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ABSTRACT 
Proteases are an expanding class of enzyme that holds great promise in the 
industry and therapeutics.  The protease constitutes one of largest consumed 
enzyme for several industrial applications in last few decades. The application of 
protease is not restricted to only industrial level and in recent decades many of 
protease enzymes have been approved for therapeutics application. Till date, US 
FDA has approved 12 different proteases for therapeutic applications and many 
more are in clinical trial studies. The industries like detergent, food processing, 
leather, textile and paper industry have employed more than 80% of world 
protease production. These amazing enzymes not only improved industrial 
processes leading to high through output but also helped in cleaning the 
environment. Several industry including leather and textile industry are associated 
with massive amount of chemical consumption a major source of pollutant have 
been optimized with use of proteases with high efficiency and good quality of 
product. Further, the emerging scope of thermostable protease had led to industrial 
efficiency one step ahead. The thermostable proteases have been already 
implemented in biological research and therapeutics and current prospect is 
finding novel sources and producing these enzymes by recombinant DNA 
technology. The most important invention in protease was exploring a protease for 
management of vascular disorders. The available thrombolytic are serine protease 
clinically approved for management of several vascular disorders. However, many 
time industrial operations are carried out extreme low temperature and hence 
activity of catalyst always falls in controversy. The psychrophilic proteases have 
emerged in last decades to solve such complication and enable many industrial 
operation and therapeutics often run at lower temperatures. In this review, author 
has bought scope of protease in industry and therapeutics as well. The novel 
categories of protease such as thermophilic and psychrophilic are ideal choice for 
several applications. In this review we have given a complete overview on 
protease, thermophilic protease and psychrophilic protease for industrial and 
therapeutic application. 
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INTRODUCTION  

In the present scenario enzymes have become an integral part of life and had shown their impact 

in many ways including house hold application, therapeutic application, research and industrial 

application (1). The application of these enzymes increasing exponentially which further 

emphasized in finding novel sources and technology to meet the commercial demands (2). The 

microbial world, a prime source for enzymes had served for many decades to conquer industrial 

and therapeutic targets (3). The commercial production of protease enzyme for industry and 

therapeutics has expanded enormously. However, the advancement of technology in biological 

sciences; molecular biology, DNA technology and enzyme engineering technology had made 

remarkable achievement in last two decades (4, 5). More than 70% total enzyme production is 

utilized by industrial processes alone and rest for therapeutic and research activities (6).  

The enzymes not only offer a better industrial yield but also became more essential to minimize 

environmental pollution (7). The several industrial processes often run with massive amount 

chemical leading to environmental damage. Here, these amazing molecules had played viral role 

in optimizing conventional industrial processes into efficient one and same time protection of 

environment (8). The leather processing is classical example which is associated with huge 

amount of chemical consumption and leading to environmental pollution (9). The textile industry 

and other such as chemical industries are major threats for environment need to optimized using 

modern enzyme based industrial process (10). The proteases constitute a very large and complex 

group of enzymes which differ in properties such as substrate specificity, active site and catalytic 

mechanism, pH and temperature activity and stability profiles (11). The versatility in 

physiochemical properties of proteases had result this one group of enzyme for diverse 

application. The proteases are primarily of six major categories and each of class of protease is 

specific for their substrate (12). Further, each class of protease possesses several subcategories 

and subfamily defines reason for diverse substrate specificity. Each category of protease offers 

enzymatic reaction differently used commercially for industrial application and therapeutics (13). 

The entire biological world is enriched with such potential biomolecules including plant, animal 

and microbial world (14). The plants such as papaya are prime source for several proteases which 

have been used from ancient time for various applications. The animal based proteases are 

becoming more popular especially for therapeutic application as these source offer enzyme with 

less complication in biological system (15). However, the microbial world is still first choice for 

these commercial enzymes for both therapeutic and industrial operations. There are several 

reasons for choosing microbes as a potential source for protease and other enzymes, one, 



International Standard Serial Number (ISSN): 2249-6807 

3  Full Text Available On www.ijipls.com

 

microbes are easy to grow and manipulate than other sources (16). Second the diversity in 

microbial world which offers diverse protease for several applications. The modern commercial 

production of any class of enzyme including protease carried out by recombinant DNA 

technology and hence, single cell microbes are easy to manipulate at genetic level for commercial 

need (17, 18).    

Classification of proteases  

The protease is group of enzyme widely distributed in biological world including plant, animal 

and most important microbial world. This enzyme is associated with series of vital physiological 

functions in each organism such as blood coagulation mechanism in higher mammals, defense 

system in microbial world, digestive enzymes etc. (19). The proteases have been classified into 

six major groups based on their molecular mechanism and targeted substrate. Further, these six 

major groups were classified into many subgroups based on digestion patterns of enzyme (20). 

The classes in protease group are as given below-  

i. Serine proteases 

ii. Threonine proteases  

iii. Cysteine proteases  

iv. Aspartate proteases   

v. Glutamic acid proteases   

vi. Metalloproteases  

There is another approach used for classification of protease based on their optimal pH at which 

these enzymes offer a maximum enzymatic activity. The acid protease where the maximum 

activity of protease reported in lower pH and acid protease ranges in their activity in pH 1-6 (21).  

Alkaline protease belongs to a group of protease where higher pH is essential for a protease to 

offer its proteolytic activity and activity ranges in between 8-14. On Other neutral protease offers 

their enzymatic activity at pH 7.0. These proteases offer their enzymatic activity at a particular pH 

due to pH act as an activation factor for these enzymes (22). For example trypsin a proteolytic 

enzyme in the gastrointestinal track produced in inactive form that is chymotrypsin and need a 

lower pH to remove extra amino acid from the active site of the pro-enzyme.  

i. Acid protease  

ii. Alkaline protease  

iii. Neutral protease  
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1. Serine protease (EC 3.24.21) 

Serine protease is one of the major classes of protease group that cleave peptide bonds in proteins, 

in which serine serves as the nucleophilic amino acid at the active site (23). Serine proteases are 

found ubiquitously in both eukaryotes and prokaryotes with diverse enzymatic activity. However, 

two prime categories of serine protease: chymotrypsin-like (trypsin-like) or subtilisin-like have 

been studied in detail (24). The serine proteases due to diverse enzymatic activity are vital for 

many physiological functions such as immune response, blood coagulation and digestion. These 

serine proteases are explored for therapeutic and industrial applications in the last few decades 

(24). The antiviral drug and thrombolytics are the classical example of serine protease application 

in modern medicine.  Further, serine proteases have tremendous scope of industrial application 

and many serine proteases have been isolated and purified to meet commercial demand (25). The 

breakthrough was when Subtilisin was produced by recombinant DNA technology from microbial 

origin one of the major proteolytic enzymes implemented for industrial application (26).  

2. Threonine proteases (EC 3.4.25) 

The threonine proteases are a family of proteolytic enzymes possesses a threonine (Thr) residue 

within the active site. The threonine protease exhibited proteolytic activity by recruiting 

secondary alcohol at N-terminal to threonine for catalysis (27). Two major subfamily of threonine 

protease were reported are as proteasome and acyltransferases. The threonine proteases have a 

significant role in cellular physiology and very few have been employed in commercial 

application (28).  

3. Cysteine proteases (EC 3.4.22) 

The other industry and therapeutically important protease subgroup is Cysteine proteases which 

also known as thiol protease. The thiol protease exhibits its catalytic property with a shared 

common mechanism which involves a nuleophilic thiol in a catalytic triad or dyad (29). The 

Cysteine proteases are primarily present in all the fruits including papaya, pineapple, fig and kiwi 

fruit. Cysteine proteases are used as an ingredient in meat tenderizers. There are more than 14 

subfamilies of cysteine proteases have been reported and many of them had played a significant 

role in building novel therapeutics against diseases caused by viruses (30). Many viruses like 

polio and hepatitis C have been successfully targeted by cysteine protease to inhibit their 

pathogenic island to overcome such diseases (31).  

4. Aspartic proteases  (EC 3.4.23) 

The aspartic proteases are other physiologically important group of protease enzymes which use 

an aspartate residue for catalysis of their peptide substrates (32). The Aspartic proteases require a 



International Standard Serial Number (ISSN): 2249-6807 

5  Full Text Available On www.ijipls.com

 

low pH for their enzymatic activity and are distributed in the entire biological world including 

prokaryotic and eukaryotic. Among the most studied aspartic proteases is a eukaryotic aspartate 

protease include pepsins, cathepsins, and renins (33). These enzymes are essential for maintaining 

several vital biological functions and many of them have been employed for industrial process 

optimization (34).  

5.  Glutamic acid protease (EC 3.4.19) 

The glutamic acid proteases are limited to filamentous fungi another class of protease available 

for several application.  These proteases are having much scope in food processing industry (35). 

The glutamic acid protease also had shown its potential in developing several drugs such as 

antitumor and anticancer (36).  

6. Metalloproteinase  (MMPs) (EC 3.4.24) 

In contrast to other proteases, a metalloproteinase or metalloprotease (MMPs) 

catalytic mechanism involves a metal. These proteases have great scope in management of 

neurological disorders as tools for drug delivery and cancer management (37).  

Industrial applications  

The protease constitute a group of industrially important enzyme dominate commercial market by 

more than 70% of available enzymes. The proteases are ubiquitously distributed in biological 

world but microbial world and alone bacillus produces more than 80% of proteases enzyme used 

for different commercial applications (38). Due to wide range of substrate affinity and diverse 

sources of proteases the applications of proteases are unique and widely applicable in different 

industries. The protease among the six major categories acid protease and alkali proteases have 

been used extensively in last three decades (39). Several industries like leather and textile 

(synthetic fabric and silk) revive themselves due to one group enzyme and that is proteases. 

Further, there is tremendous scope of protease in chicken and paper industry to produce 

commercial products in higher efficiency (40). 

Leather processing  

Leather is one of prime commodity for India to earn foreign currency. The commercial production 

of leather has been increased remarkably in last three decades and India is second largest exporter 

of leather both processed and unprocessed followed by China (41). Leather making is a tedious 

process and consume a lots of time and expenditures in term of chemicals water resources and 

manpower. The old conventional method of leather making is not practical now days as are not 

environmental friendly and lead to low grade leather (42). The hide essentially treated with 

several enzymes including protease for removal of hairs and other skin protein like collagen for 
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better texture and appearance. The processing of leather need incubation of hide with protease at 

higher temperature hence conventional proteases often fail to provide required output (43). Hence, 

thermostable protease is ideal and most convenient option for leather making and leather 

dehairing (44).  

        
Figure 1. Commercial application of protease and other enzyme in therapeutics (A) and 

protease contribution in industry (B). 

The protease based leather not only offer free from environmental pollution same time it provides 

better quality of leather compare from chemical based leather making. Several microbial species 

have been explored for hunt of thermostable protease for leather processing (45). The bacterial 

strains such as Bacillus subtilis, Bacillus licheniformis, Bacillus amyloliquefaciens and Bacillus. 

cereuses are the few studies for commercial production of thermostable and conventional 

protease. Many fungi also explored as source for thermostable protease for leather making 

including Aspergilous parasiticus, Aspergilous effuses, Aspergilous ochraceus and Penicillium 

griseofulvum (46). The another advantage in using thermostable protease in leather making use of 

immobilized protease for repeated application cut down production cost (47).  

Silk processing  

Silk is another commodity for foreign currency and India stand in top ten nations producing 

quality silk. The silk production and processing are two different events need skills and time to 

achieve high quality product. The quality of silk depends on silk processing especially silk 

degumming an operation where several treatments requires for removal of wax and fat deposited 

on silk protein fiber called as fibroin (48). The conventional methods for silk processing and 

degumming are carried out with use of detergent basically synthetic origin often cause detects in 

silk protein fiber.  Further, chemical treated silk neither possesses shining appearance nor 

appropriate mechanical properties (49). The grades of silk purely depend of skilled processing 

where a series of operation required giving glow and mechanical features. The use of enzyme in 
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silk processing especially silk degumming results in quality silk and lots of protease have been 

employed for such operation in last one decade. The conventional protease often used to achieve 

silk degumming and reaction often carried out at higher temperature which abolishes enzymatic 

activity.  The current prospect of silk processing and production has acknowledged the potential 

of thermostable protease and many thermostable proteases have been isolated and implemented 

for silk processing (50).  

Paper industry  

Another significant application of proteases alone and in combination with lipase is paper 

manufacturing. These enzymes not only offer large scale production of paper from hydrolytic 

methods but also useful in recycling of used paper (51). Paper is made of up of cellulose routinely 

produced by plant by hydrolyzing their pulp and spreading along with appropriate shaping and 

sizing. Paper industry had grown exponentially and lead to crisis due to limitation of plant 

resource hence significant of protease and other enzyme became more vital in recycling paper for 

commercial demand (52). In the process of paper making protease play crucial role in removing 

protein part from plant tissue prior to subject for lipase treatment. Here, use of lipase is essential 

and protease is complimentary in paper making. The protease used in paper making is not limited 

to removal of protein content of plant tissue but also utilized for production of some useful 

product as secondary products (53). 

Chicken industry  

The demand for meat is growing rapidly and world production of poultry has been increasing 

steadily since the last five decades as prime food items (54). The chicken industry is one of major 

source of food supplying chain in modern world and had grown exponentially. The chicken 

processing involves removal of feather and other non-edible protein content by enzymatic 

mechanism at different temperatures (55). Further use of protease is not restricted to the chicken 

processing it also became an integral part of poultry feed for growing chickens. The use of 

protease as poultry feed not only offer high nutritional value but also environmental friendly. The 

different proteases are added to feed with the purpose of increasing dietary protein hydrolysis and 

thus enabling improved nitrogen utilization. The most important were the benefits related to 

reduce emissions of ammonia using protease as poultry feed, which help reduce both health risks 

and environmental impacts, such as acidification and eutrophication (56). 

The vast quantities of chickens are being utilized every day in the society that produces a large 

amount of feathers waste in poultry industries. So far, feathers are known to have been chemically 

and physically prepared to be used as feather meal as well as digestible nutritional protein for 
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animal feed (57). Because of the complex, rigid and fibrous structure of keratin, poultry feather is 

a challenge to anaerobic digestion. It’s poorly degradable under anaerobic conditions. However, 

application of appropriate pretreatments methods hydrolyzes feather and breaks down its tough 

structure to corresponding amino acids and small peptides (58). The use of biological catalyst i.e. 

enzyme is another alternate for biodegradation of feathers. The proteases from microbial world 

are competent to produce keratinase proteases which have keratinolytic activity and are capable to 

keratinolyse feather α- keratin (59). These microbial based keratinase proteases help the bacteria 

to obtain carbon, sulfur and energy for their growth and maintenance from the degradation of α -

keratin. Several keratinases from different microorganisms such as Bacillus sp. Bacillus 

licheniformis Burkholderia, Chryseobacterium, Pseudomonas, Microbacterium sp., 

Chryseobacterium sp., Streptomyces sp. has been isolated and studied to date.  

Detergent industry  

The commercial use of proteases as detergent for household and industrial application have 

recognize and implemented in eighties’ (60). Microbial proteases are classified into acidic, 

neutral, or alkaline groups, depends on the required conditions for their activity and on the 

characteristics of the active site group of the enzyme, i.e. metallo, aspartic, cysteine- or 

sulphydryl- or serine-type. The alkaline proteases which are active in a neutral to alkaline pH, 

especially serine-types, are the most important group of enzymes used in protein hydrolysis, 

waste treatment and many other industrial applications (61). The alkaline protease from Bacillus 

subtilis was used as main ingredient in household and industrial detergent. The most recognized 

protease as detergent is Subtilisins extracellular alkaline serine proteases, which offers catalysis of 

proteins and peptide amides. Further, a series of research finding lead to development of several 

other enzymes as detergent such as Savinase is one of these enzymes; Alcalase, Esperase and 

Maxatase are others (62).  

To meet the commercial demand several microbial strain were explored as source of these potent 

enzyme and majority of these enzymes were produced from single microbial genus is Bacillus. 

The commercially available enzyme detergents are Maxatase and Alcalase come from Bacillus 

licheniformis, Esperase from an alkalophilic strain of a Bacillus licheniformis, and Savinase from 

an alkalophilic strain of Bacillus amyloliquefaciens (63). The use of enzyme as detergent is 

beneficial in many aspects, one highly selective to substrate and required in small quantities. 

Further, chemical based detergents are main cause of environmental pollution and also associated 

with several negative effects on biological surface. The use of enzyme as detergent does not offers 

any negative impact on environment and are completely safe (64). Hence, unlike conventional 
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chemical based detergents there is no buildup of unrecovered enzymes or chemicals that must be 

removed from the system at the end of process. Although, biological detergent is a promising 

technology; it has some limitations and disadvantages, as well. Currently, the main disadvantage 

of using alkaline proteases is the high cost of the enzymes production. The immobilization of 

such potent molecules for repeated use surely cut down cost factor (65).  

Enzyme Category Source 
Subtilisins Serine protease Bacillus subtilis 
Streptopain Cysteine protease  Streptococcus sp. 

Papain cysteine protease  Papaya sp. 
Asclepain Serine protease  Asclepias curassavica 
Clostripain Alkaline protease  clostridium histolyticum 
Alcalase Alkaline protease Bacillus licheniformis  
Esperase  Alkaline protease Bacillus lentus 

Table 1. List of few different protease from biological origin for various industrial applications. 

These proteases are approved by USFDA for commercial application and are in sale in different 

brand name. 

Therapeutics applications  

Therapeutic application of protease  

Apart from industrial applications protease are essential for many vital functions and regulate 

physiology at the molecular level. The physiological importance of these proteases has turned it 

into therapeutic potential and many of the proteases (serine protease) have been approved for 

clinical application (66). The proteases have been employed in the management of vascular 

disorders, cancer management, as antimicrobial, cytotoxic, anti-inflammatory, antioxidant (67).   

Serine protease as Thrombolytics  

The serine proteases have been explored in the last few decades for their therapeutic potential and 

clinically approved for management of vascular disorders. The vascular disorders, both cardiac 

and cerebral are a major cause of death and physical deformities worldwide (68). The vascular 

disorders often caused by lack of blood supply to vital organs and primarily due to blockage in 

vascular pipeline. The blood coagulation is a complex process governed by several plasma 

proteins and inflammatory mediator to avoid loss of blood and plasma component during any 

damage or injury (69). The blood clot inside the vascular pipeline is a sign of failure of the blood 

coagulation system and results in myocardial infarction, thromboembolism, cerebral ischemia and 

pulmonary embolism (70). The counter these life threatening event another component of blood 

plasma get activated and lead to clot dissolution under healthy homeostasis. The plasminogen 

another plasma protein gets activated into plasmin and lead to clot dissolution (71, 72).  
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Enzyme Category Molecular Mechanism  Source 

Tissue plasminogen 
activator (t-PA) 

Serine 
protease 

activating circulating 
plasminogen (inactive form) 

into plasmin (active) 
Human plasma 

Urokinase like 
plasminogen 

activator (u-PA) 

Serine 
protease 

activating circulating 
plasminogen (inactive) into 

plasmin (active)  
Human Urine  

Streptokinase (SK) 
Serine 

protease 

activating circulating 
plasminogen (inactive) into 

plasmin (active) 

Streptococcus 
species  

Staphylokinase 
(SAK) 

Serine 
protease 

activating circulating 
plasminogen (inactive) into 

plasmin (active) 

Staphylococcus 
species  

Earthworm 
fibrinolytic enzyme 

(EFE) 

Serine 
protease 

activating circulating 
plasminogen (inactive) into 
plasmin and direct on fibrin  

Earthworm Specices 
(Lumbricus 
rubellus) 

Table- 2; The serine proteases extensively used as thrombolytic from different sources. The 
most of these serine proteases are approved by US FDA and are plasminogen activators. 

Under pathological conditions and failure of coagulation system need infusion of external agent 

for activation of plasminogen into plasmin and further clot dissolution. These agents called as 

thrombolytics are primarily plasminogen activators (73). Interestingly, thrombolytics approved 

for clinical applications are serine protease form different sources and dissolved blood clots by 

activating plasminogen into plasmin. The first ever serine protease was used for management of 

vascular disorder was tissue plasminogen activator from human plasma a serine protease (74). 

Further, urokinase and microbial based thrombolytics such as streptokinase and staphylokinase 

are in clinical application with high precision and accuracy (75). Recently, earthworm fibrinolytic 

enzyme (EFE) has been explored for its therapeutic potential for vascular disorders and again a 

serine protease of molecular weight range 20-33kDa (76).       

Serine protease as anticancer  

Cancer/ tumors are the second largest cause of human death and physical disability worldwide 

after vascular disorders. The emergence of drug dependence and use of cytotoxic drug in the 

combating advance tumor lead to the problem even worse. Hence, there was need of alternate 

medicine/ novel drug molecule for management of such health devastating elements (77). 

Recently, several serine proteases have been identified and characterized for the cytotoxic and 

antitumor properties (78). The most of protease exhibited cytotoxic activity and antitumor activity 

are serine protease. In a study 1987, the bacterial protease was evaluated for cancer management 

in mice using intravenous administration for solid tumors (79). Several proteases from different 
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sources were isolated, including plant, animal and microbial origin for antitumor activity. In a 

study 2013, protease inhibitor was examined for antitumor activity and an anti-proliferative 

activity of Lavatera cashmeriana was reported towards Human Cancer Cells (80). Several plant 

based protease has shown tremendous scope in combating cancer.  

A protease inhibitor from Mini-Black Soybean was analyzed and was reported for excellent 

antitumor and HIV-1 Reverse Transcriptase Inhibitory activity (81). Further, in 2012 a protease 

component from Eleusine coracana has shown tremendous scope in combating tumor evaluated 

on Human Chronic Myeloid Leukemia Cells. Further, earthworm protease was reported for 

excellent cytotoxic and antitumor activity (82). In a study 2013, a serine protease was purified and 

characterized for antitumor activity in different cancer cell lines against standard anticancer drugs. 

The protein purification, study and MTT assay revealed that a 15kDa serine protease from Indian 

earthworm Pheretima posthuma was able to inhibit cancer cell growth by maximum 70% in 

against tamoxifen and 5` Fluoro Uracil (83). Further, in 2007 a protease inhibitor component from 

buckwheat was studied for its antitumor potential. In this study a trypsin protease inhibitor has 

shown significant inhibition activity on myeloid leukemia K562 cell lines (84).   

Serine protease as Anti-inflammatory  

The inflammation is one most common biological response for any infection and tissue damage. 

The inflammation ranges from acute to chronic and may be lethal if not cured properly (85). The 

available treatments for inflammation are either use of Non-Steroidal anti-inflammatory drugs 

NSAIDs for acute cases of inflammation and or steroidal drugs along in combination with 

NSAIDs for chronic cases. The uses of the protease from different sources were examined for 

anti-inflammatory activities in last two decades. The most significant result was reported in the 

case of serratiopeptidase a protease from enterobacterium Serratia Sp. E-15 was able to combat 

inflammation, both acute and chronic (86). This was a breakthrough in finding novel therapeutics 

for combating inflammation, which was awaited to overcome the toxic effects caused by chemical 

based drugs. Further, the earthworm protease and plant extracts were evaluated for anti-

inflammatory activity. Several species of earthworms and plant extract possessing protease/short 

peptides has shown specific inhibition of cyclooxygenase pathway (87). The use of protease for 

combating inflammation was much safe and specific as they are required in very little quantity 

and are highly specific in finding their substrate. The preliminary investigation suggested that the 

earthworm protease has shown its specificity to COX-I and COX-II and negligible affinity for 

lipoxygenase pathway (88).   
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Serine protease as Antimicrobial 

The antimicrobial peptides (AMPs) are basically small molecular weight proteins with broad 

spectrum antimicrobial activity against bacteria, viruses, and fungi (89). The commercial demand 

of antimicrobial agents has been increased exponentially in the last two decades and different 

sources have been explored in isolation of such amazing biomolecules (90). These peptides 

possess a different molecular mechanism to kill the microbial population and which is due to 

different arrangements of amino acids in peptide backbone. More likely peptides/proteins having 

proteolytic activity are much significant for commercial application as antimicrobial peptides 

(91). The serine proteases one of a class of protease group have been studied in plant, animal and 

microbial world for exploring their capacity to kill microbes (92). In a study 2011, a protease 

inhibitor from Coccinia grandis plant leaves has shown tremendous potential in inhibiting 

microbial growth in a broader spectrum (93). These antimicrobial peptides are integral part of 

innate immunity and significantly found in lower animals, including nematodes and microbial 

world (94). The earthworm is enriched in such compounds and many studies have been carried 

out to investigate these amazing molecules. In the year 2012, Indian earthworm Pheretima 

posthuma was explored for an antimicrobial protease possess a broad spectrum of antimicrobial 

activity (95). The amphibian such as frog and toads and many reptiles are also being potential 

source of antimicrobial peptides. Mellitin strong AMPs from bee efficiently target both gram 

positive and gram negative pathogens. Further, the arthropods, the insect family produce several 

cationic and anionic AMPs (97). Magainin, an AMP from frog not only offers a broad range of 

microbial inhibition but also target at the genetic level against many viruses (98).   

Antimicrobial Peptides Source of AMP Molecular Mechanism 

Magainin Frog Permeabilizes bacterial membrane 

Α & β-Defensin 
Mammals, analogues in 

insects and fungi 

Many are strongly salt antagonized;  

cell membrane and intracellular targets, 

inhibits macromolecular synthesis 

Mellitin Bee Membrane destabilizing 

Polyphemusin Horseshoe crab Very potent, translocate into cells 

Indolicidin Bovine 
Inhibits macromolecular synthesis, Ca2++ -

calmodulin interaction 

Cecropin A Silk moth Membrane destabilizing 

Buforin II Toad Binding of nucleic acid 

Table 3 The list of natural antimicrobial peptides from biological origin and their molecular mechanism 
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Apart from these therapeutic applications several other proteases have been employed in the 

treatment of life threatening diseases and disorders. The most important finding was HIV 1 

protease target gene expression in HIV virus a potential medicine for AIDS (99). The protease is 

available for commercial application in the name of Saquinavir (Roche), ritonavir (Abbott), 

indinavir (Merck), nelfinavir (Pfizer/Agouron), amprenavir (Vertex/Glaxo Wellcome) FDA 

approved for therapeutic use (100). The Proteasome another important protease enzyme is 

commercially available to combat cancer more precisely lung, colon and breast cancer. From the 

recent investigations Hepatitis C virus NS3 protease has shown a significant scope in combating 

hepatitis, which is under clinical trial studies and very soon will be available for clinical 

application (101). Further, the caspases and ICE (caspase-1) are more useful in case of sepsis and 

autoimmune disorders like Rheumatoid arthritis, osteoarthritis (102). The angiotensin converting 

enzyme (ACE) and neutral endopeptidase are ideal for the maintaining blood pressure and 

minimizing risk of vascular disorders (103). The presenilin-1 β-secretase BACE and matrix 

metalloproteases (MMPs) will be future medicine for neurological disorders like Parkinson and 

Alzheimer disease (104). The proteases have shown their role in designing drug and gene delivery 

vehicles for cancer therapeutics and gene therapy (105).   

New Generation proteases  

There are several industrial processes and therapeutic application need a slight different 

environment for operation. These hearse operating conditions lead to loss of enzymatic activity of 

conventional protease and other enzymes too (106). The developments of thermal and chemical 

resistant enzymes are huge in demand and thermostable protease has a great scope in therapeutics 

and industry (107). Similarly, many industrial operations often carried out a lower temperature 

and need an enzyme operate at lower temperatures. More precisely, food processing and soft 

drink formulation need enzymes to work at lower temperature even at preservation conditions 

(108). The conventional proteases often recover from mesophiles biological sources are not ideal 

choice for such industrial and therapeutic applications and need alternate to fulfill need (109).  

Thermostable protease  

The optimal activity of conventional protease ranges 30-400C which is not appropriate for much 

industrial operation including leather and textile industry (110). The thermostable proteases are 

protease enzyme isolated from thermophilic microorganism of optimal activity in the range of 40-

1300C (111). The thermophilic microbes have evolved for such hearse condition and their protein 

have evolved to offer enzymatic activity in higher temperature. The most important invention in 

case of thermophilic enzyme was taq polymerase completely changes molecular biology (112). 
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The taq polymerase was isolated from a thermophilic bacterial Thermus aquaticus in 1965 by 

Thomas D. Brock became integral part of polymerase chain reaction. Thermostable proteases are 

the choice for many industrial processes and are free from inhibitory effect of various chemical 

and inhibitors (113). 

The microbial world is one prime source of such amazing enzyme and has been explore in last 

few decades. The bacteria, fungi and several animals have been reported for ideal source of 

thermostable proteases. Among these source bacterial source are more commonly employed for 

purification and production by recombinant DNA technology (114). The one bacterial group 

bacillus alone possesses more than 70% of protease enzyme and thermophilic protease. Subtilisin 

is one classical example of thermostable protease commercially available for detergent industry 

both larger scale and house hold application (115). Several fungal strains have been identified and 

many thermostable proteases have been isolated and purified for commercial application (116). 

The thermostable proteases not only offer their enzymatic activity at higher temperature but also 

offer ease in storage for long time period. The immobilizations of an enzyme often reduce enzyme 

activity due to chemical treatment or interaction with immobilization support in case of 

conventional enzyme (117). The thermostable proteases are ideal for immobilization study leas to 

repeated use without loss of enzymatic activity (118). 

Psychrophilic proteases  

Apart from mesophilic and thermophilic proteases, the psychrophilic microorganisms have the 

largest distribution on earth and if one considers the extent of area where temperature remains 

permanently below 10°C including the deep-sea waters, mountains and Polar Regions (119). The 

climate of lower temperature essentially requires physiological and biochemical adaptations of 

microorganisms. These psychrophilic microorganism have evolved in conditions where an 

optimal temperature of 10oC or lower remains throughout their life period (120). To survive in 

such hearse condition organisms have evolved with cold adaptive proteins enables physiological 

functioning at lower temperatures. Further, in order for growth to occur in low temperature 

environments, cellular components from membranes and transport systems to intracellular 

solutes, protein and nucleic acids must adapt to the cold (121). The psychrophilic organisms are 

competent to produce proteins/enzymes that can function in cold environment and simply 

denature at high temperature. There proteins/enzymes undergo the conformational changes 

necessary for catalysis with a lower energy demand (122). 

These organism and proteins/enzymes are having great potentials for food processing industry 

and much therapeutics where lower temperature is essential (123). Several research investigation 
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have been carried out to explored the potential of proteins and enzymes from such sources The 

psychrophilic microorganisms are potential source of industrial enzymes (eg. lipase and protease) 

and fundamental metabolic (eg. glycolytic pathway) (124). The prime application of 

psychrophilic proteases is in food industry where these enzyme process several biochemical 

reaction at lower temperature and offer enzymatic reaction even storage conditions enhances self-

life of products (125). The extracellular lipases and proteases represent two of the most important 

groups of extracellular hydrolytic enzymes. Apart from proteases physchrophiles are enriched in 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH), triose phosphate isomerase (TPI) and 

phosphofructokinase (PFK) (126). 

SUMMARY  

In current scenario it’s difficult to imagine an industrial operations and therapeutics without 

enzymes. Several types of enzymes have been identified, characterized in last few decades and are 

being produced in large scale for commercial need. These amazing enzymes are not offering ease 

in process catalysis result in a higher yield with limited resources but also are environmental 

friendly (127). Several industries which have been in controversy for their pattern of operation 

leading to environmental pollution have been completely refined in clean and green industry. The 

classical example is leather processing and textile industry (silk and synthetic fabric processing) 

have been associated with used of massive amount of chemicals and environmental pollution 

(128). Use of enzyme in such operation results in good quality product and does not have any 

negative impact on environment. Similarly, detergent industry, paper industry and chicken 

industries have acknowledged potential of protease and opted for higher yield. Additionally, 

thermostable protease and psychrophilic protease lead to industrial revolution one step ahead by 

offering enzymatic catalysis in extreme higher and lower temperature and in presence of various 

chemicals (129). Apart from industrial applications, proteases have been used enormously as 

therapeutics. The most significant contribution of protease as therapeutics is external 

thrombolytics for management of vascular disorders including both cardiovascular and 

cerebrovascular (130). The tissue plasminogen activators (t-PA) and urokinase like plasminogen 

activators (u-PA) are serine protease from human plasma and urine respectively. Additionally, 

microbial based thrombolytics including streptokinase (SK), staphylokinase (SAK) and their 

recombinant variants are also serine protease have changed thrombolytic therapy (131).  

In last decade, another external thrombolytic from earthworm origin again a group of serine 

protease have shown its potential for the management of vascular disorders. These proteases were 

also implemented for management of inflammation and earthworm serine protease and 
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serratiopeptidase are in clinical application from long time (132). The serine protease as anti-

inflammatory agent offer selective inhibition of COX I and COX II pathways leading to minimal 

side effects often reported with NSAIDs and steroids conventionally used for various types of 

inflammation managements (133). The antimicrobial property of protease is a breakthrough to 

develop biological peptides and protease for various commercial applications. Several proteases 

from animal, plant and microbial origin have been studied for their antimicrobial potential. 

However, role of protease in management of cancer and tumor is most highlighted area of current 

research work worldwide (134). The protease from different sources have been evaluated for anti-

tumor and anticancer propertied and have shown excellent results in protection against cancer. 

The protease from animal origin such as earthworm protease and proteases from other 

representatives of Annelida are most effective anticancer agent from animal origin (135). The 

development of antiviral drugs against adeno and retrovirus are becoming more common now 

days. HIV 1 protease is one classical example for developing drugs against HIV and other 

retroviruses (136). Still lots of refinements are required for developing more efficient protease for 

industrial and therapeutic applications. Moreover, more emphasis is needed in novel classes of 

proteases such as thermostable and psychrophilic protease to refine industrial processes and 

therapeutics for mankind (137). 
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