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Abstract 

 
Mesophilic bacteria from soil habitat have been reported to produce 

extracellular L-glutaminase. The present study was carried out to anticancer 

screening of L-glutamiase producing bacteria (Kurthia gibsonii) from soil 

sample of cattle feeding site from Satara parisar, Chhatrapati Sambhajinagar. 

Results showed, among three soil samples of cattle feeding farms, Kurthia 

gibsonii was isolated. From that exhibited the highest L-glutaminase activity. 

Moreover, the in vitro cytotoxic activity of L-glutaminase against the (Lymph 

Node Carcinoma of the Prostate) LNCaP, (an epithelial, human breast cancer 

cell line) MDA-MB 231 and hepatocellular (HepG-2) carcinoma cell lines at 

different concentration (0.47, 0.94, 1.88, 3.75, 7.50, 15.00, 30.00 and 60.00 

μg/ml) by the MTT assay and compared with the standard Doxrubcin. The 

antitumor effect against human liver carcinoma cell line revealed that L-

glutaminase produced by Kurthia gibsonii showed potent cytotoxic activity of 

tested cell line in a dose-dependent manner with an LC50 value of 4.1 μg/ml. 
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1. Introduction 
L-glutaminase catalyzes the hydrolytic degradation of l-glutamine to L-glutamic acid and ammonia (1). 

Glutaminase catalyzes the hydrolytic degradation of L-glutamine. L-glutaminase shows an amide 

enzymatic activity that has a significant role in nitrogen metabolism in all living cells at cellular level 

(2). L-glutaminase has been considered to play a significant role in enzyme therapy for cancer treatment, 

especially in acute lymphocytic leukemia. It was also found to be effective against human 

immunodeficiency virus (3). biosensors for monitoring glutamine levels in mammalian and hybridoma 

cell cultures without the need for separate measurement of glutamic acid (4). L-glutaminase enzyme is 

ubiquitous in nature and reported in animals, plants, bacteria, actinomycetes, yeast, and fungi (5,6). 

Attempts are being made to replace enzymes, which traditionally have been isolated from animal tissues 

and plants to enzymes from microorganisms because microbial enzymes are cheaper to produce, more 

predictable, controlled, and reliable (7,8). Many bacteria synthesize extracellular and intracellular 

glutaminases such as Bacillus sp., Pseudomonas, Actinobacterium sp, and E. coli. (9). The focal sources 

of fungal glutaminases are Aspergillus sp. and Trichoderma sp. (10). Reports showed that the majority 

of microbes producing L-glutaminase have been isolated from soil and aquatic environment (11,12). L-

glutaminases produced by terrestrial microorganisms have been reported to have some disadvantages 

such as unstable in extreme conditions, incompatible with human blood, and may induce a lot of side 

effects to patients. Thus, there is a great urgency to investigate other enzymatic sources (13). Halophilic 

microorganisms are a potential source of extremozymes called halozymes which are capable of 

functioning under high concentrations of salt, a wide range of pH values, and temperatures (14). 

Furthermore, over the past few decades, several efforts have been made to discover the potential abilities 

of these extremophiles and using them efficiently for therapeutic purposes. The important features of 

these enzymes that distinguish them from all other types of drugs are high affinity, specificity, and 
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catalytic efficiency (8). Hence, there is an increasing interest in the identification of marine microbial 

strains and developing the practical bio-processing technique to improve their productivity for 

therapeutic purpose. L-glutaminase (EC 3.5.1.2) is an amido hydrolase enzyme which catalyzes L-

glutamine to L-glutamate and ammonia (15). It is useful in the treatment of cancer (16). L-glutaminase 

is widely distributed in bacteria, actinomycetes, yeast and fungi (15,17,18). L-glutaminase exhibits 

anticancer effect by depleting the L-glutamine from the cancerous cells, since these cells more avidly 

consume L-glutamine for their energy needs and proliferation than normal cells (19). It is also 

understood that the cancerous cells cannot synthesis their own L-glutamine and this is the Achilles heel 

that is exploited by these amino acid depleting anticancer agents (20, 21). Other than in pharmaceutical 

applications, L-glutaminase finds applications in food industries as a flavor enhancement agent 

especially for fermented foods and has also got applications as a biosensor and analytical agent and 

used for the production of fine chemicals like theanine (22,23). There are many cattle feeding farms 

were found around Chhatrapati Sambhajinagar districts. While various microorganisms were found in 

these feeding sites have been studied, to date there has been no report concerning the production and 

characterization of glutaminase produced by microorganisms isolated from cattle feeding farms. With 

the ultimate goal of improvement of information, we presently screened the L-glutaminase-producing 

bacteria from cattle feeding farms. In this study, we determined the in vitro cytotoxicity of L-

glutaminase produced by Kurthia gibsonii; isolated from soil samples from cattle feeding farm. 

2. Materials And Methods 

Sample collection 

L-glutaminase samples were collected Kurthia gibsonii. The process of isolation, idenfication, bacterial 

inoculum preparation was described in my previous paper.  

Partial purification of l-glutaminase 

The purification was carried out using 500 ml of crude enzyme extract. Finely powdered ammonium 

sulphate was slowly added into cell-free supernatant (crude enzyme) so as to reach 40% saturation. The 

whole content was stirred at 4 °C using a magnetic stirrer. The precipitated crude enzyme was removed 

by centrifugation at 10,000 × g at 4 °C for 20 min. Fresh ammonium sulfate was added to the supernatant 

to increase the saturation to 50%. The obtained precipitate was re-suspended in a minimal volume of 

0.01 M phosphate buffer (pH 8). Precipitated protein was removed by centrifugation as described 

earlier. Once again, the fresh ammonium sulfate was added to the cell free supernatant to increase the 

concentration to 80%. The obtained enzyme precipitate was re-suspended in a minimal volume of 0.01 

M phosphate buffer (pH 8) and precipitated protein was recovered by centrifugation. The enzyme 

precipitate obtained after ammonium sulphate precipitation was dialyzed against 0.01 M phosphate 

buffer (pH 8) for 24 h at 4 °C with continuous stirring and occasional changes of the buffers. The 

dialyzed fractions were collected and freeze-dried, and the lyophilized enzyme was used for the MTT 

assays (24). 

Preparing cell line 

A vial of each cell lines was taken out from liquid nitrogen storage and thawed rapidly to room 

temperature. The contents in the vials were added to 9 ml of complete medium and centrifuged at 125g 

for 5 minutes. After centrifugation, the supernatant was discarded and pellet was mixed with 10 ml of 

complete medium and suspended in a T-25 flask and incubated at 37°C with 5% CO2. When the cell 

confluence reached ~80%, the cells were centrifuged at 125g for 5 minutes; pellet was mixed with 15 

ml of complete medium and transferred to two T-75 flasks. When the cell confluence reached around 

80-90%, cells in the flask were used for the assay. 

Test system 

Cell line MDA-MB 231 

Passage number P4 

Media Eagle's Minimum Essential Medium 

Source ATCC HTB-26 

 

Cell line HePG2 

Passage number P3 

Media Eagle's Minimum Essential Medium 

Source ATCC HB-8065 
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Cell line LNCAP 

Passage number P3 

Media RPMI-1640 

Source ATCC CRL-1740 

MTT assay 

200 μl cell suspension (in complete culture medium with 10% FBS) was seeded in a 96-well plate 

(20,000 cells per well), without the test agent and allowed to grow for 24 hours. After 24 hours of 

incubation, spent media in the wells of 96-well plate were replaced with appropriate concentrations of 

the test compounds and incubated for 48 hours at 37°C in a 5% CO2 atmosphere. After the incubation 

period, the plates were removed from incubator; spent media was removed followed by addition of 

MTT reagent to a final concentration of 0.5 mg/ml (0.2 μm filter sterilized). The plates were wrapped 

with aluminum foil to avoid exposure to light, and placed in the incubator for 3 hours. After incubation 

MTT reagent was removed and 100 μl of DMSO was added. Absorbance was measured on 

spectrophotometer (Tecan™ Infinite 200 Pro) at 570 nm. 

Experimental design 

Group/Treatment Description N/assay 

Medium control medium without cells 3 

Negative control medium with cells minus experimental drug/compound 3 

Vehicle control medium with cells and vehicle 3 

Test compounds 0.47, 0.94, 1.88, 3.75, 7.5, 15, 30 and 60 µM 3 

Data analysis 

The percent viability of cells in the untreated (negative control) group was set to 100% and the % 

viability of cells in the treated groups was estimated relative to the negative control. The % viability 

was plotted against the concentration and evaluated for dose response. Based on the dose response 

relationships, an appropriate model was fit to estimate the Imax and IC50.  

Percentage viability was calculated using the following formula:  

% Viability =
100 ×  OD570e 

OD570b
 

Where, 

OD570e is the mean value of the measured Optical Density of the dilutions of test item; 

OD570b is the mean value of the measured Optical Density of the negative control 

Anticancer activity 

The anticancer activity of the produced L-glutaminase was studied against (Lymph Node Carcinoma of 

the Prostate) LNCaP, (an epithelial, human breast cancer cell line) MDA-MB 231 and hepatocellular 

(HepG-2) carcinoma cell lines. The cells were propagated in 24-well plate (BD Biosciences, San Jose, 

CA, USA) in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% heatin activated 

fetal bovine serum, 1% L-glutamine, HEPES buffer, and 50 μg/ml gentamycin. The cell suspension 

(105cells/ml) was seeded in every well and incubated at 37°C for 48 hours in 5% CO2 for the formation 

of a confluent monolayer. The cell viability was measured using MTT assay. The MTT assay is based 

on the reduction of yellow 2,5-diphenyl tetrazolium bromide to purple formazan by actively growing 

cells. The monolayer of cells in 24-well plates was incubated alone or with an enzyme at different 

concentration (0.47, 0.94, 1.88, 3.75, 7.5, 15, 30 and 60 μg/ml) for 48 hours. After incubation, 20 μl 

MTT stock solution (5 mg/ ml in phosphate-buffered saline or PBS, pH 7.5, filtered through 0.22-μm 

cellulose acetate filter; Sigma, St. Louis) was added to each well, incubated for 4 h at 37 °C then the 

solution was decanted. To stop succinate-tetrazolium reductase activity and solubilize formazan 

crystals, 100 μl of propanol was then added to each well. The viable cells yield was determined by a 

colorimetric method. The percentage of viable cells was calculated as follows: Cell proliferation (%) = 

(OD experimental group/OD control group) × 100. The 50% inhibitory concentration (IC50), enzyme 

concentration causing 50% inhibition of intact cells was calculated from the graph plotting percentage 

of cell viability against enzyme concentration. The lower the IC50 value indicates high antitumor 

capacity. 
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Statistical analysis 

Data were expressed as means±SD. The mean values were calculated based on the data taken from at 

least three independent experiments (n = 3). Statistical analysis was performed by using the student’s 

t-test. Differences were considered significant at P < 0.05. 

3. Results and Discussion 

In the present study, In-vitro anticancer activity of L-glutaminase produced by Kurthia gibsonii was 

studied against the (Lymph Node Carcinoma of the Prostate) LNCaP, (an epithelial, human breast 

cancer cell line) MDA-MB 231 and hepatocellular (HepG-2) carcinoma cell lines at different 

concentration (0.47, 0.94, 1.88, 3.75, 7.50, 15.00, 30.00 and 60.00 μg/ml) by the MTT assay and 

compared with the standard Doxrubcin.  

Table 1. Inhibition concentrations (IC50) for cytotoxicity activity of L-glutaminase 

Test compounds Cell line IC50 value (µM) 

Sample A LNCAP 30.11 

Sample B MDA-MB 231 18.15 

Sample C HePG2 12.09 

L-glutaminase produced by Kurthia gibsonii showed a potent cytotoxic activity of all cell lines in a 

dose-dependent manner as shown in Table 3. The results showed that LNCaP, HepG-2 and MDA-MB 

231 cell proliferation were significantly inhibited by L-glutaminase with IC50 values of 30.11, 12.09, 

and 18.15 μg/ml, respectively (Table 4). The produced L-glutaminase exhibited weak toxicity to the 

hepatocellular cell line with IC50 of 50 μg/ml. A blank experiment was conducted containing the same 

extract concentrations, but heat-inactivated to confirm that this antitumor activity is related to the 

produced L-glutaminase not to other bacterial proteins. Thus, l-glutaminase produced by Kurthia 

gibsonii was found to be a potent cytotoxic agent against LNCaP, HepG-2 and MDA-MB 231 cell lines.  

 

Figure 1. The Half maximal inhibitory concentration (IC50) of L-glutaminase 

 

Figure 1. The Half maximal inhibitory concentration (IC50) of L-glutaminase 
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Figure 1. The Half maximal inhibitory concentration (IC50) of L-glutaminase 

Cancer is one of the most dangerous diseases. It is the second bigger disease of human beings (25). 

Although several kinds of treatments are available, enzyme therapy is reported to be the more effective 

one. Cancer therapy using enzymes relies on the low molecular weight protein, specific in their action 

and has less or no toxic effects. In addition, the enzymatic approach was reported to be more promising 

in cancer therapy (26). Cancer cells, especially, cannot synthesize l-glutamine as they lack the proper 

functioning glutamine biosynthetic machinery (L-glutamine syntheses) and therefore require large 

amount of l-glutamine for their rapid growth. These cells depend on the exogenous supply of l-

glutamine for their survival and rapid cell division, as it is a primary tool for donation of its nitrogen, 

which aid in protein, nucleic acid, lipid formation and participate in oxidative metabolism. Furthermore, 

glutaminase is already present in mitochondria, but it must be at the level that allows sequential and fast 

degradation of glutamine (27). Hence, the use of L-glutaminase deprives the tumor cells of l-glutamine 

and causes selective death of l-glutamine dependant tumor cells (28,29). The glutamine-deprivation 

therapy with L-glutaminase that hydrolyzes l-glutamine to l-glutamic acid and ammonia, not only 

selectively inhibits tumor growth by the blocking of the de novo protein synthesis, but also increase in 

the superoxide level of oxidative stress that promotes the death of the cancer cells (30). Thus, it can act 

as a possible candidate for enzyme therapy. For example, L-glutaminase has been receiving more 

attention as an antileukemic agent for treatment of acute lymphoblastic leukemia (ALL) and other types 

of cancer (31). L-glutaminase enzyme produced by halotolerant isolates can be used for increasing the 

level of glutamine catabolism and stopping cancer development. In addition, the chemical nature of 

seawater could provide microbial sources producing enzymes that could have fewer side effects when 

used in therapeutic applications (32). Thus, marine bacteria have recently attracted attention for the L-

glutaminase production (33). Halomonas meridian was first reported as an L-glutaminase producer that 

is used as an anti-colon cancer agent (34). In the present study, the produced L-glutaminase by the 

isolated soil bacterial strain Kurthia gibsonii showed potential anticancer activity against the tested cell 

lines with IC50 values of 30.11, 12.09, and 18.15 μg/ ml for LNCaP, HepG-2 and MDA-MB 231, 

respectively. Furthermore, it is worth mentioning that the produced L-glutaminase exhibited weak 

toxicity to the hepatocellular cell line that confirmed that this enzyme possesses great selectivity to 

cancer cells. In the same trend, many studies investigated the cytotoxicity of L-glutaminase from 

various microorganisms. For instance, the purified L-glutaminase by Alcaligenes faecalis KLU102 

inhibited the growth of Hela cells with an IC50 value of 12.5 μg/ml (26). Moreover, researcher 

mentioned that L-glutaminase purified from a bacterium was able to stop a breast carcinoma with IC50 

of 256 μg/ml (35). Also, some workers indicated that L-glutaminase has a noteworthy efficiency 

contrary to Hep-G2 cell (IC50, 6.8 μg/ml) and a reasonable cytotoxic result against HCT-116 cell (IC50, 

64.7 μg/ml) (36). In addition, l-glutaminase produced by Aspergillus oryzae showed significant 

cytotoxic activity against MCF-7 with IC50 of 283.288 ug/ml (37). Furthermore, the cytotoxicity effect 

of L-glutaminase produced by Bacillus subtilis OHEM11 indicated significant safety on Vero cells with 

high anticancer activity against NFS-60, HepG-2, and MCF-7 cancer cell lines (38). Overall, all these 

data confirmed that L-glutaminase possesses great selectivity to cancer cell and can display potential 

application in cancer chemoprevention and chemotherapy. 
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4.  Conclusion 

In this study we isolated bacterial strain Kurthia gibsonii. Moreover, the specific cytotoxicity activity 

against the tested cell lines with IC50 values of 30.11, 12.09, and 18.15 μg/ ml for LNCaP, HepG-2 and 

MDA-MB 231, respectively. Furthermore, it is worth mentioning that the produced L-glutaminase 

exhibited weak toxicity to the hepatocellular cell line that confirmed that this enzyme possesses great 

selectivity to cancer cells. It revealed that soil of cattle feeding farm has diverse bacterial strains and its 

habitat nature allowed the bacteria expressed the cytotoxic activity. The present isolation of K. gibsonii 

from cattle feeding site indicated that this bacterium is suitably adapted to the environment of excretion 

and to point of forming a microbiota in the fecal product. 

Acknowledgement 

Authors are gratefully thankful to Head, Department of Zoology, Dr. Babasaheb Ambedkar 

Marathwada University, Chhatrapati Sambhajinagar, Maharashtra, India. Authors are also thankful to 

the Head, Paul Herbert DNA barcoding and biodiversity Centre, Chhatrapati Sambhajinagar-431 004. 

Funding Support 

CSIR-UGG NET Junior Research Fellowship-2019, University Grants Commission, NET Bureau, 

University of Delhi, South Campus, Benito Juarez Marg, New Delhi-110021. 

References: 
1. Nandakumar R, Yoshimune K, Wakayama M and Moriguchi M. (2003). Microbial glutaminase: biochemistry, 

molecular approaches and applications in the food industry. J. Mol. Catal. B: Enzymatic, 23:87-100. 

2. Kiruthika J and Saraswathy N (2013). Production of l-glutaminase and its optimization from a novel marine 

isolate Vibrio azureus JK-79. Afr J Biotechnol 23(50):6944–6953. 

3. Zhao J, Lopez AL, Erichsen D, Herek S, Cotter RL, Curthoys NP and Zheng J (2004). Mitochondrial 

glutaminase enhances extracellular glutamate production in HIV-1-infected macrophages: linkage to 

HIV-1 associated dementia. J Neurochem 88:169–180. 

4. Padma I and Singhal RS (2007). Production of glutaminase (E.C.3.5.1.2) from Zygosaccharomyces rouxii: 

statistical optimization using response surface methodology. Bioresour Technol 99:4300–4307. 

5. Ardawi MSM and Newsholme EA (1983). Glutamine metabolism in lymphocytes of the 426 rat. Biochem J 

212(3):835–842. 

6. Binod P, Sindhu R, Madhavan A, Abraham A, Mathew AK and Beevi US (2017). Recent developments in l-

glutaminase production and applications—an overview. Bioresour Technol 245:1766–1774. 

7. Teja DD, Devi VS, Harsha N, Vishala SS and Lakshmi PK (2014). Production of l-glutaminase from marine 

ecosystems and optimal conditions for maximal production by actinomycetes. Int J Adv Res 2(1):485–

491. 

8. Aishwariyaa LV, Sheeja L and Devi MS (2020). Screening and identification of asparginase and glutaminase 

producing halophilic bacteria from natural saline habitats. Int J Rec Adv Biotechnol Nanotechnol 3:34–

53. 

9. Amobonye A, Singh S and Pillai S (2019). Recent advances in microbial glutaminase production and 

applications—a concise review. Crit Rev Biotechnol 39(7):944–963. 

10. Singh P and Banik RM (2013). Biochemical characterization and antitumor study of L-glutaminase from 

Bacillus cereus MTCC 1305. Appl Biochem Biotechnol 171(2):522–531. 

11. Iyer P and Singhal RS (2010). Glutaminase production using Zygosaccharomyces rouxii NRRL-Y 2547: effect 

of aeration, agitation regimes and feeding strategies. Chem Eng Technol 33:52–62. 

12. Yulianti T, Chasanah E and Tambunan USF (2012). Screening and characterization of l-glutaminase produced 

by bacteria isolated from Sangihe Talaud Sea. Squalen 7(3):115–122. 

13. Sabu A (2003). Sources, properties and applications of microbial therapeutic enzymes. Ind J Biotechnol 2:334–

341. 

14. Balagurunathan R, Radhakrishnan M and Somasundaram S (2010). L-glutaminase producing actinomycetes 

from marine sediments –selective isolation, semi quantitative assay and characterization of potential 

strain. Aust J Basic Appl Sci 4:698–705. 

15. Bulbul D and Karakus E (2013). Production and optimization of L-glutaminase enzyme from Hypocrea 

jecorina pure culture.,” Prep. Biochem. Biotechnol., vol. 43, no. 4, pp. 385–397. 

16. Wise DR and Thompson CB (2010). Glutamine addiction: a new therapeutic target in cancer, Trends Biochem. 

Sci., vol. 35, no. 8, pp. 427–433. 

17. Jesuraj SVA, Sarker MR, Ming MC, Praya MJ, Ravikumar M, and Wui WT (2017). Enhancement of the 

production of L-glutaminase , an anticancer enzyme, from Aeromonas veronii by adaptive and induced 

mutation techniques,” PLoS One, pp. 1–17. 

18. Tork SE, Aly MM and Elsemin O (2018). A new L-glutaminase from Streptomyces pratensis NRC 10: Gene 

identification , enzyme purification, and characterization, Int. J. Biol. Macromol., vol. 113, pp. 550–

557. 

19. Roy S, Ghosh S, Mallick P and Maity P (2008). Acivicin with glutaminase regulates proliferation and invasion 

of human MCF-7 and OAW-42 cells-an in vitro study,”Indian J. Exp. Biol., vol. 46, no. 1, pp. 22–26. 

https://jazindia.com/


In Vitro Cytotoxicity Efficiency of Extracellular L-Glutaminase Produce by Mesophilic Bacteria, Kurthia Gibsonii on Lncap, 

MDA-MB 231 and Hepg-2 Cell Lines 

 

Available online at: https://jazindia.com  - 214 - 

20. Kroemer G and Pouyssegur J (2008). Tumor cell metabolism: cancer’s Achilles’ heel, Cancer Cell, vol. 13, 

no. 6, pp. 472–482. 

21. Singh P and Banik RM (2013). Biochemical Characterization and Antitumor Study of L-glutaminase from 

Bacillus cereus MTCC 1305, Appl. Biochem Biotechnol, vol. 171, pp. 522–531. 

22. Binod P (2017). Bioresource Technology Recent developments in L-glutaminase production and applications– 

An overview,” Bioresour. Technol., vol. 245, pp. 1766–1774. 

23. Xiang H, Sun-waterhouse D, Cui C, Wang W and Dong K (2018). Modification of soy protein isolate by 

glutaminase for nanocomplexation with curcumin, Food Chem., vol. 268, no. January, pp. 504–512. 

24. Eman ZG (2022). Production, characterization, and antitumor efficiency of L-glutaminase from halophilic 

bacteria, Bulletin of the National Research Centre, 46:10, pp. 1-11. 

25. Rashmi AM, Gopinath SM, Krishan K and Narasimha MTP (2012). Optimization of submerged fermentation 

process for L-glutaminase produced by Pseudomonas aeruginosa BGNAS-5. Int J Lat Res Sci Technol 

1(4):2278–5299. 

26. Pandian SR, Deepak V, Sivasubramaniam SD, Nellaiah H and Sundar K (2014). Optimization and purification 

of anticancer enzyme L-glutaminase from Alcaligenes faecalis KLU102. Biologia 69:1644–1651. 

27. Lukey MJ, Wilson KF and Cerione RA (2013). Therapeutic strategies impacting cancer cell glutamine 

metabolism. Future Med Chem 5(14):1685–1700. 

28. Nathiya K, Nath SS, Angayarkanni J and Palaniswamy M (2012). In vitro cytotoxicity of l-glutaminase against 

MCF-7 cell lines. Asian J Pharm Clin Res 5:171–173. 

29. Elshafei AM, Hassan MM, Ali NH, Abouzeid MA, Mahmoud DA, Elghonemy DH (2014). Purification, 

kinetic properties and antitumor activity of L-glutaminase from Penicillium brevicompactum NRC 829. 

Brit Microbiol Res J 41:97–111. 

30. Mustafa G, AL-Juha Asmaa IA (2020). Characterization and antitumor activity study for a therapeutically 

important L-glutaminase purified from Staphylococcus aureus. Int J Psychosoc Rehabil 24:3029–3037. 

31. Orabi HM, El-Fakharany EM, Abdelkhalek ES, Sidkey NM (2019). L-asparginase and L-glutaminase: 

sources, production, and applications in medicine and industry. J Microbiol Biotechnol Food Sci 

9(2):179–190. 

32. Kiruthika J and Swathi S (2019). Purification and characterization of a novel broad spectrum anti-tumor l-

glutaminase enzyme from marine Bacillus subtilis strain JK-79. Afr J Microbiol Res 13:232–244. 

33. Zolfaghar M, Amoozegar MA, Khajeh K, Babavalian H, Tebyanian H (2019). Isolation and screening of 

extracellular anticancer enzymes from halophilic and halotolerant bacteria from different saline 

environments in Iran. Mol Biol Rep 46:3275–3286. 

34. Mostafa YS, Alamri SA, Alfaifi MY, Alrumman SA, Elbehairi SEI, Taha TH and Hashem M (2021). L-

glutaminase synthesis by marine Halomonas meridian isolated from the red sea and its efficiency 

against colorectal cancer cell lines. Molecules 26:1963. 

35. Nathiya K, Nath SS, Angayarkanni J and Palaniswamy M (2012). In vitro cytotoxicity of l-glutaminase against 

MCF-7 cell lines. Asian J Pharm Clin Res 5:171–173. 

36. Fifi MR (2015). Kinetic properties of Streptomyces canarius l-Glutaminase and its anticancer efficiency. Braz 

J Microbiol 46:957–968. 

37. Sunil D, Siddalingeshwara KG, Karthic J, Pramod T and Vishwanatha T (2014). Anti-tumour property L-

glutaminase on from Aspergillus oryzae through submergrd fermentation. Int J Curr Microbiol Appl 

Sci 3(3):819–823. 

38. Orabi HM, El-Fakharany EM, Abdelkhalek ES and Sidkey NM (2020). Production, optimization, purification, 

characterization, and anti-cancer application of extracellular L-glutaminase produced from the marine 

bacterial isolate. Prep Biochem Biotechnol 50(4):408–418. 

https://jazindia.com/

