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ABSTRACT 

 
Proteolytic enzymes catalyze the cleavage of peptide bonds in other proteins. Proteases are degradative 

enzymes, which catalyze the total hydrolysis of proteins. Proteolytic enzymes, also called proteases, are the 

enzymes that catalyze the hydrolytic cleavage of specific peptide bonds in their target proteins. These enzymes 

are widely distributed in nearly all plants, animals, insect, and microorganisms. Being essentially indispensable 

to the maintenance and survival of their host organism, proteases play key roles in many biological processes. 

The proteolytic events catalyzed by these enzymes serve as mediators of signal initiation, transmission and 

termination in many of the cellular events such as inflammation, apoptosis, blood clotting and hormone, 

processing. This paper implies the study of significance and applications of the enzymes in the living system. 
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INTRODUCTION 

 

Proteolytic enzymes are intricately involved in 

many aspects of plant physiology and development, 

and their action can be divided into two different 

categories: limited proteolysis and unlimited 

proteolysis. In limited proteolysis, a protease 

cleaves only one or a limited number of peptide 

bonds of a target protein leading to the activation or 

maturation of the formerly inactive protein, e.g., 

conversion of prohormones to hormones. In 

another example, trypsin can be considered as a 

prototype of the class of enzymes synthesized as 

inactive precursors. Synthesized as trypsinogen, it 

requires proteolytic processing to be activated and 

once they activated trypsin acts specifically only on 

peptide bonds whose carboxyl functions are 

contributed by lysine or arginine residues. 

Proteases are responsible for the post-translational 

modification of proteins by limited proteolysis at 

highly specific sites. Limited proteolysis results in 

maturation of enzymes, is necessary for protein, 

assembly and subcellular targeting, and controls the 

activity of enzymes, regulatory proteins and 

peptides. In unlimited proteolysis, proteins are 

degraded into their amino acid constituents. The 

proteins to be degraded are usually first conjugated 

to multiple molecules of the polypeptide ubiquitin. 

The processing of inactive precursors and the 

secretory mechanisms of trypsin in insects seem to 

include aspects that are not found in other animals. 

Studies of the unique processes may provide the 

basis for a detailed understanding of the physiology 

of digestion in animals and insects. 

 

OCCURRENCE OF PROTEASES  

 

Since proteases are physiologically necessary for 

living organisms, they are ubiquitous, and found in 

a wide diversity of sources such as plants, animals, 

and microorganisms (Kenny, 1999). Based on an 

analysis of complete sequences of several genomes, 

it is estimated that about 2% of all gene products 

are proteases (Barrett et al., 1998). Proteases play 

crucial roles in the physiology and pathology of 

living organisms by controlling the synthesis, 

turnover, and function of proteins (Turk, 1999).  

 

PLANT PROTEASES 

 

Proteolysis is essential for many aspects of plant 

physiology and development. It is responsible for 

removing abnormal/misfolded proteins, supplying 

amino acids needed to make new proteins, assisting 

the maturation of zymogens and peptide hormones 

by limited cleavage, controlling metabolism, and 

for programmed cell death of specific cells in plant 

organs. Production of proteases from plants is a 
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time-consuming process. Papain, bromelain, 

keratinases, and ficin represent some of the well-

known proteases of plant origin. 

 

ANIMAL PROTEASES 

 

The most familiar proteases of animal origin are 

pancreatic trypsin, chymotrypsin, pepsin, and 

rennins (Boyer, 1971; Hoffman, 1974). These are 

prepared in pure form in bulk quantities. However, 

their production depends on the availability of 

livestock for slaughter, which in turn is governed 

by political and agricultural policies. 

 

TRYPSIN 

 

Trypsin (Mr 23,300) is the main intestinal digestive 

enzyme responsible for the hydrolysis of food 

proteins. It is a serine protease and hydrolyzes 

peptide bonds in which the carboxyl groups are 

contributed by the lysine and arginine residues. 

Based on the ability of protease inhibitors to inhibit 

the enzyme from the insect gut, this enzyme has 

received attention as a target for biocontrol of 

insect pests. The enzyme is specifically inhibited 

by N-α- tosyl lysine chloromethyl ketone that acts 

on histidine (Shaw et al., 1965; Omondi, 2005).  

Through the use of ester or amide derivatives of 

arginine, such as N- α- tosyl arginine methyl ester 

(TAME) or N- α- Benzoyl DL-arginine ethyl ester 

(BAEE) and N- α- Benzoyl-DL-arginine 4-

nitroanilide (BApNA), digestive trypsin-like 

activity has been reported in most insect species 

examined (Applebaum, 1985). Most trypsin Mr 

values are in the range 20,000 to 35,000 and pI 

values are variable (most of them in the range 4 - 

5). The pH optima is always alkaline (most 

between 8 and 10), irrespective of the pH 

prevailing in midguts from which the trypsins are 

isolated. Nevertheless, trypsins isolated from 

Lepidoptera have higher pH optima that correspond 

to the higher pH values found in their midguts.  

 

Isolation of inactive precursors (zymogens) of 

insect digestive proteinases has largely been 

unsuccessful (Applebaum, 1985). Graf et al. (1986) 

suggested the occurrence of an inactive form of 

trypsin (trypsinogen) in midgut cells of Aedes 

aegypti, (Stegomyia) based on the finding of 

trypsin immunoreactivity in midgut cells and on 

their failure to assay trypsin activity in 

homogenates of washed midgut cells. Nevertheless, 

trypsin is also immunolocalized in the glycocalyx 

of A. aegypti midgut cells (Graf et al., 1986), the 

site at which trypsin must be active and from where 

it cannot be removed by washing (Santos et al., 

1986). The failure to assay trypsin in midgut 

homogenates indicates a low sensitivity of their 

assay procedure rather than in favor of the 

existence of a trypsinogen. Barillas-Mury et al. 

(1991) sequenced, what seemed to be a precursor 

of midgut trypsin in A. aegypti. Its sequence is 

similar to that of most trypsins, although it showed 

significant differences from the vertebrate trypsin 

precursors in the region of the activation peptide. 

Similar results were found with a putative 

trypsinogen from Drosophila melanogaster 

(Meigen) (Davis et al., 1985) and from Simulium 

vittatum (Zetterstedt) (Diptera: Simuliidae) (Ramos 

et al., 1993). These differences suggest that the 

processing of precursors of insect trypsins may be 

different from that of vertebrates. Trypsin is 

synthesized in midgut cells in an active form, but is 

associated with membranes of small vesicles. 

These vesicles then migrate to the cell apex and 

trypsin precursors are processed to a soluble form 

before being secreted. It seems that insects may 

control the activity of their digestive proteinases, in 

the absence of inactive forms, by binding the 

proteinases to membranes until they are released 

into the midgut lumen. Secretory granules isolated 

from the opaque zone cells from Stomoxys 

calcitrans (L.) (Diptera: Muscidae) adults contain a 

trypsin-like activity, which increases during 

incubation according to an apparent autocatalytic 

reaction. The finding by the authors that activation 

occurs to a different extent, if opaque zone cells are 

homogenized in the presence or absence of 

detergent, suggests that trypsin processing in this 

insect is also different from that found in 

vertebrates. 

 

CHYMOTRYPSIN 

 

Chymotrypsin (Mr 23,800) is found in animal 

pancreatic extract. Pure chymotrypsin is an 

expensive enzyme and is used only for diagnostic 

and analytical applications. It is specific for the 

hydrolysis of peptide bonds in which the carboxyl 

groups are provided by one of the three aromatic 

amino acids, i.e., phenylalanine, tyrosine, or 

tryptophan. It is used extensively in the de-

allergenizing of milk protein hydrolysates. It is 

stored in the pancreas in the form of a precursor, 

chymotrypsinogen, and is activated by trypsin in a 

multistep process. 

Chymotrypsin is specifically inhibited by TPCK 

that acts on histidine. It is usually assayed with 

ester or amide derivatives of tyrosine such as BTEE 

or BTpNA. Although there are fewer reports on 

chymotrypsin-like than on trypsin-like enzymes 

among insects, it seems that its distribution in 

insect taxa is similar to that of trypsin (Applebaum, 

1985; Borovsky and Schlein, 1998). Most insect 

chymotrypsin Mr values are in the range 20,000 - 

30,000 and pH optima in the range 8 - 10, 

irrespective of the pH prevailing in the midguts 

from which the chymotrypsins were isolated. 

Lepidoptera chymotrypsins, as observed for 

trypsins, display higher pH optima, paralleling the 
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lepidoptera midgut luminal pH values. However, 

some properties of insect chymotrypsins contrast to 

those of vertebrate chymotrypsins, such as their 

instability at acid pH (Ward, 1975; Jany et al., 

1978) and their strong inhibition by soybean 

trypsin inhibitor (SBTI). 

 

PEPSIN 

 

The Pepsin (Mr 34,500) is an acidic protease found 

in the stomach of almost all the vertebrates. The 

active enzyme is released from its zymogen, i.e., 

pepsinogen, by autocatalysis in the presence of 

hydrochloric acid. Pepsin is an aspartyl protease 

and resembles human immunodeficiency virus type 

1 (HIV-1) protease, responsible for the maturation 

of HIV-1. It exhibits optimal activity between pH 1 

and 2, while the optimal pH of the stomach is 2 to 

4. Pepsin is inactivated above pH 6.0. The enzyme 

catalyzes the hydrolysis of peptide bonds between 

two hydrophobic amino acids. 

 

RENNIN 

 

Rennet is a pepsin-like protease (rennin, chymosin; 

EC 3.4.23.4) that is produced as an inactive 

precursor, prorennin, in the stomach of all nursing 

mammals. It is converted to active rennin (Mr 30, 

700) by the action of pepsin or by its autocatalysis. 

It is used extensively in the dairy industry to 

produce stable curd with good flavor. The 

specialized nature of the enzyme is due to its 

specificity in cleaving a single peptide bond in k-

casein to generate insoluble para-k-casein and C-

terminal glycopeptide. 

 

MICROBIAL PROTEASES 

 

Microorganisms represent an excellent source of 

enzymes owing to their broad biochemical diversity 

and their amenability to genetic manipulation. 

Proteases from microbial sources are preferred to 

the enzymes from plant and animal sources since 

they possess almost all the characteristics desired 

for biotechnological applications. 

 

CLASSIFICATION OF INSECT DIGESTIVE 

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) (IUB, 1992). However, 

proteases do not comply easily with the general 

system of enzyme nomenclature due to their huge 

diversity of action and structure. Digestive 

enzymes are hydrolases. Enzymes responsible for 

the complete hydrolysis of proteins down to amino 

acids are the proteases. Proteases (peptide 

hydrolases, EC 3.4) are enzymes acting on peptide 

bonds and include the proteases (endopeptidases, 

EC 3.4.21-24) and the exopeptidases (EC 3.4.11-

19) (Figure 1). Proteinases are divided into sub-

classes on the basis of catalytic mechanism, as 

shown with specific reagents or effect of pH. 

Specificity is only used to identify individual 

enzymes within sub-classes. 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 (Barett, 1994). Proteases 

are grossly subdivided into two major groups, i.e., 

exopeptidases and endopeptidases, 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 (Hartley, 1960).  

 

EXOPEPTIDASES 

 

The exopeptidases act only near the ends of 

polypeptide chains. Based on their site of action at 

the N or C terminus, they are classified as amino- 

and carboxypeptidases, respectively.  

 
Fig 1: Classification of proteases (peptidases) 

according to the Nomenclature Committee of the 

International Union of Biochemistry and Molecular 

Biology (NC-IUBMB, 1992). NC-IUBMB 

recommended the term peptidase as the general 
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term for all enzymes that hydrolyze peptide bonds. 

This is subdivided into exopeptidases cleaving one 

or a few amino acids from the N- or C-terminus, 

and endopeptidases cleaving internal peptide 

bonds of polypeptides. The classification of 

exopeptidases is based on their actions on 

substrates while the endopeptidases are divided by 

their active sites.  

 

AMINOPEPETIDES 

 

Aminopeptidases act at a free N terminus of the 

polypeptide chain and liberate a single amino acid 

residue, a dipeptide, or a tripeptide. They are 

known to remove the N-terminal Met that may be 

found in heterologously expressed proteins, but not 

in many naturally occurring mature proteins. 

Aminopeptidases are usually metalloenzymes. 

Nevertheless, there have been a few attempts to 

study the role of metal ions in catalysis by insect 

midgut enzymes. The most complete study was 

performed with the partially purified major 

aminopeptidase from the microvillar membranes of 

Rhynchosciara americana (Houst. ex Mill.) midgut 

caeca cells (Ferreira and Terra, 1986). The pH 

optima of insect aminopeptidases are alkaline 

(range 7.2 - 9.0), irrespective of the pH of the 

midgut lumen from different species. Km values 

are similar (range 0.13 - 0.78 mM), except in 

Anopheles stephensi (liston), where they are lower, 

and in R. americana (membrane-bound enzymes), 

where they are higher. The higher Km values 

observed in the membrane-bound aminopeptidases 

of R. americana are probably related to the 

specificity of these enzymes. Most aminopeptidases 

Mr values are in the range 90,000 - 130,000. 

Higher Mr values are usually found among 

detergent-solubilized membrane-bound enzymes, 

and may result from aggregation, as demonstrated 

with R. americana aminopeptidases (Ferreira and 

Terra, 1985). 

 

Aminopeptidases play an important role in the 

intermediary digestion of proteins in insects, 

because they are usually more active than 

carboxypeptidases in these animals. Their role is 

best understood in larvae of R. americana, for 

which the following model for protein digestion 

was developed. Oligopeptides produced by the 

action of proteinases (mainly trypsin) diffuse into 

the ectoperitrophic space, as soon as they become 

sufficiently small to pass through the peritrophic 

membrane (Terra, 1990). Once in the 

ectoperitrophic space, midgut fluxes direct 

oligopeptides to the midgut caeca. In the midgut 

caeca, oligopeptides are hydrolyzed mostly by the 

Mr 107,000 soluble aminopeptidase, which prefer 

larger peptides. The minor (20% of microvillar 

activity, Mr 107,000) microvillar aminopeptidase, 

which has substrate specificities similar to those of 

the soluble (Mr 115,700) aminopeptidase, complete 

the intermediary digestion of oligopeptides, and 

provide substrates for major (Mr 169,000) 

microvillar aminopeptidase. Dipeptides resulting 

from the action of the major microvillar 

aminopeptidase on small peptides (usually 

tripeptides) are hydrolyzed by dipeptidases. The 

recently described soluble, glycocalyx-associated 

(Mr 117,000) aminopeptidase removes N-terminal 

aspartic or glutamic residues from peptides that are 

not efficiently attacked by the other 

aminopeptidases. This enzyme resembles 

vertebrate digestive aminopeptidase A (EC 

3.4.11.7). 

 

CARBOXYPEPTIDES 

 

The carboxypeptidases (EC 3.4.16-18) act at the C 

terminals of the polypeptide chain and liberate a 

single amino acid or a dipeptide. 

Carboxypeptidases can be divided into three major 

groups, serine carboxypeptidases (EC 3.4.16), 

metallo-carboxypeptidases (EC 3.4.17), and 

cysteine carboxypeptidases (EC 3.4.18), based on 

the nature of the amino acid residues at the active 

site of the enzymes.  Serine carboxypeptidases are 

most active in the acidic range and have a serine in 

their active site, which is blocked by DFP or 

PMSF. Metallo-carboxypeptidases require bivalent 

cations, usually Zn, for activity and are inhibited by 

EDTA. Cysteine carboxypeptidases are inhibited 

by thiol-blocking reagents.  

 

Insect digestive carboxypeptidases have been 

classified as carboxypeptidase A or B depending on 

activity against ZGlyPhe (or HPLA) or ZGlyArg 

(or HA), respectively. Most insect 

carboxypeptidase A-like enzymes have Mr values 

in the range 20,000 - 50,000. Those presenting 

higher Mr values are probably composed of 

subunits, as shown in Erinnyis ello (Linnaeus) 

(Santos and Terra, 1984) and Spodoptera 

frugiperda (Ferreira et al., 1994). Some may be 

overestimated due to associated detergent 

molecules, as occurs with the detergent-solubilized 

membrane-bound enzymes of R. americana and M. 

domestica (Jordao and Terra, 1989). 

Carboxypeptidases classified as B because of their 

alkaline pH optima and activity upon HA, and have 

been partially characterized in Diptera. Such 

information available for adults of Stomoxys 

calcitrans (pH optimum 7.5, Mr 28,500) and 

Glossina morsitans (pH optimum 7.8, Mr 22,000), 

and for larvae of R. americana (pH optimum 7.3, 

M, 104,000). 

 

Recently, a novel procarboxypeptidase from H. 

armigera (PCPAHa) (Figure 2), the first enzyme of 

this class from a lepidopteran insect, has been 

characterized by expressing its encoding cDNA in 
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insect cells. The pre-proprotease sequence contains 

426 amino acid residues and exhibits sequence 

homology with the metallo-carboxypeptidases from 

mammals, and with carboxypeptidases from other 

invertebrates. Removal of a predicted signal 

peptide and of the activation peptide results in a 

product of approximately 35.5 kDa, and that is 

comparable in size to the pancreatic mammalian 

carboxypeptidases (Vendrell et al., 2000). PCPAHa 

belongs to the A form of carboxypeptidases and 

preferentially cleaves aliphatic and aromatic 

residues. This carboxypeptidase is active over a 

broad pH range (7.5 - 10), displaying maximal 

activity at pH 8.0. This is in agreement with the 

report of a maximal peptidase activity in the 

alkaline region determined in other phytophagous 

lepidopteran species.  

 

 
Fig 2: Three-dimensional structure of PCPAHa. 

Stereo ribbon plot representation of PCPAHa.  

Estebanez et al. (2001) reported the crystal 

structure of novel procarboxypeptidase (PCPAHa) 

found in the gut extracts of H. armigera larvae. 

 

ENDOPEPTIDES 

 

Endopeptidases are characterized by their 

preferential action at the peptide bonds in the inner 

regions of the polypeptide chain away from the N 

and C termini. The presence of a free amino or 

carboxyl group has a negative influence on enzyme 

activity. The endopeptidases are divided into four 

subgroups based on their catalytic mechanisms, (i) 

serine proteases, (ii) aspartic proteases, (iii) 

cysteine proteases, and (iv) metalloproteases.  

 

SERINE PROTEASES 

 

Serine proteases are characterized by the presence 

of a serine group in their active site. They are 

numerous and widespread among the insects, 

mammals, viruses, bacteria, and eukaryotes, 

suggesting that they are vital to the organisms. 

Serine proteases are found in the exopeptidase, 

endopeptidase, oligopeptidase, and omega 

peptidase groups. Based on their structural 

similarities, serine proteases have been grouped 

into 20 families, which have been further, 

subdivided into about six clans with common 

ancestors (Barett, 1994). Serine proteases are 

recognized by their irreversible inhibition by 3, 4-

dichloroisocoumarin (3, 4-DCI), L-3-carboxytrans 

2, 3-epoxypropyl-leucylamido (4-guanidine) butane 

(E 64), diisopropylfluorophosphate (DFP), 

phenylmethylsulfonyl fluoride (PMSF), and tosyl-

L-lysine chloromethyl ketone (TLCK). Some of the 

serine proteases are inhibited by thiol reagents such 

as p-chloromercuribenzoate (PCMB) due to the 

presence of a cysteine residue near the active site. 

Serine proteases are generally active at neutral and 

alkaline pH, with an optimum between pH 7 and 

11.  The isoelectric points of serine proteases are 

generally between pH 4 and 6. Serine alkaline 

proteases that are active at highly alkaline pH 

represent the largest subgroup of serine proteases 

have multiple specificities and include trypsins, 

chymotrypsins, elastases, cathepsin-B like 

proteases, aminopeptidases and carboxypeptidases, 

which are all responsible for protein digestion. 

Serine proteases are known to dominate the larval 

gut environment and contribute to about 95% of the 

total digestive activity. Beneath the complexity of 

multiple protease specificities, there usually exists 

an array of diverse protease isoforms; for example, 

the gut of H. armigera is known to contain about 

20 different types of active serine protease isoforms 

at any given moment. Chougule et al. (2005) 

reported that H. armigera larvae fed on various 

host plants and in the larvae exposed to several 

types of plant serine PIs were expressed 7-trypsin, 

4-chymotrpsin, 5-aminopepetidase, 3-

carbosypepetidase and one elastase and cathepsin 

genes during the different larval instars. 

 

Serine proteases usually follow a two-step reaction 

for hydrolysis in which a covalently linked 

enzyme-peptide intermediate is formed with the 

loss of the amino acid or peptide fragment. This 

acylation step is followed by a deacylation process, 

which occurs by a nucleophilic attack on the 

intermediate by water, resulting in hydrolysis of the 

peptide.  Serine endopeptidases can be classified 

into three groups based mainly on their primary 

substrate preference: (i) trypsin-like, which cleave 

after positively charged residues; (ii) 

chymotrypsin-like, which cleave after large 

hydrophobic residues; and (iii) elastase-like, which 

cleave after small hydrophobic residues. The 

carboxypeptidases are unusual among the serine-

dependent enzymes in that they are maximally 

active at acidic pH. These enzymes are known to 

possess a Glu- residue preceding the catalytic Ser, 

which is believed to be responsible for their acidic 

pH optimum. Although the majority of the serine 

proteases contain the catalytic triad Ser-His-Asp, a 

few use the Ser-base catalytic dyad. The Glu-
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specific proteases display a pronounced preference 

for Glu-Xaa bonds over Asp-Xaa bonds (Austew 

and Smith, 1976). 

 

The serine proteinases exhibit different substrate 

specificities, which are related to amino acid 

substitutions in the various enzyme subsites 

interacting with the substrate residues. Some 

enzymes have an extended interaction site with the 

substrate. Others have a specificity restricted to the 

P1 substrate residue (Schaller, 2004). Three 

residues, which form the catalytic triad, are 

essential in the catalytic process, i.e. His 57, Asp 

102, and Ser 195(chymotrypsinogen numbering). 

The first step in the catalysis is the formation of an 

acyl enzyme intermediate between the substrate 

and the essential Serine. Formation of this covalent 

intermediate proceeds through a negatively charged 

tetrahedral transition state intermediate, and then 

the peptide bond is cleaved. During the second 

step, or deacylation, the acyl-enzyme intermediate 

is hydrolyzed by a water molecule to release the 

peptide and to restore the Ser-hydroxyl of the 

enzyme. The deacylation, which also involves the 

formation of a tetrahedral transition state 

intermediate, proceeds through the reverse reaction 

pathway of acylation. A water molecule is the 

attacking nucleophile instead of the Ser residue. 

The His residue provides a general base and 

accepts the OH group of the reactive Ser. 

 

ASPARTIC PROTEASES 

 

Aspartic acid proteases, commonly known as acidic 

proteases, are the endopeptidases that depend on 

aspartic acid residues for their catalytic activity. 

Aspartic proteinases are active at acid pH, 

hydrolyze internal peptide bonds in proteins, and 

some also attack synthetic substrates. The best-

known animal aspartic proteinases are pepsin (EC 

3.4.23.1) (Fruton, 1976) and cathepsin D (EC 

3.4.23.5) (Barrett, 1977). Aspartic proteinase in 

insects was reported by Greenberg and Paretsky 

(1955), who found a strong proteolytic activity at 

pH 2.5 - 3 in homogenates of whole bodies of M. 

domestica. Most aspartic proteases show maximal 

activity at low pH (pH 3 to 4), and have isoelectric 

points in the range of pH 3 to 4.5. Their molecular 

masses are in the range of 30 to 45 kDa.  

 

Aspartic endopeptidases depend on the aspartic 

acid residues for their catalytic activity. A marked 

conservation of cysteine residue is evident in 

aspartic proteases. The pepsins and the majority of 

other members of the family show specificity for 

the cleavage of bonds in peptides of at least six 

residues with hydrophobic amino acids in both the 

Pl and Pl9 positions (Keil, 1992). The specificity of 

the catalysis has been explained on the basis of 

available crystal structures (Lindberg et al., 1981).  

CYSTEINE/THIOL PROTEASES 

 

Cysteine proteases occur in both prokaryotes and 

eukaryotes. About 20 families of cysteine proteases 

have been recognized.  Activity of all cysteine 

proteases depends on a catalytic dyad consisting of 

cysteine and histidine. The order of Cys and His 

(Cys-His or His-Cys) residues differs among the 

families (Barett, 1994.). Generally, cysteine 

proteases are active only in the presence of 

reducing agents such as HCN or cysteine. Based on 

their side chain specificity, they are broadly divided 

into four groups: 

(i) papain-like, (ii) trypsin-like with preference for 

cleavage at the arginine residue, (iii) specific to 

glutamic acid, and (iv) others. Papain is the best-

known cysteine protease. Cysteine proteases have 

neutral pH optima, although a few of them, e.g., 

lysosomal proteases, are maximally active at acidic 

pH.  

 

Cysteine proteases catalyze the hydrolysis of 

carboxylic acid derivatives through a double-

displacement pathway involving general acid-base 

formation and hydrolysis of an acyl-thiol 

intermediate. The mechanism of action of cysteine 

proteases is very similar to that of serine proteases. 

The enzyme papain consists of a single protein 

chain folded to form two domains containing a cleft 

for the substrate to bind. The crystal structure of 

papain confirmed the Cys25-His159 pairing (Baker 

and Drenth, 1987). The presence of a conserved 

aspargine residue (Asn175) in the proximity of 

catalytic histidine (His159) creating a Cys-His-Asn 

triad in cysteine peptidases is considered analogous 

to the Ser-His-Asp arrangement found in serine 

proteases.  

 

METALLOPROTEASES 
 

Metalloproteases are the most diverse of the 

catalytic types of proteases (Barett, 1994). They are 

characterized by the requirement for a divalent 

metal ion for their activity. They include enzymes 

from a variety of origins such as collagenases from 

higher organisms, hemorrhagic toxins from snake 

venoms, and thermolysin from bacteria. About 30 

families of metalloproteases have been recognized, 

of which 17 contain only endopeptidases, 12 

contain only exopeptidases, and 1 (M3) contains 

both endo- and exopeptidases cells. Matrix 

metalloproteases play a prominent role in the 

degradation of the extracellular matrix during tissue 

morphogenesis, differentiation, and wound healing 

and may be useful in the treatment of diseases such 

as cancer and arthritis (Browner et al. 1995). In 

summary, proteases are broadly classified as endo- 

or exoenzymes on the basis of their site of action 

on protein substrates. They are further categorized 

as serine proteases, aspartic proteases, cysteine 
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proteases, or metalloproteases depending on their 

catalytic mechanism. They are also classified into 

different families and clans depending on their 

amino acid sequences and evolutionary 

relationships. Based on the pH of their optimal 

activity, they are also referred to as acidic, neutral, 

or alkaline proteases. 

 

PHYSIOLOGICAL FUNCTIONS OF 

PROTEASES 
 

Proteases execute a large variety of complex 

physiological functions. Their importance in 

conducting the essential metabolic and regulatory 

functions is evident from their occurrence in all 

forms of living organisms. Proteases play a 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. In contrast to the 

multitude of the roles contemplated for proteases, 

our knowledge about the mechanisms by which 

they perform these functions is very limited. 

Extensive research is being carried out to unravel 

the metabolic pathways in which proteases play an 

integral role; and this research will continue to 

contribute significantly to our present state of 

information.  

 

MECHANISMS OF DIGESTIVE ENZYMES  

 

The lepidopteran larval midgut lumen is a hostile 

environment for proteins. This follows from the 

primary function of this compartment as a site of 

digestion. The ingested plant material encounters a 

host of secreted digestive enzymes, which cleave 

carbohydrates, lipids, and proteins into small 

molecules that are absorbed into the epithelial cells 

and passed via the circulatory system to the rest of 

the body. Most caterpillars (larvae of the insect 

order Lepidopteran larvae) are herbivorous and 

must digest large amounts of plant material to 

achieve high growth rates (Zalucki et al., 2002). 

The digestive system or gut is a simple tube 

designed for efficient extraction of nutrients in a 

constant flow-through system (Chapman, 1985). 

The midgut is the longest section of the gut, and it 

is here that most of the digestion and absorption of 

nutrients takes place, generally at a high pH. As the 

larva eats constantly between molts, a long 

continuous food bolus passes through the midgut to 

the hindgut. Here, water is removed, and waste 

filtered through the Malpighian tubules is added to 

the bolus, which is eventually excreted as frass or 

fecal pellets. 

 

Proteins secreted into the lumen by the surrounding 

cells may be blocked or trapped within the 

peritrophic matrix  (PM) if they are too large to 

pass through the meshwork of chitin fibrils or may 

pass through to contact the bolus of food if 

sufficiently small. Once inside the endoperitrophic 

space, proteins are carried posteriorly along with 

the mass movement of the food bolus and 

eventually excreted with the frass. However, it has 

been proposed that some proteins could be recycled 

by passing through the PM, and carried anteriorly 

by a countercurrent operating in the ectoperitrophic 

space (Terra, 2001). The main function carried out 

by lumen proteins is digestion, and we would 

expect to see a high abundance and activity of 

enzymes that cleave lipids, carbohydrates, and 

proteins into smaller molecules that can be 

efficiently absorbed by the transport systems in the 

microvillar membranes. In addition, many plants 

produce toxic compounds to deter herbivory, and 

the lumen represents a potential early site of 

enzymatic detoxification or sequestration by 

binding followed by excretion, to avoid absorbing 

toxins into the cells along with nutrients.  

 

There are three main secretory mechanisms known 

for cells. In holocrine and apocrine secretion, 

secretory products are stored in the cytoplasm until 

they are released, at which time the whole 

(holocrine) or part (apocrine) of the secretory cell is 

lost to the extracellular space. In merocrine 

secretion (exocytosis), secretory products are 

contained in vesicles, which eventually fuse with 

the plasma membrane releasing their contents. 

Exocytosis may occur through regulated or 

constitutive secretion. Regulated secretion is the 

mechanism for secretion of proteins in a large 

number of cells, and is characterized by the 

concentration of the synthesized product and its 

retention in secretory vesicles (storage granules), 

whose contents are released only when the cell 

receives the appropriate signal. Constitutive 

secretion is observed in cells engaged in the 

continuous production of the secretory protein. No 

accumulation of storage granules occurs in the 

cytoplasm. While most insect midgut cells appear 

to lack storage granules, exceptions are provided by 

the opaque zone cells of S. calcitrans, the 

peritrophic-membrane secreting cells of Calliphora 

erythrocephala (Meigen) (Diptera: Calliphoridae) 

and Forficula aurieularia (L.) (Dermaptera: 

Forficulidae), and the midgut cells of Cubitermes 

severus (Isoptera: Termitidae) and A. stephensi. 

Despite the lack of direct evidence, it is inferred 

with little doubt that the contents of storage 
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granules are precursors of the peritrophic 

membrane in C. erythrocephala and F. auricularia, 

and digestive enzymes in A. stephensi. 

 

ENZYMES MODIFICATION 

 

Activation of the zymogenic precursor forms of 

enzymes and proteins by specific proteases 

represents an important step in the physiological 

regulation of many rate-controlling processes 

(Figure 3), such as generation of protein hormones, 

assembly of fibrils and viruses, blood coagulation, 

and fertilization of ova by sperm. Activation of 

zymogenic forms of chitin synthase by limited 

proteolysis has been observed in Candida albicans 

and Aspergillus nidulans (Bulawa, 1993). Kex-2 

protease (kexin; EC 3.4.21.61), originally 

discovered in yeast, has emerged as a prototype of 

a family of eukaryotic precursor processing 

enzymes. It catalyzes the hydrolysis of 

prohormones and of integral membrane proteins of 

the secretory pathway by specific cleavage at the 

carboxyl side of pairs of basic residues such as 

Lys-Arg or Arg-Arg (Barett et al., 1998). Furin (EC 

3.4.21.5) is a mammalian homolog of the Kex-2 

protease that was discovered serendipitously and 

has been shown to catalyze the hydrolysis of a wide 

variety of precursor proteins at Arg-X-Lys or Arg-

Arg sites within the constitutive secretory pathway. 

Pepsin, trypsin, and chymotrypsin occur as their 

inactive zymogenic forms, which are activated by 

the action of proteases. Proteolytic inactivation of 

enzymes, leading to irreversible loss of in vivo 

catalytic activity, is also a physiologically 

significant event.  

 

A 

 
B 

 
 

 

Fig 3: A. Schematic representation of the control of enzyme activity at the level of synthesis. Enzymes 

synthesized as inactive preproteins and are processed to be activated. 

E - Enzyme, S - Substrate, P - Product. 

B.  Activation of zymogen and formation of E-I Complex (a) Zymogen activation, (b) formation of an enzyme-

inhibitor complex, and (c) dissociation of that complex. ~~non represents the activation peptide 
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APPLICATIONS OF PROTEASES  
 

Proteases have a large variety of applications, 

mainly in the detergent and food industries. In view 

of the recent trend of developing environmentally 

friendly technologies, proteases are envisaged to 

have extensive applications in leather treatment and 

in several bioremediation processes. Proteases are 

used extensively in the pharmaceutical industry for 

preparation of medicines such as ointments for 

debridement of wounds, etc. Proteases that are used 

in the food and detergent industries are prepared in 

bulk quantities and used as crude preparations; 

whereas those that are used in medicine are 

produced in small amounts, but require extensive 

purification before they can be used.  

  

Proteases are one of the standard ingredients of all 

kinds of detergents ranging from those used for 

household laundering to reagents used for cleaning 

contact lenses or dentures. The use of proteases in 

laundry detergents accounts for approximately 25% 

of the total worldwide sales of enzymes. The 

preparation of the first enzymatic detergent, 

“Burnus,” dates back to 1913; it consisted of 

sodium carbonate and a crude pancreatic extract.  

The ideal detergent protease should possess broad 

substrate specificity to facilitate the removal of a 

large variety of stains due to food, blood, and other 

body secretions. Activity and stability at high pH 

and temperature and compatibility with other 

chelating and oxidizing agents added to the 

detergents are among the major prerequisites for 

the use of proteases in detergents. The key 

parameter for the best performance of a protease in 

a detergent is its pI.  

 

CONCLUSION 

 

This paper has summarized the occurrence, types, 

physiological functions, mechanism, enzyme 

modification, and applications of the proteolytic 

enzymes. Digestive enzymes are having significant 

role in metabolic process and apart from that these 

enzymes are useful for industrial purpose. 
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