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Abstract 
A significant protein L-glutaminases discovers potential applications in various 

divisions running from the nourishment industry to remedy and cure. L-glutaminase is 

the principal enzyme that changes L-glutamine to L-glutamate and is generally 

distributed in bacteria, actinomycetes, fungi, and higher organisms. The present study 

was focused on the isolation and characterization of glutaminase from microbial 

sources. Different bacterial and fungal strains were isolated. One bacterial strain 

RSHG1 was isolated from an expired glutamine sample, while 4bacterial strains were 

isolated from different soil samples. One endophytic fungal strain Epicocum sp. NFW1 

previously isolated was also included in the study. Selected bacterial strains were 

identified as Achromobacter xylosoxidans RSHG1, Bacillus subtilis RSHU1, Bacillus 

halotolerance RSHQ1, Stenotrophomonas maltophilia RSHU3, and Alcaligenes sp. 

RSHS3 by 16S rDNA sequence analyses. All the bacterial strains were processed for 

the production of glutaminase, and different parameters were optimized. Results 

indicated that A. xylosoxidans RSHG1 showed maximum production of L-glutaminase 

at pH 9, 30˚C, sorbitol, and glutamine as carbon source and nitrogen source, 

respectively. The optimum pH for glutaminase production from other bacterial strains 

was between 6-8. Alcaligenes sp. RSHS3 achieved the highest L-glutaminase 

production at 25˚C, A xylosoxidans RSHG1, and S. maltophilia RSHU3, at 30˚C while 

for B. subtilis RSHU1 and B. halotolerans RSHQ1 optimum temperature was 37˚C. 

Sorbitol was the best carbon source for L-glutaminase production for S. maltophilia 

RSHU3 while B. subtilis RSHU1, and Alcaligenes sp. RSHS3 and  B. halotolerans 

RSHQ1 showed maximum production with glucose sucrose as a carbon source, 

respectively. L-Glutamine was the best nitrogen source for Lglutaminase production by 

A. xylosoxidans RSHG1 and B. subtilis RSHU1, and 1.5 % glutamine was inducer for 

glutaminase production by all the strains. Optimization of enzyme production for fungal 

strain  Epicoccum sp. NFW1 showed the best production at pH 7, 30˚C, sucrose as 

carbon source and glutamine as nitrogen source and inducer. 

Enzymes from all the bacterial strains and fungal isolate were purified using ammonium 

sulfate precipitation and size exclusion column chromatography. Further purified 

enzyme (B. subtilis RSHU1, A xylosoxidans RSHG1, and Epicoccum sp. NFW1) and 

partially purified enzyme (B. halotolerans RSHQ1, S. maltophilia RSHU3, and 

Alcaligenes sp. RSHS3) were characterized for their kinetic behavior. L-Glutaminase 
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from B. subtilis RSHU1 showed the highest Vmax 522U/mg among all the selected 

strains and best affinity for its substrate with Km of 0.0591mM. While Vmax of other 

enzymes from A. xylosoxidans RSHG1, B. halotolerans RSHQ1, S. maltophilia 

RSHU3, Alcaligenes sp. RSHS3, and Epicoccum sp. NFW1 was 443U/mg, 343.6 

U/mg, 351 U/mg, 232 U/mg, and  450 U/mg, respectively. The L-glutaminases from A 

xylosoxidans RSHG1, B. halotolerans RSHQ1, S. maltophilia RSHU3, Alcaligenes sp. 

RSHS3, and Epicoccum sp. NFW1 showed Km values of 0.235mM, 0.37mM, 

0.166mM, 0.186mM, and  0.424mM, respectively.  

Optimum pH L-glutaminase produced by A. xylosoxidans RSHG1, Alcaligenes sp. 

RSHS3, and Epicoccum sp. NFW1 was 7 while the enzyme from B. subtilis RSHU1 

and B. halotolerans RSHQ1 were active at pH 6-6.5, and optimum pH8 was observed 

for the enzyme from S. maltophilia. At temperature 40˚C, the best activities were 

recorded for L-glutaminase produced by all the strains except for B. halotolerans 

RSHQ1, which showed the best activity at 50˚C. All the L-glutaminases were inhibited 

by EDTA, MnSO4, FeSO4 while A. xylosoxidans RSHG1, B. subtilis RSHU1, and 

Epicoccum sp. NFW1 were also inhibited by HgCl and activated by 20 mM CoCl2, 

CaCl2, BaCl2, ZnSO4, KCl, MgSO4, and NaCl. B. halotolerans RSHQ1 L-glutaminase 

was also inhibited by CaCl2, and increased activities were observed in the presence of 

CoCl2, BaCl2, ZnSO4, KCl, MgSO4, and NaCl. S. maltophilia RSHU3 L-glutaminase 

was additionally inhibited by  MgSO4, and raised activities were observed by CoCl2, 

BaCl2, KCl, ZnSO4, and NaCl. Alcaligenes sp. RSHS3 L-glutaminase activity was 

additionally decreased by ZnSO4 and improved by CoCl2, BaCl2, KCl, MgSO4, and 

NaCl is shown in Figures 4.54, 4.69, 5.8. A. xylosoxidans RSHG1 L-glutaminase 

activity was enhanced 64.4% by 8% NaCl, S. maltophilia RSHU3 and Alcaligenes sp. 

RSHS3 using 12% NaCl with a rise of 32 % and 44 %, respectively, and B. subtilis 

RSHU1, B. halotolerans RSHQ1, and Epicoccum sp. NFW1 L-glutaminase activity 

enhanced by 16 % NaCl 65%, 53%, and 64.9% (Figure 5.9).  

The molecular weight of A. xylosoxidans RSHG1, B. subtilis RSHU1, and Epicoccum 

sp. NFW1 L-glutaminases were 40, 60, and 38KDa approximately (Figure 4.71 & 

4.72). Partially purified L-glutaminase produced by A. xylosoxidans RSHG1, B. subtilis 

RSHU1, and Epicoccum sp. NFW1 L-glutaminases were immobilized on 3.6% agar. 

The immobilized L-glutaminase showed stability up to 3 weeks. L-Glutaminase, 

produced by local indigenous bacterial strain A. xylosoxidans RSHG1, was stable at 
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wide pH and temperature conditions, with a high substrate affinity. Salt-tolerant 

bacteria may produce halophilic L-glutaminases, which can be used in the food industry 

and tolerate high salt concentrations. The bacterial and fungal strains produced 

relatively stable L-glutaminase, which have great potential to be used in the food and 

pharmaceutical industry, particularly as an antileukemic agent and as biosensors. 

Keywords: Achromobacter xylosoxidans RSHG1; B. subtilis RSHU1; Characterization; Epicoccum sp NFW1; L-
Glutaminase production; Molecular identification; Optimization; Purification. 
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1. INTRODUCTION 

 

Microbial enzymes play a significant role in different industries that replace toxic 

chemicals in various industrial processes. Microbial enzymes are significantly required 

due to their economic production in huge quantities in a lesser time for use in many 

industrial processes, such as the food and beverages, pharmaceutical products, textile, 

and leather industry, and biodegradation and waste management (Anbu et al.,2015; 

Chapman et al., 2018; Raveendran et al., 2018). There is a high need for enzyme 

utilization produced by microorganisms. For instance, α-amylase in the baking 

industry, brewing and clarifying juices, and protease make meat tender (Raveendran et 

al., 2018). β-galactosidase as a prebiotic component of food (Clark et al., 2000). L-

Glutaminase enhances food taste and treats certain cancers (Amobonye et al., 2019; 

Mostafa et al., 2021).  

L-Glutaminase (L-glutaminase amidohydrolase EC 3.5.1.2), a hydrolase class of 

enzyme, removes an amino group of the substrate L-glutamine and produces L-

glutamic acid and ammonia. L-Glutaminases, are widely distributed in living organisms 

(Iyer and Singhal, 2010; Kiruthika. 2013; Amobonye et al., 2019). Present in all 

organisms, animals, plants, and microbes, ranging from prokaryotic bacteria to 

eukaryotic cells and higher animals like human beings. But microbial L-glutaminases 

are primarily used due to ease of processing and economic feasibility. Glutamine, 

nonessential amino acid, and the substrate for L-glutaminase are present in high 

quantities in the blood and fuels cell growth and nucleic acid synthesis (Wade 1980; 

Rao et al., 2012).  Mammalian cells also synthesize this enzyme which is involved in 

energy production by using L-glutamine as the significant respiratory fuel. So, many 

cancerous cells and efficiently generating normal cells show high L-glutamine 

consumption levels (Iyer and Singhal, 2009; Yoo et al., 2020). 

Currently, L-glutaminase has gained more attention concerning its application as an 

anti-cancerous agent in the pharmaceutical industry (Kumar and Chandrasekaran‚ 

2003, Abdallah et al., 2012; Jesuraj et al., 2017) and for the enhancement of the taste 

of foods by the production of L-theanine (γ-glutamyl ethyl amide) and monosodium L-

glutamate in the food industry (Amobonye et al., 2019; Ito and Matsuyama, 2021; 

Ferreira et al., 2021). L-Glutaminase, along with or as a replacement of L-asparaginase, 
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could be significant in the therapy for cancer treatment, mainly for acute leukemia 

(Rashmi et al., 2012; Orabi et al., 2021). Commercially, it is essential as an anti-

leukemic and flavor-enhancing component that requires discovering good producers of 

L-glutaminase viable microbial strains (Nandakumar et al., 2003; Orabi et al., 2021) 

and economically viable bioprocesses for its large-scale production. An additional vital 

application of L-glutaminase is developing an L-glutamine biosensor made by 

immobilizing L-glutaminase to measure L-glutamine quantities monitoring in animals 

and hybridoma cells (Kashyap et al., 2002; Bülbül and Karakuş, 2013; Albayrak and 

Karakuş, 2016). The immobilized L-glutaminase was used in the development of a 

novel biosensor for estimating L-glutamine for the pharmaceutical purpose on zinc 

oxide was produced by Hypocria jecorina (Albayrak and Karakuş, 2016).  

At present, microbial L-glutaminase has found various medical and food industry 

applications. For industrial applications L-glutaminase is preferentially produced by 

microorganisms like bacteria, actinomycetes, fungi, and yeast than animal glutaminases 

due to increased stability and affordability (Amobonye et al., 2019). Numerous 

bacterial species synthesize extracellularly and intracellularly. Important bacterial 

sources are Bacillus sp., Pseudomonas, Actinobacterium sp., and E. coli (Yano et 

al.,1988; Amobonye et al., 2019). Aspergillus, Penicillium, and Trichoderma species 

are commonly used as fungal sources (Singh et al., 2013; Ali et al., 2009). Different 

species of actinomycetes also produce L-glutaminase (Teja et al.,2014). Plant tissues 

are also used to extract L-glutaminases, but the evidence of isolation from plants is 

unclear because of complex approaches (Yang et al., 2017). Animals also have a 

complex organization; that’s why not preferred for the isolation of L-glutaminases from 

animal tissues (Maharem et al., 2020). Therefore, microorganisms are the primary 

sources of L-glutaminases. Two types of fermentation techniques are primarily used 

solid-state fermentation (SSF) process and submerged fermentation (SMF) process 

(Sabu et al., 2000; Orabi et al., 2020).  

The role of production kinetics has been involved mainly in better-controlled 

fermentation on a large scale, such as industries. Different types of dynamics restrict 

fermentation processes and influence the growth or metabolism of microbes. That 

directly or indirectly may include environmental and self-parameters, physiological and 

psychological behavioral issues, intensity and rate of aeration, speed of agitation, 

expanse, and amount of dissolved oxygen (Kumar et al., 2021; Orabi et al., 2020), 

among which aeration and agitation considered as the furthermost grave parameters for 
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achieving best yield in fermentation (Iyer and Singhal, 2009). There may be three 

modes of achieving fermentation: batch fermentation, fed-batch, and continuous 

fermentation. Although large-scale construction and continuous application 

fermentation are used because of their higher throughput but due to many 

compensations such as stable genetics and less chance of adulteration, batch 

fermentation is also considered (Shuler et al.,1992). The production of L-glutaminase 

by solid-state fermentation increased manifolds (Iyer and Singhal, 2008). 

The physical and chemical composition of the medium plays an essential role in the 

production of L-glutaminases. The chemical parameters effecting enzyme production 

are carbon sources like glucose, fructose, and lactose, and nitrogen sources such as 

casein, yeast extract, sodium nitrate, and other sources (Keerthi et al., 1999; Jesuraj et 

al., 2017). While the physical parameters, including the effect of pH, temperature, and 

incubation time, are optimized for maximum L-glutaminase production (Mostafa et al., 

2021). L-glutamine is used for L-glutaminase production as a nitrogen source or 

carbon/nitrogen source (Amobonye et al., 2019). Soil is one of the most important 

reservoirs for L-glutaminase-producing bacteria under the submerged fermentation 

method (Aly et al., 2017; Sinha and Nigam, 2016). Optimization of fermentation 

conditions and nutritional factors for L-glutaminase production under submerged 

fermentation enhances enzyme production (Nagaraju and Ram 2019; Aly et al., 2017; 

Orabi et al., 2020; El-Sousy et al., 2021). L-Glutaminase was partially purified using 

ammonium sulfate and further purified on gel filtration column chromatography on 

Sephadex G-100 (Awad et al., 2019; Aly et al., 2017). L-Glutaminase was 

characterized for the kinetic parameters, i.e., incubation time, pH, temperature, and 

metal ions effect, to achieve the maximum activity (Sinha and Nigam 2016; Awad et 

al., 2019; El-Sousy et al., 2021). Immobilization studies were carried out to increase 

the stability and reuse of the L-glutaminase (Mahmod, 2016; Karahan et al., 2014; 

Pandian et al., 2015). 

L-Glutaminase is involved in L-glutamine breakdown in microorganisms. Higher 

animals like human cells synthesize L-glutamine required for energy production as the 

major respiratory fuel (Mazat and Ransac, 2019). Therefore, various cancerous cells 

and efficiently reproducing cells show high L-glutamine consumptions (Cluntun et al., 

2010). Tumor cells, like leukemic cells, require high levels of L-glutamine. These cells 

cannot synthesize L-glutamine, so they need extracellular L-glutamine to keep them 
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alive and actively divide. Hence, the use of L-glutaminases degrades L-glutamine and 

kills the L-glutamine-dependent cancer cells (Fung and Chan, 2017). 

L–Glutaminase has been used to treat leukemia, and one restriction in glutaminase 

therapy is the immune response generated against the L-glutaminase. Spiers and Wade 

1976 used L-glutaminase for leukemia treatment. The human pharmacology and 

toxicology of L-glutaminase were described (Holcenberg et al.,1979). Although the 

enzyme is injected intravenously at the tumor site, it elutes from the kidneys after some 

time. When covalently linked with polyethylene glycol, the enzyme was active and very 

stable in the blood circulation and non–immunogenic compared with the native 

enzyme. Further, the enzyme can penetrate the peritoneal cavity. Extracorporeal 

injection of L–Glutaminase for treating acute lymphoblastic leukemia can be used 

(Giordano et al., 1981).  

Immobilization nanoparticles are a practicable and encouraging approach for the 

delivery of drugs (Hassan et al., 2019). The availability of the enzyme in the blood is 

improved by using polymeric nanoparticles for immobilization (Jobmann et al., 2002; 

Patra et al., 2018). The human capillaries have a minimum diameter of 5-6 µm; thus, 

nanoparticle polymer does not cause clumping while circulating in the blood (Fullstone 

et al., 2015; Chenthamara et al., 2019). Polyhydroxybutyrate (PHB) is a polymer used 

to encapsulate various pharmaceutical drugs and enzymes. Therefore, it is preferentially 

used for immobilization (Chapman et al., 2018). Another material used for 

immobilization is polyethylene glycol—a precisely used in medicine that enhances the 

shelf-life of proteins and enzymes. Immobilized L-glutaminase on polyethylene glycol 

reduces the toxicity, antigenicity, and immunogenicity during circulation in the blood 

(Shiraishi and Yokoyama, 2019).  L-Glutaminase produced by marine Halomonas 

meridiana showed higher anticancer activity towards colorectal cancer cell lines 

(Mostafa et al., 2021). The immobilization of enzymes by the entrapment method 

increases the thermostability of the enzymes. Natural polysaccharides like agar and 

agarose are used for the entrapment method. Agar is a natural polysaccharide that 

enhances the stability of the immobilized serine protease on 3% agar (Sattar et al., 

2018). L-Glutaminase was immobilized on the gelatin-agar matrix to increase the 

stability of the enzyme for colon cancer treatment (Jesuraj et al., 2015). 

L–Glutaminase in the treatment of HIV is one of the most promising therapeutic 

applications (Kumar and Chandrasekaran, 2003). L-Glutamine depletion potentially 

inhibits the replication of Rauscher murine leukaemia retrovirus (RLV) in vitro. L–
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Glutaminase from Pseudomonas sp. 7A effectively removes L-glutamine mice infected 

with RLV and was patented for HIV therapy and administered HIV replication in 

infected cells (Roberts and McGregor, 1991). L–Glutaminase in the treatment of HIV 

is a standout amongst the most encouraging remedial applications (Desai et al., 2016; 

Klimberg et al.,1996). In other findings in HIV infection, GLS1-overexpressing as a 

result, increased extracellular vesicles (EVs) are observed, which was enhanced during 

neuroinflammation. Using specific GLS inhibitors effectively decreases EV release and 

shows a crucial role of GLS1 in EV release (Wu et al., 2018). 

L-Glutamine is generally produced by adding ammonium ions to the L-glutamic acid. 

Somewhat, from the transamination and subsequent amidation of α-ketoglutarate 

(Cruzat et al., 2018). L-Glutamine is sequentially degraded into α-ketoglutarate by 

glutamate dehydrogenase. And α-ketoglutarate enters the tricarboxylic acid cycle 

(TCA) to provide energy. And the other molecular sources by transferring the carbon 

for oxaloacetic acid, citrate production, acetyl-CoA, and nitrogen for the synthesis of 

purine and pyrimidine, ultimately used for the DNA synthesis (Wang et al., 2019), and 

reducing component NADPH to help the proliferative cells (DeBerardinis et al., 2010). 

Immune cells need large quantities of exogenous supply of L-glutamine for their 

activation and functioning. It is observed that leukocytes utilize L-glutamine 

comparable to glucose consumption and higher levels in some cases (Shah et al., 2020). 

The biosensor was prepared by immobilizing L-glutaminase on polyvinyl chloride 

(PVC) ammonium membrane electrode. An ammonium-selective glutamine biosensor. 

These biosensors detect L-glutamine in the biological samples such as healthy human 

serum, cerebrospinal fluid (CSF), and commercial glutamine capsules (Kumar and 

Chandrasekaran 2003). A biosensor was prepared by using L-glutaminase produced by 

Hypocria jecorina, to check the reproducibility and accuracy by immobilizing the 

enzyme on zinc oxide (ZnO) nanorod and chitosan (Amobonye et al.,2019).  

L-Glutaminase is one of the most important enzymes used to enhance fermented foods. 

L-glutaminase imparts taste flavor to the foods (Dube et al.,2007; Viniegra-Gonzalez 

et al., 2003; Vo et al., 2020). L-Glutaminase is one of the essential enzymes used to 

enhance foods' taste. Soy sauce, Miso, and Sufu are considered delightful and palatable 

foods because of the presence of L-glutamic acid in their content (Orabi et al., 2020; 

Ito et al., 2013). L-Glutaminase is an essential ingredient of many fermented products 

of the food industry for enhancing the taste and aroma by hydrolysis of L-glutamine 

into glutamic acid that gives umami flavor (Vo et al., 2020; Awad et al., 2019). Salt 
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tolerant L-glutaminases were patented for use in industrial processes (Sabu, 2000). Salt-

tolerant bacteria may produce halophilic L-glutaminases, which can be used in the food 

industry and tolerate high salt concentrations.  

Due to the importance of L-glutaminase, the current research study was conducted to 

isolate new indigenous bacterial strains. With high L-glutaminase production, high pH 

stability, and salt tolerance, which can be used in food, and the development of 

biosensors in the pharmaceutical industry. For this comparative study, different 

microbial strains were be screened and isolated. Isolated bacterial strains were 

biochemically characterized, and 16S rDNA-based identification of the isolated 

bacterial strains was performed. Fermentation conditions were optimized, i.e., pH, 

temperature, carbon, nitrogen, and inducer sources for the maximum production of L-

glutaminase. L-Glutaminases by selected strains were purified by using ammonium 

sulfate and column chromatography. Then partially purified and purified enzyme was 

characterized for the kinetic parameters, i.e., incubation time, pH, temperature, 

substrate, and metal ions effect on the enzyme activity. And immobilization of 

glutaminase to increase the stability and reuse of enzyme.  
 

AIM AND OBJECTIVES 

The aim of the following study is the production, purification, and characterization of 

microbial L-glutaminase. 

The objectives of the study include: 

1. Isolation and identification of L-glutaminase producing bacteria and fungi. 

2. Optimization of cultural conditions for the production of L-glutaminase by 

selected bacterial and fungal strains. 

3. Purification of L-glutaminases from selected strains. 

4. Characterization of partially purified L-glutaminase of bacterial and fungal 

source. 

5. Immobilization of L-glutaminase.  

6. Comparative study of Microbial L-glutaminases. 
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2. REVIEW OF LITERATURE 

 

Biocatalysts are mostly the protein in nature that work underneath gentle conditions 

because they require premium conditions for their capacity and safeguard the usefulness 

of natural associations. Catalysts are likewise considered natural synergist substance 

specialists framed in living elements, whereas catalysis is the organic response inside 

or outside to the body by specific catalysts. Comprising all cellular processes and 

accelerating the chemical reaction rates without connecting themselves to the final 

product. Compounds are positive for a substrate, implying they catalyze explicit 

response (Illanes et al., 2008; Chapman et al., 2018; Nikulin and Švedas 2021). 

2.1. L-Glutaminase Enzyme 

In humans, two tissue-specific isozymes of L-glutaminase are encoded by two genes 

present on chromosome 2 and 12. Kidney-specific located in chromosome 2, and liver-

specific located on chromosome 12. Expression of Kidney-specific L-glutaminase is 

widely distributed in tissues such as kidney, brain and lymphocytes, resulting in 

ammonia release without generation of urea. While liver-specific occurs only in the 

periportal cells of the postnatal liver, it takes part in hepatic ureagenesis. Both vary in 

structure and kinetics from each other (Liang et al., 2021). 

In Escherichia coli, there are 2 genes for L-glutaminase yneH (308 aa) and ybaS (310 

aa). The ybaS gene encodes an acidic L-glutaminase that is not active in the 

physiological pH. On the other hand, the yneH gene encodes an enzyme which is active 

on the physiological pH (Irajie et al., 2A16). 

A recombinant L-glutaminase from Geobacillus thermodenitrificans DS expressed in 

E. coli was compared with the human kidney-specific GLS-K by ConSurf and TM-

align servers for evolutionarily conserved residues and structural domains. Results 

showed less than 40% of the amino acid were identical, but the superimposed 

monomers of both enzymes exhibited ∼94% structural identity. On the active site, the 

positional differences occur at residues Ser65, Asn117, Glu162, Asn169, Tyr193, 

Tyr245, and Val263 found in the bacterial enzyme were also conserved in the human 

GLS-K (Shah et al., 2019). 

L-Glutaminase assumes a commanding role inside the mammalian body where it is 

segregated into kidney type (GLS 1) and liver type (GLS 2) (Heine et al.,1987). L-

Glutamine is a principal substrate for the amalgamation of protein and nucleic acid. The 

tumor cells deprived of glutamine requires a combative supply of glutamine for its 
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development. The utilization of L-glutaminase eliminates the glutamine levels and 

causes the selective cell death of the tumor cell. Because of this glutamine’s hostility to 

tumor properties, endeavors have been made to separate bacterial Glutaminase for 

treatment of tumors. L-Glutamine metabolic processes play a crucial role in energy 

production. It acts as a precursor of purine and other important cellular products 

required for DNA and protein synthesis. It maintains the cell's redox potential, which 

is needed for actively dividing or cancerous cells. (Guzman et al.,1996; Orabi et al., 

2020; Matés et al., 2020).  

 

As of late, L-glutaminase has pulled in much consideration for proposed applications 

in pharmaceuticals as hostile to the leukemic operator (Kumar and Chandrasekaran‚ 

2003, Abdallah et al., 2012; Amobonye et al., 2019) and sustenance industry flavor 

upgrading specialist (Loeliger 2000; Mosallatpour et al., 2019). L-glutaminase in blend 

with or as an option in contrast to asparaginase could be centrality in catalyst treatment 

for malignant growth, particularly intense lymphocytic leukemia. It's business 

significance as anticancer and flavor upgrading specialist requests, not just the scan for 

better yielding suitable strains (Nandakumar et al., 2003), yet additionally monetarily 

feasible bioprocesses for its huge scale creation. Another imperative utilization of L-

glutaminase is developing biosensors to estimate glutamine quantities in mammalian 

and hybridoma cell societies without independently estimating glutamic acid (Kashyap 

et al., 2002; Albayrak and Karakuş 2016). 

2.2.History of L-Glutaminase 

Research takes a shot at the enzyme L-glutaminase, which was begun in 1956 A.D. 

Gutman and Yue coincidentally found the significance of this enzyme in 1963 amid 

their work on the estimation of all-out uric acid-N15 improvement their abundance in 

every one of the four uric acid nitrogen. These researchers found that essential gout is 

because of powerlessness or less immunity of the body to finish glutamine digestion. 

Because of fragmented glutamine digestion, they are not used by the liver for the 

generation of alkali; hence additional glutamine begins to shape uric acid lastly convert 

into uric acid stone. They also recommend that variation from the norm in glutamine 

digestion is critical in the pathogenesis of essential gout. Researchers look into 

quarrelsome to find the protein further. 

Right off the bat, the counter malignant growth movement of the enzyme was proposed 

by Greenberg in 1964 (Greenberg et al., 1964). In 1966 just after two years, El-Asmar 



9 
 

and Greenberg purified the L-glutaminase enzyme from microorganisms 

Pseudomonas. They found that compounds captured the development of murine 

carcinomas and impacted creatures' survival (El-Asmar et al., 1966). In 1970 Robert 

and his associate discovered that L-glutaminase detached from Gram-negative Bacilli 

rods captured the development rate of Ehrlich ascites carcinoma (kind of breast cancer) 

(Roberts et al.1970). Two years after it was reported, L-glutaminase isolated from 

microscopic soil organisms has a place with Achromobactereace that specifically 

murdered human leukemia cells in tissue culture (Roberts et al., 1972). Imada et al., 

1973 contemplate the action, nearness, and circulation of L-glutaminase in numerous 

microorganisms. Their examination looked at 464 bacterial isolates, 1326 yeast 

isolates, and 4185 fungal isolates. (Imada et al., 1973). 

In Japan, soya sauce is conventional sustenance to expand the flavor of sauce 

microorganisms like yeast or a fungus mold. Yamamoto and Hirooka disengage two 

strains of Aspergillus sojae and recommend that chemicals assume an essential job in 

improving nourishment taste (Yamamoto and Hirooka, 1974). 

2.3. Glutamine, the Substrate of L-Glutaminase 

Glucose, an imperative metabolite required by all body cells to complete the ordinary 

working, goes about as a fuel for cells. A steady motion of glucose is kept up to 

counteract the unfavorable impact on the body. Like glucose, glutamine is also the basic 

for assortments of cells (Cruzat et al., 2018).  

The glutamine is most copiously present as a free amino acid in our body. L-Glutamine 

is abundantly present in our diet. It is also synthesized by the action of enzyme L-

glutamine synthetase from L-glutamate and ammonium ions, mainly in skeletal muscle, 

hepatocytes, and adipocytes. The essential wellspring of glutamine in skeletal muscle 

had presented 10-100folds abundance when contrasted with some other amino acids 

(Watford, 2015). The physiology and significance of L-glutamine in cell expansion and 

cell working are presently generally acknowledged. The significance of glutamine to 

cell survival and expansion in-vitro was first announced by(Ehrensvard et al., 1949). 

2.4.Pathways of glutamine in major organs 

Glutamine is one of the non-essential amino acids and probably the most studied one 

because of its sweeping scientific attention and reputation among cultures of either cell, 

tissue, plant, or animal. This amino acid is sole in providing fuel for rapid and instant 

growth and development. Some studies suggested that glutamine can also be under 

conditionally essential amino acids in some critical conditions. Oral or non-oral 
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feedings supplement the L-glutamine to boost recovery in ill situations (Meynial-Denis 

2016; Cruzat et al., 2018). 

The glutamine trail all over the human body is similar in one way, such as its descendant 

or successor is glutamate in most cases. Then glutamate can be transformed into either 

glucose or glutathione and maybe into GABA (gamma-aminobutyric acid) (Albrecht et 

al., 2010; Schousboe et al., 2014). 

2.4.1. Glutamine in the Central Nervous System 

The manifestation of glutamine has been definite by many scientists (Castegna et al., 

2018). In the astrocytes of the central nervous system, the originator of glutamine in 

CNS is glutamate, devouring energy in the form of adenosine triphosphate, abbreviated 

as ATP. It must be converted back to glutamate again by the enzyme glutaminase 

(Shulman et al., 2001; Schousboe et al., 2014). In this process, glutamate escapes from 

neurons and enters astrocytes, where it forms glutamine by adding ammonia. The 

hydrolysis of glutamine causes the formation of glutamate in neurons; thus, one cycle 

completes in this way. According to nuclear magnetic resonance spectroscopic studies, 

there is an association between breakdown and overall metabolic rate of glutamate and 

glucose in the cortex of cerebral fluid (Sibson et al., 2001; Schousboe et al., 2014). 

2.4.2. Gonads (Ovary and Testis) 

Like most other body cells, ovaries and testis also revenue energy from glucose and 

glutamine sources; in the normalized states, they harvest energy from them and 

maintain normoxic circumstances in the gonads. Studies have been done, and 

experiments were primarily conducted on rats’ gonads to check the effect of glutamine 

metabolism on the normal and cancerous cells to diagnose, treat and testify many 

diseases. Ovarian cancerous cells acquire energy by increasing glucose and amino acid 

metabolism, specifically glucose and glutamine. In the treatment, these pathways 

usually are rehabilitated, so there is an elevation of glutamine in serum, tumor tissues, 

and the patients' urine (Zhou et al., 2010).  

L-Glutamine was taken by Sertoli cells of testis cross the plasma membrane by ASCT2 

(Alanine, Serine, Cysteine Transporter) amino acid-specific transporter and converted 

to glutamate in the mitochondria of Sertoli cells. This glutamate enters the TCA cycle 

ultimately in the mitochondria by aiding pyruvate from glucose metabolism in the cells, 

thus, ATP is engendered (Mateus et al., 2018). 
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2.4.3. Heart 

Being the most abundant amino acid in the circulatory system, L-glutamine has 

considered its defensive properties in the heart. According to some studies, in the heart 

tissue the main effect of L-glutamine is normally supposed to be facilitated through its 

anaplerotic metabolism to citric acid cycle (CAC) intermediates. It also replenishes the 

citric acid cycle's intermediates and affects the hexosamine biosynthetic pathway 

(Lauzier et al., 2013; Durante, 2019). The major energy releasing pathways may be one 

among them. L-glutamine reduces the available pyruvate, constraining the anaplerotic 

carboxylation of pyruvate, which manipulates the TCA cycle. This indicates the process 

of anaplerosis done by L-glutamine specifically affecting the TCA cycle in the heart’s 

cells (Fulop et al., 2007; Lauzier et al., 2013; Durante, 2019).  

2.4.4. Immune System 

The immunogenic cells such as neutrophils, macrophages, and lymphocytes inside the 

immune system consume glutamine at a higher rate for the sake of energy (Rogeri et 

al., 2020; Shah et al., 2020). These cells possess a high amount of phosphate-dependent 

L-glutaminase to halt glutamine. In the immune system, L-glutamine performs many 

functions such as multiplication of diversification of T and B cells, respectively, 

phagocytosis of macrophages (Newsholme et al., 2001; Shah et al., 2020), marking of 

antigenic cells, and synthesis of cytokines, synthesis, and apoptosis of neutrophils 

(Garcia et al.,1999). The glutamine may be converted to CO2, lactate, aspartate, and 

glutamate. In this case, CO2 requires special conditions, and aspartate may be produced 

by the TCA cycle bustle (Hertz et al., 2017; Cruzat et al., 2018). If glutamine does not 

perform its function, rather converted to glutamate, glutamate will perform many 

important functions, including transamination of neutrophils, lymphocytes, 

macrophages, etc. (Newsholme et al., 2003).  

2.4.5. Intestine 

Glutamine is converted to glutamate in the human intestine by releasing ammonium 

ions. L-glutamate participates in the formation of 2-oxoglutarate, and as a result, alanine 

becomes a terminal product that is transported to the liver by the hepatic portal vein. L-

alanine is formed from pyruvate coming from malate, which is produced in TCA and 

hence glutamate-pyruvate interference produced oxoglutarate and alanine, among 

which 2-oxoglutarate becomes part of TCA again, and pyruvate forms alanine with the 

aid of an enzyme known as alanine aminotransferase (Windmueller et al.,1978; Curi et 

al., 2007). In this way, electrons are transported to mitochondria, incorporating with 
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electron transport chain for ATP production from FADH2 and NADH (Kimura et 

al.,1998; Curi et al., 2007). 

2.4.6. Kidney 

The chief contributor of ammonia inside the kidney is glutamine. The presence of 

phosphoenolpyruvate carboxykinase (PEPCK) inside the nephron indicates that there 

must be linkages and associations of gluconeogenic and ammoniagenic routes inside 

the kidney (Schoolwerth et al., 1991; Tannen et al., 1990). The main track of glutamine 

breakdown or metabolism inside the kidney is the deamination of glutamine inside the 

cell's mitochondria, initiated by glutaminase and glutamate dehydrogenase. In contrast, 

glutamate is converted to α-ketoglutarate by alanine aminotransferase. For balancing 

the acid-base concentration inside the kidney, the glutamine produces NH3 with the 

help of the enzyme glutaminase, which is phosphate-dependent (PDG) (Gstraunthaler 

et al., 2000; Lister et al., 2018). Ammonia is disseminated toward collecting tubule and 

finally excreted out along with urine out of the body in the form of ammonium ion 

(NH4
+), which is formed by ammonia reduction. This trail produces only one 

ammonium ion. For this purpose, H+ arises from the disassociation of carbonic acid 

(H2CO3), the remaining part that is HCO3
- maintain the body's pH where required 

(Curthoys et al., 2001; Lister et al., 2018). 

2.4.7. Liver 

Being the dominant site of nitrogen metabolism in L-glutamine and ammonia, the liver 

plays a crucial role in glutamine transformation from and to all over the body 

(Häussinger, 1990; Shi et al., 2018). L-glutamine acts as a precursor of glutamate, and 

NH3 is produced. With the utilization of ATP, this ammonia interacts with HCO3
- to 

form Carbamoyl phosphate with the help of carbamoyl phosphate synthetase (CPS I). 

This enzyme also maintains glutamate concentration because it requires 

Nacetylglutamate for its activation (Häussinger, 1990; Shi et al., 2018).  

Carbamoyl phosphate synthetase II (CPS-II) is the isoform of Carbamoyl phosphate 

synthetase I, forming carbamoyl phosphate. Still, the reactants and products are 

different as in the case CPS I in such a way that in this case, glutamine is combined 

with HCO3
- and water and utilize ATP again to form carbamoyl phosphate and 

glutamate as a primary product and inorganic phosphate and ATP for the sake of fuel 

as by-products. Glutamine metabolism occurs in periportal cells because of more 

enzyme concentration at this site, and ultimately glutamine forms carbamoyl phosphate. 
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Glutamate is also produced at the periportal site of the liver, but it may take part in the 

formation of amino acid or may form phosphoenolpyruvate, or it may enter to TCA 

cycle (Curthoys et al., 1995; Shah et al., 2020). In the presence of glutamate-derived 

carbon, glutamine is formed into the liver, the formation achieved by glutamine 

synthetase, glutamine can release from the liver.  According to some studies, arginine 

catabolism causes the formation of glutamate, and ultimately glutamine is formed along 

with ADP and Pi production. (De-Souza et al., 2005; Cruzat et al., 2018). 

2.4.8. Muscles 

High levels of L-glutamine are present in the blood plasma and skeletal muscles. 

Muscle cells synthesize L-glutamine from α-ketoglutarate, intermediate TCA cycle 

(Raizel and Tirapegui, 2018). Like hepatocytes, muscles also showed an adaptive 

regulation of amino acids such as glutamine (Gulve et al., 1991). The low amount of 

glutamine in muscle cells enhances glutamate entry, ultimately acting as an L-

glutamine precursor (Low et al., 1994). Reduction in glutamine levels mediated by 

vigorous heavy exercise is related to lowering the number of immune cells in the blood 

circulation (Raizel and Tirapegui, 2018). 

2.4.9. Pancreas 

The β-cells of the pancreas significantly impact the regulation of carbohydrates, lipids, 

and proteins due to insulin production at this site. Glucose does not involve in the 

release of insulin-stimulated glucose. Instead, it causes oxidation of insulin catalytically 

by forming 2-oxoglutarate and glutamate. This glutamate transformed into γ-amino 

butyric acid (GABA), an essential signaler with glutamic acid decarboxylase. (Rubi et 

al., 2001). The insulin emission is also dependent on GABA (Winnock et al., 2002; 

Jenstad and Chaudhry, 2013; Choat et al., 2019).  

2.5.    Glutamine and Cancer Cell Metabolism 

Glucose and glutamine metabolism have been integrated by a molecule synthesis 

known as hexosamine. The primary mechanism behind this metabolism involved 

transferring the amino group from glutamine to six carbon sugar with amidotransferase. 

By this mechanism, it can be clarified that normal or cancerous cells both require an 

uptake of carbon and nitrogen from glucose and glutamine sources, respectively. 

Carbon is most important concerning normal cell metabolism, while with those of 

cancerous tumorous cells, nitrogen is an essential element in normal and cancerous 

cells. It is also a major component of glutamine (Gaglio et al., 2009; Shariatpanahi et 

al., 2019). Most cell cycles either involved adding or removing nitrogen possessing 
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amination and deamination, respectively. It can be practically observable that if a cell 

is deprived of nitrogen, there will be an effect on the greater extent of the growth of a 

cell that will defiantly decline (Berardinis et al., 2007). For example, some hexosamines 

like uridine diphosphate linked with acetylglucosamine do not grow or proliferate in 

the absence of nitrogen (Lagranha et al., 2008). If L-glutamine introduction occurs 

experimentally or by nature, the cell can resume normal or uncontrolled growth in 

normal and tumor conditions. In the cancerous cell, glutamine insertion is assisted by 

some transporters such as SN2 and ASC. After the entrance, this nitrogen assembled to 

form a macromolecule. The enzyme glutaminase inside the cell will act upon this 

macromolecule, so glutamate formation occurs. 

The forerunner for glutathione synthesis is glutamate, which must be moved towards 

the mitochondria for further processing. Inside mitochondria, a-ketoglutarate 

bioproduction occurs from glutathione abetted by biocatalyst known as glutamate 

dehydrogenase. It can be supported by aminotransferases depending upon the source 

and supply of cells and products of its pathways. The overall regulatory mechanism of 

the enzyme glutaminase and glutaminase-2 may be backed by c-Myc and p53, 

respectively. Glutamine synthetase (GS) expression flourished by β-catenin (β-cat). So, 

the regulation of enzymes is critical for overall pathways. The regulation and activation 

of enzymes also require a specific site inside the cell (Hensley et al., 2013; Chen et 

al.,2018; Li et al., 2021) (Figure 2.1).  
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Figure 2.1 Glutamine metabolic pathway used for clinical imagery and cancer 

treatment. Glutamine enters the cells by SLC1A5 transporter and other 

transporters. Later by the number of processes, carbon and nitrogen of glutamine 

are provided to metabolic pathways required for cell growth and division (Hensley 

et al., 2013; Li et al., 2021). 
 

2.5.1. Regulatory Factors in L-Glutamine Metabolism 

During cancer, glutamine digestion is exceptionally managed and regulated by a few 

factors: MYC, p53, Ras, and HIF (hypoxia-inducible factor). This regulation keeps up 

malignancy development and is one reason for carcinogenesis (Wang et al., 2021). 
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2.5.1.1. MYC as a Regulator 

The proto-oncogene MYC directs about 15% of qualities in genomes from flies to 

people (Dang et al., 2006). It incorporates N-MYC, C-MYC, and L-MYC, deregulated, 

transformed, or intensified in most human tumors (Vita et al., 2006; Madden et al., 

2021). They can be actuated by the mitogenic flag and drive cell expansion. C-MYC is 

extensively deregulated in numerous human malignant growths, N-MYC articulation is 

increasingly confined to neural tumors, and L-MYC is prevalent in little cell lung 

disease. In certain malignant growths, MYC intensification is engaged with glutamine 

fixation (Wise et al., 2008; Wise and Thompson, 2010). Glutamine enslavement is 

related to MYC-instigated redirection of glucose carbon far from mitochondria that are 

a consequence of LDHA (lactate dehydrogenase) initiation. All the more explicitly, 

MYC-acceptance prompts the preoccupation of glucose-got pyruvate far from 

mitochondria and is changed over to lactate (Wise et al., 2008). Accordingly, MYC-

changed cells become subject to glutamine anaplerosis for keeping up the mitochondrial 

respectability and TCA cycle work. Likewise, MYC will probably build exercises of 

glutaminase1 (GLS1) and glutamine synthetase. Also, MYC likely ties to the advertiser 

components of glutamine transporters, which is related to upgraded dimensions of 

glutamine transporters, e.g., SLC7A5 and ASCT2 (Gao et al.,2009). N-MYC 

overexpression invigorates mRNA and protein articulation of the synergist subunit of 

GCL (glutamate-cysteine ligase). It causes rate-restricting advances in Glutathione 

(GSH) biosynthesis, which builds GSH levels and protects against oxidative harm (Gao 

et al., 2009). In this way, focusing on MYC can give a restorative window to malignant 

growths that have MYC enhancement. Down-guideline of N-MYC articulation has 

been demonstrated to actuate apoptosis and diminish expansion and neuronal separation 

in neuroblastoma cells in vitro (Westermark et al., 2011). Comparative outcomes are 

likewise seen in leukemia, osteosarcoma, squamous carcinoma, hepatocellular 

carcinoma, and pancreatic cancer (Felsher et al., 2010). 

2.5.1.2.  p53 as Regulator 

one predetermined cell outcomes, p53 quality is observed to be changed or 

disassembled in most human tumors. It is generally acknowledged that p53 is a tumor 

silencer quality, inciting cell cycle capture and apoptosis under DNA harm, hypoxia, or 

oncogene enactment conditions (Sherr et al., 2000; Zhao et al., 2009). Typically, p53 

quality is situated in the atomic (Nieminen et al., 2013). It translocates to cytosol and 

ties to its cytosolic MDM2 after interpretation, and this coupling hinders p53 
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enactment. Upon stress signal, p53 is phosphorylated at serine. It discharges from 

MDM2 (twofold mouse moment 2 homolog), and after that actuates its downstream 

factors, for example, p21, BAX (Bcl-2 related X protein), PUMA (p53 upregulated 

modulator of apoptosis), NOXA (phorbol-12-myristate-13-acetic acid derivation 

instigated protein 1) or PTEN (phosphatase and tensin homolog) to play out its capacity. 

GLS2 has been demonstrated to be an objective of p53 (Lane and Levine, 2010; Suzuki 

et al.,2010). By up-directing GLS2 articulation, p53 expands GSH levels and decreases 

ROS levels, which hinders tumorigenesis. Sadly, p53 is changed in numerous diseases, 

which demonstrates loss of capacities. Aside from taking a shot at GLS2, p53 is, as of 

late, answered to quell articulation of SLC7A11, a key part of the cysteine/glutamate 

antiporter. SLC7A11 intercedes the trade of extracellular cysteine to intracellular 

glutamate and is overexpressed in a few human tumors (Jiang et al.,2015). Likewise, 

p53 can stifle GLUT1 (glucose transporters) and GLUT4 and hinder PI3K 

(phosphatidylinositol-3 kinase)–AKT (protein kinase B) and mTOR pathways. These 

impacts of p53 result in cell development suppression and afterward invert the 

malignant growth (Lane and Levine, 2010). In light of its significantly inhibitive job in 

malignancies, it is incredibly fascinating in attempting to reestablish or increment p53 

action in p53 changes or loss of capacity diseases. 

2.5.1.3. Ras as a Regulator 

Oncogenic Ras proteins are recognized in 25% of human malignant growths and are 

associated with metabolic changes. Ras builds usage of the carbon spine and amino-

nitrogen moieties of L-glutamine and advances glucose utilization (Gaglio et al., 2011). 

Ras-driven diseases can fulfill their dietary needs by enacting liquid stage endocytic 

supplement take-up and elevating angiogenesis to build the tumor blood supply (White 

et al., 2013). It has been uncovered that glutamine is the real carbon hotspot for the 

TCA cycle when Ras is enacted (Ying et al., 2012). The reconstructing of glutamine 

digestion is interceded by oncogenic K-Ras in human pancreatic ductal 

adenocarcinoma. K-Ras can quell glutamate dehydrogenase articulation and increment 

aspartate transaminase articulation (Son et al., 2013). In the meantime, glutamine 

consumption can actuate expansion capture of K-Ras-changed cells (Gaglio et al., 

2009). 

2.5.1.4.  HIF as Regulator 

HIF-1, a heterodimer, is made out of HIF-1α and HIF-1β subunits. The articulation and 

action of the HIF-1α subunit are firmly directed by cell oxygen focus. The articulation 
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dimensions of the α subunit are expanded amid hypoxia while the β subunit is 

constitutively communicated (Chen et al., 2012).  

HIF-1 assumes a key job in reconstructing malignant growth digestion by initiating 

translation of numerous qualities that encode glucose transporters just as glycolytic 

proteins, and it additionally advances angiogenesis (Chen et al., 2012). HIF-1 is vital 

and adequate for lessening mitochondrial oxygen utilization in hypoxia by initiating 

PDK1 (pyruvate dehydrogenase kinase 1), tumor cells can survive under hypoxia 

(Papandreou et al., 2006). In any case, if PDK1 movement is repressed, proceeded 

mitochondrial breath and coming about oxidative pressure will initiate cell demise. 

Certain tumors are regularly ineffectively vascularized and contain district hypoxia. 

This extraordinary tumor microenvironment upgrades HIF-1α over-articulation in most 

human malignant growths and their metastases, where HIF-1α actuates quality 

articulation to advance survival. Under hypoxia, diminished F1Fo ATPase movement 

can build phosphate fixation in mitochondria (Chiu et al., 2019). Expanded phosphate 

advances GAC (extended kidney glutaminase variation)- based glutaminase action, 

which improves glutaminolysis to give expanded metabolic and biosynthetic 

requirements for presenting specific preferred standpoints to harmful cells. The 

previously mentioned metabolic guideline makes dangerous cells progressively 

helpless to GLS inhibitor and, consequently, focuses on malignancy treatment. Amid 

hypoxia, there is a decline in glucose-determined citrate because of diminished 

pyruvate dehydrogenase action and an expansion in α-KG levels brought about by 

decreased α-KGDH (ketoglutarate dehydrogenase) movement. These progressions 

drive the switch response at IDH (isocitrate dehydrogenase) and afterward increment 

citrate generation, lastly influence cells to depend on reductive glutamine digestion in 

the lipid combination. LKB1 (liver kinase B 1) is a serine/threonine kinase frequently 

inactivated in human disease. It has been shown that loss of LKB1 influences 

malignancy cells to depend on HIF-1α in the ATP supply, which incites an expansion 

in glycolysis and glutamine utilization. Sensibly, knockdown of HIF-1α in cells without 

LKB1 advances a lessening in glutamine utilization by these cells (Katt et al., 2017; Li 

et al., 2017).  

2.6. Sources of Glutaminase 

Enzymes are the biocatalysts that have gained chief importance inside and outside the 

body, causing multiple chemical reactions. They play a crucial role and are chiefly 

important industrially, economically, socially, and commercially. The enzyme got 
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much attentiveness after an investigation in the therapeutic arena. Major sources 

involve bacteria, actinomycetes, yeast, and fungi and animals, plants. The most 

authentic and feasible approaches are microbes like yeast, fungi, and bacteria (Binod et 

al., 2017). 

2.6.1. Bacterial Sources For L-Glutaminase Production 

Numerous bacteria synthesize extracellular and intracellular glutaminases, such as 

Bacillus, Actinobacterium, E. coli, and Pseudomonas. These organisms can be unglued 

from many sources such as soil (which serves as an essential and significant source for 

microbes by acting as a medium for nutrients), stagnant or motile water bodies such as 

marine environment, rivers, ponds, lakes, etc. The air may also become a microbial 

source, but it depends on the location and flow of air at a particular site or environment 

(Sabu, 2003; Priyanka et al., 2019). Marine bacteria are more exceptional in their 

natural potential and character because they are more actively involved in therapeutic 

tasks than terrestrial bacteria. The bacteria, in this case, maybe Micrococcus, Beauveria 

bassiana, Vibrio, and Pseudomonas fluorescent (Chandrasekaran et al., 1997). Many 

marine bacteria like Pseudomonas fluorescens, Vibrio cholerae, V. costicola, 

Micrococcus luteus K-3, and S. maltophilia NYW-81L-glutaminase can tolerate salt at 

a very high concentration. Salt tolerant L-glutaminases are preferably used in the food 

industry (Amobonye et al., 2019; Patel et al., 2021).  

The basic protocol for isolation of this enzyme includes isolation and screening of 

glutaminase-producing bacteria, fermentation, centrifugation, chromatography or ion 

exchange, gel filtration, and characterization of the enzyme (Gerber et al., 1994), (Ando 

et al., 1989). 

2.6.2. Fungal Sources for L-Glutaminase Production 

The primary sources of fungal glutaminases are Aspergillus and Trichoderma species 

(El-Sayed et al., 2009). The approaches towards enzymatic production involved 

fermentation techniques, mainly of two types, i.e., solid-state fermentation (SSF) and 

submerged fermentation (SMF). In most cases, submerged fermentation is practiced for 

commercial production and industrial use. Submerged fermentation has been used to 

produce L-glutaminases by Tilachlidium humicola and Penicillium notatum (Shindia et 

al., 2007), A. nidulans, Aspergillus oryzae (Yano et al.,1988; Thammarongtham et al., 

2001), Aspergillus sojae (Hirooka et al., 1974; Ito et al., 2013), Verticillium malthousei 

(Imada et al.,1973). The nutrition source for submerged fermentation can be taken from 

wastes such as agro-waste. In this way, L-glutaminase production may become eco-
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friendly (Soren et al., 2020). The basics of the procedure are the same as in bacteria. 

Fungal L-glutaminase production involves the fermentation of fungal strains. Then 

centrifugation, filtration, and chromatographic techniques such as ion exchange. This 

approach is to isolate trans glutaminases (Khalil et al., 2020).  

2.6.3. Actinomycetes 

Actinomycetes have the sole cultural characters, physiology, morphology, and 

biochemical properties; actinomycetes also act as a source of enzymes. Actinomycetes, 

a nutrition mode, are heterotrophic filamentous in their cellular organization. 

Containing higher guanine and cytosine in its DNA made up of gram-positive bacteria. 

Actinomycetes from marine and terrestrial the basic steps for isolation are the same as 

fungi and bacteria. The glutaminase-producing actinomycetes include Streptomyces 

avermitilis, Streptomyces canarius, Micromonospora (Abdallah et al., 2013; Teja et al., 

2014; Reda et al., 2015; Jagannathan et al., 2021). Actinomycetes are well known for 

producing multiple chemical compounds, which are of great importance medically and 

therapeutically (Reda et al., 2015). 

2.6.4.  Floral source 

Plant tissues also extract L-glutaminases involving steps slightly different from a 

microbial source. For example, plant tissue extraction, followed by filtration, leads to 

an extract free from impurities or extra materials. the filtrate is then subjected to 

centrifugation to separate the protein part containing the enzyme. Chromatography can 

be performed for screening and testification and to get extra pour enzymes (Falcone et 

al., 1993). The shreds of evidence of extraction glutaminases from plants are frequently 

used due to less practicable approaches. 

2.6.5. Faunal Source 

Animals have complex organization; animals are not well known to put enzymatic 

isolation from their tissues in practice. Animal L-glutaminase extraction is similar to 

that of plants in which the first step is the homogenization of tissue. Then after filtration, 

dialysis, and chromatography is done multiple times depending upon the separation of 

different animals to attain transglutaminases (Botman et al., 2014).  

2.7. Production of L-Glutaminase from Microbial sources 

Kikkoman Corporation, the Japan researcher, performed remarkable work on the L-

glutaminase enzyme. Many microbial source glutaminases are commercially available 

(Table 2.1). 
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Table 2.1 L-Glutaminase commercially available 

Sr. Manufacturer Brand Name Species Name 

1.  Ajinoto Co Inc, Japan  Glutaminase Bacillus sp. 

2.  Amano enzymes inc, Japan Glutaminase F “Amano 

100”  

Bacillus subtilis  

3.  Biocatalysts, UK Flavorpro B73P Bacillus sp. 

4.  Enzyme Development 

Corporation, Japan  

Enzeco Bacillus subtilis 

5.  Kikkoman Corporation, 

Japan  

GLN Bacillus sp. 

 

2.7.1. Microbial Sources of L-Glutaminases 

Microorganisms are widely used in the detachment of remedial protein because of their 

assorted biochemical variety. After discovering L-glutaminase and its restorative 

movement, researchers begin looking through the microorganisms that discharge this 

protein. This compound likewise assumes a significant job in nitrogen digestion in the 

prokaryotes and eukaryotes (Katikala et al., 2009). L-Glutaminase is available in plants 

tissues creatures and broadly appropriated in organisms, such as microorganisms, 

parasites, actinomycetes, yeasts, fungi, and humans. L-Glutaminase can be confined 

from plants and animal tissue; however, microbial glutaminase takes much 

consideration. Microbial sources are generally utilized in enterprises since they can 

undoubtedly be used in biotechnology for their extensive scale creation, effectively 

balanced, with little size and consistency. Microbial sources have an advantage over 

different sources in that it requires a brief period and little space for huge scale creation 

(Binod et al., 2017). Many organisms were screened and testified for L-glutaminase 

action by (Imada et al., 1973). In the wake of discovering helpful movement of 

chemicals, they were confined and refined from microbial sources (Eremenko et 

al.,1975). Their structure was likewise contemplated (Ammon et al., 1988; Tanaka et 

al., 1988; Wlodawer et al., 1977).  

Chemicals additionally have application in sustenance ventures, so salt and thermo-

tolerant glutaminase were required. The screening was disagreeable, which discovered 

that the perfect hotspot for salt and thermo-tolerant microorganisms normally happened 

in marine conditions (Sato et al., 1999). A few endeavors were made to segregate 

corona-tolerant protein (Moriguchi et al., 1994; Sabu et al., 2000). Because of the 
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extracellular nature of this catalyst, they are all the more productively assault the crude 

substrate and effectively sanitized. A few microorganisms screened for L-glutaminase 

are recorded (Table 2.2, 2.3, and 2.4). 
Table 2.2 Lists of microorganisms screened for L-glutaminase activity. 

Bacteria 

Sr. No. Name of organisms  Reference 

1 Bacillus licheniformis (Cook et al., 1981) 

2 Bacillus subtilis (Sathish & Prakasham, 2010) 

3 Stenotrophomonas maltophilia (Wakayama et al., 2005) 

4 Lactobacillus brevis (Woraharn et al., 2014) 

5 Lactobacillus fermentum (Woraharn et al., 2014) 

6 Meyerozyma (Pichia) 

guilliermondii 

(Aryuman et al., 2015) 

7 Microccus luteus (Moriguchi et al., 1994) 

8 Providencia sp (Iyer and Singhal, 2009) 

9 Pseudomonas aurantiaca (Lebedeva et al., 1981) 

10 Pseudomonas fluorescens (Eremenko et al., 1975) 

11 Pseudomonas nitroreducens (Tachiki et al., 1998) 

12 Penicillium politans (Ali et al., 2009) 

13 Pseudomonas sp (Kumar and Chandrasekaran, 

2003) 

14 Pseudomonas stutzeri (Athira et al., 2014) 

15 Streptomyces griseus (Muthuvelayudham et al. 2013) 

16 Vibrio costicola (Prabhu and Chandrasekaran 

1999) 
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Table 2.3 Yeast screened for L-glutaminase activity. 

Yeasts 

Sr. No. Name of organisms  Reference 

1 Cryptococcus albidus (Fukushima & Motai, 1990) 

2 Cryptococcus nodaensis (Sato et al. 1999) 

3 Saccharomyces cerevisiae  (Penninckx et al., 1985) 

4 Zygosaccharomyces rouxii (Kashyap et al., 2002) 
 

Table 2.4 List of fungi screened for L-Glutaminase activity. 

Fungi 

Sr. No. Name of organisms  Reference 

1 Actinomucor elegans (Chou et al. 1993) 

2 Aspergillus oryzae (Yano et al., 1988) 

3 Aspergillus flavus (Nathiya et al., 2011) 

4 Aspergillus sojae (Thammarongtham et al., 2001) 

5 Beauveria sp. (Sabu et al., 2000) 

6 Beauveria bassiana (Keerthi et al.,1999) 

7 Penicillium citrinum (Sajitha  et al., 2014) 

8 Penicillium politans (Ali et al., 2009) 

9 Streptomyces olivochromogenes (Balagurunathan et al., 2010) 

10 Trichoderma koningii (El-Sayed, 2009) 
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2.8. Microbial Production 

Microbes are a diversified group of creatures responsible for formulating multiple life 

accessories by providing a biological tool for multitasking in medical and health 

sciences. One of the main biological tools in this era are enzymes which can also be 

extracted from plants and animals but are the most feasible, and microbes are the 

primary source of enzymes. Microbial formulation of enzymes such as glutaminases is 

done with the help of a process termed fermentation. There are two types of 

fermentation usually: 

2.8.1. Solid-state Fermentation (SSF) 

As the name indicates, solid-state fermentation is accomplished by providing a solid 

medium along with a liquid and gaseous phase. It is mainly practiced and is more 

auspicious because it increases the production of enzymes up to 25 to 30 times more 

than that of conformist submerged fermentation (Kiruthika et al.,2018). Most 

researchers and scientists practice solid-state fermentation mainly consisting of a solid 

substrate with a minute quantity of water or no free moisture content, less sterilizing, 

and mixing cost (Kiruthika et al.,2018). An orthodox case is of “Koji”, which contains 

many enzymes, including L-glutaminase, whose dense sustenance is rice (Orabi et 

al.,2020).  

The solid support may be any carbon source such as starch, cellulose, chitin 

hemicellulose, lignin, waste from agro-industries such as bagasse, wheat, and rice bran 

or straws, and polystyrene (Doelle et al.,1992; Bajar et al.,2020). A medium, suitable 

temperature, pH moisture content, and supplements such as glucose and maltose are 

pre-requisite for biomolecule production. The usual range of temperature and acid-base 

balance for L-glutaminases are similar to those of the human body’s optimum 

requirements to achieve high yield (ElSayed et al.,2009).    

2.8.1.1.Enyme Production by Solid-State Fermentation 

With the development and aid of biotechnological tools and techniques, solid-

state fermentation can harvest multiple fruitages at the laboratory as well as at an 

industrial scale to relieve us scientifically, socially, commercially, industrially, and 

economically important enzymes such as Glutaminase (Bajar et al., 2020), Amylases 

(Souza et al., 2010), Glucoamylase (Pavezzi et al., 2008), Lipase (Chandra et al., 2020), 

Acid protease (Gomri et al., 2018), Cellulase (Ejaz et al., 2021), Glucosidase (Zang et 

al., 2018), Xylanase (Bhardwaj et al., 2019), Hemicellulase (Houfani et al., 2019), 

Phytase (Priyodip et al., 2017), Mannanase (Liu et al., 2020), Pectinase (El Enshasy et 
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al., 2018), Pectin lyase (Hugouvieux-Cotte-Pattat et al.,2014), Chitinase (Le and Yang, 

2019) and Tannase (Dhiman et al., 2018) are produced by solid-state fermentation. 

Other fallouts from solid-state fermentation may also include; 

 Organic acids (Miura et al., 2004) 

 Secondary metabolites such as antibiotics (Charlton et al., 1965) 

 Biofuels such as ethanol 

 Aromatic compounds (Adegboye et al., 2021) 

 Bioactive compounds include hormones, PGRs (Plant growth 

regulators), and mycotoxins (Bartholomew et al., 2021). 

2.8.2. Submerged Fermentation (SMF) 

A type of basal synthetic media, also known as liquid fermentation, contains some 

nutritional components such as L-glutamic acid, sorbitol, glucose, sodium chloride, 

trace minerals, methionine, yeast extract, and ammonium sulfate, etc. in a liquid media 

requiring a high amount of oxygen intake (Kumar et al., 2003; Orabi et al., 2020). 

Submerged fermentation is used chiefly to produce L-glutaminases (Sinha and Nigam, 

2016). The amount of carbon and nitrogen source may also significantly affect the 

productivity of L-glutaminase species to species (Orabi et al., 2020; Amobonye et al., 

2019). 

2.8.3. Basics of Microbial L-Glutaminases 

The first stage in any protocol is optimizing the parameters and conditions leading 

toward productivity, such as the medial composition orientation, temperature pH 

optimization, air content and duration of incubation, source allocation, bioreactor 

statement, estimation, and characterization output. 

2.8.3.1.Medial Components 

The media must contain the essential macro and microelements such as carbon source 

(glucose, sucrose, starch, maltose, fructose, lactose, sorbitol, etc.) (Keerthi et al., 1999), 

glutamine, glutamic acid. And nitrogen sources (Tullimilli et al., 2014) such as nitric 

acid or sodium nitrate and ammonium acetate some time also supplemented with malt 

or yeast extract and a solidifying agent such as agar (Sivakumar et al., 2006; Orabi et 

al., 2020; Amobonye et al., 2019). Other chemicals such as HCl, NaOH, K2HPO4, 

KH2PO4, CH3COOH, NH4SO4, and H3BO4 can also stabilize. Along with all these, 

some buffers may also be used to stabilize the pH of media. 
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2.8.3.2. pH Stability 

The acid-base balance in the media is a critical issue because it depends on the source 

from where it has been extracted. So, pH ranges from 6 to 9, indicating that 

glutaminases from different origins can work under different conditions. (Ali Mohamed 

et al., 2014; Athira et al., 2014). L-glutaminase isolated from marine isolated 

Halomonas meridiana with the molecular weight of 57KDa was maximally active at 

pH8 (Mostafa et al., 2021). Recombinant L-glutaminase isolated from Geobacillus 

thermodenitrificans DSM-465 was best at pH9 (Shah et al., 2019). A novel halophilic 

and thermophilic L-glutaminase produced by Cohnella sp. A01 has a wide pH stability 

range of 4-11 and was most active at pH8 (Mosallatpour et al., 2019). Soil isolated 

Streptomyces rochei SAH2_CWMSG L-glutaminase showed maximum activity at 

pH7.5 (Awad et al.,2019). L-glutaminase produced by marine isolated Bacillus subtilis 

OHEM11 having a molecular weight of 54.8KDa was maximally active at pH8.2 (Orabi 

et al., 2020). Soil isolated Bacillus B12 was used to produce extracellular L-

glutaminase with a wide range of pH stability 6-9.5 and monitored to be best at 

pH8(Abdelhameed et al., 2020). 

2.8.3.3.Temperature Stability 

The enzyme glutaminases also disclosed an eclectic discrepancy by acting on different 

temperatures. Most L-glutaminases are mesophilic (Amobonye et al., 2019), 

fluctuating from room temperature up to 70 oC. This variable range indicates that the 

cradle of glutaminases must activate at a specific temperature, showing the specificity 

of different sources (Ali et al., 2014; Bülbül and Karakuş, 2013; Prusiner et al., 1976). 

Mostafa et al., 2021 isolated L-glutaminase from Red sea samples, Halomonas 

meridian with anticancer activity against colorectal oncogenic cell lines, most active at 

37oC. Recombinant L-glutaminase by Geobacillus thermodenitrificans DSM-465, 

noted maximally active at 70oC (Shah et al., 2019). L-glutaminase produced by 

extremophilic bacteria Cohnella sp. A01 achieved the best activity at 50oC 

(Mosallatpour et al., 2019). L-glutaminase produced by soil isolated Streptomyces 

rochei SAH2_CWMSG showed maximum activity at 40 oC (Awad et al., 2019). The 

L-glutaminase produced by Bacillus subtilis OHEM1 from the marine environment was 

best at 40 oC (Orabi et al., 2020). L-glutaminase, produced by a novel soil isolated 

strain, Bacillus B12, achieved maximum activity at 40oC (Abdelhameed et al., 2020). 
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2.8.3.4.Effect of Other Substances 

Glutaminases ought to be deactivated by contamination of heavy metals in the media. 

Still, some sources accelerated by incorporating heavy metals such as E. coli and 

Clostridium welchii, but this activation occurs in crude form (Hughes et al., 1952). 

Some are activated or inhibited depending on the source and state. They are extracted 

by certain chemicals such as ethylenediaminetetraacetic acid (EDTA), glutamate, 

ammonia, certain divalent anion, and cation. (Robert et al., 1972). Some other 

chemicals such as mercury, iron, and chromium also inhibit in one way and activate in 

others depending upon the origin of L-glutamines (Kumar et al., 2003). Hence a wide 

range of other substances has a variety of activities on the production and stability of 

glutaminase enzymes. Such as Na+, Co+2, and Mn+2, increased the activity while Ca+2, 

Cu+, Hg+2, Zn+2, Ba+2, Cd+2, and Fe+3 inhibited the L-glutaminase activity (Reda et al., 

2015). Extremophilic bacterial Cohnella sp. A01, L-glutaminase, inhibited by 

iodoacetate and iodoacetamide and most resistant towards sodium chloride, 

dithiothreitol, magnesium ions, and glycerol (Mosallatpour et al., 2019). Novel Bacillus 

B12 L-glutaminase activity, increased by using Mn 2+, Mg 2+, Ca+2, and Na +, and 

activity reduction, monitored with Hg 2+, Cu 2+, Fe 2+, and Zn 2+(Abdelhameed et al., 

2020). 

2.9.  Immobilization 

Immobilization of any enzymes leads to efficient and practical activity, which is cost-

effective as well. Usually, inactive constituents are inert, which means more stable and 

do not react with protein or enzyme overall. The immobilization makes the enzyme 

more stable, effective, catalytically stable, efficient, resistant to drastic changes in pH 

and temperature. And give ionic strength and reduce the need for time and space, such 

as large volumes of bioreactors, etc. (Zaak et al.,  2017; Karakus et al. 2013). The inert 

stuff that will immobilize an enzyme may be organic or inorganic. The material may be 

synthetic, innovative, or bio-polymer and hydrogels essential for better performance, 

retention, and stability of enzymes (Zhang et al., 2009). There may be many approaches 

leading toward immobilization, among which three are practicable (Karakuş and 

Pekyardimci, 2012; Kujawa et al., 2021). 

 Adsorption method 

 Entrapment method 

 Covalent binding method 
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Above all methods, the covalent binding method is most effective because it binds the 

enzyme with surface covalently, neglecting the chance of leaking and destroying by 

environmental instability. Many attempts have been made for immobilizing 

glutaminase enzymes and determining the stable and optimal temperature and pH, some 

of which are as follows, which can be made practically feasible and more accurate. 

Immobilizing L-glutaminases with polyacrylic acid in the presence of Cu2+ makes the 

enzyme more stable at pH8 (Karahan et al., 2014). Immobilization on silica gel and 

alginate silica gel makes the enzyme more active and yields more product than without 

immobilization (Fukushima et al., 1990). For the production of L-glutaminase, 

immobilization is also done by entrapment method facilitated by Ca-alginate gel using 

packed bed reactor by continuous and batch fermentation. This showed the best 

productivity for marine fungal species. (Kumar et al., 2003)  

2.10. Therapeutic Application of L-Glutaminase 

This enzyme glutaminase is engaged with glutamine catabolism in small-scale 

creatures. Mammalian cells likewise combine this chemical associated with the age of 

vitality, utilizing glutamine as the major respiratory fuel. In this manner, numerous 

kinds of tumor cells just as effectively isolating ordinary cells display high rates of 

glutamine use. Diseased cells, particularly Lymphatic tumor cells, can't integrate L-

glutamine and subsequently rely upon the expansive measure of L-glutamine for their 

fast development. Subsequently, these cells rely upon the exogenous supply of L-

glutamine for their survival and quick cell division. Subsequently, the utilization of 

amidases denies the tumor cells from L-glutamine. It causes specific passing of L-

glutamine subordinate tumor cells by depriving the tumor cell of L-Glutamine, vitality 

wellspring of malignancy cell for cell multiplication and protein amalgamation (Sarada 

2013; Wang et al., 2020). 

L–Glutaminase has been utilized to treat leukemia, and one disadvantage in 

glutaminase treatment is that the body begins creating a resistant reaction against the 

compound. Although the catalyst is infused intravenously at the tumor site, it appears 

that it stays available for use for a brief timeframe and is observed to be cleaned from 

the kidney. A few examinations were made to dodge this issue. Spiers et al., 1976 tried 

L-glutaminase as a medication in leukemia treatment. The human pharmacology and 

toxicology of L-glutaminase, portrayed by Holcenberg (Holcenberg et al. 1979). 

Extracorporeal infusion of L-glutaminase to treat intense lymphoblastic leukemia, 

proposed by Giordano et al., 1981. Be that as it may, elective strategy is additionally 
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seen that utilized for the treatment of malignancy, for example, utilization of 

phenylacetic acid derivation for bringing down the dimension of L-glutamine. 

Afterward, antisense mRNA, used for phosphate actuated L– glutaminase in Ehrlich 

ascites tumor (sort of bosom carcinoma). 

2.10.1. HIV Treatment  

L–Glutaminase in the treatment of HIV is a standout amongst the most encouraging 

remedial applications (Kumar and Chandrasekaran, 2003). They go about as an 

imperative enemy of a retroviral specialist in treating HIV. Protein decreases the plasma 

L-glutamine level for a significant lot of time, bringing about lessening the action of 

serum invert transcriptase (RTA) of Human Immunodeficiency Infection (HIV) 

(Sarada, 2013). L–Glutaminase from Pseudomonas sp. 7A was protected for HIV 

treatment and regulated for HIV replication in tainted cells (Robert et al., 2001). 

2.10.2. Role of L-Glutaminase in Industries 

Compounds accepted more noteworthy hugeness step by step because of their 

biocatalyst movement and their significance for life maintenance. They can catalyze 

response, so they are being produced substantially for utilization in businesses. 

Increment examines or progresses in chemical microbiology, sub-atomic, and 

biotechnology increment the utilization of catalysts on the modern scale and at the 

industrial level (Binod et al., 2017). 

Catalysts represent 80% of the entire mechanical market (Van Oort, 2010). Requests 

for chemicals utilized in ventures are expanding step by step to improve the procedures. 

Proteins have various applications in material, nourishment, cowhide, and restorative 

businesses. Compounds are utilized to empower the usage of crude material. In 

biotechnology, they increment the generation of metabolites, also utilized for waste 

treatment, and different proteins are used to control contamination by corrupting the 

poison from the condition (Binod et al., 2017). Over 500 ventures utilized chemicals to 

make items (Kumar and Singh, 2013). The primary or helpful hotspot for modern 

proteins is microorganisms (Adrio and Demain, 2014).  

Steady innovative biotechnology work and recombinant procedures improve the 

compound yield and soundness amid maturation forms (Shah et al., 2019). Further 

research or redesigning in protein biotechnology fringe and broaden applications in 

sustenance, restorative and different enterprises (Petersen, 2005). 
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2.10.3. Food 

L-Glutaminase is considered the most important enzyme in food industries to enhance 

the taste and aroma of fermented food such as soya sauce and miso (Fukushima and 

Motai, 1990; Nandakumar et al., 2003). This enzyme is very popular in Asian countries 

because it imparts a pleasant and palatable taste to food.  The presence of proteolytic 

enzymes such as L-glutaminase, protease, and peptidases hydrolysis the protein content 

and increases the L-glutamic ratio in fermented food, which improves the food taste 

(Fukushima & Motai, 1990). Low L-glutaminase levels and activity reduce the L-

Glutamic acid contents, and L-glutamine is irreversibly converted into pyroglutamic 

acid, a flavorless compound (Unissa et al., 2014).  

L-Glutaminase is viewed as the most imperative catalyst in sustenance ventures, for 

upgrading the taste and fragrance of matured nourishment, for example, soya sauce and 

in miso (Fukushima and Motai, 1990; Nandakumar et al., 2003). Unissa and Iwasa also 

used L-Glutaminase for the same purpose (Iwasa et al., 1987; Unissa et al., 2014). 

This protein is well known in Asian nations since it grants excellent and attractive taste 

to sustenance. The nearness of proteolytic chemicals, for example, L-glutaminase, 

protease, and peptidases, hydrolysis the protein substance and expands L-Glutamic 

proportion in matured sustenance, which improves the nourishment taste (Fukushima 

and Motai, 1990). Hydrolysis of L-Glutamine by L-Glutaminase is viewed as an 

imperative wellspring of expanding L-Glutamic content (Nakadai and Nasuno, 1989; 

Sugiyama, 1984). Low L-glutaminase level and action lessen the L-Glutamic corrosive 

substance, and L-glutamine is artificially and irreversibly changed over into 

pyroglutamic corrosive, a flavorless compound (Unissa, 2014). L-Glutamic corrosive 

and L-aspartic corrosive not just build the flavor, taste, and sharp preference for the 

sustenance things yet additionally the wholesome nature of nourishment.  

L-Glutaminase detached from microbial source is used to build taste. Unissa and Iwasa 

utilized the Koji form to expand the L-glutaminase proportion in soya sauce (Iwasa et 

al., 1987; Unissa et al., 2014). In the food industry, L-glutaminase is also used in the 

synthesis of γ-glutamylethylamide (L-Theanine), a non-standard amino acid, which 

imparts umami flavor (Mu et al., 2015; Ferreira et al., 2021). γ-glutamyl-ethyl amide 

is an ingredient in food and beverages, and it is naturally present in green tea. It can 

also be produced by L-glutaminase (Ferreira et al., 2021). L-Glutaminase extensively 

used proteins degradation in the food industry. More particularly, soy sauce, produced 

by koji molds produced by the fermentation of soybeans and wheat. L-Glutaminase 
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converts L-glutamine into L-glutamic acid (monosodium l-glutamate), giving the soya 

sauce an umami flavor (Ito and Matsuyama, 2021). Usually, high NaCl concentrations 

are used in fermented foods. That needs L-glutaminases can tolerate and remain 

functionally active at high salt concentrations (Zhang et al., 2019). S. maltophilia is one 

of the bacterial strains that produce highly salt-tolerant L-glutaminase can be used in 

the food industry. B. amyloliquefaciens Y-9 L-glutaminase showed a 68% increase with 

20% sodium chloride (Ye et al., 2013). 

2.10.4. Biosensor 

Biosensors are measurement tools that convert the living signal into an electronic 

response (Mehrotra, 2016). Previously glucose oxidase biosensors were used to 

determine human serum samples (Karakuş et al., 2013). Now L-glutaminase biosensors 

are also used in health. It is broadly utilized as a biosensor to assure glutamine fixation 

in mammalian cell culture or hybridoma cell culture media by stream infusion 

technique (Sarada, 2013). Observing glutamine or glutamate level in body liquid is also 

critical for clinical examination and well-being checking. A free and immobilized 

protein on the layer is utilized as a biosensor for deciding glutamine and glutamate. L-

Glutaminase as a biosensor, utilized by Kikkoman Company, Japan, stands out among 

the essential makers of L-glutaminase (Sabu et al., 2000). Enzymatic assurance of 

glutamine and glutamate level is increasingly exact and exact when contrasted with 

another strategy, for example, the Nesslerization technique pursued by the assurance of 

freed smelling salts. Lunda depicts the effective spectrophotometric strategy for 

assurance of L-Glutamine or L-Glutamate level by utilizing L-Glutaminase. The need 

for authenticity for the continuous quantification of compounds in medicine and 

research unfolds the requirement to develop economic instruments for their detection. 

A new biosensor was created by using L-glutaminase produced by Hypocria jecorina 

immobilized on zinc oxide nanorod. This biosensor determines L-glutamine levels and 

is essential in medicine (Bülbül and Karakuş, 2013). 
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3. MATERIALS AND METHODS 

 

In the present research, Bacterial and fungal strains are used to produce industrially 

important enzyme L-glutaminase. Microbial strains mainly screened from the soils of 

Pakistan. Screening of bacteria that produce L-glutaminase followed by biochemical 

tests and 16S rRNA-based identification. Optimization of media composition and 

fermentation conditions for the production of L-glutaminase by isolated and selected 

bacterial and fungal strains. L-Glutaminases produced by selected bacterial and fungal 

strains were partially purified, characterized by various kinetic parameters, and 

immobilized to increase the stability and reuse of enzymes.  

3.1. Microbial Strains 

Soil samples, collected from various areas such as Taxila graveyard, Wah University, 

Wah Cantt, Quetta, and Quaid-i-Azam University Islamabad, Pakistan, stored in an 

aseptic condition and maintained at 4°C. A fungal strain Epicoccum sp. NFW1 

(Jx402049.1), an endophyte isolated from the Taxus fauna plant (Fatima et al., 2016), 

was taken from the Microbiology Laboratory (Department of Microbiology) Quaid-i-

Azam University, Islamabad. One bacterial strain was also isolated from an expired 

glutamine sample taken from Microbiology Lab, Quaid-i-Azam University. 

3.2. Isolation and Screening of Microorganisms 

3.2.1. Bacterial Primary Screening  

Glutamine Salt agar was used for bacterial isolation from soil samples (Ahmed et al., 

2016). The plate media prepared (Table 3.1) has phenol red in this medium as an 

indicator that detects pH change in a medium.  The pH of the medium was adjusted to 

6.6 using 0.1N HCl and 0.1N NaOH. After sterilizing the medium in an autoclave at 

121°C for 15 min at 15psi pressure, L-glutamine was added after filter sterilization by 

syringe filter.  

Collected soil samples, inoculated on the Glutamine salt agar plates by sprinkling the 

soil on the dishes, and incubated at 37°C in a thermal incubator for 24-48 hours. 

Bacteria that showed changes in color yellow to red around the colony due to basic pH 

(by ammonia release from L-glutamine) were considered as L-glutaminase producers 

and were used later for secondary screening. 

The fungal strain grew on Glutamine salt medium and Czapek dox media (Ali et al., 

2009), Potato dextrose agar, and Sabouraud dextrose agar containing composition as 

follows (Table 3.1-3.4);   
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Table. 3.1. Composition Glutamine salt agar with Phenol pH 6.6 

Sr.No Chemicals Composition 

g/L 

1 KCl 0.5 

2 MgSO4.7H2O 0.5 

3 K2HPO4 1 

4 NaCl 0.5 

5 FeSO4.7H2O 0.01 

6 ZnSO4.7H2O 0.1 

7 L-Glutamine 05 

8 Phenol red 0.02 

9 Agar 16 

 
Table 3.2. Composition of Czapek dox agar pH6.8. 

Sr No Chemicals Composition 

g/L 

1 Sucrose 30 

2 Sodium nitrate 2 

3 Dipotassium phosphate 1 

4 Magnesium sulphate 0.5 

5 Potassium chloride 0.5 

6 Ferrous sulfate 0.01 

7 Agar  16 

 

Table 3.3. Medium Composition of Potato dextrose agar pH5.6. 

Sr No Chemicals Composition 

g/L 
1 Dextrose 20 

2 Potato extract 4 

3 Agar 15 
 

Table 3.4. Medium Composition of Sabouraud dextrose agar pH5.6. 

Sr No Chemicals Composition 

g/L 

1 Dextrose  40 

2 Peptone 10 

3 Agar 15 
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3.2.2. Screening in the Absence and Presence of L-Glutamine 

Mineral salt media (50 ml, Table 3.5) of pH 6.6 was prepared with phenol red as an 

indicator in a 100 mL flask with glutamine as a substrate and without adding glutamine. 

Then L-glutamine (5g/L) was added after sterilization by syringe filter, and media 

suspended with phenol red incubated at 37°C. Strains that impart pink color were 

selected. 

The bacterial screening was performed in the presence and absence of L-glutamine on 

Mineral salt medium. In the existence of glutamine (hydrolysis of glutamine), turning 

color from yellow to red. In contrast, the media did not change its color without 

glutamine. 
Table 3.5. Composition of Mineral salt media with L-Glutamine pH 6.8 

Sr No Chemicals Composition 

g/L 
1 Glucose 10 

2 Glutamine 5 

3 Na2HPO4.2H2O 6 

4 KH2PO4 3 

5 MgSO4 0.49 

6 CaCl2 0.002 

7 Agar 16 

 

3.2.3. Secondary Screening                                 

Glutamine salt agar medium (with phenol red as an indicator) of pH 6.6 was prepared 

in 300 mL distilled water. The medium was poured into Petri plates, and selected 

bacterial strains were point inoculated. Each bacterial strain was inoculated in three 

Petri dishes and incubated at 37°C. Zone of hydrolysis, measured after 24 hours of 

incubation.                                  

3.2.4. Extracellular L-Glutaminase Screening by Well Diffusion Method 

The selected bacterial strains were testified for L-glutaminase activity by well diffusion 

assay. The bacterial strains were cultivated on Mineral salt broth (50 mL) of pH 7 with 

L-glutamine at 37°C for 24 hours. Liquid broth after 24hrs, centrifuged at 6000-10000 

rpm at 4°C for 15-20 minutes, the supernatant was used as a source of L-glutaminase. 

The wells were prepared on Glutamine salt agar plates, and 100 µl of the supernatant 

or extracellular enzymes were then poured into the well and incubated at 37°C for 24 
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hours. The next day, the medium's color change was observed and recorded; the crude 

enzyme from fungus Epicoccum sp. NFW1 was separated with the help of the filtration 

process and dispensed into the well, and incubated for 24 hours. 

3. 3 Production of L-Glutaminase in Fermentation Medium 

Selected bacterial strains (5 bacteria) and one fungal strain produced L-glutaminase in 

a Glutamine salt medium. The selected bacterial and fungal strains were inoculated in 

100 mL flasks containing 50 mL of Glutamine Salt media at 37ºC for bacteria and 30ºC 

for fungal at 120rpm. The sample was collected at a regular 24 hours and centrifuged 

at 6000-10000 rpm for 15-20 min at 4ºC. The liquid supernatant containing the L-

glutaminase was used for enzyme assay and stored at 4ºC. 

 3.3.1. Enzyme assay 

The presence of an enzyme in the supernatant, checked by the Nesslerization method 

(Imada et al., 1973). The enzyme assay reaction mixture of L-glutaminase assay 

contains: 

 0.5 ml of Phosphate buffer of pH 7.0 

 0.5 ml of 40 mM L-Glutamine substrate 

 0.5 ml of supernatant containing L-glutaminase 

The enzyme assay reaction mixture containing test tubes was kept in a shaking 

water bath at the temperature 37+2ºC for 30 min of incubation. After incubation, 

Trichloroacetic acid (TCA) was added 0.5 ml to the assay mixture as a stopping 

reagent. 3.7 ml of distilled water, taken in the separate test tubes, and 0.1ml, of the 

incubated reaction mixture, added in the end, 0.2 ml of Nessler reagent, added to 

each test tube to estimate ammonia produced in the assay. Absorbance, measured 

at 450 nm. By comparing with the standard curve, L-glutaminase units, calculated. 

One unit of the enzyme is the quantity of enzyme that liberated 1µmol of ammonia 

per milliliter per minute. 

3.3.2 Ammonia Standard Curve 

The quantification of L-glutaminase was performed by ammonium sulfate standard 

curve using the concentration (60-360 µmol/mL). Different dilutions of ammonium 

sulfate were prepared. 0.5 mL of ammonium sulfate taken from each dilution and added 

to 0.5 mL phosphate buffer of pH 7 and 0.5 mL 1.5 M Trichloroacetic acid (TCA). 

From each test tube, 0.1mL of the reaction mixture, added in 3.7 mL of distilled water 

in a new test tube, and finally, 0.2 mL of Nessler reagent, added to each tube. 
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Absorbance, measured at 450 nm. One unit of enzyme is the enzyme that liberates 

1µmol of ammonia per milliliter per minute (Figure 3.1). 

 
Figure 3.1. Standard curve of ammonium sulfate concentration. 

3. 3. 3. Protein Estimation 

The Lowry method estimated the extracellular protein existence in the supernatant 

(Lowry et al., 1951). Reagents of the lowery method are in Table 3.6. 

Bovine serum albumin (BSA) protein was used for the standard curve formation. 0.1% 

BSA stock solution was used for making different dilutions such as 20, 40, 60, to 200 

µl/100 ml. in each dilution concentration of BSA was about 20, 40, 60, 80, 100, 120, 

140, 160, 180, 200 µg/ml. 

In each test tube, 1mL of diluted BSA sample and 1ml freshly prepared solution D was 

added and incubated at room temperature for 10 min. After 10 min, 0.1ml of folin 

phenol was added and incubated for 30minutes. Change in the color of the solution into 

blue indicated the presence of protein in the solution. O.D, taken at 650 nm with the 

help of a spectrophotometer. The standard curve was used to calculate the amount of 

protein in µg/mL. 
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Table 3.6. Reagents used in protein estimation by Lowery method. 

 

 

 

 
Figure 3.2. Standard curve of protein estimation by Lowry method. 

3.4. Maintenance of Isolates 

The bacterial strains were maintained by making 80% glycerol stock solution, while 

the fungal strain was kept in 20% glycerol stock. Glycerol stocks were preserved at -

40ºC. 

3.5. Bacterial Identification 

To identify and morphological characterize bacterial isolates, different biochemical 

tests, performed. 

3.5.1. Gram Staining 

All the selected strains were purified on the Nutrient agar plates. Morphology of 

colonies studied on Nutrient agar plates. Singles colonies, used for the gram staining 
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Solution Chemicals Quantity 

A Sodium bicarbonate 4.0 g/100 ml 

Sodium hydroxide 0.4 g/100 ml 

B Copper sulfate 0.5 g/100 ml 

C Sodium potassium tartrate 1 g/100 ml 

D Soln. A 48 mL 

Soln. B 1 mL 

Soln. C 1mL 

E Folin phenol 1:1 with distilled H2O 
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procedure. It is a technique used to identify gram-positive or gram-negative bacteria. It 

is the most commonly used technique of differential staining in microbiology named 

after the scientist Dr. Christian Gram. The four reagents used during gram staining are 

shown in Table 3.7. All reagents, given a reaction time of 60 seconds. In contrast, 

ethanol was used for 5 seconds on each slide. The gram staining results, monitored 

under a light microscope and the other features of the selected strains. 
Table 3.7. Reagents and Chemicals used in the performance of Gram staining. 

3.5.2. Morphological Characterization 

The isolated bacterial strains’ morphology, observed on the nutrient agar plates—

selected isolates, streaked in various ways to study the colonies morphologies and 

incubated overnight. The colony morphology was observed according to as performed 

by “Bergey's Manual of Systematic Bacteriology” (Krieg et al.,1984); the sizes of the 

colonies were either small, moderate, or large. Their color (pigmentation) colonies 

shape circular, irregular, and rhizoidal. Colonies margins like entire, lobed, and 

undulate, colonies elevations, either domed shaped, flat, and raised, and opacity of the 

colonies like opaque, transparent, and semi-transparent, noted. 

3.5.3. Biochemical test 

A total of 24 biochemical tests, performed to check bacteria's biochemical nature, their 

enzymes, and their byproduct Bergey's Manual (Krieg et al.,1984; MacFaddin, 2000). 

And for the additional biochemical testing, API kit 20 Ne was used (Figure 3.4). These 

biochemical tests are listed below: 

 

  

Chemicals  Chemical’s property Reaction 

time  

Mode of action 

Crystal violet Primary stain 60 sec Give purple color to each cell. 

Gram iodine Mordant 60 sec Bind with primary stain form insoluble 

complex and make stain more intensity. 

Ethanol Decolorizing agent 5sec During the action of 95%, ethanol gram-

positive bacteria retain purple stain. In 

contrast, gram-negative bacteria become 

colorless. 

Safranin Counter-stain 60 sec stains were red to those bacteria, which 

decolorized with ethanol. 
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3.5.3.1. MacCkonkey Agar Test 

MacConkey agar (HiMedia Laboratories used) is a selective medium. Containing bile 

salts and dyes are used to isolate gram-ve bacteria by suppressing the growth of 

gram+ve bacteria. The composition of the medium is given in Table 3.8. MacConkey 

agar was prepared in 300 mL of distilling water, autoclaved for 15min at 15lbs pressure, 

and poured into Petri plates. And all 5selected bacterial isolates were inoculated on 

plates and incubated at 37ᵒC for 24 hours. 

 
Table 3.8 MacConkey agar Medium composition pH7. 

Sr. No Chemicals Composition 

g/L 

1 Peptones 3 

2 Pancreatic digest 

of gelatin 

17 

3 Lactose 10 

4 Bile salts 1.5 

5 Sodium chloride 5 

6 Crystal violet 0.001 

7 Neutral red 0.030 

8 Agar 13.5 

 

 

3.5.3.2. Indole Test  

Enzyme tryptophanase is produced by certain microorganisms that hydrolyze amino 

acid tryptophan into ammonia, pyruvic acid, and indole. Kovac's reagent addition 

observed indole production. 

Tryptophan (1%) containing medium was inoculated with the bacterial cultures and 

kept in the incubator for 1-2days (24-48 hrs) at 37ᵒC. Kovac's reagent (2-5drops) was 

added after incubation of the bacterial isolates and left for a few minutes. The 

appearance of the red ring indicated indole production.  
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Figure 3.3. Tryptophanase activity on amino acid tryptophan 
3.5.3.3. Urease Test 

Urea, hydrolyzed by the urease enzyme, is produced by some bacterial strains. The 

urease production can be estimated by inoculating bacteria on the urease broth medium. 

The composition of Urea broth is as follows Table 3.9: 
 

Table 3.9 Urea broth composition 

 

 

 

 

 

 

 

 

Urease hydrolyzes urea by attacking its amide linkage, resulting in ammonia releasing 

byproducts such as water and carbon dioxide. The following reaction takes place in 

media during incubation; 

(NH2)2CO  +  2H2O 
yields
→     2H2O+2NH3 

All the medial chemicals except urea, autoclaved, and urea was then added through the 

syringe filter for sterilization. Phenol red was used as a pH indicator. The urease 

enzyme breaks down urea and releases ammonia which causes media to decline its pH 

and form an alkaline media, observed as a change in color of phenol red. As a positive 

result, the media change its color from red to the original medial color again. 

3.5.3.4. Catalase Test 

 Some microorganism degrades hydrogen peroxide by producing catalase enzyme. The 

enzyme catalase also has detoxifying effects in eukaryotic cells, which detoxify H2O2 

formulated from alcohol as the precursor. 

Sr. No. Chemicals Composition 

(g/L) 

1 Urea 20 

2 NaCl 5 

3 KH2PO4 2 

4 Phenol red 0.012 

5 Dextrose 1 

6 Peptone 1 
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The test was performed by adding culture on the glass slide and then adding a few drops 

of 30% H2O2. Bubbles formed within a few seconds due to oxygen release indicate a 

positive result. 

3.5.3.5. Oxidase Test 

The test indicated the enzyme cytochrome c oxidase used in the electron transport 

chain. The enzyme oxidizes the reagent tetramethyl-p-phenylenediamine 

dihydrochloride and produces indophenol that is purple. The bacteria with negative 

results also have an aerobic mode of respiration, but instead of using cytochrome c 

oxidase, they use another oxidase enzyme for respiration. 

A bacterial colony was put on filter paper, and added few drops of reagent were on the 

bacterial colony. Positive results were observed as bacteria turned their color into 

purple. 

3.5.3.6. Carbohydrate Fermentation Test 

Most bacteria can ferment carbohydrates and use them as a source of energy. The 

carbohydrate fermentation media contain: 

 Nutrient broth: used for the growth of bacteria. The composition of Nutrient 

broth in table 3.10. 

Table 3.10. Composition of Nutrient Broth pH 7.2. 

Sr No Chemicals Composition 

g/L 

1 beef extract 1  

2 Yeast extract 2  

3 Peptone 5  

4 Sodium chloride (NaCl) 5  

 

 Specific carbohydrate: different carbohydrates act as a substrate to determine 

the fermentation ability of bacteria.  

 Phenol red: pH indicator with red color at neutral pH, and changes into yellow 

at slightly alkaline pH. 

Fresh culture of bacteria was inoculated in a fermentation medium and incubated 

overnight at 37 °C. The next day the color change in a media, recorded (Hemraj et al., 

2013). 
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3.5.3.7. Mannitol Salt Agar                    

The ability of fermentation of mannitol, bacteria were inoculated on an MSA medium. 

The medium has high quantities of salt (7.5% NaCl) and mannitol as a carbon source. 

If bacteria ferment mannitol, they show a yellow zone around the colony. In contrast, 

if they cannot ferment mannitol but can withstand high salt concentration, they grow 

on medium without forming yellow zones (Hemraj et al., 2013). 

3.5.3.8. Simmon Citrate Agar Test 

This test contains citrate as a carbon source, and the nitrogen source is ammonium salt. 

The media also include pH indicator bromothymol blue. The pH of media was changed 

into alkaline if bacteria utilized citrate and ammonium salt as a carbon and nitrogen 

source. This alkaline condition will change media color from green to Royal blue; 

otherwise, media retain color. 

The pure culture was inoculated on plates and incubated for 24-48 hours in a thermal 

incubator. Change in color from green to royal blue indicates positive results. 

3.5.4. API Kit 20Ne  

For API kit 20Ne, initially, 4-5 colonies were added in a sterile ampule of 7 mL mixed, 

and 200 µL, added into each well of API stripe containing a dried form of medium. 

Then for each API stripe, some water was put into the given tray and put Api stripe that 

tray covered it and incubated for 24hrs at 37ᵒC. After 24hrs, the change in coloration 

was monitored, as shown in Figure 3.4. 

 
Figure 3.4 API kit results of Selected Bacterial strains 
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3. 5. 5. Identification at Molecular level (16S rDNA Sequencing) 

3.5.5.1.  DNA Isolation 

The genomic DNA of all selected bacterial (5bacteria) strains was isolated using the 

“Solarbio bacterial DNA extraction kit” using the standard protocol given in the kit. 

For this sake, microorganisms inoculated on liquid media such as nutrient broth and 

kept in the incubator for 24hours at 37ᵒC. The grown culture was centrifuge at 11000 

rpm for 5 minutes. The extracted DNA samples were added in 30µl of Tris-EDTA 

buffer and mixed the DNA samples, maintained at -20ᵒC.  

3.5.5.2. Agarose Gel Electrophoresis (AGE) 

The purity of extracted DNA was confirmed on the agarose gel electrophoresis. The 

DNA, resolved using 0.8% (0.32g) agarose, was added in 40mL of 1X TAE buffer and 

heated until wholly dissolved, cooled the mixture up to 50ᵒC and added 3µL of ethidium 

bromide and poured into the gel casting apparatus. The gel, stained by using 1µg/ml of 

ethidium bromide. 0.5µl of DNA was loaded in a gel stained with a DNA dye and 

observed using a gel doc or transilluminator.  

3.5.5.3. Quantification of DNA  

Extracted DNA samples were quantified using a Naono drop and spectrophotometry 

with the ratio of absorbance A260/280, confirming the purity of DNA. Hence, 

spectrophotometry was performed to quantify and qualify DNA. 

3.5.5.4. PCR Amplification of 16s rDNA 

Genomic DNA extracted from 5 bacterial strains, amplified using PCR (Labnet 

International, Model: MultiGene OptiMax, USA). The reaction mixture, prepared in the 

25µl final volume, contains 1x PCR buffer of 2.5µl, 5µl of dNTPs, 3µl of 1mM MgSO4, 

0.75µl Taq DNA Polymerase, Forward primer 1 µl of 10 µM, Reverse Primer 1µl of 

10 µM, extracted bacterial DNATemplate DNA (2 µl) and double-distilled H₂O 

(10.75µl) (Table 3.10).  
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Table 3.11. Reagents for PCR for Amplification of 16S rDNA. 

 Ingredients Stock solutions Concentrations for PCR 

1 PCR buffer 10X 1X 2.5µl 

2 dNTPs  200mM 10mM 5µl 

3 Forward primer 100µM 10µM 1µl 

4 Reverse primer 100µM 10µM 1µl 

5 Taq DNA polymerase 5U 0.625 0.125µl 

6 MgSO₄  25mM 1.5mM 3µl 

7 Template DNA - - 2µl 

8 Nuclease free water - - 14.625µl 

 

PCR optimization of 16S rRNA gene using 27F(5′-AGAGTTTGATCMTGGCTCAG-

3′) forward primer and 1492 R (5′-TACGGYTACCTTGTTACGACTT-3′) reverse 

primers. The PCR mixture was placed into the thermocycler for amplification purposes. 

PCR cycles are optimized by checking the cycle times monitoring melting and 

annealing temperatures. DNA amplification was carried out as follows: 10 seconds at 

98ᵒC, 5 minutes at 94ᵒC, 50 seconds at 52ᵒC, 1 minute at 72ᵒC, and finished with 10 

minutes at 72ᵒC for the final extension. DNA, amplified on the PCR for 30 cycles, took 

the total time 1hour and 40 minutes. PCR products, monitored on 0.8% agarose gel. 

The amplified PCR products were purified using the gel extraction kit (Geneaid cat. 

No. DFG100). 

 3.5.5.5. 16S rDNA Sequencing and Identification 

All the polymerase chain reaction products were sequenced commercially for all 

bacteria samples. All the commercially sequenced 16S rDNA, submitted online on the 

NCBI (National Centre for Biotechnology Information) site to get accession numbers. 

3.5.5.6. Phylogenetic Analysis 

For the phylogenetic analysis, nucleotide BLAST (BLASTn) was used to get the 

identified Fasta aligned sequences. These sequences are used in the Mega X software. 

The sequences are aligned by Clustal Won Mega X software. The final phylogenetic 

trees, obtained by the neighbor-joining method (using 1000 bootstrap replicates), 

cleared the evolutionary basis of strains (Awad et al., 2019).  
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3. 6. Optimization for the maximum Production of L-glutaminase by Selected Bacterial 

Strains 

All selected bacterial strains were optimized for maximum L-glutaminase production 

for various fermentation conditions. Bacterial isolates were optimized for incubation 

time, pH effect, temperature effect, carbon and nitrogen sources effect, and inducers 

effect on the L-glutaminase production (Sathish et al., 2018). 

3.6.1.  Effect of Incubation Time on L-Glutaminase Production 

Enzyme production, optimized in 100 mL Erlenmeyer flasks containing 50 mL 

Glutamine salt media of pH7. Selected bacterial strain inoculated (0.5mL inoculum) 

(RSHG1, RSHQ1, RSHU1, RSHU3, and RSHS3) and incubated in a shaking incubator 

at 37°C. L-Glutaminase activity, monitored after 24hours of incubation. 

3.6.2. Effect of pH on L-Glutaminase Production 

The isolated bacterial strains, optimized for the effect of pH. For this purpose, 50 mL 

of Glutamine salt media, prepared in 100 mL Erlenmeyer flasks, then pH, adjusted from 

pH6 to 9. Media was inoculated with 1% inoculum and incubated at 37°C. Enzyme 

activity, measured after every 24hrs of incubation. 

3.6.3. Effect of Temperature on L-Glutaminase Production 

Selected bacterial isolates, optimized for the effect of temperature. Glutamine salt 

medium (50 mL), prepared in a 100 mL flask. The pH of the medium adjusted to the 

optimum. And inoculated with 1% inoculum for all bacterial strains and incubated at 

25°C, 30°C, and 37°C. The enzyme activity is observed after every 24hrs of incubation. 

3.6.4. Effect of carbon sources on L-glutaminase Production 

The selected strains were observed for the effect of carbon sources on L-glutaminase 

production. 50 mL of Glutamine salt medium, prepared in 100 mL flasks with different 

0.5gm (1%) carbon sources such as glucose, sucrose, lactose, maltose, xylose, and 

sorbitol. pH was adjusted to optimum and incubated at optimum temperature.  

3.6.5. Effect of nitrogen source on L-Glutaminase Production 

Different nitrogen sources of 0.1% were added to 50 mL of Glutamine salt media into 

a 100 mL flask with an optimum carbon source, pH, and temperature of respective 

strains. The nitrogen sources used were Tryptone, Yeast extract, Ammonium chloride, 

and Sodium nitrate. Samples, collected after 24 hours, and L-glutaminase activities 

were recorded.   
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3.6.6. Effect of Inducers on L-Glutaminase Production 

The L-glutaminase-producing selected strains optimized for the inducer effects in 

Glutamine salt media. Medium (50 mL), prepared in a 100 mL flask with 1% inoculum. 

Three inducers (1.5%) glycine, glutamine, and lysine, added by syringe filter method 

for L-glutaminase production, and enzyme activity by all the selected bacteria, 

measured every 24hrs. 

3.7. Optimization for L-Glutaminase Production by Fungal Strain Epicoccum sp. NFW1 

Fungal culture was grown in a controlled environment to check the effect of different 

conditions regarding its activity of glutaminase production to achieve the maximum 

yield of the enzyme. 

3.7.1. Effect of Incubation Time on L-Glutaminase Production by Epicoccum sp. 

NFW1 

L-Glutaminase, produced by Epicoccum sp. NFW1 on Glutamine salt media and 

observed the effect of incubation time. 50mL medium, prepared in the 100mL flask. 

And incubated at 30oC for 5days, and activity was measured after every 24hrs of 

incubation.  

3.7.2. Effect of Media on L-Glutaminase Production by Epicoccum sp. NFW1 

The effect of the 3media monitored for L-glutaminase production by Epicoccum sp. 

NFW1 on Glutamine salt media, Czapek dox, Sabouraud dextrose, and potato dextrose 

broth. All media, prepared in a 100 mL flask containing 50mL of media, incubated at 

30oC. The activity was checked for five days of incubation, after every 24hours. 

 

3.7.3. Effect of inducers on L-Glutaminase Production by Epicoccum sp. NFW1 

The strain Epicoccum sp. NFW1 checked for glycine, glutamine, and Lysine effects on 

L-glutaminase production. 50 mL Czapek dox and potato dextrose broth, prepared in a 

100 mL flask incubated at 30°C, L-glutaminase activity, measured every 24 hrs. 

3.7.4. Effect of Salt and Sucrose on L-Glutaminase Production by Epicoccum sp. 

NFW1 

Effect of 0.3% NaCl and 1% sucrose on Epicoccum sp. NFW1 for maximum enzyme 

production was studied. For this purpose, 50 mL of Potato dextrose broth and 

Sabouraud dextrose broth, prepared in 100 mL flasks inoculated with selected fungal 

strain and incubated at 30oC. Enzyme activity was monitored every 24hrs, for 5days of 

incubation. 
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3.7.5. Effect of Substrate on L-Glutaminase Production by Epicoccum sp. NFW1 

The effect of different carbon sources checked out for Epicoccum sp. NFW1 in 100 mL 

flask containing 50mL of Glutamine salt media for L-glutaminase production of pH7, 

incubated at 30°C. The carbon sources used; as glucose, sucrose, lactose, maltose, xylose, 

and sorbitol. 

3.7.6. Effect of pH on L-Glutaminase Production by Epicoccum sp. NFW1 

The effect of pH on L-glutaminase production by Epicoccum sp. NFW1 in 50 mL 

(Glutamine salt media) in 100 mL flasks. The pH values ranged from pH 3 to 9 at 30°C 

with glutamine 1% as substrate. The effect of pH checked out for 5days, and activity was 

determined every 24hours. 

3.7.7. Effect of nitrogen source on L-Glutaminase Production by Epicoccum sp. 

NFW1 

The effect of 1% nitrogen source monitored in 50 mL of Glutamine salt media in 100 mL 

flasks for L-glutaminase production by Epicoccum sp. NFW1. The potent nitrogen sources 

were Tryptone, Yeast extract, Ammonium chloride, and Sodium nitrate.  

3.8. Production of L-glutaminase by selected bacterial strains under optimized 

conditions. 

L-Glutaminase production by strain RSHG1was carried out in 600 mL Glutamine salt 

media in a 1Litre flask at pH9 at 30°C with 1% sorbitol as a carbon source, 1.5% L-

glutamine as a nitrogen source, and as an inducer at incubated for 3days. Production of 

RSHU1 L-glutaminase, conducted in 1litre flasks, containing 600 mL in Glutamine salt 

media with 1% glucose, 1.5% L-glutamine 600 mL in each flask at pH6 and incubated on 

37°C at 120 rpm. The culture was harvested after 3days. The strain RSHQ1 conditions for 

Lglutaminase production were, Glutamine salt media with sucrose as carbon and L-

glutamine as a nitrogen and inducer source, at pH7 on 37°C incubated till the 4th day of 

incubation. L-Glutaminase production by RSHU3 was carried out on glutamine salt media 

with sorbitol as carbon and L-glutamine as a nitrogen source, respectively incubated at 

30°C at pH8 for 3days. For RSHS3, L-glutaminase production glutamine salt media, used 

with sucrose as carbon source, L-glutamine as nitrogen and inducer at pH8 on 25°C 

incubated for 3days.   For harvesting centrifuged at 10,000 rpm for 10-12minutes at 4°C, 

the supernatant, used for further purification. Pellet, discarded. NFW1 was grown for 

glutaminase production on glutamine salt media with sucrose as carbon source L-glutamine 
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as inducer at pH7 on 30°C for 4days of incubation. The culture, harvested by filtration by 

cellulose filter, mycelial mass, removed and the crude extract, used for partial purification.  

3.9. L-Glutaminase Purification 

L-Glutaminase produced by A. xylosoxidans RSHG1, B. subtilis RSHU1, B. halotolerans 

RSHQ1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3 and Epicoccum sp. NFW1 

was partially purified, and RSHG1, RSHU1, and Epicoccum sp. NFW1 purified on gel 

filtration column chromatography (More et al., 2018; Bazaraa et al.,2016). 

3.9.1. L-Glutaminase Partial Purification  

Partial purification, performed with the help of ammonium sulfate precipitation, was 

initially optimized at 10, 20, 30, 40, 50, 60, 70, 80, and 90% fractional saturation of 

ammonium sulfate. Partial purification with 70% ammonium sulfate was for all bacterial 

and fungal strains.  

3.9.2. Ammonium sulfate precipitation 

After centrifugation, supernatants, taken in 1L flask by taking 600ml crude enzyme in each 

flask, and 70% of ammonium sulfate, slowly added with stirring and kept at a low 

temperature (4°C). The mixture was put into the refrigerator overnight, then centrifuged 

the next day at 10,000 rpm for 12 min at 4°C in 50ml falcon tubes. The pellet, dissolved in 

15ml of 0.1M phosphate buffer of pH7, discarded the supernatant.  

3.9.3. Dialysis 

All the precipitated protein samples were dialyzed against a low ionic strength buffer to 

remove excess amounts of salt. The pellet dissolved in buffer and dialyzed against 0.01M 

phosphate buffer of pH7. The dialysis process is done by placing a small piece of dialysis 

tube in a beaker containing buffer. The enzyme was added to the dialysis tube and clamped 

from both sides. The beaker containing buffer, and dialysis tube, kept in the fridge at 4oC. 

The buffer changed after every 3 hours to remove salts. Salt removal was confirmed by the 

Nesslerization of the buffer surrounding the dialysis beaker. After dialyzing the enzyme, it 

was subjected to column chromatographic technique.  

3.10. Characterization of L-Glutaminase 

The partially purified and purified enzyme, optimized for kinetic parameters such as 

incubation time, substrate concentration, pH, temperature, metal ions, and sodium chloride 

concentration (Bülbül and Karakuş 2013). 

  



 

49 
 

3.10.1 Effect of Incubation time on L-Glutaminase Activity 

The effect of incubation time, observed after 15, 30, 45, and 60 minutes of incubation at 

pH7 using 0.5M phosphate buffer at 37°C. 

3.10.2. Effect of Substrate Concentration on L-Glutaminase Activity 

The effect of the substrate was monitored by adding the substrate concentrations ranges 

0.04-0.56 mM at pH 7 (0.5M phosphate buffer) at 40°C for A. xylosoxidans RSHG1, B. 

subtilis RSHU1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3, Epicoccum sp. NFW1 

L-glutaminase and 50°C for B. halotolerans RSHQ1 L-glutaminase. 

3.10.3. Effect of pH on L-Glutaminase Activity 

The effect of 0.5M buffer ranges pH4-9.5 was checked out on the partially purified and 

purified L-glutaminase from different strains A. xylosoxidans RSHG1, B. Subtilis RSHU1, 

B. halotolerans RSHQ1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3, and 

Epicoccum sp. NFW1. 

3.10.4. Effect of Temperature on L-Glutaminase Activity 

The effect of temperature 20°C to 70°C, tested on L-glutaminase of selected bacterial and 

fungal strains A. xylosoxidans RSHG1, Alcaligenes sp. RSHS3, and Epicoccum sp. NFW1 

at pH7 of 0.5M phosphate buffer, B. subtilis RSHU1 at pH 6.5 of 0.5M phosphate buffer, 

B. halotolerans RSHQ1 at pH 6 of 0.5M phosphate buffer, and S. maltophilia RSHU3 at 

pH 8 of 0.5M phosphate buffer. 

3.10.5. Effect of Metal ions on L-Glutaminase Activity 

The effect of different inhibitors was measured, like EDTA, cobalt chloride, calcium 

chloride, barium chloride, mercuric chloride, zinc sulfate, manganese sulfate, potassium 

chloride, magnesium sulfate, sodium chloride. A control without inhibitor was included in 

the study. L-Glutaminase, incubated with 20 mmol of different metal ions, then used for 

enzyme assay at their optimum conditions.  

3.10.6. Effect of NaCl (sodium chloride) on L-Glutaminase Activity. 

L-glutaminase from all the selected strains was incubated at different concentrations of 

NaCl (sodium chloride) (4-20%) to check out the effect of increasing concentration of 

sodium chloride on L-glutaminase activity. 

3.11 Purification of L-Glutaminase on Gel Filtration Column Chromatography 

The partially purified L-glutaminase was further purified on the column chromatographic 

technique using Sephadex G75 for A. xylosoxidans RSHG1 and Epicoccum sp. NFW1 and 
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Sephadex G 100 for B. subtilis RSHU1. A column of 27cm length and 1.5cm in diameter, 

containing 21cm gel. The column was packed with gel, prepared in sterilized buffer, and 

left to settle overnight. The samples were concentrated after dialysis by lyophilization. 2.5 

ml of the samples, run after passing through a syringe filter of 0.45 micron. After filtration, 

the samples were run in a column and later eluted by phosphate buffer. Then collected in 

fractions of 3ml, and the total number of aliquots was 25—all the fractions, estimated for 

both protein and enzyme activity. 

3.12. Molecular Weight Determination of L-Glutaminases 
The molecular weights were determined by SDS gel electrophoresis of the partially 

purified and purified L-glutaminase (Laemmli et al., 1970). The reagents are given in Table 

3.10. 
Table 3.12 Reagent of Gel electrophoresis 

Sr.

No 

Reagents required Components of reagents 

1 Solution A  3M Tris base (36.34g), 

SDS 0.4% dissolved in 100 mL (pH 9). 

2 Solution B 0.439 MTrisbase of 5.98g, 0.4% SDS in100 mL 

with distilled water, and pH adjusted to 7. 

3 Solution C Acrylamide 29g and bisacrylamide 1g dissolved 

and 

Make up the final volume using distilled water to 

100 mL. 

4 1 x TGS Buffer   Tris base 3g, glycine 14.4g, and SDS1.25g was 

dissolved in 1000mL of distilled water. 

5 2x Laemmli loading 

buffer 

0.5MTris-HCl of pH 6.8, 1.25 g, SDS 0.2 g, 

glycerol 2 mL, β-mercaptoethanol 0.5 mL, 

Bromophenol blue 0.02 g dissolved in 7.5 mL of 

distilled water. 

6 Staining solution Methanol 220mL, acetic acid 30mL, Coomassie 

brilliant blue G-250 made up to 250 mL 

 

3.12.1. SDS Gel Electrophoresis Gel Preparation for the Separation of Proteins 

For the molecular weight determination, 7.5% resolving gel and 4.5% stacking gel were 

prepared composition given in Table 3.12. Ammonium persulfate solution is freshly 
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prepared every time. Then comb was placed into the stacking gel and allowed to 

polymerize. After the polymerization of the resolving gel, then stacking gel was poured on 

the resolving gel.  
Table 3.13. Composition of Resolving and Stacking Gel 

Gel type Gel 

%age 

Solution 

A 

Soluti

on B 

Solution 

C 

distilled 

water 

Ammonium 

persulphate 

Tetramethylethyl

enediamine 

(TEMED) 

Resolving 

gel 

7.5% 10 mL - 10 mL 10 mL 10% (400µl) 15 µl 

Stacking 

gel 

4.5% - 2.5 

mL 

1.5 mL 6.0 mL 10%APS 

(70µl) 

17 µl 

 

3.12.2. Samples Preparation and Gel Running  

The samples (20µl, 10µl protein in 10µl 2x loading buffer) were prepared by heating in the 

water bath at 90°C for 5-8min. The gel plates were placed in an electrophoresis tank and 

submerged with 1X TGS buffer. 4µl of BenchMark” (Cat No. 10747-012) and 

“ThermoFisher scientific” (Cat No. 00819260) protein ladder, used and 20µl of samples, 

added in the wells. The gel was placed for 1hr in the staining solution and then destained 

overnight. 

3.13. Immobilization of L-Glutaminase 

3.13.1. Immobilization on Agar 

The partially purified L-glutaminase from RSHG1, RSHU1, and Epicoccum sp. NFW1, 

subjected to immobilization on agar. 3.6% agar in 15ml of buffer, autoclaved. After cooling 

up to 60°C, 5ml of the partially purified L-glutaminase was added to autoclaved agar, 

poured in Petri dishes, and kept for solidification. The plates were put into the refrigerator 

at 4°C for 2 hours. The solidified agar with immobilized enzyme was cut into small pieces, 

washed with 0.5M phosphate buffer of pH 7, and then assayed for enzyme activity. The 

immobilized enzyme, stored at 4°C in a 0.2M phosphate buffer of pH 7. Immobilized L-

glutaminase stability, checked out for 3weeks. 

3.13.2. Enzyme Assay After Immobilization 

0.5gram of immobilized cubes and 0.5 ml of 80 mmol substrates (glutamine), added to the 

tube containing 0.5mL of 0.5M buffer and 0.5 mL distilled water. The enzyme assay 
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reaction mixture was incubated in a shaking water bath at 37+2ºC for 30 min. After 

incubation, 0.5ml of Trichloroacetic acid (TCA), added as a stopping reagent. 3.7ml of 

distilled water was added to new test tubes, then 0.1mL of the incubated reaction mixture 

was added. Finally, 0.2ml of Nessler reagent was added to estimate ammonia produced in 

the mixture.  

3.14 Statistical Analysis 

All experiments were conducted multiple times. L-Glutaminase activities were monitored 

in triplicate (n = 3); all graphs were plotted with their mean values with error bars of the 

standard deviation of the means. Kinetic parameters, analyzed by using non-linear 

regression and correlation. 
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4. RESULTS 

 

The present study showed remarkable results ranging from screening, isolation of bacterial 

strains, cultural characters up to biochemical testing, molecular identification, and 

optimization of conditions regarding maximum L-glutaminases from microbial sources, 

specifically bacteria and fungi. Then purification, characterization, immobilization, and 

comparative study of L-glutaminases produced by selected strains. 

4.1. Isolation of L-glutaminase Producing Microorganisms and Initial Screening  

The soils samples of Taxila, Wah Cantt, Quaid-i-Azam University Islamabad, Quetta, were 

sprinkled on glutamine salt agar plates. An expired glutamine sample, inoculated by the 

spread plate method used for initial screening at 37°C for 2days pH of the medium was pH 

6.6 (Figure 4.1). The glutamine salt medium, along with phenol red as an indicator, was 

used to grow bacteria. This media grew specified bacteria and screened that bacteria 

depending upon phenol red color change yellow to red upon hydrolysis of glutamine into 

glutamate, and ammonium ions released on hydrolysis were converted color of media from 

yellow to red. Phenol red is an indicator that changes its color from yellow to red or the 

original color of the medium at pH7 or higher than 7. Bacterial colonies were randomly 

selected and purified on nutrient agar plates, then screened on glutamine salt agar plates, 

for fungal screening soil sample taken from Quaid-i-Azam University Islamabad and 

sprinkled on glutamine salt agar of pH6.6, incubated at 30°C for 7days. One fungal strain, 

Epicoccum sp. NFW1, taken from the Microbiology lab, Quaid-i-Azam University, was 

also screened on glutamine salt agar.  

4.2. Primary Screening of L-Glutaminase Producing Bacteria 

Initially, ten strains were isolated from each sample inoculated plate based on change of 

coloration from yellow to red from various soils and expired glutamine samples. The 

strains that showed no difference in coloration of media were negative for glutaminase 

production. All randomly selected strains were further screened on a glutamine salt agar 

medium of pH 6.6 incubated for 24hours at 37°C red colorations around the colony, 

indicating L-glutaminase production (Figure 4.2 & 4.3). Four strains were selected as 

RSHU1, isolated from Wah Cantt, RSHU3 from Quid-i-Azam University Islamabad soil, 

RSHQ1 bacterial strain isolated from Quetta soil, and RSHS3 isolated from Taxila soil. 

While one isolate was selected from an expired glutamine sample named RSHG1.  
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Figure 4.1 A, Isolation of Fungi from soil, B Isolation of bacteria from soil sample by sprinkling method 

on Glutamine Salt media with phenol red. C, D, E stages of expired glutamine isolated stains, F, Taxila 

graveyard isolated strains screening. G, Quetta soil, Quaid-i-Azam University and University of wah 

soil isolated strains. H, Taxila soil isolates stain S3 and expired Glutamine isolated strain G1. 

 

 
 

Figure 4.2 Screening of bacterial isolates from different soil samples indicated as S1-S4, Q1, Q2, and 

U1 and U3 on glutamine salt media showing positive result with red coloration and negative with the 

yellow color of media. RSHU1, isolated from Wah Cantt, RSHU3 from Quid-i-Azam University 

Islamabad soil, RSHQ1 bacterial strain isolated from Quetta soil, and RSHS3 isolated from Taxila soil. 
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Figure 4.3. A Expired glutamine isolated strains on glutamine salt agar. B G1 isolated from Expired 

glutamine sample grown on Glutamine Salt medium. 

4.2.1. Screening of Fungal Isolates 

Different fungal strains FS1, FS2, FS3, and FS4, were isolated from the soil and screened 

for glutaminase production on glutamine salt media with phenol red as an indicator. Fungi 

isolated from samples FS1 and FS3 showed positive results while FS4 showed a slight 

change of color yellow to pink while FS2 didn’t change the color and showed negative 

results as shown in Figure 4.4.  

 
 

Figure 4.4. A Primary screening of fungal isolates from the soil on glutamine salt medium with 

phenol red as an indicator. B, C, D and E isolated bacteria screened on Glutamine Salt agar. 



 

56 
 

4.2.2. Screening of Epicoccum sp. NFW1 

Fungal strain, Epicoccum sp. NFW1, taken from the Microbiology laboratory Quaid-i-

Azam University Islamabad. Initially, Epicoccum sp. NFW1 screened on glutamine salt 

agar of pH 6. NFW1 exhibited the highest activity and changed color from yellow to red 

in glutamine salt and Sabouraud dextrose agar. Epicoccum sp. NFW1, used for further 

studies (Figure 4.5).  

 

 
 

Figure 4.5. Epicoccum sp. NFW1, on Glutamine salt media, with phenol red as an indicator (A) and 
Sabouraud dextrose agar with Phenol red (B) 

 

4.3. Secondary Screening  

Selected bacterial strains RSHG1, RSHU1, RSHQ1, RSHU3, and RSHS3, further screened 

by measuring the zone of hydrolysis, well diffusion assay of liquid enzyme filtrate, and 

with and between without substrate screening of selected strains. 

 

4.3.1 Zone of Hydrolysis 

Selected bacterial strains were point inoculated on Glutamine Salt Medium incubated for 

24hours at 37°C, and the zone of hydrolysis was measured in millimeters. The highest 

hydrolysis zone was shown by RSHU3 of 33 mm, and the smallest zone was shown by 

RSHU1 of 14 mm, while RSHG1, RSHQ1, and RSHS3 showed 26 mm, 20 mm, and 32 

mm zones of hydrolysis, respectively Table 4.1 and Figure 4.6.  
 

 

A

A 

B 
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Table 4.1. Screening of bacterial isolates for L-glutaminase production by Zone of hydrolysis 

Bacterial isolates Zone of hydrolysis (mm) 

Secondary screening 
RSHG1 26 

RSHQ1 20 

RSHS3 32 

RSHU1 14 

RSHU3 33 

 

 
Figure 4.6. Zone of hydrolysis formed by selected bacterial strains A, Control without bacterial 

inoculation, B, C, D, E, and F showed the zone of hydrolysis by RSHG1 RSHU1, RSHQ1, RSHU3, 

and RSHS3, respectively. 

Change of coloration yellow to red, not observed in the absence of glutamine Figure 4.7. 

So all of these strains showed positive results only in the presence of L-glutamine in a 

medium. 
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Figure 4.7. Bacterial Screening without Substrate showing no color production. A, B,C,D, and E are 

the negative results for RSHG1, RSHU1, RSHQ1, RSHU3, and RSHS3, respectively. 

4.3.2. Extracellular Enzyme Activity 

Extracellular enzyme activity, detected by well diffusion method. The highest activity in 

terms of zones of hydrolysis was shown by RSHU1 of 34 mm while RSHQ1 showed the 

lowest activity (zone of 16mm), and other strains RSHG1, RSHS3, and RSHU3 showed 

30 mm, 30 mm, and 23mm zones, respectively Table 4.2 and Figure 4.8. 
Table 4.2. Secondary Screening of bacterial isolates for glutaminase by well diffusion assay 

Bacterial isolates  Well Diffusion Assay  

Zone of hydrolysis (mm)  

RSHG1 30 

RSHQ1 16 

RSHS3 30 

RSHU1 34 

RSHU3 23 
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Figure 4.8. Extracellular enzyme activity by well diffusion assay, A showed RSHU1 and RSHU3, B, 

RSHS3 and RSHQ1, and C for RSHG1. 

4.3.3. Secondary Screening (Well Diffusion Assay for Fungi) 

Well diffusion assay test was also performed for endophytic fungi Epicoccum sp. NFW1 

showed measurable values in Figure 4.9. The trial, conducted by pouring 60µl; the zone 

size was 1.7 cm and for of 50µl was 1.65cm. The value in mm was 17 mm.  

 
 

 

 

 

 

 

 

 

 

 

Figure 4.9. Secondary screening of Epicoccum sp. NFW1 by well diffusion assay. 

4.3.4. Bacterial Screening With and Without Substrate in Liquid Medium 

After screening with and without glutamine in solid media, the same performance was 

tested for the activity of the L-glutaminase enzyme in liquid media. All the selected 

bacterial strains were grown on mineral salt media containing phenol red with and without 

substrate and with phenol red as an indicator on liquid media. All bacterial isolates RSHG1, 

RSHU1, RSHQ1, RSHU3, and RSHS3 showed positive results by changing the color of 

media yellow to red Figure 4.10. While in the case of without substrate, none of them 

changed the color of media. An enzyme assay for L-glutaminase activity was performed in 

liquid culture media after 24 hours of incubation. RSHG1 showed 0.64, RSHU1 showed 

0.88, RSHQ1 showed 1.79, RSHU3 showed 1.8, and RSHS3 showed 0.51U/mg. 
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Figure 4.10. Screening of L-Glutaminase producing bacteria on Glutamine Salt medium with subtrte 

addition at 37 ̊C. A is the control sample without microbial inoculation, B is the screening of RSHG1, 

C screening of RSHU1, D screening of RSHQ1, E screening of RSHQ1, F is the screening of RSHQ1.  

All the strains in liquid mineral salt media without glutamine addition did not change their 

colors from yellow to red in the absence of glutamine Figure 4.11.  

 
Figure 4.11. Selected bacterial strains on Glutamine Salt medium without substrate. 

The screening in liquid broth was observed till 9days of incubation, the color of medium 

inoculated with RSHQ1 and RSHU3 flasks again changed color to yellow from red, 

indicating utilization of all the substrate (Figure 4.12). 
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Figure 4.12. Screening of bacterial strains in glutamine slat media after 9days of incubation.  

4.4. Identification of Bacterial Strains 

The features like size, shape, margins, elevations, consistency, opacity, and pigmentations 

showed slight differences in all the strains. 

4.4.1. Colony Morphology 

All the bacterial colonies were streaked on nutrient agar and broth media to get pure 

bacterial strains Figure 4.13. Strain RSHS3 had smaller circular colonies, RSHG1 medium 

size rhizoidal in shape, while RSHU3 colonies were medium and filamentous, and RSHQ1 

and RSHU1 had large filamentous colonies.  
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Figure 4.13. Purified bacterial strains on Nutrient agar. A, B, C, D, and E purification streaking 

results for RSHG1 reults, RSHU1, RSHQ1, RSHU3, and RSHS3, respectively.  

There were three features named consistency, opacity, and pigmentation, which were 100% 

the same for all strains; 80% of the elevations were dome-shaped while 20% were flat. All 

the strains were dome-shaped except RSHU1, which was of flat elevation. All the strains 

were opaque and showed no pigmentation at all. The consistency of all samples was moist. 

Among all strains, RSHS3 and RSHQ1 showed 94% similarity in all morphological 

characters and 14% dissimilarity in their size. RSHU1 and RSHU3 are 78% similar, and 

their sizes and elevations contributed towards their 28% dissimilarity (Table 4.3).  

4.4.2. Microscopic Characters of Strains 

The microscopic observations such as shape, size, and arrangement of cells were of 

different phases, and features and the gram staining revealed that RSHG1, RSHU3, and 

RSHS3 strains were gram-negative while RSHU1 and RSHQ1 were gram-positive Table 

4.4. All the inoculants showed single in arrangements, and the majority of them were of 

rod shapes;  
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Table 4.3. Cultural characteristics of Selected bacterial isolates 

 
Table 4.4. The Gram staining and microscopic features. 

 
 

 

 

 

 

 

4.4.3. Biochemical Tests of Strains 

The biochemical tests were performed for all five strains using different media and 

API 20Ne kit. Maximum tests were positive for RSHU1, and maximum tests were negative 

for RSHU3, Table 4.5. API kit 20Ne, used for additional biochemical testing for the 

selected bacterial strains.

St
ra

in
s 

Cultural characteristics 

Size Shape Margins Elevations Consistency Opacity Pigmentation 

RSHG1 Medium Rhizoids Lobate Dome Moist Opaque Nil 

RSHS3 Small Circular Entire Dome Moist Opaque Nil 

RSHQ1 Large Circular Entire Dome Moist Opaque Nil 

RSHU1 Large Filamentous Filiform Flat Moist Opaque Nil 

RSHU3 Medium Filamentous Filiform Dome Moist Opaque Nil 

Strains Cultural Characteristics 

Shape Arrangement Gram reaction 

RSHG1 Cocci Single Negative 

RSHS3 Rod Single Negative 

RSHQ1 Rod Single Positive 

RSHU1 Rod Single Positive 

RSHU3 Rod Single Negative 
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Table 4.5. Biochemical Characterization of Bacterial Isolates. 
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The biochemical tests were performed for all 5selected bacterial strains. RSHG1 showed 

positive results for oxidase, catalase, Simmon citrate, arginine hydrolase, urease, and esculin 

ferric citrate and was negative for other tests. RSHU1 was observed negative for catalase, 

Simmon citrate, D-mannose assimilation, capric acid assimilation, adipic acid assimilation, 

malic acid assimilation, trisodium citrate assimilation, and phenylacetic acid assimilation and 

positive for other tests. Biochemical testing for RSHQ1 gave positive results for oxidase, 

catalase, Simmon citrate, glucose fermentation, arginine hydrolase, urease, gelatin hydrolase, 

β-Galactosidase. RSHU3 showed positive results only for urease, gelatin hydrolysis, and 

arginine hydrolase and negative for all the other biochemical testing. RSHS3 monitored 

positive results for oxidase, catalase, Simmon citrate, arginine hydrolase, urease, and gelatin 

hydrolase and negative results for other biochemical tests (Table 4.5).  
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4.5. Molecular Analysis 

4.5.1. Gel Electrophoresis After DNA Isolation 

All the strains showed almost equal amounts and sizes of DNA isolated from bacterial culture 

Figure 4.14.                                       

  
Figure 4.14. Agarose gel electrophoresis showing DNA 

 4.5.2. 16S rRNA Amplification 

The agarose gel electrophoresis showed amplified sequences that were almost equal to the size 

of 1500bp Figure 4.15. The bands showed size similarity after amplification. 

 
Figure 4.15. Gel electroporation of PCR amplified sequence. 

 

U1 G1 Q2 U3 S3 

 
 

 

U1 G1 Q2 U3 S3 

1500 bp 
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4.5.3. Sequencing Results 

4.5.3.1. Blast for RSHU1 Sequence 

The evolutionary history, deduced using the Neighbor-Joining method (Saitou and Nei 1987). 

The bootstrap consensus tree inferred from 1000 replicates (Felsenstein 1985) is taken to 

represent the evolutionary history of the taxa analyzed (Felsenstein 1985). The percentage of 

replicate trees in which the associated taxa clustered together in the bootstrap test (1000 

replicates) is shown next to the branches (Felsenstein, 1985). The evolutionary distances were 

computed using the Maximum Composite Likelihood method (Tamura et al.,2004) and are in 

the units of the number of base substitutions per site. This analysis involved 8nucleotide 

sequences, all vague positions, removed for each pair (by pairwise deletion option). There were 

1010 positions in the final dataset, and the final phylogenetic tree was constructed on MEGA 

X software (Kumar et al.,2018; Figure 4.16-4.20). 

 

 
Figure 4.16. Phylogenetic tree of RSHU1 

 

 
Figure 4.17. Phylogenetic tree of RSHG1 
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Figure 4.18. Phylogenetic tree of RSHQ1. 

 
Figure 4.19. Phylogenetic tree of RSHU3 

 
Figure 4.20. Phylogenetic tree of RSHS3 
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4.5.4. Identification of Bacterial Isolates 

The sequences of five all the selected bacterial isolates registered on the NCBI. RSHU1, 

RSHS3, RSHG1, RSHQ1, and RSHU3, identified as Bacillus subtilis RSHU1with the 

accession number MZ868640.1, Alcaligenes sp. RSHS3 with MZ870690.1, Achromobacter 

xylosoxidans RSHG1 with accession number MZ868956, Bacillus halotolerance RSHQ1 

accession number MZ868775, and Stenotrophomona maltophilia RSHU3 accession number 

MZ868790, respectively Table 4.6. 
Table 4.6. Bacterial strains 16S rDNA sequence Homology and Identification 

Strains  Sequence homology with 
Accession 

number  

Identified as 

RSHU1  
Bacillus subtilis ribosomal RNA gene, 

partial sequence. 
MZ868640.1  

Bacillus subtilis 

RSHU1 

RSHS3 
 Alcaligenes sp. ribosomal RNA gene, 

partial sequence 
MZ870690.1 

Alcaligenes sp. 

RSHS3 

RSHG1 
Achromobacter xylosoxidans 16S 

ribosomal RNA gene, partial sequence 
MZ868956 

Achromobacter 

xylosoxidans 

RSHG1 

RSHQ1 Bacillus halotolerance MZ868775 

Bacillus 

halotolerance 

RSHQ1 

RSHU3 Stenotrophomonas maltophilia MZ868790 

Stenotrophomonas 

maltophilia 

RSHU3 

    

4.6. Optimization of Selected Bacterial Strains for L-Glutaminase Production 

L-Glutaminase production media, optimized for different effectors like temperature, pH, 

inducers, nitrogen source, carbon source, and incubation time. 

4.6.1. Effect of Incubation Time on the Production of L-Glutaminase 

L-Glutaminase production done by all the strains on Glutamine Salt Medium of pH6.6 37°C. 

The figure illustrates the amount of enzyme produced from A. xylosoxidans RSHG1, the 

highest amount of enzyme produced 1.39U/mg on the 3rd day of incubation. Maximum L-

glutaminase production by B. subtilis RSHU1on glutamine salt broth medium was 3.6U/mg on 

the 3rd day of incubation, as shown in Figure 4.21. B. halotolerans Q1 L-glutaminase gained 

the best activity 2.6U/mg on the 3rd day of incubation on glutamine salt broth. S. maltophilia 

RSHU3 L-glutaminase on glutamine salt broth achieved maximum activity of 3U/mg of protein 

on the 2nd day of incubation. L-glutaminase produced by Alcaligene sp. RSHS3 on glutamine 
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salt broth medium showed the best activity of 1.3U/mg shown in Figure 4.21 on the 3rd day of 

incubation.  

 
Figure 4.21. Effect of incubation time on L-glutaminase production by A. xylosoxidans RSHG1, B. subtilis 

RSHU1, B. halotolerans RSHQ1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3 on glutamine salt 

broth at 37°C. 

4.6.2. Effect of pH on the L-Glutaminase Production 

The pH of media greatly influenced the growth, time, and overall activity of bacteria and 

bacterial enzymes. The optimum pH was supposed to be in the range of pH6 to 9. Effect of pH 

on L-glutaminase production by A. xylosoxidans RSHG1 on Glutamine salt media at 37°C 

showed that optimum pH in the range of 8 to 9. In this case, the maximum activity was 3.26 

U/mg on the 3rd day of incubation at pH 9. The activity of strains B. subtilis RSHU1 was the 

best activity, 4.2U/mg, at pH6 on the 3rd day of incubation, but on the 4th-day decline in the 

enzymatic activity was observed, as shown in Figure 4.22. B. halotolerans RSHQ1 showed a 

maximum of 3.9U/mg activity at pH7 on the 3rd day of incubation.  L-glutaminase activity of 

S. maltophilia RSHU3 was highest at pH8 on the 3rd day of incubation, and activity was 

4.3U/mg. Concerning the Alcaligenes sp. RSHS3 gained maximum activity of 1.85 U/mg at 

pH8 on the 3rd day of incubation (Figure 4.22).  
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Figure 4.22. Effect of pH on L-glutaminase production by A. xylosoxidans RSHG1, B. subtilis RSHU1, B. 

halotolerans RSHQ1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3 strain on Glutamine Salt 

Medium at 37°C. 

4.6.3. Effect of Temperature 

Glutaminase production at 25°C, 30°C, and 37°C by all the selected bacterial strains was 

analyzed. The strains A. xylosoxidans RSHG1 showed maximum enzyme production on the 3rd 

day of incubation 3.2U/mg at 30°C and pH9, as shown in Figure 4.23. The optimum 

temperature for B. subtilis RSHU1and B. halotolerans RSHQ1 for glutaminase production was 

37°C, S. maltophilia RSHU3 showed 30°C as optimum temperature for L-glutaminase 

production. The highest Glutaminase activity was shown at 37°C   by B. subtilis RSHU1 

achieved on the 3rd day was 4.62U/mg. B. halotolerans RSHQ1 gained maximum activity of 

3.89U/mg at 37°C   on the 3rd day of incubation.   L-glutaminase by S. maltophilia RSHU3, 

maximally achieved at 30°C on the 3rd day of incubation with the activity of 4.62U/mg.  While 

Alcaligenes sp. RSHS3 best activity of 2.7U/mg, as shown in Figure 4.23, was observed at 

25°C   on the 3rd day of incubation. While Alcaligenes sp. RSHS3 best activity of 2.7U/mg, 

observed at 25°C   on the 3rd day of incubation. 
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Figure 4.23. Effect of Temperature on Glutaminase production on Glutamine Salt Medium by A. 

xylosoxidans RSHG1 at pH9, by B. subtilis RSHU1 at pH6, B. halotolerans RSHQ1 at pH7, by S. 

maltophilia RSHU3 at pH8, by Alcaligenes sp. RSHS3 at pH8. 

4.6.4. Effect of Carbon Sources 

Different carbon sources optimized for glutaminase production on glutamine salt media. A. 

xylosoxidans RSHG1 showed the highest activity, 3.18U/mg with sorbitol, on the 3rd day of 

incubation, as shown in Figure 4.24. The minimum activity was observed with glucose. Other 

carbon sources showed the highest activities of 2.1U/mg with sucrose and 2.2U/mg with 

lactose, both observed on the 3rd day of incubation. The nutrient broth was also tested for 

glutamine production without adding any carbon source, but the maximum activity of 1.8U/mg 

was achieved on the 2nd day of incubation. 
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Figure 4.24. Effect of carbon source on Glutaminase production by A. xylosoxidans RSHG1 on Glutamine 

Salt Medium 30°C at pH9, by B. Subtilis RSHU1 on Glutamine Salt Medium 37°C at pH6, B. halotolerans 

RSHQ1, S. maltophilia RSHU3 on Glutamine Salt Medium 30°C at pH8, and Alcaligenes sp. RSHS3 on 

Glutamine Salt Medium at 25°C on pH8. 

L-Glutaminase production by B. subtilis RSHU1 influenced by different carbon sources. The 

highest L-glutaminase activity, 4.8 U/mg, was gained on the 3rd day of incubation with glucose 

and the lowest activity with sucrose. The maximum activity with sucrose was 2.8U/mg on the 

3rd day of incubation. While maximum activities on other carbon sources were 3.65 U/mg on 

the 3rd day with lactose, 3.55 U/mg on the 3rd day with maltose, and 3U/mg on the 3rd day with 

xylose 3.52U/mg on the 3rd day with sorbitol (Figure 4.24). 

L-Glutaminase production by B. halotolerans RSHQ1 was optimized using six carbon sources 

with the best activity, 4.7 U/mg gained with sucrose on the 3rd-day of incubation, and the lowest 

activity 2.4 U/mg with maltose on the 3rd-day of incubation. While on glucose, lactose, xylose, 

and sorbitol activities were 3.96 U/mg on the 3rd day, 3.6 U/mg on the 3rd day, 4U/mg on the 

3rd day, and 3.55U/mg on the 3rd day of incubation time, respectively (Figure 4.24). 

The strain S. maltophilia RSHU3 got the highest activity, 4.9U/mg, on the 3rd day of incubation 

with sorbitol and showed the minimum activity of 1.7U/mg on the 2nd day of incubation with 

glucose. The rest of the carbon sources, sucrose, lactose, maltose, and xylose, showed 4.1U/mg 
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on the 3rd day, 4.65U/mg on the 4th day, 2.8U/mg on the 3rd day, and 3.8U/mg on the 3rd day of 

incubation, respectively.  

Alcaligenes sp. RSHS3 is also optimized for carbon sources for L-glutaminase production. 

Alcaligenes sp. RSHS3 showed the best activity of 3.3U/mg on the 3rd day of incubation with 

glucose and minimum activity of 2.2 U/mg with lactose on the 3rd day of incubation. While 

activities with other carbon sources sucrose, maltose, xylose, and sorbitol were 2.7U/mg on the 

3rd day, 2.46U/mg on the 3rd day, 2.35U/mg on the 3rd day, and 2.71U/mg on the 3rd day of 

incubation, respectively (Figure 4.24).                                              

4.6.5. Nitrogen Sources 

Effect of various nitrogen sources monitored on the L-glutaminase production. Maximum 

glutaminase activity by A. xylosoxidans RSHG1 achieved 3.1U/mg on the 3rd day of incubation 

with L-glutamine (Figure 4.25), while the lowest activity, 0.6 U/mg, showed with Tryptone on 

the 3rd day of incubation. The effect of other nitrogen sources yeast extract, ammonium sulfate, 

and sodium nitrate was 2.6 U/mg on the 3rd day, 1.18 U/mg on the 3rd day, and 1.16 U/mg on 

the 3rd-day incubation, respectively.   

B. subtilis RSHU1, optimized against various nitrogen sources. Maximum activity 4.5U/mg 

gained with L-glutamine on the 3rd day of incubation, and minimum activity was monitored 

2.3U/mg with ammonium sulfate on the 3rd day of incubation. While other sources, yeast 

extract, Tryptone, and sodium nitrate, showed 3.68U/mg on the 3rd day, 3.66U/mg on the 3rd 

day, and 3.2U/mg on the 3rd day of incubation (Figure 4.25). 

 
Figure 4.25. Effect of Nitrogen source Glutaminase production by A. xylosoxidans RSHG1 on Glutamine 

salt Medium on 30°C at pH9 and production by   B. subtilis RSHU1 on at 37°C on pH 6.   
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4.6.6. Effect of Different Inducers on L-Glutaminase Production. 

Glycine, glutamine, and lysine effects were observed on all selected strains as an inducer for 

4days of incubation.  A. xylosoxidans RSHG1 achieved the best activity 6.87U/mg (Figure 

4.26) with L-glutamine as an inducer on the 3rd day of incubation. Glutaminase activity with 

glycine and lysine was 6.13U/mg and 5.3U/mg on the 3rd day of incubation, respectively. 

For glutaminase production, B. subtilis RSHU1 was optimized against glycine, glutamine, and 

lysine. The highest activity, 5.3U/mg achieved with L-glutamine on the 3rd day of incubation, 

as shown in Figure 4.44. In contrast, activities with glycine and lysine were 3.5U/mg on the 

2nd day and 2.9U/mg on the 3rd day of incubation, respectively. 

L-Glutaminase activity by B. halotolerans RSHQ1 was optimized using three inhibitors 

glycine, glutamine, and lysine. Maximum activity 5.6U/mg shown in Figure 4.26 on the 3rd day 

achieved with glutamine, and activities with other sources glycine and lysine were 2.38 on the 

3rd day and 2.88 U/mg on the 3rd day of incubation, respectively. 

S. maltophilia RSHU3 maximum production of 5.46 U/mg of L-glutaminase was achieved with 

L-glutamine as an inducer on the 3rd day of incubation. Activities with glycine and lysine were 

2.66 U/mg on the 3rd day and 3.06 U/mg on the 3rd day of incubation, respectively. 

Effect of induces on L-glutaminase production by Alcaligenes sp. RSHS3 showed the best 

activity of 5.65U/mg on the 3rd day with inducer L-glutamine, while glycine and lysine showed 

3.6U/mg on the 3rd day and 4.2U/mg on the 3rd-day incubation, respectively. 
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Figure 4.26. Inducers Effect on Glutaminase production on Glutamine salt medium by A. xylosoxidans 

RSHG1 at 30°C on pH 9, by B. Subtilis RSHU1on 37°C at pH 6, by B. halotolerans RSHQ1 at 37°C at 

pH7, by S. maltophilia RSHU3 on 30°C at pH 8, and by Alcaligenes sp. RSHS3 on 25°C at pH 8.  

4.7. L-Glutaminase Production by Selected Bacterial Strains 

L-glutaminase produced under optimized fermentation conditions by five selected bacterial 

strains A. xylosoxidans RSHG1, B. subtilis RSHU1, B. halotolerans RSHQ1, S. maltophilia 

RSHU3, and Alcaligenes sp. RSHS3 were partially purified using 70% fractional saturation of 

ammonium sulfate. Good enzyme activities were observed for all the strains except B. subtilis 

RSHU1. Maximum specific activity (6.7 U/mg of protein) was for Alcaligenes sp. RSHS3 

(Table 4.7). 

Partially purified L-glutaminase was dialyzed against a low ionic strength buffer to remove an 

excessive amount of ammonium sulfate. L-Glutaminase from A. xylosoxidans RSHG1 and B. 

subtilis RSHU1 has been purified on gel filtration chromatographic column with G75 and G-

100.  
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Table 4.7. Glutaminase activities produced by selected strains before and after dialysis 

Bacterial 

strains 

Total 

Enzyme 

Units 

(IU) 

Total 

protein 

(mg) 

Specific 

Activity 

(U/mg) 

Before 

Ammonium 

sulfate 

precipitation 

Total 

units 

after 

dialysis 

(mg) 

Total 

protein 

after 

dialysis 

Specific 

Activity 

(U/mg) 

After 

Dialysis 

A. xylosoxidans 

RSHG1  

2340.0 750 3.12 1500 35 42 

B. subtilis 

RSHU1 

2820.0 720 3.9 760 30 25 

B. halotolerans 

RSHQ1 

1134.0 520.5 2.1 817.8 15.38 54 

S maltophilia 

RSHU3 

1800.0 450.48 3.9 1120 13.6 82 

Alcaligenes sp. 

RSHS3  

2025.6 380.48 3.3 1620 12.02 135 

 

  4.8. Bacterial L-Glutaminase Purification 

Two partially purified bacterial L-glutaminases, further purified on gel filtration column 

chromatography. One L-glutaminase was produced by an expired L-glutamine sample A. 

xylosoxidans RSHG1, second L-glutaminase was isolated from isolated soil strain B. subtilis 

RSHU1.   

4.8.1. Purification L-Glutaminase Produced by B. subtilis RSHU1  

After ammonium sulfate precipitation and dialysis, L-Glutaminase produced by B. subtilis 

RSHU1, purified on gel filtration column chromatography, with Sephadex G-100.  The sample 

volume of 2.5mL, loaded on the gel filtration column. Later, the sample was collected in 

25fractions at the flow rate of 0.5 mL/min; 3ml fractions were collected. The fractions 

estimated for protein and glutaminase activity; 6-12 fractions were pooled based on their 

activity. The enzyme was 12.5 fold purified after gel filtration giving a 14.5 percent yield 

(Table 4.8 & Figure 4.27).  
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Figure 4.27. Gel filtration column chromatography results for B. subtilis RSHU1 L-glutaminase on 

Sephadex G-100. 

Table 4.8. Sequential purification stages B. subtilis RSHU1 

Method Total 

Protein 

(mg) 

Specific 

Activity 

(U/mg) 

Purification 

(fold) 

Total 

Activity 

(IU) 

Yield 

(%) 

Crude Extract 720 3.9 1 2820.0 100 

Ammonium 

sulphate (70%) 

and dialysis 

30 25 6.4 760 26.9 

Gel filtration 

chromatography 

1.3 314 12.5 409.42 14.5 

 

A. xylosoxidans RSHG1 L-glutaminase, after ammonium sulfate precipitation and dialysis 

purified on Sephadex G-75 Table 4.9 & Figure 4.49.  2.5mL sample was loaded on column and 

collected with the flow rate of 0.5 mL/min in 25 fractions, 3 mL collected in each fraction. 6-

14 fractions were pooled based on their activities. Collected fractions checked out for protein 

and then for glutaminase activity. There were 19.7 folds of purification after gel 

chromatography. 
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Figure 4.28. Gel filtration column chromatography results for A. xylosoxidans RSHG1 L-glutaminase on 

Sephadex G-75. 

Table 4.9.  Sequential purification stages A. xylosoxidans RSHG1 

Method Total 

Protein 

(mg) 

Specific 

Activity 

(U/mg) 

Purification 

(fold) 

Total 

Activity 

(IU) 

Yield 

(%) 

Crude Extract 750 3.12 1 2340.0 100 

Ammonium 

sulphate (75%) 

and dialysis 

35 42.8 13.7 1500 64 

Gel filtration 

chromatography 

1.04 840 19.7 874 37.3 

 

4.9. Characterization of Bacterial L-Glutaminase 

After production, a crude enzyme, isolated from all selected strains, partially purified, using 

ammonium sulfate, and a run on a manual column filled with G-100, characterized for 

incubation time, temperature, pH, sodium chloride concentration, and metal ion effects. 

4.9.1. Effect of Incubation Time on Bacterial L-Glutaminase 

Purified L-glutaminase produced by A. xylosoxidans RSHG1 showed maximum activity of 

511U/mg after 30 minutes of incubation at pH7 and temperature 37°C while after that activity, 

reduced. L-Glutaminase produced by B. subtilis RSHU1 was partially purified and observed 

the highest activity, 445 U/mg, after 30 minutes of incubation at pH7 and temperature 37°C.  B. 
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halotolerans RSHQ1 L-glutaminase showed the best activity after 30mintues of incubation 

(203.6 U/mg).  L-Glutaminase produced by S. maltophilia RSHU3 was checked out for the 

incubation time effects on L-glutaminase activity. Best activity 248.8U/mg was observed after 

30 minutes of incubation; afterward, activity decreased. L-Glutaminase produced by 

Alcaligenes sp. RSHS3, partially purified and observed the incubation time effect, maximum 

activity 211.2U/mg achieved after 30minutes of incubation (Figure 4.29). 

 
Figure 4.29. Effect of Incubation Time on L-Glutaminase produced by Selected Bacterial Strains at 37°C. 

4.9.2. Effect of Substrate Concentration 

The effect of various substrate concentrations on the purified and partially purified L- 

glutaminase from five bacterial strains was monitored. 

The value of Vmax for A. xylosoxidans RSHG1 was 443.8U/mg, then the value of Km was 

calculated by Michaelis and Menten plot. The value of Km was 0.235 mM, Vmax of 

Glutaminase produced by B. subtilis RSHU1 was 522 U/mg, and KM was 0.059 mM. L-

Glutaminase produced by B. halotolerans RSHQ1 showed Vmax 343.6U/mg, and KM is 0.37 

mM while S. maltophilia RSHU3 glutaminase observed Vmax was 351.6 U/mg, and KM was 

0.166 mM. Vmax of L-glutaminase, produced by Alcaligenes sp. RSHS3 achieved Vmax 232.9 

U/mg, and KM was 0.186mM, as shown in Figure 4.30 by Michaelis and Menten plot. 
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Figure 4.30. Effect of Substrate Concentration on L-Glutaminase activity produced by A. xylosoxidans 

RSHG1 incubated at 40°C on pH7, B. subtilis RSHU1 at 40°C on pH6.5, B. halotolerans RSHQ1 at 50°C on 

pH6, S. maltophilia RSHU3 at 40°C on pH8, Alcaligenes sp. RSHS3 at 40°C on pH7. 

4.9.3. Effect of pH on Bacterial L-Glutaminase Activity 

Partially purified L-glutaminase produced by A. xylosoxidans RSHG1 showed maximum 

activity of 505 U/mg at pH 7. The enzyme showed good activity within pH 6-7.5. Glutaminase 

produced by B. subtilis RSHU1 gained the highest activity, 516U/mg at pH 6.5. The enzyme 

was stable over the range of pH range 6-7. B. halotolerans RSHQ1 L-glutaminase was stable 

between pH 5.5-7 and maximum activity of 268 U/mg at pH 6. Optimum pH for L-glutaminase 

produced by S. maltophilia RSHU3 was 8 with activity 303U/mg, and the enzyme was 

relatively stable over pH range 7.5-8.5 Figure 4.78. Alcaligenes sp. RSHS3 glutaminase gained 

optimum activity 219 U/mg at pH 7, and the enzyme was stable between pH range 6.5-7.5 

(Figure 4.31).  
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Figure 4.31.  Effect of pH on L-Glutaminase produced by A. xylosoxidans RSHG1, B. subtilis RSHU1, B. 

halotolerans RSHQ1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3 at 37°C.   

4.9.4. Effect of Temperature on Bacterial L-Glutaminase Activity 

L-Glutaminase produced by A. xylosoxidans RSHG1 showed the best activity 520 U/mg at 

40°C.  The enzyme was stable at 40-50°C. After 50°C   sharp decrease in activity was observed. 

L-glutaminase by B. subtilis RSHU1 showed the highest activity, 512U/mg at 40°C; the 

enzyme was stable at the range of 40-50°C. Reduction in enzyme activity, observed after 40°C 

temperature. B. halotolerans RSHQ1 L-glutaminase was gained maximum activity of 

291U/mg at 50°C, and activity decreased after 50°C. L-glutaminase isolated from S. 

maltophilia RSHU3 achieved the highest activity of 270.9U/mg at 40°C and decreased activity, 

observed after 40°C. L-Glutaminase produced by Alcaligenes sp. RSHS3 showed the best 

activity 225U/mg at 40°C; activity decreased after 40°C (Figure 4.32). 
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Figure 4.32. Effect of Temperature on L-glutaminase produced by A. xylosoxidans RSHG1 at pH7, B. 

subtilis RSHU1 at pH6.5, B. halotolerans RSHQ1 at pH6, S. maltophilia RSHU3 at pH8, and Alcaligenes 

sp RSHS3 at pH7. 

4.9.5. Effect of metal ion on Bacterial L-Glutaminase Activity 

The effect of inhibitors checked out on partially purified glutaminases produced by all the 

selected bacterial strains. L-Glutaminase produced by A. xylosoxidans RSHG1 showed activity 

506.8U/mg without the use of metal ions. An increase in activity observed with cobalt chloride, 

calcium chloride, barium chloride, zinc sulfate, potassium chloride, and magnesium sulfate and 

sodium chloride activities were 596, 832, 844, 684, 559, 850, and 558U/mg, respectively 

(Figure 4.87). While decreased activity with EDTA, mercuric chloride, manganese sulfate, and 

ferrous sulfate with activities 224, 374, 396, and 414U/mg, respectively.  

B. subtilis RSHU1 L-glutaminase activity without metal ions addition was 511U/mg. Enzyme 

activity increased with cobalt chloride, calcium chloride, barium chloride, zinc sulfate, 

potassium chloride, magnesium sulfate, and sodium chloride with activities 836, 793, 733, 755, 

601, 647, and 528, respectively. L-Glutaminase activity decreased by adding EDTA, mercuric 

chloride, manganese sulfate, ferrous sulfate, and activities monitored were 97, 289, 206, and 

289, respectively. L-glutaminase produced by B. halotolerans RSHQ1 showed activity 296 

U/mg without the addition of inhibitor. The rise in activity monitored with cobalt chloride, 



 

84 
 

barium chloride, mercuric chloride, zinc sulfate, potassium chloride, magnesium sulfate, and 

sodium chloride; activities 451, 468, 302, 385, 304, 453, and 306 U/mg, respectively. Activity 

reduction with EDTA, calcium chloride, manganese sulfate, and ferrous sulfate with activities 

47, 150, 162, and 226 U/mg, respectively. L-glutaminase produced by S. maltophilia RSHU3 

activity without metal 295U/mg. Enzyme gained activity with cobalt chloride, calcium 

chloride, barium chloride, mercuric chloride, zinc sulfate, potassium chloride, and sodium 

chloride; 477, 460, 360, 413, 47, 372, and 319U/mg, respectively. While the metal ions lowered 

the activity of enzymes were EDTA, manganese sulfate, magnesium sulfate, and ferrous 

sulfate, activities were 53.8, 177, 168, and 62 U/mg, respectively. 

L-glutaminase produced by Alcaligenes sp. RSHS3 activity without metal ions was 213U/mg. 

The addition of metal ions gave higher activities: cobalt chloride, calcium chloride, barium 

chloride, potassium chloride, magnesium sulfate, and sodium chloride with activities 336, 328, 

229, 231, 305, and 261, respectively. L-Glutaminase activity, reduced by adding EDTA, 

mercuric chloride, zinc sulfate, manganese sulfate, and ferrous sulfate with activities 57, 202, 

196, and 133, respectively (Figure 4.33). 

 
Figure 4.33. Effect of Metal ions on L-glutaminase activity produced by A. xylosoxidans RSHG1 at pH7 at 

40°C, B. subtilis RSHU1 on 40°C at pH6.5, B. halotolerans RSHQ1 on 50°C at pH6, S. maltophilia RSHU3 

at pH8 on 40°C, and Alcaligenes sp. RSHS3 on 40°Cat pH7. 
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4.9.6. Effect of Sodium Chloride on Bacterial L-Glutaminase Activity 

Partially purified L-glutaminase produced by selected bacterial strains and fungal strain 

optimized for the effect of sodium chloride (4-20%) concentration on glutaminase activity. 

A. xylosoxidans RSHG1 partially purified glutaminase activity was 500U/mg without sodium 

chloride. The addition of 8% NaCl observed an increase of 64% in enzyme activity, and the 

best activity was 822 U/mg. L-glutaminase produced B. subtilis RSHU1 showed 517 U/mg 

without sodium chloride, and sodium chloride gave a 65% increase in enzyme activity and 

highest activity 855 U/mg on 16% NaCl concentration. L-Glutaminase produced by B. 

halotolerans RSHQ1 monitored for the effect of sodium chloride on enzyme activity. Without 

sodium chloride, activity was 295U/mg, 53% activity increased by adding 16% NaCl; the best 

activity was 452 U/mg. L-glutaminase produced by S. maltophilia RSHU3 activity was 

305U/mg without sodium chloride. Sodium chloride increased the activity by 32% with 12% 

NaCl, and the maximum enzyme activity was 403U/mg. L-Glutaminase produced by 

Alcaligenes sp. RSHS3 showed activity of 212 U/mg without sodium chloride. Figure 4.34 

illustrates a 44 % increase in activity observed with 12 % sodium NaCl on glutaminase highest 

activity was 306 U/mg. 

 
Figure 4.34. Effect of NaCl, on L-Glutaminase activity by A. xylosoxidans RSHG1 on 40°C at pH7, B. 

subtilis RSHU1 on 40°C at pH6.5, B. halotolerans RSHQ1 at 50°C on pH6, S. maltophilia RSHU3 at 40°C 

on pH8, and Alcaligenes sp. RSHS3 at 40°C on pH7. 
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4.10. Cultural Optimization of L-Glutaminase Production by Fungal strain Epicoccum 

sp. NFW1 

4.10.1. Effect of Incubation Time on L-Glutaminase Production 

The Epicoccum sp. NFW1 was grown on Glutamine salt media with phenol red as an indicator 

that showed the best activity of 1.75U/mg on the 4th day at 30°C (Figure 4.35). 

 
Figure 4.35. L-Glutaminase production by Epicoccum sp. NFW1 on Glutamine salt media at 30°C at 

pH6.6. 

4.10.2. Effect of Media on L-Glutaminase Production 

Potato dextrose broth, Sabouruad dextrose broth, and Czapek dox broth media, used for the 

maximum production of L-glutaminase. Epicoccum sp. NFW1 showed the best glutaminase 

activity 2.75 U/mg on Czapek dox broth on the 4th day of incubation, as shown in Figure 4.36. 

while the strain was grown on Potato dextrose broth and Sabouruad dextrose broth gave 

activities of 1.36 U/mg on the 4th day of incubation and 2.15U/mg on the 4th day of incubation, 

respectively.  
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Figure 4.36. Effect of Media on L-Glutaminase production by Epicoccum sp. NFW1 at 30°C. 

 
Figure 4.37.  Effect of 1% sucrose and 0.3% NaCl on Glutaminase production by Epicoccum sp. NFW1 

on Potato dextrose broth and Sabouraud dextrose broth incubated at 30°C.     

Epicoccum sp. NFW1 optimized using Potato dextrose broth and Sabouraud dextrose broth 

with 1% sucrose and 0.3% sodium chloride. Maximum activities were 1.64U/mg on the 4th day 

and 2.27U/mg (Figure 4.37) on the 4th day of incubation. 

4.10.3. Effect of Inducers on L-Glutaminase Production 

Epicoccum sp. NFW1on Czapek dox media showed maximum activity of 4.4U/mg with L-

glutamine as an inducer on the 4th day of incubation (Figure 4.38). Glycine and lysine also 

showed a significant 1.58 and 2U/mg activity on the 4th day of incubation, respectively. 
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Figure 4.38. Effect of Inducers on L-Glutaminase production by Epicoccum sp. NFW1 on Czapek dox 

medium on 30°C.   

 
Figure 4.39.  Inducers Effect with 1% sucrose and 0.3% NaCl on Potato Dextrose broth for L-

Glutaminase production by Epicoccum sp. NFW1 at 30°C. 

L-glutaminase produced by Epicoccum sp. NFW1on potato dextrose broth with inducers 

showed a maximum of 2.7U/mg activity on the 4th day of incubation with glutamine. While 

with glycine and lysine highest activities were 1.32 and 1.54 U/mg on the 4th day of incubation, 

respectively (Figure 4.39). 

4.10.4. Effect of Carbon Source on L-Glutaminase Production  

The effect of six-carbon sources, optimized for glutaminase production by Epicoccum sp. 

NFW1 on fermentation media at 30°C. Maximum activity of 2.3U/mg, achieved with sucrose 

on the 4th day of incubation, and lowest activity of 1U/mg with sorbitol on the 4th day of 
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incubation. Maximum activities with other carbon sources lactose, maltose, glucose, and 

xylose, were 1.36U/mg on the 3rd day of incubation, 1.12U/mg on the 3rd day of incubation, 

1.38U/mg on the 3rd-day, 1.78 U/mg on the 4th day of incubation, respectively as shown in 

Figure 4.40. 

 
Figure 4.40. Effect of Substrate on Glutaminase production by Epicoccum sp. NFW1 on Glutamine Salt 

Medium at 30°C. 

4.10.5. Effect of pH on L-Glutaminase Production 

Effect of 3-9 pH was observed on glutaminase production by Epicoccum sp. NFW1 as shown 

in Figure 4.41. At pH 4, 5, 6, 8, and 9, activities were 1.38U/mg on the 4th day of incubation, 

1.54U/mg, 1.97U/mg, 1.97U/mg, 2.3U/mg on the 4th day, and 1.1 U/mg on the 3rd day of 

incubation respectively The highest activity, 2.67U/mg achieved on the 4th day of incubation 

at pH7, and the lowest activity, 1U/mg, was at pH3 on the 4th day of incubation. 

 
Figure 4.41. Effect of pH on Glutaminase production by Epicoccum sp. NFW1 on Glutamine Salt Medium 

with 1% sucrose as a carbon source on 30°C. 
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4.10.6. Effect of Nitrogen Source 

Epicoccum sp. NFW1 was optimized for nitrogen sources for glutaminase production on 

fermentation media with 1% sucrose as a carbon source at 30°C, at pH 7 in a shaking incubator. 

The highest activity, 3U/mg, was achieved on the 4th day of incubation with glutamine and 

minimum activity 0.85U/mg on the 4th day with ammonium chloride. While activities with 

other nitrogen sources yeast extract, Tryptone, ammonium sulfate, and sodium nitrate activities 

were 1.7 U/mg on the 3rd day, 1.9U/mg on the 3rd day, 0.95 U/mg on the 4th day, and 2.53 U/mg 

on the 4th day (Figure 4.42) of incubation respectively. 

 
Figure 4.42. Effect of 1% Nitrogen source on Glutaminase production by Epicoccum sp. NFW1 on 

fermentation media with 1% sucrose at pH7 on 30°C.   

4.11. L-Glutaminase production by Epicoccum sp. NFW1 

L-glutaminase also produced one fungal strain, Epicoccum sp. NFW1. Then partially purified 

with 70% of ammonium sulfate fractional saturation Table 4.10. 

Later ammonium sulfate precipitated L-glutaminase was dialyzed against a 10mM phosphate 

buffer to remove an excessive amount of ammonium sulfate. Epicoccum sp. NFW1, L-

glutaminase purified on gel filtration chromatographic column with G75. 
Table 4.10. Glutaminase activities produced by selected strains before and after dialysis 

Fungal 

strain 

Total 

Enzyme 

Units 

(IU) 

Total 

prote

in 

(mg) 

Specific Activity 

(U/mg) 

Before Ammonium 

sulfate 

precipitation 

Total units 

after 

dialysis 

 

Total protein 

after dialysis 

(mg) 

Specific Activity 

(U/mg) 

After Dialysis 

Epicoccum 

sp. NFW1 

2520.0 660.6 3.8 1160 24 48 
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4.12. Epicoccum sp. NFW1 L-Glutaminase Purification 

Partially purified L-glutaminase produced Epicoccum sp. NFW1was further purified on a gel 

filtration column chromatography.                

Sephadex G-75 gel filtration column chromatography was used to purify L-glutaminase 

produced by Epicoccum sp. NFW1after ammonium sulfate precipitation and dialysis.  2.5mL 

of the concentrated sample, added in a column, and collected in 25 of 3 mL fractions with the 

flow rate of 0.5mL/min. Fractions were assayed for protein and glutaminase activity; 6-13 

fractions were pooled based on their activities (Table 4.11 & Figure 4.43). 

 
Figure 4.43. Gel filtration column chromatography results for Epicoccum sp. NFW1 L-glutaminase on 

Sephadex G-75.  

Table 411. Sequential purification stages Epicoccum sp. NFW1 

Method Total 

Protein 

(mg) 

Specific 

Activity 

(U/mg) 

Purification 

(fold) 

Total 

Activity 

(IU) 

Yield 

(%) 

Crude Extract 660.6 3.8 1 2520.0 100 

Ammonium 

sulphate (70%) 

and dialysis 

24 48.3 12.7 1160 46 

Gel filtration 

chromatography 

0.88 409 8.47 360 12.4 
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 4.13. Characterization of Fungal L-Glutaminase 

The crude enzyme from Epicoccum sp. NFW1, purified using a Sephadex G-75 gel filtration 

column, characterized for various kinetic parameters like incubation time, temperature, pH, 

sodium chloride concentration, and metal ion effects. 

4.13.1. Effect of Incubation Time on Epicoccum sp. NFW1 L-Glutaminase 

L-glutaminase produced by Epicoccum sp. NFW1 optimized for incubation time effect, highest 

activity 252.7U/mg shown in Figure 4.44, decreased activity was observed after 30 min of 

incubation.  

 

 
Figure 4.44. Effect of Incubation time on L-Glutaminase produced by Epicoccum sp. NFW1 at 37°C. 

4.13.2. Effect of Substrate on Epicoccum sp. NFW1 L-Glutaminase Activity 

The value of Vmax produced by endophytic fungi Epicoccum sp. NFW1 was 450.4U/mg, and 

the Km 0.424mM, calculated by Michaelis and Menten plot shown in Figure 4.45. 
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Figure 4.45.  Effect of substrate concentration on the activity of enzyme isolated from Epicoccum sp. 

NFW1 at 40°C on pH7. 

4.13.3. Effect of pH on Epicoccum sp. NFW1 L-Glutaminase Activity 

The effect of pH on enzyme produced by fungal strain Epicoccum sp. NFW1 showed maximum 

activity of 253U/mg at pH 7. The enzyme also showed good activities between pH range 6-7.6 

(Figure 4.46).  

 

 
Figure 4.46. Effect of pH on L-Glutaminase produced by Epicoccum sp. NFW1 at 37°C.   

4.13.4. Effect of Temperature on Epicoccum sp. NFW1 L-Glutaminase Activity 

L-glutaminase produced by Epicoccum sp. NFW1 achieved a maximum activity of 268U/mg 

at 40°C; a decrease, observed after 40°C Figure 4.47. 
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Figure 4.47. Effect of Temperature on L-glutaminase produced by Epicoccum sp. NFW1 at pH7. 

4.13.5. Effect of Inhibitors on Epicoccum sp. NFW1 L-Glutaminase Activity 

L-Glutaminase produced by endophytic fungi Epicoccum sp. NFW1 showed activity 257U/mg 

without metal ion addition. An increase in enzyme activity was monitored, with cobalt chloride, 

calcium chloride, barium chloride, zinc sulfate, potassium chloride, magnesium sulfate, and 

sodium chloride with activities 413, 414, 419, 368, 319, 311, and 320U/mg, respectively. 

Reduced enzyme activity was noticed with EDTA, mercuric chloride, magnesium sulfate, and 

ferrous sulfate with 106, 222, 223, and 213U/mg activities, respectively, as shown in Figure 

4.48.  

 

 
Figure 4.48. Effect of inhibitors on the L-glutaminase from Epicoccum sp. NFW1 on 40°C at pH7. 
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4.13.6. Effect of Sodium Chloride on Epicoccum sp. NFW1 L-Glutaminase Activity 

Epicoccum sp. NFW1 L-glutaminase activity was 285U/mg without sodium chloride, 64.8% 

increase in activity with 16% NaCl, and the best activity achieved was 469U/mg (Figure 4.49).  

 
Figure 4.49. Effect of NaCl on L-Glutaminase from Epicoccum sp. NFW1 at 40°C on pH 7. 

4.14. SDS Gel Electrophoresis 

SDS gel electrophoresis was performed to check out the molecular weights of purified L-

glutaminases by using “BenchMark” (Cat No. 10747-012) and “ThermoFisher scientific” (Cat 

No. 00819260) protein ladder. A. xylosoxidans RSHG1 L-glutaminase molecular weight was 

40KDa, B. subtilis RSHU1 L-glutaminase showed a molecular weight of 60KDa and 

Epicoccum sp. NFW1 showed a molecular weight of 38KDa, approximately Figure 4.50 & 

451. 
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Figure 4.50. SDS gel labelled from left to right M is the marker band, U3 (RSHU3) is after dialysis band, 

G1(RSHG1) crude band G1*(RSHG1) after dialysis, W1 (NFW1) after dialysis, W1** (NFW1) after 

column chromatography, and G1**(RSHG1) after column chromatography, U3*(RSHU3) after column 

chromatography. 

 
Figure 4.451. SDS gel labelled from right to left M is the marker band, U1(RSHU1) after dialysis, NFW1 

after column chromatography U1*(RSHU1) after column chromatography, S3(RSHS3) after partial 

purification, U3(RSHU3) is the crude band. 
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2.15. Enzyme Assay After Immobilization 

After immobilization, the enzyme was stable for three weeks. Its activity was almost similar 

up to 21days. The L-glutaminase units, from RSHG1, 23U/mg, RSHU1, 18U/mg, and 

Epicoccum sp. NFW1, 16U/mg. 

4.16. Comparative Study of all the L-Glutaminases Produced By Microbial Sources.  

The L-glutaminases produced by all selected strains were compared for the enzyme production 

and kinetic parameters. 

4.16.1. Fermentation Conditions for L-Glutaminase Production 

A. xylosoxidans RSHG1 showed the best production at pH9, B. subtilis RSHU1 at pH6, B. 

halotolerans RSHQ1, and Epicoccum sp. NFW1at pH7, S. maltophilia RSHU3, and 

Alcaligenes sp. RSHS3 at pH 8. A. xylosoxidans RSHG1, Epicoccum sp. NFW1and S. 

maltophilia RSHU3 L-glutaminase showed maximum production at 30°C, B. subtilis RSHU1 

and B. halotolerans RSHQ1 at 37°C, and Alcaligenes sp. RSHS3 at 25°C. A. xylosoxidans 

RSHG1 and S. maltophilia RSHU3 L-glutaminase were highest with sorbitol as a carbon 

source, B. subtilis RSHU1, and Alcaligenes sp. RSHS3 with glucose, B. halotolerans RSHQ1, 

and Epicocum sp. NFW1 with sucrose as a carbon source. All strains showed maximum L-

glutaminase production with L-glutamine as an inducer Table 4.12. 
Table 4.12.  Comparative study of Different L-glutaminase by selected strains 

  

Strains Culture conditions 

A. xylosoxidans RSHG1  pH9 at 30°C   with sorbitol as a carbon source and L-glutamine 

as a nitrogen source and inducer. 

B. subtilis RSHU1 pH6 at 37°C, glucose as carbon source, L-glutamine as nitrogen, 

and inducer source. 

B. halotolerans RSHQ1 pH7 at 37°C   with sucrose as a carbon source and L-glutamine 

as a nitrogen and inducer source. 

S. maltophilia RSHU3 pH8 on 30°C   with sorbitol as carbon source and L-glutamine 

as nitrogen and inducer source.  

Alcaligenes sp. RSHS3  pH8 on 25°C   with glucose as a carbon source and L-glutamine 

as an inducer and nitrogen source 

Epicoccum sp. NFW1 pH7 on 30°C   with sucrose as a carbon source and L-glutamine 

as a nitrogen and inducer source. 
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4.16.2. Kinetic Parameters 

A. xylosoxidans RSHG1, B. subtilis RSHU1, B. halotolerans RSHQ1, S maltophilia RSHU3, 

Alcaligenes sp RSHS3, and Epicocum sp NFW1L-glutaminases Vmax and Km 443U/mg & 

0.235mM, 522U/mg & 0.0591mM, 343.6U/mg &0.37mM, 351U/mg & 0.166mM, 232U/mg 

& 0.186mM, and 450U/mg & 0.424mM respectively (Table 4.12). A. xylosoxidans RSHG1, 

Alcaligenes sp RSHS3, and Epicocum sp NFW1L-glutaminases showed maximum activity at 

pH7, while B. subtilis RSHU1, B. halotolerans RSHQ1, and S. maltophilia RSHU3 L-

glutaminase showed maximum activity at pH6.5, 6, and 8, respectively. All L-glutaminases 

showed maximum activity at 40°C except B. halotolerans RSHQ1 L-glutaminase showed 

maximum activity at 50°C temperature. EDTA, HgCl, MnSO4, and FeSO4 inhibited all the 

glutaminases A. xylosoxidans RSHG1, B. subtilis RSHU1, S. maltophilia RSHU3, Alcaligenes 

sp. RSHS3, and Epicocum sp. NFW1, L-glutaminases are additionally inhibited by HgCl. B. 

halotolerans RSHQ1 L-glutaminase, additionally inhibited by CaCl2. S maltophilia RSHU3, 

Alcaligenes sp. RSHS3 glutaminases also inhibited MgSO4 and ZnSO4, respectively. 

A. xylosoxidans RSHG1, L-glutaminase showed the best activity with 8% NaCl, S maltophilia 

RSHU3, Alcaligenes sp RSHS3 with 12% NaCl and B. subtilis RSHU1, B. halotolerans 

RSHQ1, and Epiccocum sp. NFW1with 16% NaCl Table 4.12. 
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Table 4.13. Kinetic Parameters of L-glutaminases produced by selected strains 

 

  

Strains 

Vmax 

U/mg 

 

KM mM 

 

pH 

Effect 

 

Temperature 

Effect 

 

Inhibitors Activators 

Effect 

of 

NaCl 

A. 

xylosoxidans 

RSHG1  

443 0.235 7 40°C   

EDTA, 

HgCl,
 

MnSO
4,
 and 

FeSO
4
 

CoCl2, CaCl
2
, 

BaCl
2
, ZnSO

4
, 

KCl, MgSO
4
 and 

NaCl 

8% 

B. subtilis 

RSHU1 
522 0.0591 6.5 40°C   

EDTA, 
 

HgCl,
 

MnSO
4,
 and 

FeSO
4
 

CoCl
2, 

CaCl
2
, 

BaCl
2
, MgSO

4
, 

KCl, ZnSO
4
, and 

NaCl 

16% 

B. 

halotolerans 

RSHQ1 

343.6 0.37 6 50°C   

EDTA, 

CaCl2, 

MnSO
4,
 and 

FeSO
4
 

CoCl
2
, BaCl

2
, 

HgCl,
 
MgSO

4
, 

KCl, ZnSO
4
, and 

NaCl 

16% 

S. maltophilia 

RSHU3 
351 0.166 8 40°C   

EDTA, 
 

MnSO
4,
 

MgSO
4, 

and 

FeSO
4
 

CoCl
2, 

CaCl
2
, 

BaCl
2
, HgCl, 

KCl, ZnSO
4
, and 

NaCl 

12% 

Alcaligenes 

sp. RSHS3  
232 0.186 7 40°C   

EDTA, 

HgCl, 

ZnSO
4,
 

MnSO
4,
 and 

FeSO
4
 

CoCl
2, 

CaCl
2
, 

BaCl
2
, MgSO

4
, 

KCl, and NaCl 

12% 

Epicoccum 

sp. NFW1 
450 0.424 7 40°C   

EDTA, 
 

HgCl,
 

MnSO
4,
 and 

FeSO
4
 

CoCl
2, 

CaCl
2
, 

BaCl
2
, KCl, 

ZnSO
4
, MgSO

4
 

and NaCl 

16% 
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5. DISCUSSION 

The insignificant amino acid L-glutamine has been the focal point of broad logical intrigue due 

to its significance in cell and tissue societies and its physiologic job in creatures and people. L-

Glutamine accounts to be an exceptional amino acid, filling in as a favored respiratory fuel for 

quickly multiplying cells, for example, enterocytes also, lymphocytes; a controller of acid-base 

parity through the generation of urinary smelling salts; a bearer of nitrogen among tissues; and 

a significant precursor of nucleic acids, nucleotides, amino sugars, and proteins. L-Glutamine 

may turn into an essential amino acid in the sick. During stress, the body’s necessities for 

glutamine seem to exceed the person's capacity to create adequate measures of this amino acid. 

Arrangement of supplemental glutamine in specific enteral or parenteral encouraging may 

upgrade nourishing the board and increase recovery of the genuinely sick while limiting clinical 

remains. 

Microbial L-glutaminases have acquired a more distinguished reflection for their potential 

applications in biotechnology and efficacy in a broad range. Microorganisms are generally an 

excellent reservoir of enzymes such as L-glutaminase. Since the declaration of L-glutaminase 

for its valuable effects like antitumor activity, various microbial glutaminases are the focus of 

attention of eagerness to isolate microbial glutaminases. L-Glutaminase action is monitored in 

various living organisms like animals, plants, and microorganisms, including bacteria, 

actinomycetes, yeast, and fungi. L-Glutaminases are produced mainly by Bacillus and 

Pseudomonas species. In general, L-glutaminases are produced from E. coli, Bacillus spp 

(Irajie et al.,2016), Pseudomonas spp., Citrobacter, and Staphylococcus have been well-

studied (Karim and Thalij 2016). L-Glutaminase can also be extracted from animal and plant 

sources. The microbial sources usually are preferred for mechanical application considering 

their financial creation, consistency, office of balance, and streamlining ways.  

The present study was focused on the isolation, screening, and characterization of L-

glutaminase-producing bacteria and fungi. Bacteria were isolated from soil samples, and one 

sample for the isolation was an expired glutaminase in the lab. One fungal strain previously 

isolated and identified as Epicoccum sp. NFW1, was isolated from Taxus fauna as an 

endophyte. Some other fungal strains, FS1, FS2, FS3, and FS4, were isolated from the soil 

sample. One study reported different agro residues such as groundnut oil, cattle feed, oil cake, 

wheat bran, etc., as a source for L-glutaminase production by non-pathogenic strain 

Pseudomonas stutzeri PIMS6 (Athira et al., 2014). L-Glutaminase from Bacillus cereus RN-6 

was isolated from the forest soil (Nagaraju et al., 2019).  
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Further media and cultural conditions were optimized for increasing enzyme production. 

Bacterial strains isolated from brackish water samples for L-glutaminase production were 

screened on plate assay for isolation. The formation of pink zones around the colonies showed 

positive results for L-glutaminase production (Ibrahim et al., 2020). L-glutaminase was 

produced by terrestrial fungal strain Fusarium oxysporum (Hamed Al-Wasify, 2016). 

For bacterial screening, isolated bacterial strains were inoculated on Glutamine Salt plates were 

incubated in a thermal incubator for 3days for bacteria at 37°C and 7days for fungi at 30°C. 

According to various studies, high temperature has harmful effects on the production of 

enzymes compared to low temperature (Satish et al., 2018). The color around the colony was 

observed as an indication for glutamine producers. Further screening was done in the presence 

and absence of glutamine, which is used as a substrate. Bacterial strains RSHG1, RSHU1, 

RSHQ1, RSHU3, and RSHS3, change color in media only in the presence of substrate. 

Bacterial screening using a substrate is then carried out in liquid media. 

Liquid media in all the selected strains showed positive results only with the substrate. 

However, all the strains showed no color change in the liquid media without glutamine. The 

phenol red has been used as an indicator for pH change used by most cases to observe the 

presence of glutaminase. Still, in some cases, the color indication is the presence of pink 

colonies as the indication of the production of L-glutaminase (Ibrahim et al., 2020). 

Investigations of Aly (Aly et al., 2017) indicated the glutaminase presence and activity in 

Streptomyces sp.  Bacterial strains isolated from soil and aquatic samples were isolated, and 

screening was performed on minimal glutamine media with an indicator (phenol red). They 

isolated the bacteria that formed pink-red colour around the colonies due to ammonia 

production (Emelda, 2016). 

In the bacterial screening with the substrate, all selected strains showed positive results. After 

point inoculation on glutamine salt agar plates, the maximum hydrolysis zone was observed 

with RSHU3 and the smallest with RSHU1.  Fifteen marine isolated bacterial strains showed 

a change of color yellow to pink areas around the colonies with zones of hydrolysis of about 

8.5–17 mm in diameter (Mostafa et al., 2021). 

Bacterial strain RSHU1 showed the largest zone, 34 mm. At the same time, RSHQ1 gave the 

minimum zone (16mm) in screening media when Cell-free supernatant of the selected bacterial 

isolates was used in the well diffusion assay.  The isolation of glutaminases was from different 

microbial sources for restorative applications (Katikala et al., 2009; Dubey et al., 2015). Fungal 

Epiccocum sp. W1 strain showed a hydrolysis zone in different concentrations, while the 
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hydrolysis zone showed 17mm and 16.5mm values. Enzyme assay reaction mixture was 

incubated in the presence of supernatant was checked through the Nesslerization method to 

estimate ammonia released by the enzyme. The same procedure used to determine the activity 

of L-asparaginase was used to determine the glutaminase activity. But the buffer contains L-

glutamine-Tris-HCl and Urea.  Tris-HCl instead of L-asparagine-Tris-HCl (Ashok et al., 

2019). The quantitative analysis for L-glutaminase production was carried out using Nessler’s 

method (Mostafa et al., 2021).  

The biochemical testing of the bacterial strains was performed to determine the morphological 

and physiological characteristics. Twenty-four biochemical tests were performed for all five 

selected bacterial strains. RSHG1 showed 41.6% positive results, RSHU1 was positive for 

62.5% of tests, biochemical testing for RSHQ1 gave 41.6% positive results. RSHU3 showed 

results only for urease, gelatin hydrolysis, and arginine hydrolase (16.6% positive results) and 

negative for all the other biochemical testing. RSHS3 showed 29.1% positive results and 

negative results for other biochemical tests. Bacillus subtilis isolated for L-glutaminase 

production gave 50% tests positive when 34 biochemical tests were performed (Dubey et al., 

2015). The biochemical properties were carried out for Pseudomonas VJ6. A total of eight 

biochemical tests such as glucose, lactose, sucrose, indole, Voges-Proskauer, citrate utilization, 

catalase, and oxidase tests were performed showed 50% positive and 50% negative results. Out 

of these tests, glucose, citrate utilization, catalase, and oxidase tests were positive, while other 

tests were negative (Jyothi et al., 2011). 

For identification of bacterial isolates, 16S rRNA gene sequencing was peformed, and the 

evolutionary history was inferred using the Maximum Likelihood method based on the 

Tamura-Nei model (Tamura et al., 1993) on Mega X software (Kumar et al., 2018). The 

isolates were identified as Bacillus subtilis RSHU1, Achromobacter xylosoxidans RSHG, 

Bacillus halotolerance RSHQ1, Stenotrophomonas maltophilia RSHU3, and Alcaligenes sp. 

RSHS3. Bacterial strain Bacillus subtilis JK-79 was reported as L-glutaminase producer 

bacteria and identified using 16 S gene sequencing (Kiruthika and Murugesan, 2020). The 

marine isolated bacterial strain was noted and used for glutaminase production was identified 

as Alcaligenes faecalis KLU102 by 16S rRNA gene analysis (Pandian et al., 2014). 

Stenotrophomonas maltophilia and Achromobacter species have been reported for L-

glutaminase production (Pandian et al., 2014; Blazek and Benbough 1981).  

After screening and identification, isolated bacterial strains were optimized for incubation time, 

pH, temperature, carbon source, nitrogen source, and effects of inducers. For incubation time 

on glutamine salt medium A. xylosoxidans RSHG1, B. subtilis RSHU1, B halotolerance 
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RSHQ1, and Alcaligenes sp. RSHS3 produced the highest glutaminase 1.39, 3.6, 2.6, and 

1.3U/mg respectively on the 3rd day, while S. maltophilia RSHU3 showed the most increased 

activity 3U/mg on 2nd day of incubation. Marine isolated Bacillus subtilis, L-glutaminase was 

maximally produced in submerged fermentation after 18 hours of incubation (Zhang et al., 

2019). The best glutaminase production was observed after 72 hours of incubation by 

PseudomonasVJ-6 (Jyothi et al., 2011). 

 
Figure 5.1. Effect of Incubation Time on L-Glutaminase production by Selected Microbial strains 

The L-Glutaminase activity by A. xylosoxidans RSHG1, B. subtilis RSHU1, B. halotolerance 

RSHQ1, S. maltophilia RSHU3, and Alcaligenes sp. RSHS3 has monitored the highest 

activities at pH 9, 6, 7, 8, 8 showing more alkaline pH favoring production of the enzyme 

(Figure 5.2). L-Glutaminase production was noted best at pH 7 from the bacterial isolate 

Bacillus sp. screened from the forest soil (Nagaraju et al., 2018). Vibrio azureus JK-79, 

screened and isolated from marine samples, showed the highest glutaminase production at pH8 

(Kiruthika 2013). Soil isolated Fusarium oxysporum noted the maximum glutaminase 

production gained at pH 6 (Hamed and Al-Wasify, 2016). 
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Figure 5.2. Optimum pH for L-Glutaminase Production by Selected Microbial Strains. 

Production of L-glutaminase by selected bacterial strains was tested at 25°C, 30°C, and 37°C. 

L-Glutaminase activity was maximally produced at 37°C by B subtilis RSHU1 (4.62U/mg) and 

B halotolerance RSHQ1 3.89U/mg, at 30°C by A. xylosoxidans RSHG1 and S. maltophilia 

RSHU3 and at 25°C. Marine isolated Bacillus subtilis JK-79 showed the best glutaminase 

activity at 37°C (Kiruthika et al., 2018). Bacterial strain Pseudomonas NS16 achieved the best 

glutaminase production at 35°C is (Al-Zahrani et al., 2020). Aspergillus fumigatus WL002 

showed maximum glutaminase production at 37°C (Dutta et al., 2015). Fusarium oxysporum 

isolated from soil samples gained maximum activity at 35°C (Hamed and Al-Wasify, 2016). 

Endophytic fungi Aspergillus sp. ALAA-2000 showed the best glutaminase production at 27°C 

(Ahmed et al., 2016). 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

9 6 7 8 8 7

A.

xylosoxidans

RSHG1

B. subtilis

RSHU1

B.

halotolerans

RSHQ1

S.

maltophilia

RSHU3

Alcaligenes

sp. RSHS3

Epicoccum

sp. NFW1

L
-G

lu
ta

m
in

as
e 

A
ct

iv
ity

 in
 U

/m
g

Optimum pH of Microbial Strains

1

2

3

4



 

105 
 

 
Figure 5.3. Optimum Temperature for L-Glutaminase Production by Selected Microbial Strains. 

 Different carbon sources were used to achieve the highest activities for glutaminase production 

when various carbon sources were tested. Glucose for B. subtilis RSHU1 and Alcaligenes sp. 

RSHS3, sorbitol for A. xylosoxidans RSHG1 and S. maltophilia RSHU3, sucrose for B. 

halotolerance RSHQ1 was noted. A study was conducted on the selection and isolation of L-

glutaminase-producing soil bacteria with good glutaminase activities, and glucose was the best 

carbon source for glutaminase production by Pseudomonas aurignosa (Al-Zahrani et al., 

2020). 1.5% glucose was used as a carbon source for glutaminase production by Halomonas 

meridian that was isolated from the Red Sea (Mostafa et al., 2021). Zygosaccharomyces rouxii 

showed maximum glutaminase production with sucrose as a carbon source (Iyer and Singhal, 

2008; Figure 5.3) 

 
Figure 5.4. Carbon Sources used for maximum L-Glutaminase Production by Selected Microbial Strains. 
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The best nitrogen source was L-glutamine for A. xylosoxidans RSHG1 and B. subtilis RSHU1. 

Pseudomonas aurignosa gained the highest glutaminase production with glutamine among 

various nitrogen sources tested (Al-Zahrani et al., 2020). The marine isolated bacterial strain 

Bacillus subtilis JK-79 showed the best glutaminase production with yeast extract as a nitrogen 

source (Kiruthika and Nachimuthu, 2014). The best inducer for glutaminase production by A. 

xylosoxidans RSHG1, B. subtilis U1, B. halotolerance RSHQ1, S. maltophilia RSHU3, and 

Alcaligenes sp. RSHS3 was L-glutamine.  Glutaminase production was enhanced by glutamine 

in the case of Bacillus subtilis JK-79 and Bacillus sp. (Kiruthika and Nachimuthu, 2014; Sinha 

and Nigam 2016).  

 
Figure 5.5. Inducers used for maximum L-Glutaminase Production by Selected Microbial Strains. 

Fungal samples were screened from on glutamine salt agar of pH 6, and 3fungal samples 

showed positive screening, out of which the FS1 and FS3 showed better glutaminase 

production. But Epicoccum sp. NFW1 fungal strain taken from Microbiology lab Quaid-i-

Azam University showed the best production. Epicoccum sp. NFW1 was grown on a glutamine 

salt broth of pH6, incubated at 30ºC for 5days. The supernatant containing enzyme was 

collected at the regular intervals of 24hours and checked out from glutaminase production. 

Maximum activity was achieved on the 4th day of incubation on Glutamine salt broth. 

Aspergillus flavus L-glutaminase was maximally produced on the 5th day of incubation 

(Nathiya et al., 2011).  L-Glutaminase has also been isolated from terrestrial fungal strain 

Fusarium oxysporum using a submerged fermentation process. Maximum yield of enzyme 

achieved at pH 6, at 35°C, and with 0.025 % glutamine concentration and incubated for 7 days 
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(Hamed and Al-Wasify 2016). Epicoccum sp. W1 showed maximum production of L-

glutaminase on Czapek Dox media. Fungi isolated from Egyptian soil was used to produce L-

glutaminase on Czapek Dox media (Khalil et al., 2020). L-Glutaminase produced by 

Epicoccum sp. W1 was maximally produced at pH 7 on the 4th day of incubation. Aspergillus 

oryzae NRRL 32657 showed maximum production at pH7 (Alian et al., 2015). Epicoccum sp. 

NFW1 L-glutaminase gained maximum activity with 1% sucrose on the 4th day of incubation. 

L-glutaminase produced by terrestrial fungi Fusarium oxysporum showed maximum 

production with 1% sucrose (Hamed and Al-Wasify, 2016). Epicoccum sp. W1 L-glutaminase 

maximum production was observed with 2% L-glutamine as nitrogen and inducer source. L-

Glutaminase by Trichoderma koningii showed maximum production with 2% glutamine (El-

Sayed 2009). L-Glutaminase produced by Trichoderma sp. showed the highest production with 

1% glutamine as an inducer (Olarewaju et al., 2019). 

L-Glutaminase by A. xylosoxidans RSHG1, B. subtilis RSHU1, B. halotolerance RSHQ1, S. 

maltophilia RSHU3, Alcaligenes sp. RSHS3, and Epicoccum sp. W1 was partially purified by 

using 70% ammonium sulfate saturation. (Awad et al., 2019) partially purified glutaminase 

produced by Streptomyces rochei SAH2_CWMSG using 75% ammonium sulfate. L-

glutaminase produced by Pseudomonas VJ-6 was partially purified using 80% ammonium 

sulfate (Jyothi et al., 2011).  

L-Glutaminase produced by A. xylosoxidans RSHG1 and Epicoccum sp. NFW1 was further 

purified on the gel filtration column with G-75 and B. subtilis RSHU1 on G-100. Awad (Awad 

et al., 2019) purified glutaminase from Streptomyces rochei SAH2_CWMSG using gel 

filtration colum Sephadex G-100. L-Glutaminase produced by Penicillium politans NRC510 

purified by using Sephadex G-100 gel filtration (Ali et al., 2009). 

RSHG1 L-glutaminase was purified to 19.6-fold with specific activity 35U/mg, and its 

molecular weight was 40KDa. RSHU1 L-glutaminase having specific activity 15U/mg was 

purified to 12.5-fold with a molecular weight of 60KDa. Epicoccum sp. NFW1 L-glutaminase 

was purified to 8.47-fold showed specific activity 19.5U/mg having a molecular weight of 

38KDa approximately. Streptomyces avermitilis L-glutaminase molecular weight was 50KDa 

(Abdallah et al., 2013). The marine species Halomonas meridian L-glutaminase molecular 

weight was 57kDa by the SDS-PAGE analysis (Mostafa et al., 2021). The activity of partially 

purified L-glutaminase produced by endophytic isolate Aspergillus sp. was tested for 

incubation times showed the highest peak after 30minutes of incubation. The increasing time 

observed a decrease in activity (Ahmed et al., 2016). 
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A. xylosoxidans RSHG1 L-glutaminase showed Vmax of the enzyme was 443.8U/mg, and Km 

was 0.235mM. L-glutaminase produced by B. subtilis RSHU1 achieved Vmax 522.5U/mg, and 

Km was 0.059mM. B halotolerance RSHQ1 Vmax and Km were 343.6U/mg and 0.37mM, 

respectively. Vmax and Km of partially purified L-glutaminase by S. maltophilia RSHU3 

showed the Vmax value 351.6U/mg and lowest Km 0.166mM. Alcaligenes sp. RDHS3 L-

glutaminase Vmax and Km were 232.9U/mg and 0.186mM, respectively. In comparison, the 

partially purified fungal L-glutaminase produced by Epicoccum sp. NFW1 showed Vmax and 

Km 450.4U/mg and 0.424mM, respectively. Km and Vmax of L-glutaminase produced by 

Bacillus sp. B12 was 0.4 mmol/L and 0.133mmol/min, respectively (Abdelhameed et al., 

2020). L-Glutaminase produced by Hypocrea jecorina was characterized for kinetic 

parameters, and Km and Vmax values achieved by Line Weaver Burk plot and Values were 

0.491mM and 13.86 U/L, respectively (Bülbül and Karakuş, 2013). L-Glutaminase produced 

by soil isolated Streptomyces sp. showed Km value 2.8 mM, and V-max value was 7.57U/mL 

(Desai et al., 2016). 

 
Figure 5.6. Effect of Incubation Time L-Glutaminase Activity by Selected Microbial Strains. 

A. xylosoxidans RSHG1, Alcaligenes sp. RSHS3, and Epicoccum sp. NFW1 partially purified 

L-glutaminase showed the best activity at pH 7. While L-glutaminase produced by B. subtilis 

RSHU1, B. halotolerance RSHQ1, and S. maltophilia RSHU3 gained the highest activity at 

pH 6.5, 6, and 8, respectively (Figure 5.6). Pseudomonas aeruginosa isolated from Sangihe-

Talaud Sea was used to produce L-glutaminase showed maximum activity at pH 7. L-

glutaminase by Streptomyces sp. achieved the highest activity at pH 8 (Desai et al., 2016). L-
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Glutaminase from vibrio sp. M9 isolated from Mahabalipuram marine sediments showed 

maximum activity at pH 7 (Saravanan et al., 2014). Generally, bacterial glutaminases function 

optimally at alkaline and neutral pH values, but there are some reports like glutaminases from 

B. amyloliquefaciens (Mao et al., 2013) and Bacillus sp. LKG-01 (Kumar et al., 2012) has 

acidic pH optima.  

 

 
Figure 5.7. Effect of pH L-Glutaminase Activity by Selected Microbial Strains. 

All the purified L-glutaminases produced by A. xylosoxidans RSHG1, B. subtilis RSHU1, and 

Epicoccum sp. NFW1 and partially purified S. maltophilia RSHU3, Alcaligenes sp. RSHS3, 

and B halotolerance RSHQ1 were studied for kinetic parameters. A xylosoxidans RSHG1, B. 

subtilis RSHU1, S. maltophilia RSHU3, Alcaligenes sp. RSHS3, and Epicoccum sp. W1 L-

glutaminase achieved maximum activity at 40°C. In contrast, B. halotolerance RSHQ1 L-

glutaminase gained the best activity at 50°C. L-glutaminase produced by B. cereus glutaminase 

gained the best activity at 40°C (Reda, 2015). L-Glutamiase produced by Bacillus 

subtilis NRRL achieved best activity at 40°C (El-Sousy et al., 2021). Most bacterial 

glutaminases function optimally at mesophilic temperatures (20–45°C) like the present study; 

Still, some enzymes have a high temperature as optimum temperature; however, some 

glutaminases have high optimal temperatures, e.g., like enzymes from Bacillus sp. LKG-01 

(70°C) (Kumar et al., 2013) and Stenotrophomonas maltophilia (60°C) (Wakayama et al., 

2005). L-Glutaminase produced by Streptomyces avermitilis showed the highest activity at 
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30°C (Abdallah et al., 2013). L-Glutaminase produced by Cohnella sp. A01 received the 

highest activity at 50 °C (Mosallatpour et al., 2019).   

 

 
Figure 5.8. Effect of Temperature L-Glutaminase Activity by Selected Microbial Strains. 

L-Glutaminase produced by A. xylosoxidans RSHG1 activity was increased using CoCl2, 
CaCl2, BaCl2, ZnSO4, MgSO4, KCl, and NaCl and inhibited by EDTA, HgCl, MnSO4, and 

FeSO4. B. subtilis RSHU1 L-glutaminase activity was enhanced by CoCl2, CaCl2, BaCl2, 

MgSO4, KCl, ZnSO4, and NaCl and decreased by EDTA, HgCl, MnSO4, and FeSO4. L-

glutaminase produced by B. halotolerance RSHQ1 showed increased activity with CoCl2, 

BaCl2, HgCl, MgSO4, KCl, ZnSO4, and NaCl, and reduction activity was observed with EDTA, 

CaCl2, MnSO4, and FeSO4. S. maltophilia RSHU3 L-glutaminase achieved increased activity 

with CoCl2, CaCl2, BaCl2, HgCl, KCl, ZnSO4, and NaCl, and decreased activity was observed 

with EDTA, MnSO4, MgSO4, and FeSO4. Alcaligenes sp. RSHS3 L-glutaminase activity was 

enhanced by CoCl2, CaCl2, BaCl2, MgSO4, KCl, and NaCl and was reduced by EDTA, HgCl, 

ZnSO4, MnSO4, and FeSO4. Epicoccum sp. NFW1 L-glutaminase showed increased activity 

with CoCl2, CaCl2, BaCl2, KCl, ZnSO4, MgSO4, and NaCl, while reducing activity was 

observed by EDTA, HgCl, MnSO4, and FeSO4. B. cereus glutaminase activity was enhanced 

by Mg2+, Na+, and Co2+ while inhibited by Ca+2, Ba2+, Fe3+, Zn2+, Cu+, Hg2+, and Cd2+ (Reda, 

2015). L-glutaminase by Bacillus sp. B12 was activated by Mn2+, Mg2+, Ca+2, and Na+ while 

no effect by K+, Co2+, and Ni2+ and activity was decreased by Hg2+, Cu2+, Fe2+, and Zn2+ 

(Abdelhameed et al., 2020). The L-glutaminase produced by marine endophytic Aspergillus 

sp. activity was increased by Ba2+, Ca2+, Na+, Co2+, Mn2+, and Mg2+ (Ahmed et al., 2016). 
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Glutaminase produced by Escherichia coli is activated by divalent cations Mg2+, Mn2+, and 

Ca2+ (Prusiner and Stadtman, 1976). Salt-tolerant L-glutaminase produced by Bacillus 

amyloliquefaciens was partially inhibited when incubated with 1mM EDTA. 

 
Figure 5.9. Effect of Inhibitors L-Glutaminase Activity by Selected Microbial Strains. 

L-glutaminase by A. xylosoxidans RSHG1 activity was 64 % increased by 8 % NaCl. B. subtilis 

RSHU1 L-glutaminase activity was enhanced 65% by 16% NaCl. Partially purified L-

glutaminase produced by B. halotolerance RSHQ1 achieved 53% increased activity with 16% 

NaCl. S. maltophilia RSHU3 L-glutaminase gained 32% increased activity with 12 % NaCl. 

Alcaligenes sp. RSHS3 L-glutaminase activity was improved 44% with 12% NaCl. Epicoccum 

sp. NFW1 L-glutaminase showed 64% increased activity with 16% NaCl. All L-glutaminases 

showed higher activities by using higher sodium chloride concentrations. L-Glutamine has 

lower solubility in water and buffers maybe this the reason that use of higher quantities of 

sodium chloride provides a hydrophobic environment and increases the activity of L-

glutaminase.  L-glutaminase producing marine bacteria from Sangihe-Talaud Sea, the enzyme 

was stable when NaCl solution was added up to 8% and began to decrease on the addition of 

NaCl solution of 16% and 20% (Chasanah et al., 2013). L-glutaminase produced by B. 

amyloliquefaciens y-9 showed 68% increased activity with 20% NaCl (Mao et al., 2013). L-

Glutaminase by G1, after immobilization on agar enzyme, was stable for three weeks. 

Immobilization of glutaminase enzyme from Hypocria jecorina on polyacrylic acid (Karahan 

et al., 2014). L-glutaminase produced by Penicillium politans NRC510 showed 75% increased 

activity by 15-30% NaCl (Ali et al., 2009).  
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One of the important applications of L-glutaminases is in the food industry, especially 

fermented food, which requires high salt concentration salt-tolerant glutaminase is highly 

desirable. The most salt-tolerant glutaminases have been found in bacteria. Glutaminase I and 

II, constitutively produced by marine M. luteus K-3 in media containing 3% NaCl, performed 

optimally at NaCl concentrations of 8–16% (Moriguchi et al., 1994) while glutaminase from 

Bacillus sp. LKG-01 showed a continuous increase in activities with up to 20% NaCl 

concentrations. up to 20% (w/v) and retained 95% of its activity at 30% NaCl concentration 

(Elshfei et al., 2014). Purified glutaminase from S. maltophilia NYW-81 showed the highest 

salt tolerance among bacterial glutaminases and exhibited 86% of its original activity in the 

presence of 16% NaCl (Wakayama et al., 2005) while B. amyloliquefaciens glutaminase 

showed 68% of the original activity in the presence of 20% NaCl (Mao et al., 2013).  

 L-glutaminase activity is similar to the result obtained with the P. brevicompactum NRC 829 

glutaminase. However, while the maximum activity of the former enzyme decreased to 80% at 

25% NaCl concentration (Elshafei et al., 2014), the latter retained 95% of its activity at 30% 

NaCl concentration (Elshafei et al., 2014). Purified glutaminase from S. maltophilia NYW-81 

possessed the highest salt tolerance among bacterial glutaminases and exhibited 86% of its 

original activity in the presence of 16% NaCl (Wakayama et al., 2005). B. amyloliquefaciens 

glutaminase showed 68% of the original activity in the presence of 20% NaCl (Mao et 

al.,2013). The glutaminase from A. oryzae RIB40, different from the strain used in traditional 

food fermentations, is salt-tolerant (Masuo et al., 2005). 
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Figure 5.10. Effect of NaCl Concentration on L-Glutaminase Activity by Selected Microbial Strains. 

L-Glutaminase by A. xylosoxidans RSHG1, B. subtilis U1, and Epicoccum sp. NFW1 was 

partially purified by 70% ammonium sulfate then all L-glutaminases were dialyzed and 

immobilized on 3.6% agar. Immobilized L-glutaminase was stable for 3weeks. L-glutaminase 

enzyme produced by Hypocria jecorina was immobilized on polyacrylic acid (Karahan et al., 

2014). Bacillus subtilis glutaminase was partially purified by 30% saturation of ammonium 

sulfate, then dialyzed and immobilized on Sephadex G-25, DEAE-cellulose, chitin powder, 

sawdust; the charcoal enzyme was more stable than free enzyme (Mahmod, 2016). 
  



 

114 
 

CONCLUSIONS 

1. A. xylosoxidans RSHG1 L-glutaminase showed maximum production at pH9 B. subtilis 

RSHU1, gained the highest production at pH6, B. halotolerans RSHQ1 and Epicoccum 

sp. NFW1 L-glutaminase showed the best production at pH 7, S. maltophilia RSHU3, 

and Alcaligenes sp. RSHS3 maximum production at pH8.  

2. Alcaligenes sp. RSHS3 achieved the highest L-glutaminase production at 25˚C, A. 

xylosoxidans RSHG1, S. maltophilia RSHU3, and Epicoccum sp. NFW1 showed 

maximum production at 30˚C and B. subtilis RSHU1 and B. halotolerans RSHQ1at 

37˚C.  

3. A. xylosoxidans RSHG1, S. maltophilia RSHU3 gained the best L-glutaminase 

production with sorbitol as a carbon source, B. subtilis RSHU1, and Alcaligenes sp. 

RSHS3 showed maximum production with glucose as a carbon source, B. halotolerans 

RSHQ1, and Epicoccum sp. NFW1 with sucrose as a carbon.  

4. All selected strains showed L-glutaminase production with 1.5% L-glutamine as an 

inducer.  

5. All glutaminases by selected strains showed maximum activity after incubation of 

30minutes. Afterward, a reduction in enzyme activity was observed in all glutaminases. 

6. B. Subtilis RSHU1 L-glutaminase showed the highest Vmax 522U/mg and best affinity 

(Km) for its substrate 0.0591mM.  

7. A. xylosoxidans RSHG1, Alcaligenes sp. RSHS3, and Epicoccum sp. NFW1 L-

glutaminases showed maximum activity at pH7 (neutral pH), B Subtilis RSHU1 at 

slight acidic pH6.5, B. halotolerans RSHQ1 at slight acidic pH6, and S. maltophilia 

RSHU3 at basic pH8.  

8. All L-glutaminases gained the best activity at 40˚C except B. halotolerans RSHQ1 

showed maximum activity at 50˚C.  

9. EDTA, MnSO4, and FeSO4 inhibit all L-glutaminases. A. xylosoxidans RSHG1, B. 

Subtilis RSHU1, and Epicoccum sp. NFW1 was also inhibited by HgCl and activated 

by 20mM CoCl2, CaCl2, BaCl2, ZnSO4, KCl, MgSO4, and NaCl. B. halotolerans 

RSHQ1 L-glutaminase was inhibited by CaCl2 and enhanced by CoCl2, BaCl2, ZnSO4, 

KCl, MgSO4, and NaCl. S. maltophilia RSHU3 L-glutaminase was additionally 

reduced by MgSO4 and increased by CoCl2, BaCl2, KCl, ZnSO4, and NaCl. Alcaligenes 

sp. RSHS3 L-glutaminase showed an additional reduction in enzyme activity by ZnSO4 

and increased by CoCl2, BaCl2, KCl, MgSO4, and NaCl. 
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10.  A. xylosoxidans RSHG1 L-glutaminase activity improved 64.4% by using 8% NaCl, 

afterward reduction in enzyme activity was monitored. S. maltophilia RSHU3 and 

Alcaligenes sp. RSHS3 L-glutaminase was enhanced using 12% NaCl with a 32% and 

44% increase in activity, respectively. B. Subtilis RSHU1, B halotolerans RSHQ1, and 

Epicoccum sp. NFW1 L-glutaminase activity increased by 16% NaCl with 65%, 53%, 

and 64.9% enhanced enzyme activity.  

11. The molecular weight of A. xylosoxidans RSHG1L-glutaminase was 40KDa B. Subtilis 

RSHU1 60, and Epicocum sp. NFW1 38KDa approximately. A xylosoxidans RSHG1, 

B Subtilis RSHU1, and Epicocum sp. W1 L-glutaminase was immobilized on 3.6% 

agar. The immobilized enzyme was stable for up to 3weeks.  
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Table 6.1 Conclusion in tabulated form 

Microbial 
Strains 

A. 

xylosoxidans 
RSHG1 

B. Subtilis 
RSHU1 

B. 

halotolerans 
RSHQ1 

S. 

maltophilia 
RSHU3 

Alcaligenes 

sp. RSHS3 
Epicocum 

sp. NFW1 

Microbial 
Sources 

Expired 
glutamine 
sample 

Soil 
Sample, 
University 
of Wah, 
Wah Cantt 

Quetta soil Soil sample, 
Quaid-i-
Azam 
University, 
Islamabad 

Taxila soil Microbiology 
lab, Quaid-i-
Azam 
University, 
Islamabad 

Fermentation Conditions 
pH optimum 
for L-
Glutaminase 
production 

9 6 7 8 8 7 

Temperature 
optimum for L-
Glutaminase 
production 

30˚C 37˚C 37˚C 30˚C 25˚C 30˚C 

Carbon 
Sources for 
maximum 
Production 

Sorbitol Glucose Sucrose Sorbitol Glucose Sucrose 

Inducer and 
Nitrogen 
source 

L-glutamine  L-
glutamine  

L-glutamine  L-glutamine  L-glutamine  L-glutamine  

L-Glutaminase Characterization 
Effect of 
Incubation 
Time 

30min 30min 30min 30min 30min 30min 

Vmax and Km 443U/mg & 
0.235mM 

522U/mg 
& 
0.0591mM 

343.6U/mg 
&0.37mM 

351U/mg & 
0.166mM 

232U/mg & 
0.186mM 

450U/mg & 
0.424mM 

pH optimum 7 6.5 6 8 7 7 
Temperature 
optimum 

40˚C 40˚C 50˚C 40˚C 40˚C 40˚C 

Inhibitors EDTA, 
MnSO4, 
FeSO4 & 
HgCl 

EDTA, 
MnSO4, 
FeSO4& 
HgCl 

EDTA, 
MnSO4, 
FeSO4 & 
CaCl2 

EDTA, 
MnSO4, 
FeSO4 & 
MgSO4 

EDTA, 
MnSO4, 
FeSO4 & 
ZnSO4 

EDTA, 
MnSO4, 
FeSO4& 
HgCl 

Activators CoCl2, CaCl2, 
BaCl2, 
ZnSO4, KCl, 
MgSO4, & 
NaCl 

CoCl2, 
CaCl2, 
BaCl2, 
ZnSO4, 
KCl, 
MgSO4, & 
NaCl 

CoCl2, 
BaCl2, 
ZnSO4, KCl, 
MgSO4, & 
NaCl 

CoCl2, 
BaCl2, KCl, 
ZnSO4, & 
NaCl 

CoCl2, 
BaCl2, KCl, 
MgSO4, & 
NaCl 

CoCl2, 
CaCl2, BaCl2, 
ZnSO4, KCl, 
MgSO4, & 
NaCl 

NaCl effect on 
L-glutaminase 
activity 

64.4% 
increase by 
using 8% 
NaCl 

65% 
increase 
with 16% 
NaCl 

53% increase 
with 16% 
NaCl 

32% 
increase 
with a 12% 
NaCl 

44% 
increase 
with a 12% 
NaCl 

64.9% 
increase with 
16% NaCl 

Molecular 
weight 

40KDa 60KDa - - - 38KDa 

Immobilization 
on 3.6% agar 

Stable up to 
3weeks 

Stable up 
to 3weeks 

- - - Stable up to 
3weeks 
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FUTURE PROSPECTS 

 

 Protein engineering could be done using Recombinant DNA technology and site-

directed mutagenesis to explore new enzymes with improved properties required to 

apply the enzyme in diverse industries.  

 Structural analysis of microbial L-glutaminases, including the elucidation of 3-D 

structures, prediction of active sites, identification, and interactions of catalytic 

residues, will aid in establishing structure–functional relationships of L-glutaminases 

from different sources.  

 The application of L-glutaminases by isolated strains in the food industry as a flavour 

enhancing agent needs to be explored.  

 Immobilized L-glutaminases on agar can be used in the food industry. For cancer 

treatment of L-glutaminase immobilization on nanoparticles could be studied for 

delivery.  

 There is a prospect for glutaminase's in vivo therapeutic trials by selected strains for 

medical use like cancer therapy.  

 Isolated L-glutaminases can be used to develop biosensors for monitoring the levels of 

L-glutamine in health and diagnosis. 

 A genetic comparison of the L-glutaminase gene by all the selected strains could be 

made. Computational approaches should be used to get an insight into the structural-

functional relationship of L-glutaminases. 

 Isolated microbial strains can be genetically modified for L-glutaminases for industrial 

applications.  

 Further enhancement of kinetic parameters and increased catalytic value of selected 

glutaminases for better therapeutic applications.  
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16s rDNA Sequences of Selected Bacterial Strains  

1. RSHU1 Sequence 

GCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCAC

TTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCAC

CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGG

ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCC

GCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTT

TTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATA

GGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGC

CAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGG

CGTAAAGGGCTCGCAGGCGGTTCCTTAAGTCTGATGTGAAAGCCCCCGGC

TCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGG

AGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAA

CACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGA

AAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAA

ACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTA

ACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAA

AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGA

AGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGA

GATAGGACGTCCCCTTCGGGGCAGAATGACAGGTGGTGCATGGTTGTCGT

CAGCTCGGGTCGGGAGATGTTGGGTTAAGTCCCCCACCAACCCACCCTTG

ATCTTATTGCCAGCATTCGTTGGCGCTCTAAGGTGACTGCCGGTTACAACC

GGAAGAA 

2. Sequence for RSHG1 

TAGCGGGGGATAACTACTCAAAAGCGTATCTAATACCGCATACGCCCTAC

GGAGGGCAAAGCATGGGGCATCGCAAGACCTTGCACTATTGGAGCGGCC

GATATCGGATTAGCTAGTTGGTGGGGTAACGGCTCACCGAGGCAACGATC

CGTAGCTGGTTTGATAGGACGACCGTCCACTCTGGGACTGAGACACGGCC

CATACTCCTACGGGAGGCAGCACTGGGGAATTTTGGACAATGGGGGAAAC

CCTGATCCAGCCATCCCGCGTGTGCGATGAAGGCCTTCAGGTTGTAAAGC

ACTTTTGGCAGGAAAGAAACGTCGCGGGTTAATACCCCACGAAACTGACG



ii 
 

GTACCTGCAAAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAAT

ACGTAGGGTGCAAGCGTTAATCGGAATTACTGCGCGTATAGCGTGCGCAG

GCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTTGGAACTGC

ATTTTTAACTACCGGGCTATAGTGTGTCAGAGGGAGGTGGAAATTCCGCG

TGTAACACTGAAATGCGTAGATATGCCGAGGAACACCTATGGCGAAAGCA

ACCTCCGGGGATACCCCGACCCTCATGCACGAAAGCCTGTGGTAGCCAAC

AGGGATTAAATCCCCTCTGTAGGCCACACCCCCAAACGATGTCCGCTATTT

GTTGGGCCCTCGGGTGTTGGGTACCCCCCGAAAACGCGAAGGGCGCCCTA

GAGGAAGAC 

3. Sequence for RSHQ1 
CCCGAGGCGCGTGCCTACTAATGCAAGTCGTGCGAGGCNNAATGGAGGA

GCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACC

TGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGC

TTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTA

CAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACCAA

GGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT

GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGC

AATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTC

GGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGG

CGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAG

CAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGT

AAAGGGCTCGCAGGCGGTTCCTTAAGTCTGATGTGAAAGCCCCCGGCTCA

ACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGA

GTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACC

AGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGC

GTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGAT

GAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCA

TTAAGCACTCCGCCTGGCGAGTACGGTCGCAGGACTGAAACTCAAAGGAA

TTGACGGGGGCCCGCACAACCGGTGGAGCATGTGGTTTAATTCAAAGCAA

CGCCAAGAACCTTACCAGGTCTTGGCATCCTCTGACAATCCTAGAGATAG

GACGTCCGCTTCGGGGGCAGAACGACAGTTGTTGCAGGTTGTCTTNNCTC

CCGTCCGAGAAGTTGAGTTAATGCCCACCTCCACCCCACGCCTGGATTTAT

TTCCAGNATTCATTTGGCNNNCGAAAAGTANTCCGGTGCCACCCNNAAAA

AGGGGGGNTGGGTGCAATCATCTGGCGCTTGNCCCNCCTNCNCCGTGCTC



iii 
 

TATTGTGTAANNNAGGGNGACAAACCCCGCGTNAACCACCCCCACTTTTT

TTTTTTTATCACCCCNTTTTTTNTGAAGGGGGGGGAANNATGACGGCGGG

GAAGTTTCNNNTTNNCCCCCGGCCCCCCTTTNNCCCCCGGGGAGATTTTGT

GGCTCTATGTATGGGGGGAGGTTGGGGCNNAAAAAGAAAAAAAAAAAAA

AAA 

4. Sequence for RSHU3 

GGAATCTACTCTGTCGTGGGGGATAACGTAGGGAAACTTACGCTAATACC

GCATACGACCTACGGGTGAAAGCAGGGGACCTTCGGGCCTTGCGCGATTG

AATGAGCCGATGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGG

CGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAG

ACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAAT

GGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCCTTCGGG

TTGTAAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGCTAATACCCGGTT

GGGATGACGGTACCCAAAGAATAAGCACCGGCTAACTTCGTGCCAGCAGC

CGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAG

CGTGCGTAGGTGGTCGTTTAAGTCCGTTGTGAAAGCCCTGGGCTCAACCT

GGGAACTGCAGTGGATACTGGGCGACTAGAATGTGGTAGAGGGTAGCGG

AATTCCTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCATG

GCGAAGGCAGCTACCTGGACCAACATTGACACTGAGGCACGAAAGCGTG

GGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGCG

AACTGGATGTTGGGTGCAATTTGGCACGCAGTATCGAAGCTAACGCGTTA

AGTTCGCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATT

GAAGGGGCCCCGCACAAGCGGTGGAGTATGTGGTTTAATTTCTATGCAAC

GCAAGAACCTTACTTGGCCTTGACATGTCGGGAACTTTCCAAAGATGGAT

TGGTGCCTTCGGGAATCGAACCCAAGGCTGATGGCTGTGTCAGCTCTTCG

CAATGTGGGGTGAATTCCCCCACCGA 

5. Sequence for RSHS3 

GGATCGCAAGACCTCTCACTATTGGAGCGGCCGATATCGGATTAGCTAGT

TGGTGGGGTAAAGGCTCACCAAGGCAACGATCCGTAGCTGGTTTGAGAGG

ACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGG

CAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGATCCAGCCATCCC

GCGTGTATGATGAAGGCCTTCGGGTTGTAAAGTACTTTTGGCAGAGAAGA
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AAAGGCATCCCCTAATACGGGATGCTGCTGACGGTATCTGCAGAATAAGC

ACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGT

TAATCGGAATTACTGGGCGTAAAGCGTGTGTAGGCGGTTCGGAAAGAAAG

ATGTGAAATCCCAGGGCTCAACCTTGGAACTGCGTTTTTAACTGCCGAGCT

AGAGTATGTCATAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTA

AATATGTGGAGGAATACCGATGGCGAACGCGGCCGCCTGGATAATACTGA

CGCTCAGACACGAAAGCGTCGGAGGAGACACCATTAGATACGCTGGTAGT

CCACACCCTCAACGATGTCAACTGCCTCACGGGGGCGGTACCCTCCTTAG

CACAGCTCACCTCGCAGTGAAACAACTGGGTTAGGGGTCGCGCCCTGGTT

CACACTATTTGTTTGCAAACCCGCCCACCACGTGTGGCGCGATTATTTCAA

ATA 
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Abstract: As significant biocatalyst, L-glutaminases find potential applications in various fields,
from nourishment to the pharmaceutical industry. Anticancer activity and flavor enhancement are
the most promising applications of L-glutaminases. In this study, L-glutaminase was isolated and
purified from an old glutamine sample. A selected bacterial isolate was characterized taxonomically
by morphological characters, biochemical testing and 16S rDNA sequence homology testing. The
taxonomical characterization of the isolate identified it as Achromobacter xylosoxidans strain RSHG1.
The isolate showed maximum enzyme production at 30 ◦C, pH 9, with Sorbitol as a carbon source
and L-Glutamine as a nitrogen and inducer source. L-Glutaminsae was purified by using column
chromatography on a Sephadex G-75. The enzyme has a molecular weight of 40 KDa, pH optimal
7 and is stable in the pH range of 6–8. The optimum temperature for the catalyst was 40 ◦C and
stable at 35–50 ◦C. The kinetic studies of the purified L-glutaminase exhibited Km and Vmax of
0.236 mM and 443.8 U/mg, respectively. L-Glutaminase activity was increased when incubated with
20 mM CaCl2, BaCl2, ZnSO4, KCl, MgSO4 and NaCl, whereas EDTA, CoCl2, HgCl, ZnSO4 and FeSO4

decreased the activity of the enzyme. The addition of 8% NaCl enhanced the glutaminase activity.
L-Glutaminase immobilized on 3.6% agar was stable for up to 3 weeks.

Keywords: L-glutaminase production; optimization; characterization; molecular identification;
Achromobacter xylosoxidans RSHG1

1. Introduction

Biocatalysts play a crucial role in maintaining and sustaining the food, chemical,
agriculture and cosmetic industries as commercially economic products. Biocatalysts are
involved in all the biochemical processes within the cells and living organisms. Moreover,
they accelerate the rate of a chemical reaction without being a part of the end product [1–3].
Enzymatic processes are eco-friendly, which reduces the risk of byproducts that are toxic for
the human health and the environment [4]. Due to these features, biocatalysts play a vital
role in the pharmaceutical industry [2]. L-Glutaminases are amidohydrolases, belong to
the hydrolase class of enzymes and cleave L-glutamine into L-glutamic acid and ammonia.
This enzyme plays a significant role in nitrogen metabolism at the cellular level. This
enzyme is ubiquitous and present in both microorganisms (bacteria, fungi and yeast) and
macro-organisms (animals and plants) [5–7]. The probable sources may include animals,
plants, bacteria, actinomycetes, yeast and fungi [7]. Numerous bacteria are involved in
extracellular and intracellular glutaminases production, such as Bacillus sp., Pseudomonas,
Actinobacterium sp. and E. coli [7,8]. Important fungal glutaminases are Aspergillus sp.
and Trichoderma sp. [9]. Different species of actinomycetes also produce L-glutaminase.
L-Glutaminase production and the extraction from plants are not well studied. Due to
complex organization, animals are not well known for L-glutaminase isolation from animal
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