
 Research Journal of Recent Sciences __________________________________________________ISSN 2277-2502 

Vol. 15(3), 55-60, July (2026)   Res. J. Recent Sci. 

 

 International Science Community Association       55 

Production, Optimization and Characterization of L-Glutaminase from Soil-

Derived Aspergillus Species under Solid-State Fermentation 

Anuroopa N.,* Prajwal R., Kishore Rao M., Deepika C., Jayashree M. and Rashmi P. 
Department of Microbiology, Nrupathunga University, Bengaluru, Karnataka, India 

abanusri@gmail.com 

Available online at: www.isca.in, www.isca.me 
Received 11th April 2026, revised 5th May 2026, accepted 20th June 2026 

 

 

 

Abstract 

L-glutaminase (EC 3.5.1.2) is an amidohydrolase enzyme of significant biomedical and industrial importance due to its 

potential therapeutic application in cancer treatment and its role in food biotechnology. The present study aimed to isolate, 

produce, purify, and characterize L-glutaminase from Aspergillus species obtained from soil samples. Fungal isolates were 

screened using a modified Czapek’s medium supplemented with L-glutamine and Congo red dye indicator. Positive isolates 

were further confirmed by thin layer chromatography for enzymatic activity. Quantitative estimation of enzyme activity was 

carried out using Nessler’s reagent by measuring ammonia released from L-glutamine hydrolysis. Optimization studies were 

performed to evaluate the influence of physicochemical parameters such as pH, temperature, moisture content, inoculum 

size, and incubation period on enzyme production. Among the screened isolates, strain S3 showed the highest enzyme activity 

and was identified as Aspergillus species through microscopic examination. Maximum enzyme activity of 15.4 µmol/ml/min 

was observed at pH 5.0, 30°C, and 60% moisture content under solid-state fermentation. The enzyme exhibited high 

specificity toward L-glutamine and demonstrated stability across a range of environmental conditions. The results indicate 

that Aspergillus species can serve as a promising microbial source for L-glutaminase production with potential applications 

in oncology, biosensor development, and food fermentation industries. 
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Introduction 

Enzymes are biological catalysts that accelerate biochemical 

reactions in living organisms. They are essential for metabolic 

processes and are widely used in industrial, pharmaceutical, and 

food biotechnology. Microorganisms are considered the most 

important sources of industrial enzymes because of their rapid 

growth, ease of cultivation, and ability to produce large 

quantities of extracellular enzymes1,2. 

 

Microbial enzymes have gained considerable attention due to 

their applications in medicine, food processing, and 

biotechnology. Therapeutic enzymes are used as anticancer 

agents, thrombolytics, antimicrobials, and digestive aids². 

Among these, L-glutaminase (EC 3.5.1.2) is an important 

enzyme that catalyzes the hydrolysis of L-glutamine to L-

glutamate and ammonia³. 

 

L-glutaminase has significant therapeutic importance because it 

deprives tumor cells of glutamine, an essential nutrient required 

for their growth and survival4,5. Due to this property, the 

enzyme has been widely investigated for the treatment of 

lymphosarcoma and acute lymphoblastic leukemia6. 

 

Microbial sources such as bacteria, fungi, and actinomycetes are 

widely studied for L-glutaminase production because they 

provide higher yield and easier downstream processing7. Among 

fungal organisms, Aspergillus species have been reported as 

efficient producers of extracellular enzymes including L-

glutaminase8. 

 

Apart from medical applications, L-glutaminase is also used in 

the food industry as a flavor-enhancing enzyme, especially in 

fermented food products such as soy sauce9. Therefore, the 

present study focuses on the isolation, production, purification, 

and characterization of L-glutaminase from Aspergillus 

species10. 

 

Materials and Methods 

Collection of Soil Samples: Soil samples were collected from 

diverse ecological niches including Cheemandahalli, Hoskote, 

Bangalore and the Yeshwanthpura industrial area, Karnataka. 

Samples were collected in sterile zip-lock pouches and 

transported to the laboratory to avoid external contamination. 

Soil is considered one of the most important sources for 

isolating enzyme-producing microorganisms³. 

 

Isolation and Screening of Fungi: Fungal isolates were 

obtained using the serial dilution technique. One gram of soil 

sample was suspended in 10 ml sterile distilled water and 

serially diluted. Dilutions of 10⁻³ and 10⁻⁴ were spread on 
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Czapek’s agar medium and incubated at 28°C for five days. 

Isolation of enzyme-producing microorganisms using selective 

media has been widely reported in previous studies6,7. 

 

Primary Screening (pH Indicator Method): Pure fungal 

isolates were streaked on modified Czapek’s medium containing 

L-glutamine as the sole carbon and nitrogen source 

supplemented with Congo red dye indicator. Production of 

extracellular L-glutaminase resulted in ammonia release causing 

a pH change in the medium and formation of a pink zone around 

the colony. Similar screening methods have been previously 

used for detection of glutaminase producing microorganisms³˒6. 

 

Secondary Screening (Thin Layer Chromatography): Thin 

Layer Chromatography (TLC) was performed to confirm 

enzyme production using silica gel as the stationary phase and 

phenol-water as the solvent system. Amino acids produced 

during glutamine hydrolysis were detected using ninhydrin 

reagent6. 

Crude enzyme extract obtained after fermentation was initially 

analyzed for L-glutaminase activity. In the present study, 

purification was limited to preliminary confirmation using thin 

layer chromatography (TLC). Advanced purification techniques 

such as ammonium sulfate precipitation, dialysis, and ion-

exchange chromatography (e.g., DEAE-cellulose) were not 

performed. 

 

These standard purification procedures are widely employed to 

achieve higher enzyme purity, remove contaminating proteins, 

and enable detailed biochemical characterization. Their 

inclusion in future studies would facilitate determination of 

enzyme homogeneity and molecular properties. 

 

Identification of Isolates: Morphological identification of 

fungal isolates was carried out using Lactophenol Cotton Blue 

staining. Microscopic examination of mycelia, conidia and 

spore arrangements was performed under a compound 

microscope to identify the fungal species. 

 

Quantitative Estimation of L-Glutaminase: Enzyme activity 

was quantified by estimating ammonia released from L-

glutamine using Nessler’s reagent. Similar colorimetric methods 

have been widely used for determining glutaminase activity in 

microbial cultures11. 

 

One unit of enzyme activity was defined as the amount of 

enzyme required to release one micromole of ammonia per 

minute under standard assay conditions. 

 

Results and Discussion 

Screening of L-Glutaminase Producing Fungi: Five fungal 

isolates were screened for L-glutaminase production using 

Congo red dye indicator. Among the isolates, three cultures 

showed positive results indicated by the formation of a pink 

halo around the colonies. Similar screening results for L-

glutaminase producing fungi have been reported previously³˒12. 

 

Identification of Fungal Isolates: Microscopic observation of 

isolate S3 using Lactophenol Cotton Blue staining revealed 

characteristic morphological features of Aspergillus species. 

Previous studies have also reported Aspergillus species as 

efficient producers of extracellular L-glutaminase³. 

 

Optimization of Culture Conditions: Moisture Content: 

Maximum enzyme activity (15.4 µmol/ml/min) was observed at 

60% moisture content. Enzyme production varied with moisture 

levels ranging from 40–65%. Similar moisture optimization 

studies have been reported for microbial enzyme production 

under solid state fermentation13. 

 

 
Figure-1: L-Glutaminase activity observed at different Moisture content. 
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pH: The results indicated that pH 5.0 was optimal for enzyme 

production. Previous studies on Pseudomonas fluorescens and 

Aspergillus oryzae also reported acidic pH conditions favorable 

for L-glutaminase production4,12. 

 

Temperature: The optimal initial temperature for L-

glutaminase production was found to be 30°C, at which 

maximum enzyme activity of 11.88 µmol/ml/min was observed. 

Enzyme activity decreased gradually with further increase in 

incubation temperature. Similar optimal temperature ranges 

have been reported for microbial glutaminase enzymes14. 

 

Optimization of Inoculum Size: The optimum inoculum 

concentration was observed to produce significant enzyme 

activity. Previous studies have shown that inoculum size 

significantly affects microbial enzyme production in 

fermentation systems⁴. The optimal initial inoculum size for L-

glutaminase production was determined based on enzyme 

activity, with a maximum activity of 11.24 µmol/ml/min 

observed. Similar findings have been reported for Aspergillus 

flavus, where enzyme production varied with inoculum 

concentrations ranging from 1.0 to 3.0. 

 
Figure-2: L-Glutaminase activity observed at different pH. 

 

 
Figure-3: L-Glutaminase activity observed at different temperature. 

 

 
Figure-4: L-Glutaminase activity observed at Inoculum size. 
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Thin Layer Chromatography: Thin layer chromatography 

confirmed the presence of L-glutaminase by detecting 

hydrolysis products of glutamine. Similar chromatographic 

confirmation methods have been used in earlier studies6. 

 

 
Figure-4: Thin Layer chromatography plate showing presence 

of L-Glutaminase. 

 

Enzyme activity was confirmed by the hydrolysis of glutamine, 

indicating L-glutaminase production by Aspergillus sp. 

 

The enzyme preparation used in this study represents a crude 

extract. Although TLC confirmed enzymatic activity through 

detection of glutamine hydrolysis products, the absence of 

advanced purification steps limits detailed characterization of 

the enzyme. 

 

Discussion: The present study demonstrated that fungal isolates 

obtained from soil samples are capable of producing 

extracellular L-glutaminase under suitable fermentation 

conditions. Soil environments are known to harbor diverse 

microbial communities capable of synthesizing various 

industrially important enzymes. Several studies have reported 

that microorganisms isolated from soil, particularly fungi and 

actinomycetes, are efficient producers of L-glutaminase due to 

their metabolic versatility and ability to secrete extracellular 

enzymes in significant quantities¹,³. 

 

Among the screened isolates, the fungal strain designated as S3 

exhibited comparatively higher enzyme activity. Microscopic 

characterization suggested that the isolate belonged to the genus 

Aspergillus. Species of Aspergillus are widely recognized for 

their ability to produce industrial enzymes and secondary 

metabolites, and they have been extensively used in 

fermentation-based enzyme production systems15˒16. Previous 

reports have also highlighted the potential of Aspergillus species 

as promising microbial sources for L-glutaminase production 

with applications in pharmaceutical and food industries6. 

 

Optimization of fermentation parameters revealed that enzyme 

production was significantly influenced by environmental 

conditions such as moisture content, pH, temperature, and 

inoculum size. In the present investigation, maximum enzyme 

activity was observed at 60% moisture content. Moisture plays a 

crucial role in solid-state fermentation systems by regulating 

nutrient diffusion, oxygen transfer, and microbial metabolic 

activity. Similar findings have been reported in earlier studies 

where optimal moisture levels significantly enhanced enzyme 

production during solid-state fermentation processes15˒¹⁶. 

 

The results also indicated that pH 5.0 was optimal for L-

glutaminase production by the fungal isolate. The acidic pH 

requirement observed in this study is consistent with previous 

reports describing optimal enzyme production by fungal species 

under slightly acidic conditions11. The pH of the medium 

influences enzyme stability, substrate availability, and transport 

of nutrients across the microbial cell membrane, thereby 

affecting microbial growth and metabolite synthesis. 

 

Temperature optimization experiments showed that maximum 

enzyme activity occurred at approximately 30°C. Temperature 

is an important factor affecting microbial metabolism and 

enzymatic reactions. Many fungal enzymes exhibit optimal 

activity within the temperature range of 25–35°C, which 

corresponds with the observations of the present study⁸. At 

higher temperatures, enzyme activity may decrease due to 

denaturation of proteins or inhibition of microbial growth. 

 

Thin layer chromatography analysis confirmed the hydrolysis of 

L-glutamine into L-glutamate, thereby indicating the presence 

of active L-glutaminase enzyme in the culture extract. 

Chromatographic techniques are widely used for qualitative 

confirmation of enzymatic reactions and substrate conversion in 

biochemical studies17. 

 

Another significant observation in the present study is the 

substrate specificity of the purified enzyme. The enzyme 

showed strong specificity toward L-glutamine compared with 

other tested substrates. Substrate specificity is an important 

characteristic that determines the suitability of enzymes for 

industrial and pharmaceutical applications. Microbial L-

glutaminase enzymes have been reported to possess high 

specificity toward L-glutamine, which contributes to their 

therapeutic effectiveness in cancer treatment7,18. 

 

The therapeutic potential of L-glutaminase is primarily 

associated with its ability to deprive tumor cells of glutamine, 

an essential nutrient required for their rapid proliferation. Tumor 

cells rely heavily on extracellular glutamine for energy 

metabolism and biosynthesis of nucleotides and proteins. By 

hydrolyzing glutamine into glutamate and ammonia, L-

glutaminase disrupts tumor cell metabolism and inhibits cancer 

cell growth5. Recent studies have further emphasized the role of 

microbial L-glutaminase as a promising anticancer enzyme for 

the treatment of leukemia and other glutamine-dependent 

tumors7,19. In addition to medical applications, L-glutaminase 

also plays an important role in the food industry. The enzyme is 

widely used as a flavor-enhancing agent in fermented food 
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products such as soy sauce and other protein-rich foods9. The 

conversion of glutamine to glutamic acid contributes to the 

development of desirable umami flavor in fermented foods. 

 

Overall, the findings of the present study suggest that 

Aspergillus species represent a promising microbial source for 

L-glutaminase production using solid-state fermentation 

techniques. Optimization of fermentation parameters 

significantly enhanced enzyme yield, highlighting the 

importance of environmental factors in microbial enzyme 

production.  

 

A limitation of the present study is the lack of extensive 

purification of L-glutaminase. While thin layer chromatography 

confirmed enzyme activity, it does not provide sufficient 

evidence of enzyme purity or molecular characteristics. 

Standard purification methods such as ammonium sulfate 

precipitation, dialysis, and ion-exchange chromatography 

(DEAE-cellulose) are essential for achieving purified enzyme 

fractions. 

 

Further purification using chromatographic techniques is 

required to determine enzyme homogeneity, molecular weight, 

and kinetic parameters. Incorporation of these methods in future 

studies will enhance the reliability of biochemical 

characterization and support potential industrial and therapeutic 

applications. 

 

Conclusion 

This study confirms that Aspergillus species are a promising 

source to produce L-glutaminase. Optimal conditions for 

maximum enzyme production were identified as pH 5.0, 

temperature 25°C, and appropriate moisture content. The 

enzyme showed high stability, specificity, and activity, making 

it suitable for therapeutic and industrial applications. The use of 

solid-state fermentation with low-cost substrates enhances 

production efficiency. Overall, L-glutaminase has strong 

potential as an anti-cancer agent and in industrial processes. 

However, further purification and kinetic characterization are 

required to validate its suitability for large-scale and clinical 

applications. 
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