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Abstract  

 From Thai fermented fish sauce (Nam-pla), 59 bacterial isolates of halophilic glutaminase-producing 

bacteria were isolated. The hydrolysis of glutamine served as the primary screening procedure. It was 

discovered that strain FF5302 was an influential producer of the extracellular halophilic glutaminase 

enzyme. The moderately halophilic bacterium Tetragenoccus muriaticus FF5302 was identified through 

sequence analysis of the 16S rRNA gene, phylogenetic tree analysis, and phenotypic identification before 

it was possible to determine the optimal nutritional and culture conditions for its halophilic glutaminase 

activity. The purpose of this research was to determine the optimal nutritional and cultural conditions for 

producing halophilic glutaminase activity in a stirred tank bioreactor with a volume capacity of 3 L. The 

production of halophilic glutaminase from strain FF5302 was investigated by optimizing various 

physicochemical parameters. Seven potential factors are generally considered in halophilic glutaminase 

production, namely NaCl concentration, initial pH, temperature, incubation time, nitrogen sources, carbon 

sources, and inoculum size. According to the findings, the amount of halophilic glutaminase in the inoculum 

had an effect on the growth and activity of the enzyme when it was present at a concentration of 5 % (v/v). 

It was also found that halophilic glutaminase showed the highest activity (87.4 U mL−1) of strain FF5302 

in SGC liquid medium containing NaCl 20 % (w/v), pH 8.0, agitation at 200 rpm, and an aeration rate of 

0.05 VVM at 37 °C for 120 h. The size of the inoculum influenced both the proliferation and activity of 

halophilic glutaminase in the inoculum. Consequently, T. muriaticus FF5302 possessed an exceptional 

capacity to synthesize halophilic glutaminase. Furthermore, the halophilic glutaminase enzyme from 

halophilic bacteria is a prospective option for usage in the food industry as an aroma and flavor enhancer. 

Keywords: Bioreactor, Enhancement, Fish sauce, Glutaminase, Halophilic, Optimization, Tetragenoccus 

muriaticus  

 

Introduction 

 L-Glutaminase is also known as L-glutamine amidohydrolase (EC 3.5.1.2). L-Glutaminase is the 

potential enzyme that hydrolyzes the amide bond of L-glutamine to yield ammonium ions and L-glutamic 

acid [1]. The prospective applications of L-glutaminase in the medical profession, the pharmaceutical 

industry, and the food industry have garnered significant attention in recent years. It demonstrates its 

potential as an anticancer drug while also acting as an antileukemic agent. Additionally, it has been proven 

efficient against the human immunodeficiency virus (HIV) [2]. In addition, L-glutaminase is utilized as a 

flavor and fragrance enhancer in the manufacture of fermented foods, giving them a particular flavor 

(umami taste). Umami is mostly constituted of glutamic acid in the form of glutamine in traditional 

fermented foods. Traditional Chinese fermented foods, such as fermented beans and soy sauce, frequently 

contain glutaminase [3]. Another application of glutaminase is as a crucial monitoring agent in biosensors 

for measuring glutamine levels [4]. Numerous types of animals, such as animal tissues, plant tissues, and 

microbes, such as actinomycetes, bacteria, fungi, and yeasts, are capable of producing glutaminolytic 

enzymes. Glutaminases are produced by a variety of microorganisms, including Aeromonas veronii [5], 

Alcaligenes faecalis [6], Aspergillus flavus [7], A. niger [8], A. oryzae [9], Bacillus subtilis [10], B. pasteurii 
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[11], Clostridium welchii [12], Escherichia coli [13], Halomonas meridiana [14], Micrococcus luteus [15], 

Lactobacillus rhamnosus [16], Pseudomonas stutzeri [17], Rhizobium etli [18], Streptomyces canarius [19], 

Vibrio costicola [20], and Zygosaccharomyces rouxii [6], were isolated and well-studied. As expected, the 

glutaminases of these microorganisms differ in their biochemical and physicochemical properties 

Microorganisms are regarded as an essential source of glutaminase since the vast majority of glutaminases 

sold in commercial settings are derived from bacteria. In most cases, bacterial glutaminases are expelled 

from the cells into the surrounding medium [21,22]. However, intracellular synthesis of glutaminases has 

been documented [10]. The primary microorganisms responsible for fermentation, primarily lactic acid 

bacteria (LAB), are usually considered safe for consumption by humans. Tetragenococcus muriaticus is a 

member of the LAB family, including bacteria that can withstand the high levels of salt in fermented foods. 

T. muriaticus is an essential component in the production of nutrients and tastes in a wide variety of 

fermented foods and beverages [23]. 

 Numerous publications have been published over time about the optimization of various 

microbiological factors and fermentation techniques for glutaminase production. Nevertheless, as the vast 

majority of industrial processes work under harsh circumstances, it is essential to discover the types of 

enzymes that maintain their optimal activity at varying pH, temperature, and salt concentrations [24]. 

However, the quest for novel microbiological sources with enhanced production conditions that produce 

glutaminases with increased catalytic efficiency must continue indefinitely. Halophilic bacteria and the 

enzymes they produce are receiving growing attention in the quest for additional enzymes to enhance 

existing biotechnological uses or to develop whole new applications. Interestingly, researchers are looking 

at Archaea as a source of enzymes that have halophilic properties [25]. Because halophilic enzymes are 

exceptionally resistant and well-adapted to hostile environments, these enzymes could be used in various 

industrial operations. Halophilic enzymes are functional and stable in hypersaline environments or media 

with low water activity because, even under these circumstances, there is enough water to maintain an 

appropriate charge distribution at the active site and to preserve the conformation of the enzyme 

[26,27]. Because of this feature, they are interesting for applications in biotechnology because they are able 

to maintain their activity in environments with low levels of water. These changes prove useful in 

demanding industrial processes in organic solvents and allow enzymatic reactions to occur [28]. 

 The purpose of this investigation was to selectively isolate halophilic glutaminase-producing bacteria 

from Thai samples of fermented fish sauce (Nam-pla). In addition, several physicochemical parameters 

needed for optimal synthesis of halophilic glutaminase in a stirred bioreactor of 3 L by the selected isolate 

were improved. 

 

Materials and methods 

 Chemicals 

All chemicals, solvents, and media components utilized in this investigation were of analytical 

quality. HiMedia Laboratories was the source for the L-glutamine, yeast extract, and potassium chloride 

(KCl) (Mumbai, India). Purchased casamino acid from Difco Laboratories (Becton Dickinson, Sparks, MD 

USA). Merck supplied Hydrochloric acid (HCl), Sodium chloride (NaCl), and sodium hydroxide (NaOH) 

(Darmstadt, Germany). Ajax Finechem supplied iron (II) chloride 4-hydrate (FeCl2.4H2O) and magnesium 

sulfate heptahydrate (MgSO4.7H2O) (Taren Point, NSW, Australia). 

 

Screening of halophilic glutaminase production 

For the preliminary screening, 1 g of fish sauce was suspended in 10 mL of sterile saline (9 g L−1 

NaCl), uniformly mixed, and allowed to settle. Then, an aliquot of 100 µL of the clear suspension of the 

fish sauce sample was applied to Sehgal and Gibbons complex (SGC) agar comprising (g L−1): Casamino 

acid 7.5, FeCl2.4H2O 0.01, KCl 2, MgSO4.7H2O 20, NaCl 200, trisodium citrate 3, yeast extract 10, agar 

15 in 1,000 mL distilled water pH 6.8 - 7.0 [29]. To examine halophilic glutaminase production, isolates 

were spotted on SGC agar enriched with 1 % (v/v) glutamine using various salt concentrations in the agar 

based on the standard values used to define halophiles: 0, 5, 10, 15, 20 and 25 % (w/v). Plates were 

incubated at 37 °C for 7 days. The presence of a yellow zone around the colony indicated a positive response 

to the glutaminase assay. The width of the clear zone was expected to be directly related to the amount of 

extracellular glutaminase that was generated. On SGC-glutamine agar plates, the ratio of enzyme 

production was used to select the isolates for further study. For the subsequent research, only the isolates 

with the maximum glutaminase activity on SGC-glutamine agar with high salt concentrations (15 - 25 %, 

w/v) were examined. In preparation for further research, the cultures were frozen in glycerol containing 20 

% (v/v) of glycerol. 
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As part of the secondary screening, growth and enzyme experiments were performed in 250 mL 

Erlenmeyer flasks containing 50 mL SGC liquid media supplemented with 1 % (v/v) glutamine. After 

transferring a loop of the selected strain into 9 mL of SGC germination media with a pH of 7.2 and an 

appropriate concentration of NaCl, the inoculum was formed. The inoculum was then incubated for 7 days 

at 37 °C on a rotary shaker (200 rpm). Inoculation was carried out using a seed culture with a concentration 

of 1 % (v/v) that had been cultivated in the medium described above for 3 days. The inoculated medium 

was incubated at 37 °C on a rotary shaker (200 rpm) for 7 days. Culture samples (5 mL) were collected 

aseptically every 24 h and centrifuged for 20 min at 8,000 g and 4 °C. For glutaminase activity experiments, 

cell-free supernatants were employed as crude enzyme solutions. The harvested cells were washed twice 

with NaCl solution before being measured for growth. A spectrophotometer was used to measure growth 

turbidly at 600 nm (UV-1,800 Shimadzu, Japan). The strain that produced the most promising results was 

chosen for further testing. 

 

Bacterial strain identification 

The selected isolate was characterized morphologically and physiologically using the standard 

approach [30]. According to the approach outlined by Tanasupawat [31], acid formation from 

carbohydrates was quantified. For 16s rRNA analysis, bacterial genomic DNA was extracted and amplified 

in a thermal cycler under the following conditions: 35 cycles of 94 °C for 1 min, 55 °C for 1 min, and 72 

°C for 2 min. BF1(5-GAGTTTGATCATGGCTCAG-3′) and BR1(5′-AAGTCGTAACAAGGTAACCG-

3′) were employed as universal primers [32]. For 16S rRNA sequence analysis, the selected isolate was 

analyzed using an automated DNA sequencer. The results were compared to other bacterial 16S rRNA 

sequences in the GenBank database of the National Center for Biotechnology Information (NCBI) using 

the BLAST program (blastn). All sequences were concatenated using the program Clustal W [33]. The 

software tool MEGA, version 10.0, created a phylogenetic tree and a UPGMA phylogeny. The 

bootstrapping method was used to assess the reliability of the phylogenetic reconstructions (1,000 

replications). 

 

Microorganism and inoculum preparation 

This study uses the strains of Tetragenococcus muriaticus FF5302 chosen based on a previous 

screening to produce halophilic glutaminase. It was derived from Thai samples of fermented fish sauce and 

was isolated from those (Nam-pla). The inoculum was generated by putting 15 mL of the chosen strain into 

a 500 mL Erlenmeyer flask that contained 150 mL of SGC seeding media with a pH of 7.2. The flask was 

then incubated at 37 °C on a rotary shaker (200 rpm) for 7 days before being inoculated into the bioreactor. 

 

Halophilic glutaminase production in bioreactor 

Fermentation was conducted in SGC medium. The growth and enzymes were examined in a 3 L 

stirred bioreactor containing 2 L liquid SGC media. Also incubated for 7 days at 37 °C, 200 rpm, and 0.05 

VVM was the medium of origin. At 24-h intervals, 10 mL of culture samples were collected aseptically 

and centrifuged at 8,000 g and 4 °C for 20 min. The cell-free supernatants were used for glutaminase activity 

experiments as crude enzyme solutions. The cells were harvested, washed twice with NaCl solution, and 

then utilized to measure their growth. A spectrophotometer was used to quantify turbidity at 600 nm to 

determine the growth. Under various experimental conditions, fermentation was performed. 

 

Optimization for halophilic glutaminase production  

Firstly, various physicochemical parameters needed for the maximum synthesis of halophilic 

glutaminase by strain FF5302 were tuned to achieve optimal results. In the first step of optimization, the 

critical variables for halophilic glutaminase production and their ranges of variation were estimated using 

the traditional ‘one-variable-one-time (OFAT)’ approach at the bioreactor scale. This approach was used 

to determine the ranges of variation in those variables. The effects of different NaCl concentrations (ranging 

from 0 to 25 %), incubation times (ranging from 0 to 168 h), pH levels (ranging from 4.0 to 8.0), incubation 

temperatures (ranging from 25, 30, 35, 40, 45 and 50 °C), various carbon sources (glucose, sucrose, maltose, 

mannitol, and fructose) at a concentration of 1 % (w/v), nitrogen sources (peptone, yeast extract). All 

experiments were carried out at least in triplicate, and the mean values were calculated. 

 

Determination of halophilic glutaminase activity  

Imada et al. [34], described a modified version of the Nessler’s reagent method for measuring 

glutaminase activity. After adding Nessler’s reagent to the sample, the proportional release of ammonium 

ions was used to calculate the enzyme’s activity calorimetrically. A 0.5 mL aliquot of the sample enzyme 
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preparation was combined with a 0.5 mL aliquot of 0.2 M glutamine solution. After 30 min of incubation, 

1.0 mL of 10 % trichloroacetic acid was added to the liquid to stop the process (TCA). 0.1 mL of enzyme 

mixture preparation, 0.2 mL of Nessler’s reagent, and 3.7 mL of distilled water were added, respectively. 

Enzyme activity was estimated using a spectrophotometer and an absorbance spectrum at 450 nm. Under 

optimum conditions, 1 unit of glutaminase corresponds to the quantity of enzyme that releases one M of 

ammonia. 

 

Results and discussion 

 Screening of halophilic glutaminase producing bacterial isolates 

Fifty-nine bacteria isolated from Thai fermented fish sauce (Nam-pla) were evaluated on SGC-

glutamine agar for their halophilic glutaminase production. Among these, isolate FF5302 exhibited the 

largest colony size to yellow zone size ratio, demonstrating that it was the most capable of producing 

glutaminase. The color change from red to yellow is due to the enzymatic reaction that produces acid 

(glutamic acid) from the substrate glutamine, thereby decreasing the pH of the agar plate medium. After 7 

days of incubation (data not shown), the glutaminase activity ratio of this isolate was 4.38 at 20 % (w/v) 

NaCl. In the presence of high salt concentrations, the results suggest that this strain may be a possible source 

of glutaminase-producing bacteria. Tetragenococci was the predominant lactic acid bacteria in salt-

fermented fish products with 11 % or more salt. In these instances, T. muriaticus and T. halophilus coexisted 

in a traditional Thai and Laos salt-fermented fish paste is known as pla-ra or pa-daek [35]. FF5302 was 

chosen to optimize the synthesis of halophilic glutaminase under liquid culture conditions. 

 

 Identification of the selected isolate 

Based on the data presented in Table 1, the morphological and biochemical properties of Isolate 

FF5302 were analyzed using established protocols [30-33]. The isolate was found to be morphologically 

classified as a gram-positive coccus with a cream-colored pigmentation, as was discovered by inspection 

using a light microscope. At a temperature of 40 °C and NaCl concentrations ranging from 5 to 25 % (w/v), 

growth was seen, with 20 % being deemed the ideal value. Isolate FF5302 tested positive for the ability to 

produce oxidase, catalase, urease, and nitrate reduction but tested negative for the generation of H2S. This 

isolate was also capable of hydrolyzing casein and glutamine, but it was unable to generate acid from 

glycerol, lactose, raffinose, or sucrose. Because of its similarity to Tetragenococcus muriaticus 

JCM10006T [24,25], we could identify that FF5302 is closely related to Tetragenococcus sp. by analyzing 

its morphological and physiological properties and coming to this conclusion. The selected isolate 

underwent additional identification using comparative molecular analysis of the 16S rRNA gene homology 

with other bacteria found in the database. As shown in Figure 1, the investigation revealed that the 16S 

rRNA gene of FF5302 shares a 99 % degree of similarity with the Tetragenococcus muriaticus strain NBRC 

100499 (accession number NR113915.1). 

 

 

Table 1 Characteristics of the morphological and physiological makeup of isolate FF5302. 

Characteristics 1 2 3 

Gram stain Positive Positive Positive 

Morphology 

Pigment 

Cocci 

Cream 

Cocci 

Cream 

Cocci 

Cream 

Temperature for growth (40 °C) + + − 

NaCl range for growth (%) 5–25 15–25 0-25 

Optimum NaCl for growth (%) 20 ND ND 

Hydrolysis of:     

Casein + + − 

Arginine − − + 

Glutamine + ND − 

Acid production from:     
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Characteristics 1 2 3 

L-Arabinose − − + 

D-Galactose + + + 

Glycerol − − + 

Lactose − − − 

D-mannitol + + − 

D-melibiose − − W 

D-sorbitol − − − 

Raffinose − − W 

Rhamnose W W W 

Ribose + + + 

Sucrose − − W 

Trehalose − − + 

Xylose + + W 
*Taxa: 1, Tetragenococcus muriaticus FF5302; 2 Tetragenococcus muriaticus JCM10006T 3, 

Tetragenococcus halophilus ATCC33315T (data from Sitdhipol et al. [32]). +, Positive; −, Negative; ND, 

no data available; W, weakly positive 

 

 

Figure 1 Phylogenetic tree constructed from 16S rRNA gene sequences illustrating the link between strain 

FF5302 and similar bacterial species. Using the UPGMA algorithm, the branching pattern was constructed. 

 

 

 Optimization of cultural and nutritional conditions for halophilic glutaminase production 

 Effect of NaCl concentrations  

As shown in Figure 2, the enzyme activity generated is at its peak when the concentration of NaCl is 

20 %. The activity of glutaminase continuously increased with the concentration of sodium chloride up to 

5 % but then gradually reduced with the steady increase in the concentration of sodium chloride (up to 25 

%). As a result of this finding, the glutaminase enzyme in question has a high salt tolerance. As a result, it 

has the potential to play a key part in food businesses that demand high salt culture, such as the soybean 

and fish sauce industries. Research conducted with L-glutaminase from Bacillus subtilis [10,21] and 

Penicillium brevicompactum [30], yielded comparable results. Wakayama et al. [22], discovered that the 

L-glutaminase enzyme generated from actinomycetes had a high tolerance to salt. On the other hand, L-

glutaminases derived from Aspergillus sojae and A. oryzae are considerably inhibited by high salt 

concentrations [3,15]. 
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Figure 2 Effect of NaCl concentrations on glutaminase production by T. muriaticus FF5302. Data represent 

mean ± SD (𝑛 = 3); p < 0.05. 

 

 

Effect of incubation period 

Fermentation was performed using various incubation periods ranging from 0 to 168 h in SGC 

medium (pH 6.8 - 7.0, at 37 °C) at frequent intervals of 24 h to examine the influence of each of these 

periods on the growth and production of halophilic glutaminase. As the incubation continued, halophilic 

glutaminase synthesis exhibited a growth-related relationship. As indicated in Figure 3, the greatest 

enzyme production (83.0 U mL−1) was produced from T. muriaticus FF5302 culture grown for 120 h. In 

addition, it was reported that maximum glutaminase productivity (47.12 mL−1) by Bacillus sp. DV2-37 was 

obtained at 96 h of incubation period [36]. However, the marine isolated bacterial strain Bacillus subtilis 

produced the most L-glutaminase after 18 h of incubation [37]. 

Effect of initial pH on production  

To investigate the influence of initial pH, T. muriaticus FF5302 produced the most halophilic 

glutaminase under these conditions. This experiment was determined by adjusting the pH during 

fermentation from 4.0 to 8.0. As indicated in Figure 4, the optimal enzyme activity (75.0 U mL−1) was 

obtained when the starting pH of the production medium was set to 8.0. At a pH of 4.0, the concentration 

of halophilic glutaminase dropped to 8.5 U mL−1. Similar effects of pH on the synthesis of L-glutaminase 

in Hypocrea jecorina were reported to be 8.0 [1]. The optimal pH range for L-glutaminase from Vibrio sp., 

and Aspergillus sp. was reported to be between 7.0 and 8.5 [15,20]. 

Effect of temperature  

In order to determine how temperature affects the formation of halophilic glutaminase, the flasks were 

kept at various temperatures ranging from 25 to 50 °C for 120 h (Figure 4). The highest enzyme synthesis 

was seen at a temperature of 45 °C (87.90 U mL−1). The enzyme production decreased below and above a 

temperature of 45 °C. However, Gomaa [36], confirmed that the maximum glutaminase activity (40.80 

mL−1) by Bacillus sp. DV2-37 isolated from marine environment was at 37 °C. Maximum L-glutaminase 

synthesis was encouraged by incubating Beauria sp. and A. fumigatus at temperatures of 27 and 30 °C, 

respectively [33].  
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Figure 3 Effect of incubation period on glutaminase production and growth by T. muriaticus FF5302. Data 

represent mean ± SD (𝑛 = 3); p < 0.05. 

 

 

Figure 4 Effect of initial pH and temperature on glutaminase production by T. muriaticus FF5302. Data 

represent mean ± SD (𝑛 = 3); p < 0.05. 

 

Effect of carbon sources  

The addition of different carbon sources could boost the production of enzymes. As a result, 1 % 

(w/v) of various carbon sources was added to the medium. These carbon sources included glucose, sucrose, 

maltose, mannitol, and fructose. Figure 5 demonstrates that the rise in halophilic glutaminase synthesis 

was most noticeably brought about by adding sucrose. This result was followed by adding mannitol, 

fructose, glucose, and maltose in that order. In general, none of the carbon sources showed much of a 

substantial increase in the halophilic glutaminase produced as a result of the SGC medium; nevertheless, 

free carbon produced a comparatively large amount of halophilic glutaminase (88. U mL−1). 

 

Effect of different nitrogen sources  

The effects of various organic nitrogen sources, including beef extract, casamino acids, glutamine, 

malt extract, peptone, and yeast extract, were investigated and analyzed. As seen in Figure 5, the influence 
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of nitrogen sources on glutaminase synthesis revealed that glutamine was a better nitrogen source for 

halophilic glutaminase (83.45 U mL−1) by T. muriaticus FF5302, which was the organism that conducted 

the study. However, the glutaminase synthesis was significantly lower in the beef extract (32.0 U mL−1). 

Similar findings were reported by Katikala et al. [30], who found that the marine bacterial strain LG24 

produced the maximum yield of extracellular L-glutaminase in 120 h, with a value of 22.68 U mL−1, when 

L-glutamine was provided as the sole carbon and nitrogen source in the media. The reason for this is that 

the microorganism employs L-glutamine as its nitrogen source, and the only ammonium ions that are 

engaged in the medium are those created as a result of the enzymatic process that L-glutaminase catalyzes. 

To accurately determine the enzyme activity, it is necessary to have this circumstance. The microbe was 

programmed to look for glutamine, and once it found it, it used it as a source of carbon and nitrogen, 

producing an enzyme called glutaminase. 

According to Das and Agsar [38], L-glutamine is the most effective source of nitrogen (30 IU) out of 

all the sources that were investigated. Previous researchers [5], came to the same conclusions after looking 

at the data. It demonstrates that the amide nitrogen of glutamine was a source of amino groups in a wide 

variety of biosynthetic processes. It was also frequently implicated in protein active or binding areas. In 

addition, it was a source of information. In addition, nitrogen sources are secondary sources of energy for 

organisms. These sources play a significant part in the growth of organisms and the creation of beneficial 

enzymes within organisms. Both the kind of substance and the concentration that we utilized to have the 

potential to alter or inhibit the synthesis of enzymes [39].  

 

 

Figure 5 Effect of different carbon and nitrogen sources on glutaminase production by T. muriaticus 

FF5302. Data represent mean ± SD (𝑛 = 3); p < 0.05. 

 

Effect of inoculum size 

Figure 6 makes it abundantly evident that the size of inoculum 5 % (v/v) produced the largest amount 

of halophilic glutaminase activity, which was 58.06 U mL−1. These factors were significantly significant 

with maximal growth and halophilic glutaminase production (58.06 U mL−1), which indicates that 

halophilic glutaminase production is substantially related to growth in a bacterial population. Because the 

bacterial growth was unable to propagate sufficiently at a lower concentration of seed culture, enzyme 

synthesis was disrupted [40]. This result was because the delayed substrate conversion inhibited the growth 

of the bacteria. An increase in the total number of cells contained within the inoculums would ensure that 

the process of rapid proliferation and biomass production goes smoothly. 
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Figure 6 Effect of inoculum size on glutaminase production by T. muriaticus FF5302. Data represent mean 

± SD (𝑛 = 3); p < 0.05. 

 

 

Conclusions 

 The finding of this study demonstrates the halophilic glutaminase production in bioreactor scale by 

Tetragenococcus muriaticus FF5302 is principally influenced by various factors such as NaCl 

concentration, incubation time, initial pH, temperature, carbon source, nitrogen source, and inoculum size. 

The optimization of these factors has a significant role in enhancing the halophilic glutaminase enzyme 

yield (87.4 U mL−1). Thus, the isolate T. muriaticus FF5302 showed the potential of halophilic glutaminase 

to tolerate harsh conditions like high concentration of NaCl, which makes it a promising inoculant for 

enzyme industry as well as in extremely condition. 
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