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CHAPTER 2 REVIEW OF LITERATURE 

2.1 Protease 

Proteases are a class of enzymes that catalyze the breakdown of peptide bonds 

of proteins (Fig. 2.1) thus releasing polypeptides or free amino acids (Barrett and 

McDonald, 1986). They belong to a larger group of enzymes called hydrolases (Ryan, 

1973), which catalyze the hydrolysis of bonds with the participation of a water 

molecule. Proteases, also known as the peptidases (Barrett and McDonald, 1985) are 

ubiquitous in all living beings. They show a vast diversity of physiochemical and 

catalytic properties (Colowick and Kaplan, 1970; Dixon and Webb, 1979). Various 

proteases derived from microorganisms, animals and plants have found application in 

the fields of medicines, foods and other industries (Gerhartz, 1990; Fujiwara et al, 

1991; Bhalla et al., 1999). However, microbes serve as the most preferred source of 

these enzymes because of their rapid growth, limited space requirement for cultivation 

and the ease with which they can be genetically manipulated to generate new enzymes 

with altered properties that are desirable for their extended applications (Kocher and 

Mishra, 2009) and easy downstream processing or harvesting of enzymes. 
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Fig. 2.1: Mechanism of action of protease 

Proteases execute a large variety of complex physiological functions and their 

importance in conducting the essential metabolic and regulatory functions is evident 

from their occurrence in all forms of living organisms (Rao et al., 1998). In higher 

organisms about 2% of genes code for these enzymes (Barrett et al., 2001; Mamett 



and Craik, 2005; Schilling and Overall, 2008). Traditionally they have been regarded 

merely as degradative enzymes as they cleave protein foods liberating small peptides 

and amino acids needed by the body and for maintaining the protein turnover of cells 

(Hershko et al., 1984; Rani et al., 2012). However besides this they also carry out 

selective modification of proteins by limited cleavage thus participating in vital 

processes such as activation of zymogenic enzymes (Neurath and Walsh, 1976; Parde 

et al., 2012), blood clotting and dissolving fibrin clots (Chitre, 1994; Walsh and 

Ahmad, 2002), processing and transport of secretory proteins across the membranes 

(Smeekens, 1993; Shaw etaJ., 2002) etc. These properties add considerable interest to 

this already important group of enzymes. 

2.1.1 Global prospects of protease 

Currently, the estimated value of the global sales of industrial enzymes is over 

3 billion US$ (Deng et al., 2010) of which proteases account for about 60% of the 

total sales (Jaouadi et al., 2009; Rai et al., 2010). They represent one of the three 

largest groups of industrial enzymes and find application in detergents, leather, food 

and pharmaceutical industries and also in bioremediation processes (Ajithkumar et al., 

2003; Bhaskar et al., 2007; Jellouli et al., 2009; Annapuma et al., 2012). The largest 

application of proteases is in laundry detergents where they help in removing protein 

based stains fi-om clothing (Banerjee et al., 1999; Kumar et al., 2008). In textile 

industry, the proteases are also used in degumming of raw silk fibers to achieve 

improved luster and softness (Freddi et al., 2003; Sumana et al., 2013). Protease 

treatments also modify the surface of wool and silk fibers to provide new and unique 

finishes (Kim et al., 2005; Mohamed et al., 2013). Proteases also serve as an 

ecofiiendly alternative to the chemicals used in the hide dehairing process in leather 

industries (Sivasubramanian et al., 2008; Arunachalam and Saritha, 2009), in oil 

extraction (Kashyap et al., 2007), bakery, fortification of fruit juices and soft drinks 

(Neklyudov et al., 2000) and in waste treatments (Sudeepa et al., 2007). Medically 

these enzymes have been employed in various forms of therapy such as cancer 

therapies (Leipner and Sailer, 2001), inflammation therapies (Lenard et al., 2013), 

blood rheology control, immune regulation and digestive disorders (Barrett et al., 

2003). The U.S. FDA (Food and Drug Administration) has approved 12 protease 

therapies and a number of next generation or completely new proteases are in clinical 

development (Charles et al., 2011). The proteases have also found novel applications 

in peptide synthesis as they are capable of catalyzing the synthesis of peptide bonds 



under controlled conditions (Gololobov et al., 1994; Bhalla et al, 1999; Upadhyay et 

al., 2010). 

Due to the growing market and potential uses of proteases there is an ongoing 

interest in the isolation of new bacterial species that produce proteolytic enzymes with 

novel properties suitable for industrial applications. Underexploited regions and niche 

habitats are most likely to yield sources of such enzymes. 

2.1.2 Evolution of protease 

Proteases are presumed to have arisen in the earliest phases of biological 

evolution since even the most primitive organisms must have required them for 

digestion and metabolism of their own proteins. This is supported by the fact that the 

present digestive proteases show a common ancestry with the proteases of microbial 

origin and are considered to have originated some billion years ago (James, 1980). 

According to the generally held view biological evolution proceeds from relatively 

simple to more complex levels of organization. Thus in the course of evolutionary 

development the proteases, that originally served purely digestive functions, adapted 

to more specific and complex tasks of physiological regulation (Neurath and Walsh, 

1976). They acquired a higher degree of specialization by restricting their action to a 

select mmiber of peptide bonds. Such limited proteolysis does not destroy the protein 

substrate but modifies its properties and physiological role (Neurath, 1984). The 

outstanding diversity in protease fimctions is hence a direct result of evolutionary 

invention of multiplicity of enzymes that exhibit variety of sizes and shapes. Thus, the 

architectural design of proteases ranges from small enzymes made up of simple 

catalytic units (~20 kDa) to sophisticated protein-processing and degradation 

machines, like the proteasome and meprin metalloproteinase isoforms (0.7-6 MDa) 

(Bertenshaw et al., 2003). In terms of specificity also, diversity is also a common rule. 

Some proteases exhibit an exquisite specificity toward a unique peptide bond of a 

single protein (e.g. angiotensin-converting enzyme) while most proteases are 

relatively nonspecific for substrates, and some are overtly promiscuous and target 

multiple substrates in an indiscriminate manner (e.g. proteinase K). Proteases also 

follow different strategies to establish their appropriate location in the cellular 

geography and, in most cases, operate in the context of complex networks comprising 

distinct proteases, substrates, cofactors, inhibitors, adaptors, receptors, and binding 

proteins, which provide an additional level of interest but also complexity to the study 

of proteolytic enzymes (Otin and Bond, 2008). 



2.2 Distribution of proteases 

Proteases are physiologically essential for all organisms. They are thus present 

ubiquitously and can be sourced from all plants, animals and microorganisms (Rao et 

ai, 1998). The distribution of protease enzyme in various sources can be represented 

by a pie chart as shown below (Fig. 2.2). 
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Fig. 2.2: Distribution of proteases in biological sources 

(Mahajan and Badgujar, 2010). 

Thus the plants serve as the top most sources for protease enzymes (43.85%) 

followed by bacteria (18.09%), ftingi (15.08%), animal (11.15%), algae (7.42%) and 

viruses (4.41%) (Mahajan and Badgujar, 2010). 

2.2.1 Plant proteases 

As mentioned above the plants occupy the topmost rank as source of 

proteases. Proteases can be found in virtually every part of the plant i.e. root, stem, 

leaf, flower, fruit, seed, gum and latex (Table 2.1). However, their use as a source of 

proteases is limited by several factors such as land for cultivation, suitable climatic 

conditions for growth etc. Also, the activity of the enzyme depends on the type of 

plant source, the climatic conditions during plant growth and the methods used for its 

extraction and purification. 



Table 2.1: Proteases of plant origin 

Enzyme Plant Precipitation/Purificati 
on methods 

Mol. Wt 
(kDa) 

Reference 

Serine 
protease 

Ipomoea. batatas 
(L.) Lam (roots) 

(NH4)2S04 precipitation, 
Seperdex 75/Superdex 
200 HR 

82 Chen et al., 
2004 

Mettalo-
protease 

Lycopersicon 
esculentum Mill, 
(fruit) 

DEAE, gel filtration, 
Mono Q chromatography 

64 Jian-Feng 
et al., 2005 

Pedilanthin Pedilanthus 
tithymaloids 
(latex) 

(NH4)2S04 precipitation, 
cation-exchange 
chromatography 

63.1 Bhowmick 
et al., 2008 

Asclepain c-
II(Cysteine 
protease) 

Asclepias 
curassavica., 
L (latex) 

Cation exchange 
chromatography on SP-
Sepharose Fast Flow 

23.5 Liggieri et 
al., 2009 

Cysteine 
protease 

Jacaratia 
corumbensis 
(root latex) 

(NH4)2S04 precipitation, 
Mono Q column 

33 Duarte et 
al., 2009 

Penduli-
florain I 
(Cysteine 
protease) 

Hohenbergia 
penduliflora 
(stem) 

Ethanol precipitation, 
anion exchange 
chromatography (Q-
Sepharose HP) by FPLC 
system 

23.4 Perez et al., 
2010 

Procerain B 
(Cysteine 
protease) 

Calotropis 
procera (latex) 

(NH4)2S04 precipitation, 
CM-Sepharose, S-300 
column. 

23.8 Singh et al., 
2010 

Cysteine 
protease 

Curcuma 
domestica Linn, 
(rhizome) 

Acetone precipitation, 
native-PAGE 

43 Nagarathna 
m et al., 
2010 

Plumerin R Plumeria rubra 
Linn (latex) 

Acetone precipitation, 
DEAE cellulose, 
Sephadex G-50, 
Sephadex G-200. 

81.85 Chanda et 
a/., 2011 

Ampholytes leguminous 
seeds 

CNH4)2S04 precipitation Akhtaruzza 
man et al., 
2012 

Nivulian 
(Cysteine 
protease) 

Euphorbia 
nivulia 
(latex) 

Acetone precipitation, 
DEAE-
Cellulose. 

43.42 Badgujar 
and 
Mahajan, 
2012 

Cysteine 
protease 

Zingiber 
officinale Roscoe 
(rihizome) 

(NH4)2S04 precipitation Nafi et al., 
2013 


