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ABSTRACT
The field of industrial enzymes is now experiencing major R&D initiative, resulting both in the development of a number of new products and in improvement in the process and performance of several existing products. Currently, new and emerging applications are driving demand and the industry is responding with a continuous stream of innovative products. Significant future growth will require investments by all the participants in research and applications development. Proteases are the single class of enzymes which occupy a pivotal position with respect to their applications in both physiological and commercial fields. 
INTRODUCTION

With the environment and cost issues surrounding conventional chemical processes being subjected to considerable scrutiny, biotechnology is rapidly gaining ground due to the various advantages it offers over the conventional technologies. Industrial enzymes represent the heart of biotechnology processes. 

Proteolytic enzymes catalyze the cleavage of peptide bonds in other proteins. Proteases are degradative enzymes which catalyze the total hydrolysis of proteins. Advances in analytical techniques have demonstrated that proteases conduct highly specific and selective modifications of proteins such as activation of zymogenic forms of enzymes by limited proteolysis, blood clotting and lysis of fibrin clots, and processing & transport of secretory proteins across the membranes. The global market for industrial enzymes was estimated at $2 billion in 2004 and is expected to raise at an average annual growth rate (AAGR) of 3.3% to $2.4 billion in 2009, (source BCC 2004). 
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. Proteases of commercial importance are produced from microbial, animal and plant sources & have enormous applications in a range of processes which take advantage of the unique physical and catalytic properties of individual proteolytic enzyme types. Also, with the advent of genetic engineering, a wider range of enzymes has become available on a larger scale and this has increased the scope of enzyme technology. (Nicholas et. al., 2004) 

Of the industrial enzymes, 75% are hydrolytic. Today, proteases account for approximately 60% of the total enzyme sales in various industrial market sectors, such as detergent, food, pharmaceutical, leather, diagnostics, waste management, and silver recovery. This dominance of proteases in the industrial market was expected to increase further by the year 2005 (Godfrey and West,1996).Besides these, proteases have a wide range of functions in nature. Extacellular proteases contribute to the nutritional well being of the producing organism hydrolyzing large polypeptides substrates into smaller molecules that the cell can absorb. Proteases are also involved in the regulation of biological processes such as spore formation, spore germination, protein maturation in viral assembly, activation of certain viruses of importance for pathogenicity, various stages of the mammalian fertilization processes, blood coagulation, fibrinolysis, complement activation, phagocytosis and pressure control (Ward, 1983)

 In a cell system the protein turnover is delicately balanced between its synthesis and degradation by different intracellular proteases, for example, in a growing bacterium, 1-3% of cell protein is degraded into amino acids every hour. Apart from this, protein turnover is an essential factor in the environmental adaptation of a cell, particularly in an environment lacking in protein or amino acids as it generates an amino acid pool for synthesis of newly required enzymes and other proteins. ( Keay 1971, Yamamoto, 1975; Aunstrup 1974,1980)
There is a plethora of evidence to indicate that proteases are involved in modulation of gene expression, modification of enzyme and its secretion processes and in the control of translation by modification of enzyme associated with ribozyme.
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FIG. 1.1 Distribution of enzyme sales. The contribution of different enzymes to the total sale of enzymes is indicated. The shaded portion indicates the total sale of proteases. 

SOURCES OF PROTEASES:

The requisite to study an enzyme and to produce it on an industrial scale is the identification of a good source of it. Enzymes may be obtained from plants, animals or microbes. The choice of a particular source depends on the efficiency, degree of control, steady production, composition of enzyme and degree of purity of the preparation. The isolation of enzymes from plant cells or animal sources involves a high cost factor and low yield as compared to that from microbial sources.

  TYPES OF PROTEASES:

According to the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology, proteases are classified in subgroup 4 of group 3 (hydrolases). However, proteases do not comply easily with the general system of enzyme nomenclature due to their huge diversity of action and structure. Currently, proteases are classified on the basis of three major criteria: (i) type of reaction catalyzed, (ii) chemical nature of the catalytic site, and (iii) evolutionary relationship with reference to structure 

Proteases are grossly subdivided into two major groups, i.e., exo-peptidases and endo-peptidases, depending on their site of action. Exopeptidases cleave the peptide bond proximal to the amino or carboxy termini of the substrate, whereas endopeptidases cleave peptide bonds distant from the termini of the substrate. Based on the functional group present at the active site, proteases are further classified into four prominent groups, i.e. serine proteases, aspartic proteases, cysteine proteases, and metalloproteases. There are a few miscellaneous proteases which do not precisely fit into the standard classification, e.g., ATP- 

	TABLE 1.   Classification of Proteases
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	Aminopeptidases
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	3.4.11

	Dipeptidyl peptidase
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	3.4.14

	Tripeptidyl peptidase
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	Carboxypeptidase
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	3.4.16-3.4.18

	Serine type protease
	
	3.4.16

	Metalloprotease
	
	3.4.17

	Cysteine type protease
	
	3.4.18

	Peptidyl dipeptidase
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	3.4.15

	Dipeptidases
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	3.4.13

	Omega peptidases
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	3.4.19

	Endopeptidases
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	3.4.21-3.4.34

	Serine protease
	
	3.4.21

	Cysteine protease
	
	3.4.22

	Aspartic protease
	
	3.4.23

	Metalloprotease
	
	3.4.24

	Endopeptidases

of unknown

catalytic mechanism
	
	3.4.99


Table 1.1 Classification of Proteases

a Open circles represent the amino acid residues in the polypeptide chain. Solid circles indicate the terminal amino acids, and stars signify the blocked termini. Arrows show the sites of action of the enzyme
dependent proteases which require ATP for activity. Based on their amino acid sequences, proteases are classified into different families and further subdivided into "clans" to accommodate sets of peptidases that have diverged from a common ancestor. Each family of peptidases has been assigned a code letter denoting the type of catalysis, i.e., S, C, A, M, or U for serine, cysteine, aspartic, metallo-, or unknown type, respectively.

The peptide hydrolysis are further classified as given below:

TRYPSIN-LIKE PROTEASES:

Enzymes of this subgroup in general have similar catalytic specificity towards the β chain of insulin, hydrolyzing only two bonds viz., Arg-Gly and Lys-Ala. They have pH optima of 8.0 and are inhibited by diisopropylfluorophosphate (DFP) and tosyl – lysin chloromethyl ketone  (TLCK) Examples are Streptomyces griseus and Streptomyces fradie proteases, trypsin and chymotrypsin.

 ALKALINE PROTEASES:

Enzymes of this sub-group are specific against aromatic or hydrophobic amino acid residues at the carboxyl side of the splitting point ( Johansen 1968).These enzymes are most active at a pH of about 10. They are sensitive to DFP but insensitive to TLCK. Examples are subtilisin from Bacillus licheiformis, alkaline proteases from Aspergillus flavus, Aapergillus oryzae, Aspergillus Sojae and Aspergillus Sydowi (Nakagawa 1970 ) For application in detergent industry, enzyme from Tritirachium album is most suitable; it has a pH optimum from 7.0 and 12.0 and temperature optimum of 65-70 oC (ebeling  et al., 1971)..

THIOL PROTEASES:

They have cysteine at their active sites and have pH optima in the neutral range viz., 6.0-8.0. They are activated by reducing agents such as hydrogen cyanide and inhibited by oxidizing agents. They are also susceptible to sulphydral reagents such as para- chloromercuribenzoates (pCMB) . The activation by reducing agents is due to regeneration of SH group (Schechter and Berger,1968). They have temperature optima between 50-70 oC.

Example:-

· Papain – obtained from latex of papaya, along with lysozyme and  chymopapain.

· Bromelain – obtained from both fruit juice and stems of pineapple .

· ( Heinicke 1953)

· Ficin – obtained from latex of different species of the genus Ficus (Yasuda et. al., 1970)

 ACID PROTEASES:

These proteases are widely distributed in animal cells and yeast but rarely found in microbes (bacteria) and generally have aspartate residue at their active site. They show specificity towards aromatic or bulky amino acids residues at both sides of the splitting point and have pH optima between 3.0-4.0. They are insensitive to inhibitors such as difluorophosphate. (DFP), para-chloromercuri benzoate (pCMB) and ethylenediamine- tetraacetate (EDTA).This group of proteases are furthur sub classified into:

RENIN AND RENNIN-LIKE PROTEASES:

These are highly specific and act on X – casein fraction of milk without affecting the α-S or β-casein fraction with resultant production of bitter peptide.

                     The enzyme rennet acts on the X- casein component of milk micelle, and releases a solute peptide and an insoluble fraction called P-X-caesin which causes the micelle to be destabilized and so thus the milk to clot ( Mckenzie, 1971)

Examples:-

· Animal rennet – calf rennet which contain 88-94% chymosin and 6-12% pepsin. The ratio of the two enzymes varies with the age of the calf.

· Microbial rennet – obtained from Mucor michei, Mucor pusillus, and Endothia parasitica.

PEPSIN AND PEPSIN-LIKE ACID PROTEASES:

These enzymes are highly acidophilic, show activity at pH value between 1.5 and 4.0 and are stable at pH 2.0-5.0. They can hydrolyse proteins denatured by acid. (Haard et. al. 1982)

Example:-

· pepsin – Acts in the pH range between 1.5- 4.0 and temperature range between 50 – 60 oC . These are obtained from stomach mucosa of calf.

· Microbial pepsin like proteases- From strains of Aspergillus and Rhizopus species. These have pH optima at 2.5 – 3.0 and temperature optima in the range of 30 –50oC.

SERINE PROTEASES:

Proteases of this subgroup have both serine and histidine at their active sites. They have been divided into trypsin like proteases, alkaline proteases. Myxobacter lytic proteases and staphylococcal proteases, the last two being industrially not significant ( Morihara 1974)

METALLOPROTEASES:

The proteases having metal ions involved in their catalytic activity are called metallopreteases are neutral and alkaline metalloproteases. All the enzymes in this class are sensitive to varying degrees towards EDTA and insensitive towards pCMB, DFP etc.

NEUTRAL METALLOPROTEASES:


These proteases have pH optima near neutral and contain an essential metal atom for activity. They have specificity towards hydrophobic amino acids on the amino side of the peptide linkage being attacked. They usually have high activity with synthetic substrates such as FAGLA (furylacrolyglycylleucinamids) which are not cleaved by most serine proteases and are found mostly in microbes in the strains of Bacillus and Aspergillus.
Examples:-

· Bacterial neutral proteases from Bacillus subtilis and thermolysin from B. stearothermophilus (Faderand – shuck, 1970; Morihara and Tsuzuki, 1970 ) Thermolysin is a single chain peptide enzyme of mol. wt. 34,000 and is folded to form two lobes separated by a deep cleft into the bottom of which zinc atom is located. Two histidine residues and glutaric acid bind to this ion and only a slight conformational change occurs when it is removed , suggesting that zinc is not essential for stability ( Weaver et. al. 1976 ). The enzyme is highly thermostable retaining 50% activity even 1 hour treatment at 80 oC.

· Fungal neutral proteases – A. oryzae is the major source, and the enzyme has pH optimum at 7.0 and temperature optimum of 45 oC. (Nakodoi et. al. 1972, 1973 ) have identified two metalloproteases components in A. oryzae enzyme preparation .One having optimum pH and temperature as mentioned above while the other had a pH optimum of 5.5 –6.0 and was more stable to higher temperatures.

ALKALINE METALLOPROTEASES:

The enzyme of this subclass has pH optima in the range of 7.0-9.0. They are found to be less sensitive than neutral proteases toward chelating agents such as EDTA. The neutral proteases require less than 10-3M of EDTA for complete deactivation while alkaline metalloproteases require concentrations higher than 10-2M for complete inactivation (Hamson et. al. 1963). Enzymes of this class in general have been found to be fairly active in the range of pH 7.0 to 9.0. These are more tolerant toward perborates and less sensitive towards phosphates.

Example : proteases from Pseudomonas aerunginosa and Serratia spp. Alkaline variant of neutral proteases from B. Subtilis is also good example of this sub group.

Phsiological Significance of Protealysis
The growing realization of their physiological importance has generated renewed interest in the study of proteolytic enzymes. The modern and novel methodologies of protein chemistry and molecular biology have revealed new insights into the protein and gene structure of protein precursors and their processing by limiting and regulating the process of proteolysis.

Proteases execute a large variety of complex physiological functions. Their importance in conducting the essential metabolic and regulatory functions is evident from the occurrence in all forms of living organisms. Proteases play critical role in many physiological and pathological processes such as protein catabolism, blood coagulation, cell growth and migration, tissue arrangement, morphogenesis in development, inflammation, tumor growth and metastasis, activation of zymogens, release of hormones and pharmacologically active peptides from precursor proteins, and transport of secretory proteins across membranes. In general, extracellular proteases catalyze the hydrolysis of large proteins to smaller molecules for subsequent absorption by the cell whereas intracellular proteases play a critical role in the regulation of metabolism.

                                                      Some major activities in which the proteases participate are protein turnover, sporulation and conidial discharge, germination, enzyme modification, nutrition, regulation of gene expression.

· Regulatory proteases have major role in biological pathways
If there is synthesis of new unsuitable protein, which is not continuous but restricted to specific biological stages, the loss in activity of the protein may provide an effective protein synthesis- dependent checkpoint in the pathway.

· protein degradation is often a level of exertion on processes that are redundantly regulated. So, activation of an enzyme by proteolytic cleavage is a rather unique regulatory mechanism. For example, zymogen, an inactive precursor of enzymes, is cleaved to form an active enzyme as in the case of chymotrypsin, trypsin etc. produced from chymotrypsinogen and trypsinogen respectively.     

COMMERCIAL APPLICATIONS OF MICROBIAL PROTEASES:

So far as market potential for proteases are concerned. In 1981 they constituted about 60% of the total global enzyme sales which was about $300 million, ( Godfery and West 1996; Showell 1996). The term protease encompasses a complete range of enzymes of widely varying properties with regard to specificity, pH, temperature, activity, stability etc and accordingly their applications are also varied.

The applications of proteases in the different industries are discussed below:

In the Food processing industry:

The use of proteases in the food industry dates back to antiquity. They have been routinely used for various purposes such as cheese making, baking, preparation of Soya hydrolysates, and meat tenderization.

· when protein concentrates are partially hydrolysed there is a decrease in the viscosity and gelation properties of the solution.

· Meat tenderization occurs on limited proteolysis of the myofibrillar and stromal proteins of muscle.

· Dough viscosity is reduced and structural properties of bread are altered on partial hydrolysis of dough proteins during baking.

· Specific proteolytic attacks on the X –casein fraction of milk causes destabilization of casein micelle resulting in clot formation which is an essential part of the cheese- making process.

· Limited hydrolysis of proteins in wort or beer leads to the prevention of chill haze formation, due to protein phenolic interactions.

· In protein hydrolysate preperation from vegetable materials and wastes (Adler Nissen 1978)

· In the preperation of soy protein hydrolysates. These are used in protein fortified soft drinks and special diabetic food and are obtained from controlled hydrolysis of the residue obtained when oil is extracted from the soybean. They are nutritionally excellent in terms of amino acid content of the proteins. The enzyme involved is an alkaline protease from B. lichniformis.

· In production of soy sauce by fermentation of steeped, dehulled, cooled, soy beans with strains of A. oryzae, yeast and lactic acids bacteria in a systematic procedure.

· Proteases are employed in meat recovery from bones etc. for use as additives to canned meats and soups.

· The use of aspartame as a non calorific artificial sweetener has been approved by the Food and Drug Administration. Aspartame is a dipeptide composed of L-aspartic acid and the methyl ester of L-phenylalanine. An immobilized preparation of thermolysin from Bacillus thermoprotyolyticus is used for the enzymatic synthesis of aspartame. Toya Soda (Japan) and DSM (The Netherlands) are the major industrial producers of aspartame.

In the cosmetic industry: 


Gelatin hydrolysates are prepared utilizing alkaline proteases which in turn used in cosmetic industry as additives to shampoos and ointments.

In the medical industry:

Alkaline and neutral protease formulations are used to produce stable suspensions of tryptic and peptic casein hydrolysates using soy proteins, whey powder, sodium caseinates and minerals which is a diabetic product used in the treatment of cystic fibrosis.

In the fish industry:

Proteases are used in fish industry of modification of fish protein, to recover fish protein from fish waste which is used in fish manure preparation. These enzymes are also used to produce oil, fish solids and fish solubles from non edible fishes.

In the Pharmaceutical Industry:

The wide diversity and specificity of proteases are used to great advantage in developing effective therapeutic agents. Oral administration of proteases from Aspergillus oryzae (Luizym and Nortase, 1981) has been used as a digestive aid to correct certain lytic enzyme deficiency syndromes. Clostridial collagenase or subtilisin is used in combination with broad-spectrum antibiotics in the treatment of burns and wounds. An asparginase isolated from E. coli is used to eliminate aspargine from the bloodstream in the various forms of lymphocytic leukemia. Alkaline protease from Conidiobolus coronatus was found to be able to replace trypsin in animal cell cultures

In the detergent industry:

The detergent industry is one of the major users of proteases. (Barford 1981) has reported formulations for a number of enzymes containing detergents. According to data available in 1981 the total global enzyme detergent sales was $ 100 million ( Godfery and West 1996; Showell 1996).
              For a proteases to be used in the detergent industry it must have stability in the alkaline range, a long shelf life and should be able to tolerate the harsh conditions of washing steps. Presently, the alkaline serine protease from B. lichniformis is the commercial detergent protease of choice. However, fungal alkaline proteases are advantageous due to the ease of downstream processing to prepare a microbe-free enzyme. An alkaline protease from Conidiobolus coronatus was found to be compatible with commercial detergents used in India and retained 43% of its activity at 50°C for 50 minutes in the presence of Ca2+ (25 mM) and glycine (1 M)

In the leather industry:

The major steps involved in the processing of leather are as follows:

· curing – steeping in brine bath and drying.

· Soaking – Rehydration and washing at the tannary in the presence of sulphides or chlorides, surfactants and alkali.

· Dehairing – Soaking of swollen skins in strong alkali and treatment with sulphides to solublize root hair proteins and release hair.

· Bathing – Deswelling of skins and partial protein hydrolysis to make skins soft and easy to dye.

· Tanning – Acid pretreatment and chrome tanning or direct treatment with chemical stains and preservatives.

The selection of the enzyme depends on its specificity for matrix proteins such as elastin and keratin, and the amount of enzyme needed depends on the type of leather (soft or hard) to be produced. Increased usage of enzymes for dehairing and bating not only prevents pollution problems but also is effective in saving energy, (Gupta et. al., 2002). Novo Nordisk manufactures three different proteases, Aquaderm, NUE, and Pyrase, for use in soaking, dehairing, and bathing, respectively.

Other applications of proteases:

Several other applications of proteases have been reported (Ward 1983)

· For incorporation into animal feed to improve the nutritional quality.

· In the production of singe cell proteins.

· In extraction of flavour and colour compounds from plants.

· In preparation of culture media, especially for microbes.

· In equipment clearing procedure.

· In the preparation of digestive aids in gastrointestinal disorders such as dyspepsia.

· In disease treatment of clotting disorders and for patients on chronic haemodialysis.

  Some Special Applications of Alkaline proteases:

In the Management of Industrial and Household waste:-

Proteases solubilize proteinaceous waste and thus help lower the biological oxygen demand of aquatic systems. Recently the use alkaline protease in the management of wastes from various food processing industries and household activities opened up a new era in the use proteases in waste management. Dalev (1994) used alkaline protease from Bacillus subtilis for the management of waste feathers from poultry slaughterhouses.

In Silk Degumming:-

One of the least explored areas for the use of proteases is the silk industry and only a few patents have been filed describing the use of proteases for the degumming of silk (Kanehisa 2000).

In Medical Usage:-

Alkaline proteases are also used for developing products of medical importance. Kudrya and Simonenka (1994) exploited the elastolytic activity of B. subtilis 316M for the preparation of elastoerase which was applied for the treatment of burns, purulent wounds, carbuncles furuncles and deep abscesses. Kirn et. al. (1996) reported the use of alkaline protease from Bacillus sp. Strain CK-114 as a thrombolytic agent having fibrinolytic activity.

In the Photographic Industry:-

Alkaline protease plays a crucial role in the bio-processing of used X- ray or photographic films for silver recovery. These waste films contain 1.5-2.0% silver by weight in their gelatin layer, which can be used as a good source of silver for a variety of purposes. Alkaline protease of Bacillus sp. B18’ (fujiwara et. al. 1991) and B. coagulans PB-77 (Gajja et. al. 1996) were efficient in decomposing the gelatinous coating on used X-ray films from which the silver could be recovered. 
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