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ABSTRACT: 
The Halophilic bacterium EBPL0007 was obtained from the Eukpro Biotech Private Limited, R&D Lab, 

Chrompet, Chennai. The Halophilic bacterium screened for four industrially important enzymes, out of which 

protease showed the maximum zone of clearance. Halophilic bacterium EBPL0007 was identified as Bacillus 

Licheniformis by polyphasic taxonomical approach and submitted in GenBank with the accession number 

MW387224. The medium for protease production was optimized as Glucose as a carbon source, peptone as a 

nitrogen source, 0.05% of gelatin as a substrate, 3% NaCl, pH-9 and 36°C, Bacillus Licheniformis was mass 

cultured in optimized production medium, harvested after 9 days of incubation and the enzyme protease was 

partially purified by Acetone precipitation method. The partially purified enzyme was lyophilized and the effect 

of temperature, pH, NaCl and metal ions was analyzed. The enzyme activity was found to be 3150 units/ml in 

partially purified. The crude enzyme was used for the washing test to compare the results with the available 

detergents in the market as its application. 
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INTRODUCTION:   
Halophilic microorganisms thrive in salty and highly 

saline environments. Most belong to the Archaea 

domain, with some bacterial and eukaryotic halophiles.  

These organisms endure extreme conditions like high 

pH, salinity, and temperature, classifying them as poly-

extremophiles1. Halophiles are grouped based on their 

salt requirements: (1) Extreme halophiles (15–30% 

NaCl), (2) Moderate halophiles (3–15% NaCl), and (3) 

Slight halophiles (1–3% NaCl). High salt levels cause 

osmotic imbalances in cells, but halophiles adapt by 

producing neutral organic molecules called compatible 

solutes, which protect cellular components2,3,4. 

 

Microbial proteases are vital hydrolytic enzymes, 

contributing ~59% of total enzyme applications5 These 

https://creativecommons.org/licenses/by-nc-sa/4.0/
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enzymes are used in food, detergent, and medical 

industries. Halophilic enzymes, known for stability 

under extreme conditions, are ideal for laundry and food 

industries due to their thermostability and activity at 

high pH6. Proteases are classified by activity under 

acidic, alkaline, or neutral conditions and are used in 

brewing, meat tenderization, and leather processing7,8. 

Alkaline proteases are valued in industries for their 

stability across pH variations. 
 

The demand for alkaline proteases has increased to 

address salinity and groundwater pH issues. Bacillus 

species, especially Bacillus licheniformis, are prominent 

producers of alkaline proteases, secreting large amounts 

of extracellular proteins9. Genetic engineering has 

improved strains for higher yields10. This study focuses 

on extracellular alkaline protease production from 

halophilic Bacillus licheniformis for industrial 

applications. 
 

MATERIALS AND METHODS: 
Halophilic Bacteria Isolate: 

In this study Gram-positive, filamentous halophilic 

bacteria were procured from Eukpro Biotech Private 

Limited, chrompet and named as EBPL0007 as the 

source of protease production.  
 

Maintenance of the Culture: 

Screening of EBPL0007 for industrially important 

enzymes: 

EBPL0007 was screened for industrial enzymes 

(amylase, cellulase, protease, and lipase) by streaking on 

nutrient agar with respective substrates. After 3 days of 

incubation at 37°C, indicators were added to detect clear 

zones around the colonies. 

 

Primary screening for protease activity by plate 

assay: 

The isolate was screened for protease production using a 

protease production medium and it was incubated at 

37°C for 4 days. Then, clear zone was observed in 

addition of saturated ammonium sulphate in 1N HCL. 

 

Biochemical characterization: 

Microscopic and several biochemical reactions were 

carried out which includes cell shape, motility, Gram’s 

staining, catalase, oxidase, Indole, MRVP, Citrate 

utilization, Triple sugar, Urease and Nitrate reduction 

tests were performed following standard procedures. 

 

Molecular identification of halophilic bacteria: 

DNA isolation from Halophilic Bacteria EBPL0007: 

The DNA was extracted from the strain EBPL0007and 

then allowed to run in an agarose gel, a single DNA 

band was observed. The molecular weight of the DNA 

was identified as 1.3 kbps by comparing it with the 

marker DNA  

Amplification of 16s rRNA gene:  

The amplified PCR product was allowed to run in an 

agarose gel and the gel was observed under a UV trans-

illuminator.  A single band was observed its molecular 

weight was identified as 1200 bp by comparing it with 

the marker. The amplified product were sequenced and 

submitted in NCBI Gen Bank.  

 

Optimization of production medium for increased 

protease production: 

The culture was grown in different concentrations of 

gelatin (0.05%, 0.1%, 0.5%, 1%, 1.5%, 2%, 2.5, and 

3%), different time interval (2, 4, 6, and 8 days), 

different temperatures like (16, 28, 36, 45 and 58°C) 

different concentrations of NaCl 2%, 4%, 6%, 8%, 10%, 

12%, 14%, 16%, 18%, and 20%. different pH ranges (5, 

7, 9, 11, and 13). carbon Sources like Cellulose, Starch, 

Sorbitol, Mannitol and Glucose,  nitrogen Sources like 

Yeast extract, Peptone, Ammonium sulphate and Beef 

extract were amended separately in protease production 

medium.  The culture was inoculated and incubated. 

After incubation period, 0.1N HCL saturated with 

ammonium sulphate was added to observe the clear zone 

 

Mass production of enzymes using optimization of 

media: 

After the optimization formulate our own optimized 

media was used for the mass production of the enzyme. 

The produced enzyme was precipitated with acetone and 

lyophilized for further studies. 

 

Production of protease enzymes: 

The halophilic bacteria were grown in 0.05% of gelatin 

medium for protease production.  After the incubation, 

the culture broth was centrifuged and the supernatant 

was estimated for protein content. 

 

Partial purification of protease enzyme: 

Acetone precipitation: 

Proteins are insoluble in acetone at low temperatures.  

Acetone was pre-cooled to -15°C and it was added to the 

crude enzyme in 1:2 ratios. Then it was stirred and 

centrifuged at 4°C. Further the protein was precipitated 

and dissolved in 50mL of Tris HCL Buffer. 

 

Qualitative plate assay: 

A qualitative plate assay was carried out by adding 

different concentrations of culture filtrate into the wells 

in petriplate containing 0.05% gelatin. After incubation 

period, the enzyme activity was measured by adding the 

saturated ammonium sulphate in 0.1N HCL to observe 

the clear zone.  

 

Estimation of total protein content: 

100µL of the sample was mixed with 1mL of the tris 

HCL buffer and then 5mL of CBB 250 was added and 
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mixed well to develop colour. The absorbance was read 

at 595nm and the estimated protein was then compared 

with the standard graph. The enzyme activity in the 

culture filtrate was measured by the dye-binding method 

of Bradford11. 

 

Characterization of partially purified protease: 

Effect of Different Temperature:  

The effect of partially purified enzyme on different 

temperature from 4˚C, 24˚C, 37˚C, 54˚C, 80˚C and 

100˚C for 15, 30, 60 min and the enzyme activity was 

determined. 

 

Effect of different pH:  

The Effect of different pH (3–13) by buffers: citric acid–

sodium phosphate (pH 3), Sodium phosphate (pH 7), 

Glycine buffer (pH 9) and Borax buffer (pH 11). To 

measure the enzyme activity the partially purified 

enzyme was incubated with the respective buffer for 15, 

30, 60 min. 

 

Effect of metal ions and inhibitors: 

For the effect of metal ion such as CaCl2, MgCl2, CuSo4, 

MgSo4 ZnCl2 and FeCl2 were used for the study. The 

partially purified enzyme was incubated for 15, 30, 60 

mins in 5mM concentration at room temperature, the 

enzyme activity was measured. 

 

Application of protease enzyme: 

Washing test with protease: 

To analyze the effect of partially purified enzyme, it was 

used for washing test as a additive in detergent. The 

enzyme (100mg/ml) along with the detergent drastically 

improves the cleaning within 10 mins. The experiment 

was achieved by washing a cotton cloth pieces (10 x 10) 

stained with human blood, chocolate and Egg yolk.  

 

RESULTS AND DISCUSSIONS: 
Isolation and identification of halophilic bacteria: 

EBPL0007 was identified as the best strain for protease 

production, yielding maximum activity in qualitative 

screening using gelatin agar plates (Fig. 1), consistent 

with previous studies using protease plate assays12. 

 

 
Fig. 1: Screeing for Protease Production  

 
Fig. 2: Optimization of Protease Production in Different 

Concentrations of Gelatin 

 

Biochemical tests were conducted for EBPL0007. DNA 

was extracted, and a single DNA band of 1.3 kbps was 

observed in agarose gel, confirmed using marker DNA. 

The PCR-amplified product was also run on agarose gel, 

revealing a single band with a molecular weight of 1200 

bp. The amplified 16S rRNA gene was sequenced and 

identified as Bacillus licheniformis, with the sequence 

submitted to GenBank under Accession Number 

MW387224. This aligns with studies identifying high 

protease-producing bacteria through 16S rRNA gene 

sequence analysis13. 

 

Optimization of protease production in different 

concentrations of gelatin:  

The culture was grown in different concentrations 

(0.05%, 0.1%, 0.5%, 1%, 1.5%, 2%, 2.5%, and 3%) of 

gelatin amended in a minimal medium to find the 

appropriate concentration for utmost  

 

protease production. 45mm zone of clearance was 

observed in 0.05% gelatin. (Fig. 2)14 state that B. subtilis 

possess 0.03% of gelatin concentration for higher 

proteolytic Activity. 

 

Optimization of Protease Production In The 

Different Time Intervals: 

The culture was streaked onto plates containing 0.05% 

gelatin and incubated at different time intervals.  The 

maximum zone of clearance of 73mm was observed on 

Day 8. (Fig. 3). The metabolic and extrinsic parameters, 

such as cultivation duration, medium, and temperature, 

have an impact on microbial growth15. 

 

 
Fig. 3: Optimization of Protease Production in Different Time 

Intervals 
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Optimization of protease production in the different 

temperatures:  

The culture was streaked onto plates with 0.05% gelatin 

and incubated at varying temperatures. The largest 

clearance zone (48mm) was observed at 36°C (Fig. 4). 

Temperature is a key factor in fermentation, influencing 

enzyme reaction rates, metabolic energy, and biomass 

synthesis for optimal protease production16,17,18. 

 

 
Fig. 4: Optimization of Protease Production in Different 

Temperature 

 

Optimization of protease production in the different 

NaCl concentrations:  

The culture was inoculated onto plates containing 0.05% 

gelatin and different concentration of NaCl. Among 

these concentrations, the maximum zone of clearance of 

84mm was observed in 3% NaCl followed by 81mm 

observed in 2% NaCl. (Fig. 5). This similar salinity 

study was carried out in Bacillus sonorensis BH3 by19. 

 

 
Fig: 5 Optimization of Protease Production in Different NaCl 

concentration 

 

Optimization of protease production in the different 

pH:  

The culture was inoculated into plates containing 0.05% 

gelatin, and 3% NaCl and the pH was adjusted in 

different plates to pH 5, 7, 9, 11 and 13.  The maximum 

zone of clearance of 86mm and 85mm was observed in 

pH 9 and 11 respectively. (Fig. 6). 13,2022 showed that 

protease produced by Bacillus licheniformis using bran 

waste showed the maximum enzyme activity at pH 8. 
 

 
Fig: 6 Optimization of Protease Production in Different pH 

 

Optimization of protease production using different 

carbon source: 

The culture was inoculated into plates containing 0.05% 

gelatin, 3% NaCl and pH 9 each plate had different 

carbon sources such as cellulose, starch, sorbitol, 

mannitol and glucose.  The maximum zone of clearance 

of 80mm and 75mm was observed in Glucose and starch 

respectively. (Fig.7)20 carried out his work by adding 1% 

of Glucose as a carbon source in AKS-4 bacterial strain 
21 also similarly reported. 
 

 
Fig. 7: Optimization of Protease Production of Different carbon 

source 
 

Optimization of protease production using different 

nitrogen sources:  

The culture was inoculated onto plates with 0.5% 

gelatin, 3% NaCl, and pH 9, with different nitrogen 

sources: yeast extract, beef extract, peptone, ammonium 

sulfate, and Sodium Nitrate. An 80 mm clearance zone 

was observed with peptone (Fig. 8), indicating it as the 

best nitrogen source for protease production. Similarly, 

N. prasina HA4 strain 22 and B. licheniformis showed 

maximum production using peptone and yeast extract. 

 

 
Fig. 8: Optimization of Protease Production in Different Nitrogen 

source 
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Partial purification of enzyme: 

The optimized medium was prepared, inoculated with 

50mL seed culture, and incubated in a shaker for 96 

hours. After centrifugation, the supernatant was 

collected, acetone (1:2 ratio) was added for protease 

precipitation, and the precipitate was centrifuged. The 

pellet was dissolved in Tris-HCl buffer and analyzed 

using qualitative and quantitative assays. 

 

Qualitative Assay: 

The enzyme was analyzed by well method by addition 

of different concentration of samples at (50, 100, 150, 

200, and 250µL) into the well of gelatin amended 

medium showing the clear zone was about 18mm, 

20mm, 22mm, 24mm and 26mm, which can be 

visualized by adding saturated ammonium sulphate in 

1N HCL (indicator). (Fig. 9) 

 

 
Fig: 9 Qualitative Assay For Protease Enzyme 

 

Estimation of total protein and enzyme activity: 

Total protein estimation was carried out by the Bradford 

method and the reaction mixture contained 1ml of 

enzyme sample with 5ml of CBB-G 250. The result 

shows 60ug/ml with 10mg in 1ml of water. The enzyme 

assay followed by the standard method shows an 

enzyme activity of 3150 units/ml. 

 

Characterization of protease: 

Effect of Different Temperature:  

For thermal stability of protease enzyme it was pre-

incubated at room temperature between 4˚C, 24˚C, 

37˚C, 54˚C, 80˚C and 100˚C from 15 to 60 minutes at 

optimum pH and the enzyme were stable up to 37ºC. 

(Fig. 10)23 investigated the same and found the activity 

of the enzyme was stable upto 54ºC. 

 

 
Fig. 10: Effect of Different Temperature 

Effect of pH:  

The stability of the enzyme ranges from pH 3, 5, 7, 11 

and 13, the enzyme activity was stable upto pH 11. (Fig. 

11)24 revealed that the protease enzyme produced from 

Bacillus subtilis S1 are active at higher 5% NaCl 

concentration and the enzyme from Bacillus 

amyloliquefaciens KSM12 has its highest activity at 

10% NaCl concentration. 
 

 
Fig. 11: Effect of pH 

 

Effect of metal ions and inhibitors: 

The effects of various metal ions (5mM) on the activity 

of partially purified proteases were studied at pH 11 and 

37°C. Ca²⁺ significantly increased enzyme activity in 

EBPL0007, while ZnSO₄ and CuSO₄ inhibited it. The 

enzyme remained stable in Triton X-100 with a specific 

activity of 170μg/mL (Fig. 12). Mg²⁺ and Ca²⁺ showed 

substantial stimulatory effects, increasing relative 

activity to 125% and 140%, respectively25. However, 

thermostable alkaline proteases are sensitive to solvents, 

metal ions, and surfactants, limiting their applications in 

the detergent industry26,27. 

 

 
Fig. 12 Effect of Metal Ion and Inhibitor 

 

Application of protease enzyme: 

Washing test with protease: 

The partially purified enzyme removed the blood, 

chocolate and Egg stain within ten minutes. Thus, the 

alkaline protease enzyme produced from the Halophilic 

Bacterium Bacillus licheniformis EBPL0007 showed 

that it has high prospective additive to be used in the 

detergent Industry. (Fig.13). The result of the study is 

similar to the study by28 showed that protease produced 

from Bacillus megaterium, 2020 showed better washing 

performance with blood-stained fabric cloths. 
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Fig. 13: Washing Test Portease 

 

CONCLUSION: 
Alkaline protease produced by bacteria is vital for 

pharmaceutical, food, and detergent industries, with 

growing future applications. In this study, the halophilic 

bacterium EBPL007, identified as Bacillus 

licheniformis, was a promising source of industrial 

protease. Optimization revealed glucose and peptone as 

the best carbon and nitrogen sources, with 0.05% gelatin 

as a substrate, 3% NaCl, pH 9, and 36°C as optimal 

conditions. The partially purified enzyme showed 3150 

units/mL activity, with optimal performance at pH 10, 

6% NaCl, and 54°C. It effectively removed stains within 

10 minutes, demonstrating its potential for the detergent 

industry due to its stability and high activity in extreme 

conditions. 
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