, which results 

in a color change of the medium when ammonia is generated upon the cleavage of L-asparagine 

(19). Bacteria have an incredible ability to adapt to different environmental circumstances, 

leading to the production of different enzymes (20) (both intracellular and extracellular) that 

help carry out essential biochemical reactions. 

Biochemical testing of the isolates revealed that Bacillus subtilis showed the highest enzyme 

production; however, molecular assays are still necessary for further confirmation. According 

to its exotic properties, B. subtili is a Gram-positive bacterium which is usually present in the 

upper soil layers, took potential importance as a microbial cell factory, chiefly because of high 

fermentation, product yield, and low toxicien by-products such as of many cellular enzymes; 

therefore B. subtilis is a good micro-organism for anticancer L-ASNase production by using 

submerged fermentation (21). 

Anti-cancer potential of bacterial L-ASNase Hence, bacterial L-ASNase was studied. For 

example, Moharam et al. Özdemir et al. [5] reported that L-ASNase from Bacillus sp. However, 

R36 was less effective against the Hep-G2 and HCT-116 cell lines, with IC50 values of 112.19 

µg/mL and 218.7 µg/mL (22), respectively. Although L-ASNase upregulation could take some 

time, the enzyme used in the present study could still reduce Panc-1 cell viability in a dose-

dependent manner (Figure 4); thus highlighting its anticancer effects. 

Because each microorganism has a heterogeneous therapeutic efficacy and side effects as well 

(22), other natural sources are being investigated to find the most promising L-ASNases (23). 

For example, Alrumman et al. demonstrated that L-ASNase was produced by Bacillus 

licheniformis isolated from the Red Sea as a glutaminase-free enzyme, with a maximum 

production at 72 hours, pH 6.5, and 37 °C (24). Pradhan et al. attributed the extracellular 

enzymes production at the rate of 1.7 and 14.5 times lower than that of Bacillus sp. and 

Pectobacterium carotovorum to the use of Bacillus subtilis strain hswx88. This isolate also has 

potential such as large-scale production of thermophilic L-ASNase for pharmaceutical use and 

acrylamide-free food processing (25). 

This study showed the generation of L-ASNase from soilderived Bacillus subtilis and its 

anticancer activity on Panc-1 cell line which is mediated through apoptosis as evidenced from 

MTT assay. These results highlight the feasibility of L-ASNase derived from B. subtilis and its 

potential as a potent and efficient therapeutic for cancer, providing the opportunity to improve 



 

14 

the current commercial preparations. The findings offer a strategy for the design of new 

anticancer therapeutics derived from bacterial L-ASNase. 
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