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Microbial proteases 

Bacillus genus is a group of aerobic microorganisms that 

form endospores and produce hydrolytic enzymes like 

protease, mannanase, and glucanase [1]. These enzymes are 

crucial for the global enzyme market, accounting for nearly 

60%. Alkaline proteases are particularly interesting from a 

biotechnological perspective, with applications in the food 

industry, pharmaceutical and medical diagnostics, detergent 

industry, and textile industry [2]. They are used in meat 

tenderization, peptide synthesis, infant formula preparations, 

baking, brewing, pharmaceutical and medical diagnoses, 

detergent industry additives, and dehairing and leather 

processing processes [3]. 

Classification of Microbial Proteases 

The proteases from different microbial sources differ widely 

not only in functions but also in properties, based on which 

they can be classified into different groups. Depending 

upon the optimum pH for activity they can be classified into 

acid, neutral and alkaline types. Microbial proteases can be 

classified into four groups, based on the essential catalyt-c 

residue at their active site. They are the serine, thiol, acid 

(carboxyl) and metallo proteases. 

Serine Proteases 

Serine proteases are characterized by a catalytically active 

serine residue in the active centre. They are inactivated by 

organic phosphate esters which acylate the active serine 

residue. Alkaline proteases from different microbial sources 

mainly belong to this group. 

Thiol Proteases 

Enzymes in this group have cysteine at their active site. In 

general, they are activated by reducing compounds and 

inhibited by oxidising agents. They are susceptible to 

sulfhydryl (SH) reagents such as 4-hydroxy mercury benzoic 

acid (p-CMB) and are activated by reducing agents such as 

hydrogen cyanide. The best known microbial thiol proteases 

are clostripain obtained from Closbdium histolyticum and the 

streptococcal protease. 

Acid (Carboxyl) Proteases 

Many of them contain aspartate residues at their active site. 

They are insensitive to sulfhydryl agents and chelating agents. 

They include microbial rennets and microbial acid proteases 

from moulds and yeasts. 

Metallo Proteases 

They have metal ion involved in the catalytic mechanism and 

are consequently sensitive to chelating agents such as EDTA. 

They are insensitive to sulfhydryl agents and organic phosphate 

esters. Neutral proteases from many microbial sources belong 

to this group. Commercial Applications Microbial proteases 

constitute a complex range of enzymes with wide spectrum 

of properties that make them suitable for different commercial 

applications. 

Proteases are essential components in various industries, 

including food, detergent leather, and leather. They improve 

the functional and taste properties of proteins, such as soya 

sauce, meat extract powder, and hydrolysates of soya protein, 

gelatine, casein, and whey proteins. In the meat industry, 

they are used alongside papain for meat tenderisation and 

conditioning. The tenderising actions of plant and microbial 

proteases vary, with plant protease acting on collagen and 

elastin, while bacterial and bacterial preparations have only 

slight action on collagen fibers but considerable effect on 

muscle fibres. 

Microbial proteases are useful in baking processes, improving 

handling properties and increasing loaf volume, resulting in 

soft loaves with good crumb and crust structure. This is due 

to gluten hydrolysis occurring in doughs and allowing bakers 

to adapt flours of different qualities to a standard process. 

The protease commonly used in bread production is usually 

obtained from Aspergillus oryzae. 

The dairy industry is the single major application of proteases, 

particularly in cheese making due to the scarcity of calf rennet, 

an enzyme used for coagulating milk during cheese making. 

Microbial rennets are the most important sources of microbial 

rennets, and their role in cheese ripening is also discussed. 

In brewing, microbial proteases can be used during cereal 

mashing to increase the yield of extract and level of amino 

nitrogen of the wort produced, and in the finishing stages of 

beer production to remove chill haze. 

In the detergent industry, alkaline proteases are used during 

various stages such as soaking, dehairing, bating, and waste 

processing. Alkaline proteases reduce the requirement of 

lime by 50%, reduce the dehairing process time, lower waste 
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treatment costs, increase skin area, and facilitate dyeing. For 

the treatment of fine wooled skins, neutral bacterial protease 

formulations are used [4]. 

For the processing of wastes from the leather industry, alkaline 

proteases are useful, with a technique developed by Dalev and 

Simeonova for the total utilization of wastes from the leather 

industry. In addition to these applications, microbial proteases 

are used to a lesser extent for other purposes [5]. 

Production and immobilization of alkaline 

protease 

Microorganisms, particularly bacteria of the Bacillus genus, 

are excellent sources for producing alkaline protease due 

to their broad biochemical diversity, simplicity in genetic 

manipulation, and feasibility in mass culture. Bacillus 

bacterium are active producers of extracellular alkaline 

proteases, making them commercially useful due to their 

high pH and thermal stability [6]. To reduce production costs 

and increase industrial utility, various measures have been 

taken, such as immobilization of enzymes and whole cells. 

This method offers numerous advantages over free enzymes, 

such as increased production rate, operational stability, reuse 

of enzymes, and recovery of final products free of enzyme 

contamination [7]. Whole cells can show modifications in 

mechanical, chemical, thermal resistance, and stability in 

changes in pH. Different Bacillus species, such as alkalophylic 

and thermophylic Bacillus, have been immobilized in various 

substances like calcium alginate, polyacrylamide gel, gelatin, 

chitosan, corn cab, and κcarrageenan. Calcium alginate has 

been reported as a better matrix for immobilizing Bacillus 

subtilis, while corn cab is suitable for B. licheniformis. 

Immobilized Bacillus strains for effective 

production of protease 

Microorganisms, particularly bacteria of the Bacillus genus, 

are ideal for producing alkaline protease due to their broad 

biochemical diversity, ease of genetic manipulation, and mass 

culture feasibility. Bacillus bacterium are active producers of 

extracellular alkaline proteases, making them highly useful in 

the industrial sector due to their high pH and thermal stability 

[8]. To reduce production costs and increase its industrial utility, 

various measures have been taken, including immobilization 

of enzymes and whole cells. This method offers numerous 

advantages over free enzymes, such as increased production 

rate, operational stability, reuse of enzymes, and recovery 

of final products free of enzyme contamination. Whole cells 

can show modifications in mechanical, chemical, thermal 

resistance, and stability in changes in pH. Different Bacillus 

species, such as alkalophylic and thermophylic Bacillus, have 

been immobilized in various substances, such as calcium 

alginate, polyacrylamide gel, gelatin, chitosan, corn cab, and 

κ-carrageenan. Calcium alginate has been reported as a better 

matrix for immobilizing Bacillus subtilis and corn cab for B. 

licheniformis. 

Application of microbial protease 

Microbial proteases are becoming increasingly important 

in biotechnological processes due to their lower production 

costs and use of renewable resources. Bacteria, including 

Bacillus sp., are active producers of extra cellular alkaline 

proteases, which are highly stable at high alkaline ranges 

and temperatures. These serine proteases have industrial 

importance and are particularly useful in the detergent 

industry, where laundry detergents typically have pHs 

between 9-12 [9]. 

Several studies have investigated the production, optimization, 

and partial purification of protease from Bacillus subtilis. 

One study identified a bacterial strain JRK-3 as a potential 

producer, with its activity comparable to available literature 

[10]. Another study found that GS-P4 isolate produced the 

highest protease activity, indicating its industrial potential. 

Another study focused on the production of thermostable 

protease from Bacillus subtilis, a thermotolerant bacterium 

widely used for isolating protease enzyme. The presence 

of galactose and peptone in the medium enhanced enzyme 

production by 0.5% compared to other carbon and nitrogen 

sources. 

A third study studied the protease-producing halotolerant 

bacterium from saltern pond sediment (Tuticorin) and its 

optimization of culture conditions, nutritional factors, and 

physical parameters. Results showed that xylose and urea 

enhanced enzyme production. 

In recent years, there has been a potential increase in using 

alkaline protease as industrial catalysts, especially in food and 

textile industries and medical diagnoses. Cell immobilization 

techniques have been used for alkaline protease production 

using different carriers, such as chitosan, corn cob, and corn 

tassel. Corn cob, with 65% immobilization capacity and the 

highest enzyme activity, was selected as the best carrier. After 

immobilization, the enzyme activity was obtained at 119.67 

U/ml. 

Conclusion 

The production of alkaline protease from halotolerant Bacillus 

species through submerged fermentation has significant 

potential for industrial applications. These proteases are 

highly adaptable and have high thermal and pH stability, 

making them valuable in industries like food, detergent, 

leather, and textiles. Submerged fermentation, combined 

with immobilization techniques, enhances the production 

yield and operational stability of these enzymes, facilitating 

enzyme reuse and product recovery, reducing production 

costs. Different carriers, such as calcium alginate and corn 

cob, are effective in immobilizing Bacillus species, increasing 

enzyme activity and stability. The wide range of applications 

for alkaline proteases, including meat tenderization, dairy 

processing, detergent formulation, and leather treatment, 

underscores their commercial significance. 

References 

1. Pérez M, Piad R, Milian G, et al. Preparation of a crude 

enzymatic from Bacillus licheniformes E-44 and its 

evaluation in the hydrolysis of Saccharomyces cerevisiae 

cell walls. Enzyme Microb Technol. 2007;40(3):452-5. 

https://www.sciencedirect.com/science/article/pii/S014102290600370X
https://www.sciencedirect.com/science/article/pii/S014102290600370X
https://www.sciencedirect.com/science/article/pii/S014102290600370X
https://www.sciencedirect.com/science/article/pii/S014102290600370X


3 J Micro Bio Curr Res 2024 Volume 8 Issue 4  

Washani/Acharya/Singh, et al. 

 

2. Ramnani P, Kumar SS, Gupta R. Concomitant production and 

downstream processing of alkaline protease and biosurfactant 

from Bacillus licheniformis RG1: bioformulation as detergent 

additive. Process Biochem. 2005;40(10):3352-9. 

3. Gençkal H, Tari C. Alkaline protease production from 

alkalophilic Bacillus sp. isolated from natural habitats. 

Enzyme Microb Technol. 2006;39(4):703-10. 

4. Barfoed HC. Detergents. MacMillan Publishers, Godfrey, 

London, 1981;pp: 284-293. 

5. Dalev PG, Simeonova LS. An enzyme biotechnology for 

the total utilization of leather wastes. Biotechnol Lett. 

1992;14:531-4. 

6. Bose JC. Production of alkaline protease from Bacillus 

subtilis by different entrapment techniques. J Biochem 

Technol. 2013;4(1):498-501. 

7. Anwar A, Qader SA, Raiz A, et al. Calcium alginate: a 

support material for immobilization of proteases from 

newly isolated strain of Bacillus subtilis KIBGE-HAS. 

World Appl Sci J. 2009;7(10):1281-6. 

8. Maghsoodi V, Kazemi A, Nahid P, et al. Alkaline protease 

production by immobilized cells using B. licheniformis. 

Scientia Iranica. 2013;20(3):607-10. 

9. Jegannathan KR, Seng CE, Ravindra P. Immobilization 

of lipase in κ-carrageenan by encapsulation–An 

environmental friendly approach. J Environ Res Dev. 

2009;4:431-9. 

10. Ravi M, Rayudu K, Gaddad VK, et al. Studies on the 

potent protease producing bacteria from soil samples. Int. 

J Curr Microbiol App Sci. 2015;4(1):983-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Citation: Ray L. Production of alkaline protease from halotolerant bacillus sp. through submerged fermentation-A review. J Micro Curr Res. 

2024; 8(4):216 

https://www.sciencedirect.com/science/article/pii/S1359511305001583
https://www.sciencedirect.com/science/article/pii/S1359511305001583
https://www.sciencedirect.com/science/article/pii/S1359511305001583
https://www.sciencedirect.com/science/article/pii/S1359511305001583
https://www.sciencedirect.com/science/article/pii/S0141022905005417
https://www.sciencedirect.com/science/article/pii/S0141022905005417
https://link.springer.com/article/10.1007/BF01023181
https://link.springer.com/article/10.1007/BF01023181
https://jbiochemtech.com/storage/models/article/UAlEHU8CuUxeG4TY1I6zsMZb5QbvFO6CQzKpSfJKqAdb82yc048R5wamxdpy/production-of-alkaline-protease-from-bacillus-subtilis-by-different-entrapment-techniques.pdf
https://jbiochemtech.com/storage/models/article/UAlEHU8CuUxeG4TY1I6zsMZb5QbvFO6CQzKpSfJKqAdb82yc048R5wamxdpy/production-of-alkaline-protease-from-bacillus-subtilis-by-different-entrapment-techniques.pdf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d9e452030ad73695a28d0c8b75394b9538359c31
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d9e452030ad73695a28d0c8b75394b9538359c31
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=d9e452030ad73695a28d0c8b75394b9538359c31
https://www.sciencedirect.com/science/article/pii/S1026309813000771
https://www.sciencedirect.com/science/article/pii/S1026309813000771
https://encapprocess.fr/500_bibliography/2009f.pdf
https://encapprocess.fr/500_bibliography/2009f.pdf
https://encapprocess.fr/500_bibliography/2009f.pdf
https://www.researchgate.net/profile/Ravi-Mohan-4/publication/272421572_STUDIES_ON_THE_POTENT_PROTEASE_PRODUCING_BACTERIA_FROM_SOIL_SAMPLES/links/54e44c320cf2dbf606957e0b/STUDIES-ON-THE-POTENT-PROTEASE-PRODUCING-BACTERIA-FROM-SOIL-SAMPLES.pdf
https://www.researchgate.net/profile/Ravi-Mohan-4/publication/272421572_STUDIES_ON_THE_POTENT_PROTEASE_PRODUCING_BACTERIA_FROM_SOIL_SAMPLES/links/54e44c320cf2dbf606957e0b/STUDIES-ON-THE-POTENT-PROTEASE-PRODUCING-BACTERIA-FROM-SOIL-SAMPLES.pdf

