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1.0  INTRODUCTION

Fish is usually regarded as a quality protein source for human and animal consumption, rich in essential amino acids and good for digestibility. Parts of low value fish are used for purposes other than just feeding stuff and plant food to achieve better utilization of fish protein from an economical point of view (Shanggui et al., 2008).

Fish protein is a valued global food resource. For many in the developing world, it is a vital primary source of high quality protein (FAO, 2004a).

Fish emulsion and soluble fish meal are traded internationally and are the condensed by-products of the seafood industry (El-Tarabily et al., 2003).

Fish processing could generate wastes of upto about 50% of the body weight of the processed fish based on the body components of interest to the processor. Fish processing waste is therefore an important source of fish oil        that could serve as a good source of PUFA, while adding value to the waste (Zuta et al., 2003).

Fish processing generates tremendous amounts of waste, which in the past were directly discarded into the sea (Sun, 2000). However, now, environmental restrictions have limited this practice and most processing waste from shore-based plants is being used as high-protein fish feeds. However, the economic benefits of producing fish feeds from the wastes may not be that high (Sun et al., 2006).

The waste and by-products of catfish processing consist of heads, frames, skin and viscera, which often end up in landfills or for rendering plants. Many species of marine fish have been studied for fish oil production, but little attention has been paid to the production of catfish oil from processing waste (Sathivel et al., 2003).

The whole viscera, which includes liver, gall bladder, digestive tract (ie. intestine and stomach) and visceral storage fat, weighs about 10% by weight of a live whole catfish (Sathivel et al., 2002).

Some recent studies deal with the application of certain technologies        to recover useful materials from various organic wastes, including           plastics, cellulosic and proteinaceous (fish derived) wastes (Kang et al., 2001; Diamon et al., 2001).

Fish-derived wastes contained not only proteins, but also many other organic, inorganic and metal-based compounds which are present in high amounts (Abdelmoez et al., 2007).

Proteases are a class of enzymes capable of splitting peptide bonds and are classified on the basis of their action as exopeptidases and endopeptidases. Exopeptidases cleave peptide bonds near the amino or carboxyl terminal of a polypeptide, while endopeptidases hydrolyze the peptide bonds distant from the amino acid and carboxy terminus of the polypeptide. These are synonymous with proteinases. Proteases are present in the cytosol as well as localized in a number of subcellular organelles in the cell. These are known to use extracellular matrix, cytoskeletal, sacrolemmal, sarcoplasmic reticular, mitochondrial and myofibrillar proteins as substrates (Singh et al., 2004).

Proteolytic enzymes are ubiquitous in occurrence, being found in              all living organisms, and are essential for cell growth and differentiation       (Gupta et al., 2002).

A number of proteinases have an essential role in process used by the modern food and feed industry, to produce a wide range of products for human and animal consumption (Valles et al., 2008).

Proteases are involved in numerous biological functions, such as septum formation, sporulation, protein turnover, catabolite inactivation, protein secretion and nutrition. The stability of proteolytic enzymes is a major concern regarding their industrial applications, because biocatalysts, with high thermostability have a prolonged viability (Abidi et al., 2007). 

Among the enzymes employed in food processing, proteases are the most important class that comprise about 25% of commercial enzymes in the world (Moreira et al., 2003).

Proteases are one of the most important industrial enzymes accounting for nearly 60% of the total worldwide sales of enzymes. Of these, alkaline proteases are employed primarily as cleansing enzymes (Orhan et al., 2005).

The microorganisms isolated from digestive tract are capable of producing proteolytic, amylolytic cellulolytic and lipolytic enzymes          (Bairagi et al., 2002).

Digestive proteases are classified into four major groups; Serine proteases, eg. trypsin and chymotrypsin; Cysteine protease, e.g.catepsin; metalloproteases,e.g. some aminopeptidases; and acid proteases, e.g. pepsin, gastricin (Alarcon et al., 2001).

The most commonly available proteases, mainly neutral and alkaline, are produced by organisms belonging to the group Bacillus (Moradian et al., 2006).

Increasing demand of proteases had lead biotechnologists to explore novel sources of proteases (Joo and Chang, 2005; Mei and Jiang, 2005). Proteases, which firmly maintain first place in the world market of enzymes, play an important role in biotechnology, given that proteolysis changes the chemical, physical, biological and immunological properties of enzymes          (Priolo et al., 2000).
It is well known that several biotic and abiotic factors influence the    levels of digestive enzymes, such as fish age, temperature, pH, NaCl and so on (Muyan et al., 2006).

Important commercial detergent proteases available are Subtilisin Carlsberg, Subtilisin BPN Alcalase, Esparase and Savinase. All these enzymes are stable in the presence of various components of detergent and are active at washing temperatures and pH values (Moreira et al., 2002).

It would be advantageous if low cost fish species and fish processing        by-products could be converted into by-products of sufficient commercial value such as peptones used as nitrogen substrate for the fermentation media            (Triki-Ellouz et al., 2003).

The Malabar trevally, Carangoides malabaricus, (also known as the Malabar jack, Malabar kingfish and nakedshield kingfish) is a species of large inshore marine fish of the jack family, Carangidae. It is broadly distributed in the tropical and subtropical regions of the Indian Ocean and Pacific oceans.

In view of the above, the present study was taken up with the following objectives
· To isolate protease from the visceral organ waste of a selected fish

· To purify the isolated protease

· To characterize the purified protease

· To determine the molecular weight of the protease

2.0  REVIEW OF LITERATURE


The review of literature pertaining to the study of “Extraction, Purification and Characterization of Protease from Visceral organ waste of Carangoides malabaricus (Malabar trevally)” is discussed under the following headings.

2.1 TYPES OF FISH AND FISH PRODUCTS

2.2 MALABAR TREVALLY


2.2.1 Scientific classification


2.2.2 Biology



2.2.3 Description


2.2.4 Distribution and Habitat

2.3 POLLUTION CAUSED BY FISH WASTE

2.4 TYPES OF WASTE FROM FISH

2.5 ENZYMES FROM VARIOUS FISH WASTE

2.6 PROTEASES


2.6.1  Sources of proteases



2.6.1.1  Plant proteases



2.6.1.2  Bacterial proteases



2.6.1.3  Fungal proteases



2.6.1.4  Parasitic proteases



2.6.1.5  Fish proteases

      2.6.2  Effect of pH and temperature

      2.6.3  Effect of metal ions

      2.6.4  Antimicrobial activity of proteases

      2.6.5  Applications of proteases

      2.6.6  Protease inhibitors

2.1 TYPES OF FISH AND FISH PRODUCTS


There are over 25,000 species of fish. Fish at large are divided into three groups; bony, cartilaginous and jawless fish, the size ranging from 45 feet (whale shark) to  8mm length (dwarf group).


In short, the types can be Tropical fresh water species, Tropical marine species, Cold water fresh water species and cold water marine species. The most common classification is fresh water fish and marine water fish (http://www.webindia123.com/pets/fish/types.htm).
Fish proteins may be utilized as functional ingredients, for e.g. as thickeners and/ or stabilizers in food products such as minced products, soups and sauces (Sovik and Rustad, 2005).


The livers and viscera of a number of fishes were assayed for vitamin A and oil content in order to indicate potential supplies and to enable complete utilization of cannery waste (Sinnhuber and Law, 2009).


Interest is growing in obtaining higher value product from processing fish waste. This potential value for functional foods, fine biochemicals and pharmaceuticals, includes antimicrobials, antioxidants and anti-inflammatory agents, enzymes, proteins, nucleic acids, calcium oil, enzyme inhibitors, colours, pigments and dyes from fish and shellfish (Ogawa et al., 2003).

2.2 MALABAR TREVALLY (Carangoides malabaricus)
2.2.1 Scientific classification

Kingdom       : Animalia

Phylum
 : Chordata

Class

 : Actinopterygii

Order

 : Perciformes

Suborder
 : Percoidei

Superfamily
 : Percoidea

Family
 : Carangidae

Genus

 : Carangoides

Species 
 : C.malabaricus

2.2.2 Biology

The Malabar trevally is one of the twenty one species in the genus Carangoides. The species is not particularly aggressive, feeding on small planktonic and pelagic crustaceans such as krill, prawns, shrimp and mysids, as well as small squids and fishes (http://en.wikipedia.org/wiki/Malabar_trevally).

2.2.3  Description

The colour of the Malabar trevally is usually silver overlain by a blush grey hue on the upper side of the fish fading to a silvery white on the underside and lower flanks. The opercle has a single small black spot on the upper margin, and the tongue is distinctive and greyish brown (Carpenter and Volker, 2001).

2.2.4  Distribution and Habitat


In India and parts of South East Asia however, the species is more commercially important and taken in larger quantities than anywhere else (Ibrahim et al., 2003). The species lives in a variety of inshore habitats. They are relatively short-lived like many tropical species, but have a fairly rapid population turnover (Silvestre et al., 2004).

2.3  POLLUTION CAUSED BY FISH WASTE


Large quantities of fish processed in industry per year are being dumped as wastes. Technologies that would treat these wastes, or even better, recover some useful organic materials before disposal are available (Kang and Chun, 2004).

These wastes are also extremely difficult to process due to the abrasive nature of the skin and the tendency of the wastes to clog grinding equipment. Current methods of disposal include landfill burial and dumping into sea, both of which have been associated with pollution problems. Since processing produces such a great amount of waste, the development of an economical and useful waste process would benefit all other aspects of seafood industry (Mowbray et al., 2002).

2.4 Types of waste from fish


Fish wastes have a huge unexploited potential for value adding. By-products from fisheries consist of viscera (liver, roe, stomachs etc), heads, backbones, cuts and rejected fish from processing. The by-products are generated when the fish is gutted, headed and further processed (http;//www.rubin.no/eng).

2.5  Enzymes from fish waste

The utilization of fish viscera has been limited to animal feed, but the adundance of proteolytic enzymes and protein in viscera opens the possibility of further utilization. Fish viscera contain high levels of digestive enzymes and this makes autolytic digestion of fish protein more economically viable for marine waste utilization as enzyme costs are nil (Poernomo and Buckle, 2002).

Several authors have reported the presence of amylase activity in stomach extracts of different fish. The presence of digestive carbohydrases was determined in sea bream intestines, and the main activity identified was amylase (Alarcon et al., 2001).

The digestive proteolytic enzymes from aquatic organisms that are most commonly studied include pepsin, trypsin, trypsin-like chymotrypsin, gastricin and elastase, while the most studied muscle proteases include different cathepsins, calcium-activated proteases and metalloproteases (Sovik and Rustad, 2005).
2.6  PROTEASES
Proteases are enzymes that hydrolyze the proteins to short peptides and free amino acids and are obtained through a wide variety of sources such as plants, animals and microorganisms (Prakash et al., 2005).

Proteases are industrially important enzymes used in the detergent,              food, pharmaceutical and leather industries and also have application in silver recovery from photographic plates and in peptide synthesis (Nilegaonkar et al., 2002).
2.6.1 Sources of proteases


Enzymes can be found in many different foods, both from plant and animal sources. Some plants, especially in their fruits have high concentrations of protease enzymes (Koh et al., 2006). Bacteria, moulds and yeasts are some of the microorganisms that produce proteases (Frikha et al., 2005).

2.6.1.1 Plant proteases


The chloroplast within the plant cell has a dynamic environment where proteases play an important role in processing precursor proteins, degradation of incomplete proteins lacking co-factors, stress induced degradation and removal of damaged proteins. A number of proteases in the chloroplast are well characterized and found to be localized within different compartments such as stroma, thylakoids and lumen (Nair and Ramaswamy, 2004).


The vegetal protease functions as tenderizer which degrades muscle protein and tissue. A papain extracted from papaya readily degrades muscular tissue (Koh et al., 2006).


Proteases play a prominent role in plant physiology, being the catalysts of important processes like hydrolysis of storage proteins during seed germination, activation of proenzymes, degradation of defective proteins and so on            (Priolo   et al., 2000).
2.6.1.2 Bacterial proteases

Among the various proteases, bacterial proteases are the most significant compared with animal and fungal proteases (Adinarayana et al., 2003).

Proteolytic bacteria were detected in the gut of all the fish examined, and the maximum density in proteolytic bacterial population was observed in a type of fish named Rohu (>105 bacterial cells/g digestive tract) (Bairagi et al., 2002). 

Bacteria of the genus Bacillus are active producers of extracellular proteases (Gerze et al., 2005). Bacillus subtilis CN2 isolated from a Vietnamese fish sauce produced a large quantity of an alkaline protease, when grown on a soy peptone medium (Uchida et al., 2004).


Cold active proteases have been found in several kinds of psychrophilic and psychrotolerant organisms, which include Escherichia freundii, Candida humicola and Pseudomonas (Gerday et al., 2000).


Bacillus-derived alkaline proteases are well known industrial workhorses due to their robustness, increased production capacities, high catalytic activity, high degree of substrate specificity and they are widely used in detergents, tanning, food processing, waste treatment, peptide synthesis and other such industries (Kumar and Takagi, 1999).

2.6.1.3 Fungal proteases

Filamentous fungi secrete a range of proteolytic enzymes with a variety of functions. Fungal subtilases are typically extracellular and have a role in nutrition (Wilson and Howlett, 2005).

The proteases secreted by pathogenic fungi are considered to be the main potential virulent factors and are now being intensively studied (Monod et al., 2002).

Various proteolytic activities were found on the surface of fungi that colonize mucous membranes and penetrate into the host tissues during the development of infection (Davies et al., 2005).

Alkaline protease from Aspergillus species are used in leather treatment. Endo-and ecto proteases from A.oryzae have been used to modify wheat             gluten, an insoluble protein, by limited proteolysis facilitating its handling            and machining and these proteases are also used in health treatments (Tremacoldi et al., 2007).
2.6.1.4  Parasitic proteases


Proteases have been reported in a number of liver flukes (Smooker et al., 2000; Park et al., 2001; Dalton et al., 2003).


Proteases (peptide hydrolases) of parasites, aside from known            catabolic functions and protein processing, play diverse roles in parasites, including excystment, encystment, immunoevasion, digestion of host tissues and activation of inflammation leading to pathology (Sajid and Mc Kerrow, 2002; Willamson et al., 2003; Donnelly et al., 2006; Mc Kerrow et al., 2006;        Knox, 2007).


Proteases of a number of parasites have been investigated to elucidate their roles in parasitism, pathogenesis and pathology (Kaewpiton et al., 2008).

2.6.1.5  Fish proteases

Numerous studies on proteolytic enzymes from fish gastrointestinal tracts have demonstrated that the fish pancreas contains a large number of proteinases with high activity levels (Ulitina et al., 2005).
The pyloric caeca of fishes is the primary organ for digestive enzyme production (Kim et al., 2001).
Alkaline proteases in the intestine of marine animals can help in the digestion of protein in the compound diet. Therefore, the alkaline proteases in the guts of marine animals have received much attention in recent years (Bezzera et al., 2005; Fu et al., 2005).
The fish proteases, which are found in the pyloric caeca in their active forms, have been purified from different species such as cod, rainbow trout (Kishimura et al., 2006), Salmon (Geesink et al., 2000), arrowtooth flounder (Bisesanguan et al., 2003), Sardine (Kishimura et al., 2007) and tuna (Klom Klao et al., 2006).
The special conditions of the sea (low or high temperature, high pressure, high salt) make the enzymes from marine organisms have some special properties; the wide pH value, the high stability in alkaline condition, the moderate optimal pH and temperature and the low reducing rate of enzyme activity with decreasing temperature (Jiachao et al., 2005).
Several factors may influence degradability of protein sources: Protein profile of feedstuffs; Amino acid composition and Protein conformation. The secondary and tertiary structures probably affect the rate and extent of protein hydrolysis produced by fish proteases (Alarcon et al., 2001).

2.6.2  Effect of pH and temperature

A high optimum pH is a feature of alkaline proteases (Orhan et al., 2005).
 Proteases were found to be pH dependant and highest proteolytic activity was observed at neutral pH (Sio et al., 2006).

It was found earlier that, in most cases the serine proteinase activities are higher at pH 8.5 than at pH 7.4. This is because the optimum pH values in the majority of fish species lies within the range of 8.0 to 10.5 (Kuzmina et al., 2007).

Trypsin and chymotrypsin of catfish pancreas were active in a wider pH range with optima at more alkaline pH values compared with the corresponding mammalian enzymes (Ulitina et al., 2005).


The pH for maximum activity of stomach protease in tilapia was similar to that found in other fish species, and it is consistent with the physiological pH of tilapia stomach (Sheng et al., 2006).


The value of temperature optimum for proteinases of fish intestinal mucosa is different in fishes like Pike and eel-pot it is 50ْC, in bream, 60ْC (Kuzmina and Pervushina, 2004). Increase in pH value leads to decrease in proteinase activities in the stomach and increase in the intestine (Kuzmina and Ushakova, 2007).


The enzyme activity is dependent on the combined effect of temperature and pH in stomach and intestine (Muyan et al., 2006).

2.6.3 Effect of metal ions


Most of the metal ions have a stimulatory effect (Ca2+, Mg2+ and Mn2+) or a slight inhibitory effect (other ions) on enzyme activity. Some of the metal ions such as Ca2+, Mg2+ and Mn2+ increased and stabilized the protease activity of the enzyme. This is possible because of the activation by the metal ions (Adinarayana et al., 2003).


The strengths of zinc and copper upon stomach and intestine proteases are different (Kuzmina and Ushakova, 2006). Zinc and copper have a stronger effect on serine protease activities compared to other heavy metals (manganese, iron, cobalt and nickel) (Kuzmina et al., 2007).
2.6.4 Antimicrobial activity of proteases


Skin secretions of fishes constitute a rich source of protein with a broad spectrum of antimicrobial properties. The proteolytic activities of skin mucus of play an important role in the defense against microorganisms and ectoparasites (Salles et al., 2007).

Proteases are considered to be antimicrobial proteins because they are involved in the regulatory production of antimicrobial peptides. Serine and cysteine proteases are involved in the defense of the organism against bacteria and protozoa by lysing the parasite (Cho et al., 2002).
2.6.5 Applications of protease


Proteases constitute one of the most important groups of industrial enzymes. They have diverse applications in a wide variety of industries such as the detergent, food, agrochemical and pharmaceutical industries (Gupta et al., 2002).

Alkaline proteases play a key role in laundry detergent industries. They allow better removal of proteinaceous stains from clothes when added to laundry detergents (Prakash et al., 2005).


Addition of alkaline protease to detergents considerably increases            (35- 40%) the cleaning effect (particularly in removing stains containing proteins, e.g blood, cocoa, milk, eggs and sauces) and increases the consumption of surface active substances, thereby improving the ecological situation  (Moreira et al., 2002).


An enzyme, which is to be used as a detergent additive, should not have requirement for a metal cofactor. This is because detergents contain high amounts of chelating agents, which specifically bind to and chelate metal ions making them unavailable in the detergent selection (Oberoi et al., 2001).

Ideally, proteases used in a detergent formulation should have a high level of activity over a broad range of pH and temperature. The enzyme has been used as an effective additive for the laundry industry and can be exploited commercially (Adinarayana et al., 2003).

Oil was extracted from Catfish viscera and purified (degummed, neutralized, bleached and deodorized). Many species of marine fish have been studied for fish oil production, but little attention has been paid to the production of catfish oil from processing waste (Sathivel et al., 2003).


One advantage of fish oil from viscera is that it is much cheaper compared with the traditionally produced fish oil. Use of viscera as a source          of fish oil can also benefit the environment by reducing waste dumping           (Sun et al., 2006).


A proteolytic enzyme that had been isolated from Aspergillus tamari was used to dehair goat skins (Dayanandan et al., 2003). Enzymatic dehairing by microbial proteases may have a relevant economical and environmental impact in the leather industry (Giongo et al., 2007).


Enzymatic dehairing did not damage the collagen layer (Zambare et al., 2007). Enzymatic dehairing rate was slower than traditional lime-sulfide process, reaching completion in 18h in the absence of any dehairing aids like sodium sulfide and the hair released was apparently intact (Macedo et al., 2005).


Bacterial collagenolytic proteases have been directly employed in clinical therapy and as experimental reagents in laboratory work. Their therapeutic use includes wound healing and pre treatment for enhancing adeno-virus mediated cancer therapy (Kuriyama et al., 2000).


In the laboratory, collagenolytic proteases have been used in the preparation of isolated rat liver cells (Watanabe, 2004).

Proteases play a prominent role in plant physiology, being the catalysts of important process like hydrolysis of storage proteins during seed germination, activation of proenzymes, degradation of defective proteins and so on           (Priolo et al., 2000).

Proteases have been implicated in various plant processes such as germination, morphogenesis, senescence and programmed cell death               (Beers et al., 2000).


A pineapple protease, Bromelain was used to improve the dyeing properties of protein fibres such as wool and silk (Kho et al., 2006).


Keratinolytic activity of proteases has been exploited in the production of proteinaceous fodder from waste feathers (Suzuki et al., 2006) and for the conversion of feathers to fertilizers, glues or amino acids such as serine, cysteine and proline (Riffel et al., 2003).


Keratinases are also important in the pre-tanning operations of leather industry, for eco-friendly processing of hide by reducing the use of sodium sulfide in the dehairing process (Thanikavelan et al., 2004).


In recent years, additional applications of fish proteinases in the seafood industry have emerged. These include selective removal of skin, hydrolysis of membranes and other supportive tissues that envelope roe, roe sheeks and other tissues, and recovery of pigments and flavour extracts (Liu et al., 2007).


One of the major applications of these enzymes in the food industry is to clot milk for cheese production (Muyan et al., 2006).


In molecular biotechnology, highly purified proteinase preparations are necessary for analysis of primary protein structure and modification of the protein structure by partial proteolysis (Glik and Pasternak, 2002).

Moreover, keratinolytic enzymes could be interesting for pharmaceutical and cosmetic industries (Ghosh et al., 2008).

Oral administration of protease produces an anti-inflammatory response in burn patients and speeds up the process of healing (Abidi et al., 2007).


Alkaline proteases play a crucial role in the bio processing of used X-ray or photographic films for silver recovery (Gupta et al., 2002).


Proteases have a significant role in cellular regulation, which is achieved by maintaining the correct level of regulatory proteases (Mark, 2001).


Protease is used as an active ingredient in the development of biopharmaceutical products like contact lens cleaner, and is also effective in cleaning a wide variety of polymeric protein substrates (Anwar and Mohammed, 2000).


Despite the high efficiency of these proteinases, several essential disadvantages are evident: these enzymes are unstable at unfavorable pH values capable of inducing allergic reactions (Ulitina et al., 2005).
2.6.6  Protease inhibitors

Fish species differ considerably in their sensitivity and response to inhibitors. According to their specificity, protease inhibitors can be divided into four types: that inhibiting serine- cysteine – metallo or aspartic proteases. Seed extracts did not affect gastric proteases whereas they significantly inhibit intestinal proteases (Alarcon et al., 2001).

Protease inhibitors include bestatin, puromycin, boronic acids, phosphoric acids, methyl leucine and isoamyl thioamide and so on (singh et al., 2004).


Various proteinase inhibitors played differential inhibitory effects towards the midgut proteases (Budatha et al., 2008).

    3.0 EXPERIMENTAL PROCEDURE

Food industry wastes are important environmental contaminants        (Coello et al., 2002; Laufenberg et al., 2003).  A great amount of food is dumped as waste everyday. Although, there is an immense effort to decrease these wastes the amount of waste produced is increasing year by year.  Great quantities of wastes such as skin, bones and fins are produced in fish shops and fish processing factories. Dumping of these wastes could cause pollution like emission of offensive odours (Nagai and Suzuki, 2000).
      
A way of minimizing the environmental problems generated by the high amount of fish waste is its transformation into a product that can be incorporated as ingredient in animal rations (Ristic et al., 2002).  In 2000, more than 60% of the total world fisheries production underwent some form of processing (FAO, 2002).

         
 Fish viscera have been extensively studied as a potential source of different enzymes.  Considering the importance of fish viscera as a source of enzyme the present study was taken up.

The layout of the study is as follows
 3.1.
SAMPLE COLLECTION

 3.2.
PREPARATION OF CRUDE HOMOGENATE

 3.3.
AMMONIUM SULPHATE FRACTIONATION OF PROTEASE

 3.4.
PURIFICATION OF PROTEASE BY DIALYSIS

 3.5.
PURIFICATION OF PROTEASE BY GEL FILTRATION

 3.6.
ESTIMATION OF PROTEIN CONTENT

 3.7.
ASSAY OF PROTEASE

 3.8.
SPECIFIC ACTIVITY OF PROTEASE

 3.9.
DETERMINATION OF MOLECULAR WEIGHT OF PROTEASE BY SDS PAGE    

3.10.
DETERMINATION OF ENZYME HOMOGENEITY BY NATIVE PAGE

3.11.
CONFIRMATION OF PROTEOLYTIC ACTIVITY BY ZYMOGRAPHY

3.12.
CHARACTERIZATION OF PROTEASE

            3.12.1.  Determination of optimum pH
            3.12.2.  Determination of optimum temperature

3.13.
QUALITATIVE DETECTION OF PROTEASE

            3.13.1.  Digestion of natural proteins

            3.13.2.  Removing blood stains
3.14.  STATISTICAL ANALYSIS

3.1.  SAMPLE COLLECTION

A survey was conducted in different fish markets to find out the types of fish consumed by the Coimbatore population. One of the most widely consumed fish species was found to be Malabar trevally (Carangoides malabaricus).  Hence it was decided to collect the visceral organ waste of the above fish. These wastes were collected soon after the fish were cut in clean sealed plastic bags, kept in ice and transported from the fish market to the work place and stored in a deep freezer until use.
3.2. PREPARATION OF CRUDE HOMOGENATE

The stored fish visceral organ wastes were washed thoroughly with  distilled water, the required amount weighed, cut into small pieces and homogenized in 25 mM (pH 7.2) phosphate buffer. The homogenate obtained was filtered to obtain a clear solution. The extraction procedure is given in Appendix I.

3.3  AMMONIUM SULPHATE FRACTIONATION OF PROTEASE

Ammonium sulphate is particularly a useful salt for the fractional precipitation of proteins. It is based on the principle of salting out. Ammonium sulphate is available in highly purified form, has great solubility allowing for significant changes in the ionic strength and is inexpensive. Changes in ammonium sulphate concentration of a solution can be brought about either by adding the solid substance or by adding a solution of known saturation, generally a fully saturated solution (100%) solution. Protease was precipitated from the crude fish homogenate at varying concentrations of ammonium sulphate ranging from 20%-80% (20%, 30%, 40%, 50%, 60%, 70%, 80%). Appendix II gives the procedure for the ammonium sulphate precipitation. 

3.4  PURIFICATION OF PROTEASE BY DIALYSIS

This fraction of ammonium sulphate precipitated sample which gave the protease activity was further purified by dialysis.  The enzyme isolated from the fish wastes was dialyzed against the Tris-Hcl buffer according to the procedure given in Appendix III.
3.5  PURIFICATION OF PROTEASE BY GEL FILTRATION

This fraction of ammonium sulphate precipitated sample which gave the maximum protease activity was further purified on Sephadex G-50 column. The column was equilibrated and eluted with 25 mM Tris-Hcl buffer, pH 7.2. Appendix IV details the method for this experiment.

3.6.    ESTIMATION OF PROTEIN CONTENT

          The total protein content of the following samples was estimated according to the procedure given in Appendix V.

· Crude sample

· Ammonium sulphate fractionated samples

· Dialyzed sample

· Gel filtered sample

3.7. ASSAY OF PROTEASE
The activity of protease was estimated for the following samples by the method given in Appendix VI.
· Crude sample

· Ammonium sulphate fractionated samples

· Dialyzed sample

· Gel filtered sample

3.8. SPECIFIC ACTIVITY OF PROTEASE
The specific activity of protease was also calculated for the following     samples by the method given in Appendix VII
· Crude sample

· Ammonium sulphate fractionated samples

· Dialyzed sample

· Gel filtered sample

3.9. DETERMINATION OF MOLECULAR WEIGHT OF PROTEASE      BY SDS PAGE 
SDS PAGE of the following samples was carried out on a 12% gel by the method given in Appendix VIII.
· Crude sample

· Ammonium sulphate fractionated samples

· Dialyzed sample

· Gel filtered sample

3.10. DETERMINATION OF ENZYME HOMOGENITY BY NATIVE PAGE
Analysis of protein in their native form was carried out in 7.5% polyacrylamide gel. Native PAGE was also done in the following samples by the method given in Appendix IX.
· Crude sample

· Ammonium sulphate fractionated samples

· Dialyzed sample

· Gel filtered sample

3.11 CONFIRMATION OF PROTEOLYTIC ACTIVITY BY            ZYMOGRAPHY


Zymography is an electrophoretic technique which includes the use of substrate copolymerized with polyacrylamide gel for the detection of the enzyme activity. The zymography of the dialysed and sephadex G-50 run samples were studied. The procedure is given in Appendix X.

*Standard protein markers phosphorylase b (94 KDa), bovine serum albumin (67 KDa), ovalbumin (43 KDa), carbonate dehydratase (30 KDa), trypsinogen (24 KDa) and α-lactalbumin (14.4 KDa) were used for comparison in 3.9, 3.10 and 3.11.
3.12  CHARACTERISATION OF PROTEASE
3.12.1  Determination of optimum pH
The optimum pH of the dialysed protease was determined using casein as a substrate in buffers of varying pH.  The procedure for this is detailed in Appendix VI.

3.12.2  Determination of optimum temperature


The optimum temperature of the dialysed protease was determined         by incubating the enzyme substrate - mixture at temperatures ranging from       20◦C - 80◦C (20◦C, 30◦C, 40◦C, 50◦C, 60◦C, 70◦C, 80◦C) followed by checking its activity as indicated in Appendix VI.
3.13. QUALITATIVE DETECTION OF PROTEASE
The action of protease on various substrates was carried out as follows:

Digestion of Natural Proteins ((Appendix XI) and

Removing Blood Stain (Appendix XII).
3.14. STATISTICAL ANALYSIS

The data obtained from the study was subjected to statistical analysis (one way ANOVA) to find out the significant differences among the parameters studied.

 PLATE I

 MALABAR TREVALLY (Carangoides malabaricus)
 [image: image7.emf]0

5

10

15

20

25

Crude Ammonium

sulphate pptd

Dialysed Sephadex G-50

run

20% 30% 40% 50% 60%

70% 80%


[image: image1.jpg]



   PLATE II

  VISCERAL ORGAN WASTE OF MALABAR TREVALLY
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4.0  RESULTS AND DISCUSSION

Fish industry wastes are an important source of environmental contamination. Research has been carried out in order to develop methods to convert these wastes into useful products (Laufenberg et al., 2003).

The conversion of waste materials with consequent reutilization can bring about economical advantages to the industry, besides solving the great problem of discharge of the wastes that is pollutant materials (Borghesi, 2004).

Fish waste can be used as a source for the isolation of enzymes, which are of commercial value. Whole viscera can also be used because these are raw    by-products of the processing line. Discards from marine fisheries have been estimated to be 27 million tonnes per year. Proteolytic enzymes are ubiquitous in occurrence, being found in all living organisms and are essential for cell growth and differentiation. The extracellular proteases are of commercial value and find multiple applications in various industrial sectors (Gupta et al., 2002). 

By understanding the importance and applications of protease in various industrial sectors and to utilize the visceral organ waste from fish for                       the isolation of enzyme, the current study was emphasized on “Extraction, Purification and Characterization of Protease from Visceral organ waste of Carangoides malabaricus (Malabar trevally).”
The results and discussion for the present study is explained under the following headings:

4.1.
PROTEIN CONTENT, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF FISH VISCERAL ORGAN WASTE

4.2. 
GEL FILTRATION PATTERN OF PROTEASE ON SEPHADEX G-50 COLUMN

4.3.   MOLECULAR WEIGHT OF PROTEASE BY SDS – PAGE

4.4.   ENZYME HOMOGENITY BY NATIVE PAGE
4.5. CONFIRMATION OF PROTEOLYTIC ACTIVITY BY ZYMOGRAPHY

4.6. CHARACTERIZATION OF PROTEASE

4.7. QUALITATIVE DETECTION OF PROTEASE 

4.1.
PROTEIN CONTENT, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF FISH VISCERAL ORGAN WASTE

Table I depicts the Protein content, Protease activity and Specific activity of ammonium sulphate precipitated (pptd.) and purified protease enzyme isolated from the visceral organ waste of Malabar trevally (Carangoides malabaricus)

TABLE I

PROTEIN CONTENT, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF FISH VISCERAL ORGAN WASTE

	S.No

	Samples
	Protein content 

(mg )
	Protease
activity 

(U/ml)
	Specific activity 

(U/mg)

	1.
	Crude enzyme
	2.20
	6.27
	2.85

	2.

3.

4.

5.

6.

7.

8.
	Ammonium  sulphate pptd.

20 %

30 %

40 %

50 %

60 %

70 %

80 %
	0.16

0.31

0.23

0.24

0.21

0.30

0.42
	2.99

3.97

4.66

3.89

4.35

3.65

5.79
	18.6

12.8

20.2

16.2

20.7

12.16

13.78

	9.

10.
	Purified 

(from 70% Ammonium sulphate pptd.)

Dialysed

Sephadex G-50 run
	1.30

1.90
	5.92

10.10
	4.50

5.20

	CD (0.05)
	0.249
	1.0879
	2.1211


Figure 1, 2 and 3 shows the Protein content, Protease activity and Specific activity of the crude, ammonium sulphate precipitated and purified protease enzyme from fish waste. Figure 4 represents the graph showing the absorbance and protease activity of the 80% ammonium sulphate precipitated sample after purification on Sephadex G -50 column.
4.1.1.   PROTEIN CONTENT 
From Table I and Figure 1, it is obvious that ammonium sulphate precipitation and purification of   the crude enzyme protease from fish visceral organ waste decreased the protein content significantly (P<0.05).
FIGURE 1

PROTEIN CONTENT OF FISH VICERAL ORGAN WASTE
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Among the ammonium sulphate precipitated samples, the maximum protein content was exhibited by the 80% precipitated sample (0.42 mg). 
Purification on Sephadex G-50 gave significantly (P<0.05) higher protein content (1.9 mg) than purification by dialysis (1.3 mg).

The protein contents of the purified protease samples were significantly (P<0.05) higher than the protein content of the ammonium sulphate precipitated samples.

The above results are in accordance with those of Liu et al., (2007) who stated that, the protein content of a crude extract of protease from the fish Ctenopharyngodon idellus showed the maximum activity when compared to those of the ammonium sulphate precipitated samples.
Similarly, the protein content of crude extract from the psychrophilic bacterium Colwellia Sp.NJ341 showed maximum activity when compared to those of ammonium sulphate precipitated and purified samples.

4.1.2.   PROTEASE ACTIVITY 

From Table I and Figure 2, it is obvious that the maximum protease activity was shown by the Sephadex G-50 Purified sample (10.06 U/ml) followed by 80 % of ammonium sulphate precipitated samples (5.79 U/ml).

FIGURE 2

PROTEASE ACTIVITY OF FISH VICERAL ORGAN WASTE
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 The 80% ammonium sulphate precipitated samples revealed maximum enzyme activity (5.79 U/ml) when compared to the activity of the crude enzyme. The sample purified on Sephadex G-50 recorded a significantly (P<0.05) higher value for protease activity (10.06 u/ml) when compared to the activity of dialysed samples (5.92 u/ml).

In general it can be said that the protease activity of Sephadex G-50 run samples were significantly (P<0.05) higher than those of ammonium sulphate precipitated and dialysed samples.

Increase in protease activity due to ammonium sulphate precipitation and purification was also referred to by Nilegaonkar et al., (2002) who worked on Protease from Arthrobacter ramosus BCM-351.    
4.1.3  SPECIFIC ACTIVITY 

             Table I and Figure 3 show that the ammonium sulphate precipitation significantly increased (P<0.05) the specific activity of the enzyme when compared to the crude enzyme. Purification by dialysis and on Sephadex G-50 also increased the specific activity of the enzyme though not at significant levels.

FIGURE 3

SPECIFIC ACTIVITY OF FISH VICERAL ORGAN WASTE
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In the case of ammonium sulphate precipitated samples, 60% showed    the highest activity on comparison of the two purified samples.                  

The Sephadex G-50 run samples revealed higher specific activity               (5.2 U/mg) than the dialysed samples (4.5 U/ml).

The ammonium sulphate precipitated samples recorded significantly (P<0.05) higher specific activities when compared to the dialysed and Sephadex G-50 run samples.

Similar studies by Tang etal., (2004) reported that alkaline protease from run on Sephadex column showed a higher specific activity when compared to the crude samples .Another work by Dodia et al., (2008) also concluded that the specific activity of alkaline serine protease from haloalkalophilic bacterium Sp.AH-6 was higher in the purified sample on comparison with the activity in the crude sample.

 The protease isolated from Aspergillus Sp. FC-10 also recorded maximum specific activity in the purified samples compared to the crude sample (Su and Lee, 2001).

Alkaline protease isolated from Aspergillus clavatus showed          maximum specific activity in the purified samples than the crude enzyme (Tremacoldi et al., 2007).

Hence it can be concluded from Table I, II, III and Figures 1,2,3               that ammonium sulphate precipitation and purification (Dialysis and Sephadex G-50 run column chromatography) of crude protease enzyme from fish waste increased its enzyme activity significantly. 

Also 80% of the ammonium sulphate precipitation of the enzyme sample was the best as it gave maximum protease activity when compared to the other concentrations of ammonium sulphate.

4.2 GEL FILTRATION PATTERN OF PROTEASE ON SEPHADEX G-50 COLUMNS

The elution profile of protease on Sephadex G-50 column chromatography is depicted in Figure 4.  

FIGURE 4

ELUTION PROFILE OF PROTEASE BY SEPHADEX G-50 
COLUMN CHROMOTOGRAPHY
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Figure 4 showed one protein peak according to their absorbance at            280 nm and only one proteolytic active peak at 650 nm. The major active fractions were eluted, pooled and used for further study.
4.3.   MOLECULAR WEIGHT OF PROTEASE BY SDS-PAGE

After each purification step, the protease samples were run on                SDS – PAGE along with standard protein markers to assess their purity. Plate III shows the bands formed by the purified enzyme on SDS – PAGE. It is quite obvious from the plate that the molecular weight of the isolated Protease enzyme was 24 KDa.

The above findings is in parr with the results of Mohanadevi et al., (2008) who reported that the molecular weight of isolated protease from  Scamberomorus gattatus was found to be 24 KDa. Another study by Ahsan and Watabe (2001) also stated that the molecular weight of trypsin from Engraulis japonicus was 24.5 KDa. 
PLATE  III

MOLECULAR WEIGHT OF PROTEASE BY SDS PAGE
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                 Lane          1                2                3                  4               5  

Lane 1 
-  Protein marker

Lane 2 
- Crude sample

Lane 3
- 80% ammonium sulphate precipitated sample

Lane 4
- Dialysed sample

Lane 5 
- Sephadex G-50 sample

PLATE  IV

 ENZYME HOMOGENITY BY NATIVE PAGE




               Lane               1                 2                 3                4               5  

Lane 1 
-  Protein marker

Lane 2 
- Crude sample

Lane 3
- 80%Ammonium sulphate precipitated sample

Lane 4
- Dialysed sample

Lane 5 
- Sephadex G-50 sample

     PLATE V

  CONFIRMATION OF PROTEASE BY ZYMOGRAPHY




              Lane                   1                          2                         3 

Lane 1 
-  Protein marker

Lane 2 
- Dialysed sample

Lane 3
-  Sephadex G-50 sample

4.4  ENZYME HOMOGENITY BY NATIVE PAGE
Plate IV shows the electrophoretic pattern of the crude, 80 % ammonium sulphate precipitated, dialysed and Sephadex G-50 run enzyme sample.

From the banding pattern obtained it can be inferred that the crude and ammonium sulphate precipitated enzyme samples gave more number of bands including a band at 24 KDa than the dialysed and Sephadex G-50 run samples. The purified samples (Dialysed and Sephadex G-50 run ) gave only a single and clear  band at 24 KDa. Thus it can be deduced from the above findings that the molecular weight of the isolated protease may be 24 KDa. 

4.5 CONFIRMATION OF PROTEOLYTIC ACTIVITY BY ZYMOGRAPHY

Plate V shows the zymogram of the dialysed and Sephadex G-50 run samples. A clear zone (single band) against a blue background of the unhydrolysed casein was noticed in the dialysed and Sephadex G-50 run samples. This band was comparable to the molecular weight of 24 KDa. 

Thus it can be concluded from studies on SDS-PAGE, Native PAGE and Zymography that the protease enzyme isolated from fish visceral organ waste has a molecular weight of 24 KDa.     
4.6. CHARACTERIZATION OF PROTEASE
Table II and Figure 7 depict the activity of dialysed protease from fish waste in buffers by varying pH. The protease activity at alkaline pH produced by C.malabaricus was purified to apparent electrophoretic homogeneity by the ammonium sulphate precipitation and molecular exclusion chromatography on Sephadex G- 50.

4.6.1  Optimization of pH
From Table II, it is concluded that maximum enzyme activity (7.68 U/ml) was observed at pH 8.0. Therefore, the isolated protease was an alkaline protease. These results are in agreement with the report of Chen and Wang, (2004), who showed a pH optimum of 7-8 for protease isolated from Fibrobacter succinogenes and Prevotella ruminicola. 

 TABLE II

 OPTIMUM pH FOR PROTEASE ACTIVITY

	pH
	Protease activity
(dialysed sample) (U/ml)

	      3.5

      4.0

      4.5

      5.0

      5.5

      6.0

      6.5

      7.0

      7.5

      8.0

      8.5

      9.0
	        1.82

        1.30

        3.16

        2.59

        2.35

        3.67

        4.51

        5.18

        2.3

        7.68

        4.61

        2.39


FIGURE 5

OPTIMUM pH FOR PROTEASE ACTIVITY

Adinarayana et al.(2003) stated that, the purified serine alkaline protease from a newly isolated Bacillus subtilis PE-11 was stable between pH 8 and 10.

 
Tremacoldi et al.(2006) reported that the isolated and purified protease alkaline serine protease from Aspergillus clavatus was active between pH 6.0 and 11.0.

4.6.2. Optimization of temperature

Protease activity in dialysed fish waste samples in enzyme – substrate mixture at varying temperatures is registered in Table III. The enzyme           activity shown in Table III was found to increase with increase in temperature up to 60°C.
TABLE III
OPTIMUM TEMPERATURE FOR PROTEASE ACTIVITY

	Temperature (°C)
	Protease activity
(dialysed sample) (U/ml)

	20

30

40

50

60

70

80
	2.5

4.9

7.2

9.7

11.2

8.9

5.4


Similarly Adinarayana et al.(2003) stated that the serine alkaline protease isolated from Bacillus subtilis PE-11was maximally active at 60°C.

The purified alkaline protease from Bacillus licheniformis showed optimal temperature of 60˚C (Ghosh et al., 2008).

FIGURE 6

OPTIMUM TEMPERATURE FOR PROTEASE ACTIVITY


Koh et al. (2006) also showed the optimum temperature of protease from pineapple to be 60˚C.

From the above study on characterisation of protease, the optimum pH and temperature for maximum activity of protease was found to be 8.0 and 60°C respectively.

4.7. QUALITATIVE DETECTION OF PROTEASE 

4.7.1. Digestion of natural proteins

Plate VI shows the picture of the action of protease on coagulated egg white. The result indicated that the insoluble form of the coagulated egg white was converted into the soluble form indicating the presence of the enzyme.

The above results are in accordance with those of Najafi et al., (2005) who reported that the protease from Pseudomonas aeruginosa PD100 has the capacity to digest natural proteins.

PLATE VI
DIGESTION OF NATURAL PROTEINS




A 
- Coagulated egg white with protease                                        



B
- Coagulated egg white without protease

PLATE VII
REMOVAL OF BLOOD STAINS

             Control



      Test 
4.7.2  Removal of blood stains
Plate VII shows the action of the Sephadex G – 50 run enzyme sample on cloth stained with blood. It can be observed that the protease enzyme has high capability to remove blood stains from cloth. It also showed that the Protease could remove blood stain very easily without the addition of any detergent.

Najafi et al.(2005) also showed that the protease from Pseudomonas aeruginosa PD100 had the ability to remove blood stains easily.

Thus from the observations of  Plate VI and Plate VII it can be suggested that protease can be recommended to the detergent industry since it is effective in removing unwanted stains and dirt from materials.
Following are the highlights of the findings of the study

· Fish viscera which cause a lot of pollution can be effectively utilized for isolation of an industrially useful enzyme, namely protease.

· The isolated protease gave maximum protease activity with 80% ammonium sulphate precipitation.

· The molecular weight of the isolated protease was fond to be 24KDa.

· The optimum pH for maximum activity of protease was found to be pH 8.0 and the optimum temperature was found to be 60˚.

· Protease can be recommended to the detergent industry since it can remove unwanted stains.

5.0  SUMMARY AND CONCLUSION

A summary of the study entitled ‘Extraction, Purification and Characterization of Protease from Visceral organ Waste of Carangoides malabaricus (Malabar trevally)’ is as follows:
Everyday, large amounts of fish waste are produced all over the world.  The fish waste includes viscera, skin and bone. The deposition of these wastes in the environment could cause pollution problems like offensive odours.   However, these wastes can be used for extracting collagen and antioxidants, isolation of cosmetics, fertilizers, food packaging (gelatin, chitosan) and enzyme isolation particularly proteases.

About 50 % of the enzymes used as industrial processing aids are protein hydrolases which have been used in a number of industrial applications including laundary detergents, leather treatments, silk degumming, cheese making, chill proofing, meet tenderizing and production of pharmaceuticals.

Today, in the world of growing environmental consciousness, there is a possibility of obtaining novel compounds from fish waste.  Hence, an attempt was made to study enzyme from fish waste.

Since protein is the major ingredient in fish feeds, most of the studies have been focused on the characterization and evaluation of digestive proteases. 


Proteases have a long history of applications in food and detergent industries with the alkaline proteases holding the largest share of the enzyme market.
Fish visceral organ waste was collected from a local fish market.  The viscera were homogenized, centrifuged and the supernatant was collected and referred to as crude extract.

The crude extract was fractionated using solid ammonium sulphate. Ammonium sulphate fractionation was carried out from 20-80%, centrifuged and the resultant pellet was dissolved in Tris-Hcl buffer.  Total protein and protease activity was measured. The 80% ammonium sulphate fraction showed maximum protein content and protease activity and hence it was selected for dialysis.

Dialysis was carried out overnight at 4oC.  The dialyzed sample was further purified by Sephadex G-50 column chromatography.  Elution was carried out using phosphate buffer and different fractions were collected at different time intervals. Total protein content and protease activity were measured for each fraction. The fraction that showed maximum protease activity was used for further study. 

SDS PAGE and Native PAGE were conducted for determination of protein purity and molecular weight of protease.  In SDS PAGE, the molecular weight of the protease was found to be in the range of 24-35 KDa. Casein zymography was done to find the proteolytic activity of the isolated enzyme. 

 The purified protease was characterized with respect to pH and temperature. The optimum pH of the purified protease was found to be 8.0.The decrease in activity was observed at acidic pH.  With regard to temperature, the extracted protease showed maximum activity at 60ºC and this activity decreased below 60ºC.  The decrease in activity at higher temperatures may be due to denaturation of the enzyme.

The isolated protease had the ability to remove blood stains from stained material and also had the capacity to digest natural proteins.

Further research and suggestions:

· Protease extraction from other fish wastes like scale, fin, head and tail can be done.

· Characterization of protease with respect to activators and inhibitors can be studied.

· Collagen can be also be extracted from fish bone.

· Enzymes like amylase, cellulase, chitinase, collagenases and phosphatases, can be isolated and completely studied from fish waste.

·  The three-dimensional structure of protease can be elucidated and the active sites at which substrate binds can also be found out.

· Fish scale can be utilized for the growth of microorganisms instead of commercial peptone.
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APPENDIX I

PREPARATION OF CRUDE HOMOGENATE

(Sadasivam & Manickam, 2008)

The sample is homogenized (g/5mL) in ice- cold 25 mM Phosphate buffer (pH 7.2). Centrifuge the homogenate at 15,000 rpm for 5 minutes and use the supernatant as an enzyme source for electrophoresis.

APPENDIX II

AMMONIUM SULPHATE FRACTIONATION OF PROTEASE

(Simon Roe, 2004)

Ammonium sulphate is particularly a useful salt for the fractional precipitation of proteins. It is based on the principle of salting out. Ammonium sulphate is available in highly purified form, has great solubility allowing for significant changes in the ionic strength and is inexpensive. Changes in ammonium sulphate concentration of a solution can be brought about either by adding the solid substance or by adding a solution of known saturation, generally a fully saturated solution (100%) solution. 

REAGENTS


1. Ammonium Sulphate

           2. 50 mM Tris-Hcl buffer, pH 8.0

PROCEDURE

1. Ammonium sulphate precipitation of the crude homogenate is carried out in the range of 20% - 80%. For 20 ml of the crude homogenate, add the following amount of Ammonium Sulphate.

20%    - 2.14 gms

30%    - 3.32 gms

 40%    - 4.58 gms

50%    - 5.9   gms.

60%   - 7.32  gms.

70%   - 8.84  gms.

80%   - 10.46 gms.

  2. Centrifuge each aliquot at 3000g for 15 minutes.

  3. Remove the supernatants and drain the pellets.

  4. Dissolve the pellet in 50 mM Tris-Hcl buffer,pH 8.0 

APPENDIX III
PURIFICATION OF PROTEASE BY DIALYSIS

(Simon Roe, 2004)

Dialysis is commonly used for removing salts from proteins. The presence of salts in protein interferes in many ways. Special semi permeable membranes called dialyzed tubes have the property to allow compounds with small molecular weight to pass through them while those with high molecular weight like proteins are held back.

EQUIPMENTS AND REAGENTS

· Dialysis tubing

· Dialysis bag

· Magnetic bar and stirrer motors

· 2% Sodium bicarbonate

· 0.05 % EDTA

· 20% ethanol

· 0.1% sodium azide

PROCEDURE

1. Dialysis tubing of suitable diameter is selected and cut into suitable lengths to contain the volume required

2. The dialyzed sample is submerged in a solution of 2% Sodium bicarbonate and 0.05% EDTA, and boiled for 10 minutes.

3. The solution is discarded and boiled for 10 min in distilled water. Repeat once more.

4. Prior to use, dialysis tubing is rinsed inside and outside with distilled water or buffer.

5. The tubing is sealed at one end with a double knot or dialysis clip. 

6. The solution to be dialyzed is added to the dialyzed tube (a small funnel may be helpful). 

7. The bag is placed in a large volume of buffer and agitatation is done with a magnetic bar and stirrer motor

8.  To reach equilibrium the bag is left   ≥ 3 h at 4oC.

APPENDIX IV

PURIFICATION OF PROTEASE BY GEL –FILTRATION

(Sadasivam & Manickam, 2008)

PRINCIPLE
           The basis of any form of chromatography is the partition or distribution coefficient (Kd) which describes the way in which a compound distributes itself between two immiscible phases, such as solid/liquid or gas/liquid.

          Chromatography columns are considered to consist of a number of adjacent zones in each of which there is sufficient space for the solute to achieve complete equilibrium between the mobile and stationary phases. Each zone is called a theoretical plate and its length in the column is called the plate height. The more efficient the column is the greater the number of theoretical plates involved.
REAGENTS

1. 25 mM phosphate buffer (pH 7.2)

2. Sephadex G -100 column materials:

            2g of Sephadex G 100 were suspended in 25 mL 25 mM phosphate buffer (pH 7.2) in  a beaker. Allowed it to imbibe water and swell for 1 hour . After this discard any floating materials in the supernatant was discarded and using a glass rod made the particles into slurry. Pour the slurry was poured in a 10cm column plated with the glass wool at the bottom. Wash with the column was washed with 50mL of buffer.

* Sephadex G 50 was used instead of Sephadex G 100.

PROCEDURE

1. The column is washed with 25 mM phosphate buffer (pH 7.2) and the column is equilibrated using the same buffer and adjusted the flow rate 

2. 3mL of ammonium sulphate precipitated sample (70% ) was loaded into the column

3. As the sample percolates the column, 1.5 or 2 mL fraction was collected by continuously adding the buffer.

4. The presence of protein is checked in each fraction by taking the absorbance at 280nm.

5. The fractions are collected till the absorbance at 280 nm reaches zero.

6. The amount of protein is calculated and expressed as mg / mL of protein. 

APPENDIX V
ESTIMATION OF PROTEIN 

(Lowry et al., 1951)

PRINCIPLE
The blue color developed by the reduction of phosphomolybdic-phosphotungstic components in the Folin-Ciocalteau reagents by the amino acids tyrosine and tryptophan present in the protein plus the color developed by the biuret reactions of the protein with alkaline cupric tartarate are measured in the Lowry’s method..

MATERIALS

a) 2% Sodium Carbonate in 0.1  N Sodium Hydroxide (Reagent A)

b) 0.5% Copper Sulphate (CuSO4.5H2O) in 1% potassium sodium tartarate   (Reagent B)

c) Alkaline Copper solution: 50mL of A and 1mL of B is mixed prior to use (Reagent C)

d) Folin Ciocalteau reagent (Reagent D) 

Protein solution (stock standard)

Weigh accurately 50 mg of Bovine serum albumin (Fraction V) and dissolved in distilled water and made up to 50 mL in a standard flask.

Working standard 

       
 10mL of the stock solution is diluted to 50mL with distilled water in a standard flask. 1mL   of this solution contains 200-µg protein.

PROCEDURE

1. 0.2, 0.4, 0.6, 0.8, and 1mL of the working standard are pipetted out into a series of test tubes. 

2. 0.1mL and 0.2mL of the samples are pipetted in two other test tubes.

3. Make up the volume to 1mL in all the test tubes. A tube with 1 mL of water serves as blank.

4. 5mL of reagent C is added to each tube including blank. Mix well and allow standing for 10 minutes.

5. 0.5mL of reagent D is added to each tube and incubates for 30 minutes at room temperature.

6. The readings are taken at 660 nm.

7. Standard graph is drawn and the amount of protein in the sample is                Calculated.

APPENDIX VI
ASSAY OF PROTEASE

   (Anson, 1938, Folin and Ciocalteau, 1929)

PRINCIPLE


Casein + H2O 

  
Amino Acids

CONDITIONS
T = 37°C, pH = 7.5, A660 nm, Light path = 1 cm

METHOD

Colorimetric
REAGENTS

     A. 50 mM Potassium Phosphate buffer,  pH 7.5 at 37oC.

     B. 0.65% (w/v) Casein Solution (Casein)

     C. 110 mM Trichloroacetic Acid Reagent (TCA)

     D. Folin & Ciocalteau’s Phenol Reagent (F-C)

     E. 500 mM Sodium Carbonate Solution (Na2CO3)

     F. 1.1 mM L-Tyrosine Standard (Std Soln)

     G .Protease Enzyme Solution 

PROCEDURE

 The following reagents are pipetted out into suitable vials (in milliliters):

Test


Blank

Reagent B (Casein) 




5.00 


5.00

Equilibrate to 37oC. Then add

Reagent G (Enzyme Solution) 


1.00


------

Mix by swirling and incubate at 37 o C for exactly 10 minutes. Then add:

Reagent C (TCA) 




5.00 


5.00

Reagent G (Enzyme Solution)


 ------ 


1.00

Mix by swirling and incubate at 37 °C for about 30 minutes. Filter through Whatman #50filter paper or a 0.45 µm filter and use the filtrate in color development.

COLOR DEVELOPMENT

Standard Curve:

A standard curve is prepared by pipetting out the following reagents into suitable vials (in milliliters):                             

                                          Blank         Std 1
Std 2        Std 3        Std 4 


Reagent G (Std Soln)        0.00           0.05
0.10 
     0.20          0.40 


Deionized Water 
          2.00          1.95          1.90 
     1.80          1.60 


Reagent E (Na2CO3)        5.00 
     5.00          5.00          5.00 
5.00

Reagent D (F-C) 
         1.00           1.00          1.00         1.00
1.00

Sample:

The following reagents are pipetted into 4-dram vials (in milliliters):

 Test  
          Blank

Test Filtrate





 2.00 

------

Blank Filtrate





 ------ 

2.00

Reagent E (Na2CO3)



             5.00 

5.00

Reagent D (F-C)




 1.00 

1.00

Mix by swirling and incubate at 37oC for 30 minutes. Remove the vials and allow that to cool to room temperature. Filter through a 0.45 µm filter immediately prior to reading. Read the absorbance at 660 nm for each of the vials in suitable cuvettes.

CALCULATIONS

Standard Curve

∆ A660nm standard = A660nm Standard - A660nm Standard Blank

Plot the ∆ A660nm Standard vs µmoles of Tyrosine.

Sample Determination

∆ A660nm Sample = ∆ A660nm Test - ∆ A660nm Sample Blank

Determined the µmoles of Tyrosine equivalents liberated using the Standard curve.

    


  (( mole tyrosine equivalents released) (11)

Units/ml enzyme =

(1) (10) (2)

11 = Total volume (in milliliters) of assay

10 = Time of assay (in minutes) as per the Unit Definition

1 = Volume of enzyme (in milliliter) of enzyme used

2 = Volume (in milliliters) used in Colorimetric Determination

                                         Units / ml enzyme 

Units/mg solid    =        

                                       mg solid / ml enzyme

                                         Units / ml enzyme 

Units/mg protein    =        

                                       mg protein / ml enzyme

UNIT DEFINITION

 
One unit will hydrolyze casein to produce color equivalent to 1.0 µmole (181 µg) of tyrosine per Minute at pH 7.5 at 37oC (color by Folin & Ciocalteau reagent).

FINAL ASSAY CONCENTRATION

              In a 6.00 ml reaction mix, the final concentrations are 42 mM potassium   phosphate, 0.54% (w/v)  casein, 1.7 mM sodium acetate, 0.8 mM calcium acetate, and 0.1 - 0.2 unit protease.

APPENDIX VII

SPECIFIC ACTIVITY OF PROTEASE

(EL-Beltagy et al., 2005)

             



    Protease activity (units)

                        Specific activity   =   

              



    Protein content (mg)
APPENDIX VIII

DETERMINATION OF MOLECULAR WEIGHT OF PROTEASE

BY   SDS - PAGE

(Sadasivam & Manickam, 2008)

PRINCIPLE


SDS is an anionic detergent, which binds strongly to, and denatures, proteins. The number of SDS molecules bound to a polypeptide chain is approximately half the number of amino acid residues in that chain. The protein –SDS complex carries net negative charges, hence move towards the anode and the separation is based on the size of the protein.

MATERIALS

Stock acryl amide solution

Acryl amide 30%


30 g

Bisacrylamide0.8%                        0.8 g

Water to



100 mL

Separating gel buffer

1.875M Tris –HCL


22.7 g

pH8.8

Water to



100 mL



Stacking gel buffer 
0.6 M Tris –HCL


7.26g

pH6.8

Water to



100 mL
Polymerizing agents
    a) Ammonium per   -   0.5g /10 ml, prepare freshly before use   

         Sulphate 5%    

     * 10% APS was used instead of 5%.

                    b) TEMED - fresh from the refrigerator.

Electrode buffer

      
.05 M Tris


12g

      
.192 M Glycine

28.8 g
           pH 8.2 -8.4

0.1% SDS


2 g



Water to


2 L



May be used 2-3 times
Sample Buffer (5 X concentration)

Tris Buffer pH6.8               

5 mL

SDS



           0.5 g

Sucrose                                           5.0 g         

Mercaptoethanol


0.25 mL

Bromophenol Blue


1.0 mL

Water to



10 mL

Store frozen in small aliquots. 

Sodium Dodecyl Sulphate 10% solution is stored at room temperature.

 Standard marker proteins

	             PROTEIN
	    MW Daltons

	α- Lactalbumin
	   14,200

	Trypsin inhibitor soya             bean
	    20,100

	Trypsinogen
	    24,000

	Carbonic anhydrase
	    29,000

	Albumin,egg
	    45,000

	Albumin,bovine
	     66,000


The above proteins are dissolved in sample buffer at a concentration each of 1mg/ml. Load the well with 25-50µL.

Protein stain solution
          Coomassie brilliant blue R 250
0.1 g

Methanol



40 mL

Acetic acids


            10 mL

Water



            50 mL

     
The dye is dissolved in methanol and proceeded .Use fresh preparation every time.
Destainer

     
As above without the dye.

PROCEDURE

1. The glass plate and spacers are thoroughly cleaned and dried, and then assemble them. Hold the assembly together with bulldog clips. Clamped in an upright position. White petroleum jelly or 2% agar (melted in a boiling water bath) is applied around the edges of the spacers to hold them in place and sealed the chamber between the glass plates.

2. Sufficient volume of separating gel mixture is prepared by mixing the following.

                                                                          For 15% gel
For 10% gel

 Stock acryl amide solution


           20mL

 13.3mL

 Tris -HCL (pH 8.8)




  8mL

      8mL

 Water





         11.4mL
            18.1mL

*since 15 % gel did not set. 12% gel was prepared as follows (Stock acryl amide solution - 3.0mL ,Tris –HCL (pH 8.8) – 1.875mL ,  Water – 7.5mL . 

Degas on a water pump for 3-5 minutes and then add. 

Ammonium per Sulphate solution

          0.2mL

    0.2mL

 10% SDS




          0.4mL
               0.4mL

 TEMED





20µl                   20µl

* Took APS - 60 µl, 10% SDS – 75 µl, TEMED - 20 µl.   
3. Mix gently and carefully; poured the gel solution in the chamber between the glass plates. Distilled water is layered on the top of the gel and leave to set for 30-60 minutes.
4. Stacking gel (4%) is  prepared by mixing the following solutions (total volume 10mL)

     Stock acryl amide solution


                    1.35mL

 

     Tris –HCL (pH 6.8)




          1mL

     

     Water





                     7.5mL

  

     Degas as above and then add:

     Ammonium per Sulphate solution

                     50µl 
                                      10% SDS



                              
          0.1mL
                

      TEMED





        
          10µl






                 

Water from the top of the gel is removed and washed with a little stacking gel solution. The stacking gel mixture is poured, and placed the comb in the stacking gel and allowed the gel to set for 30-60 minutes.
5. After the stacking gel has been polymerized, the comb is removed without distorting the shapes of the well. The gel is carefully installed after removing the clips, agar etc., in the electrophoresis apparatus. It is filled with electrode buffer and any trapped air bubbles at the bottom of the gel is removed. The cathode at the top is connected and turned on the DC –power briefly to check the electrical circuit The electrode buffer and the plates is kept cold using a suitable facility so that the heat generated during the run is dissipated and does not affect the gel and resolution.
6. The samples are prepared for electrophoresis. The protein concentration in each sample was adjusted using the 5-strength sample buffer. The concentration of protein in the sample was (50-200 µg) in a volume (25-50µL). Sample solutions are heated in boiling water for 2-3 min to ensure complete interaction between proteins and SDS.
7.  The sample solutions are cooled and the required volume is taken in a micro syringe and carefully injected into a sample well through the electrode buffer .The position of the wells on the glass plate is marked with a marker pen and the presence of Bromophenol blue in the sample buffer facilitate easy loading of the samples. A few wells are loaded with standard marker proteins in the sample buffer.
8. Turn on the current to 10-15mA for initial 10-15 min until the samples travelled through the stacking gel. The stacking gel helps concentration of the samples. Then continue the run at 30mA until the Bromophenol blue reaches the bottom of the gel (about 3 h).
9. After the run is complete, the gel is removed carefully  between the plates and immersed in staining solutions for at least 3 h or overnight with uniform shaking, the proteins absorbed the Coomassie brilliant blue.  
10. The gel is transferred to a suitable container with at least 200-300 mL destaining solution and shakes gently and continuously. Dye that is not is bound to proteins is thus removed. The destainer is changed frequently, particularly during initial periods until the background of the gel is colourless. The protein fractionated into band are seen blue colored .As the proteins of minute quantities are stained faintly, desaining process is stopped at appropriate stage to visualize as many bands as possible. The gel can now be photographed.

APPENDIX IX
DETERMINATION OF ENZYME HOMOGENEITY BY NATIVE PAGE

(Sadasivam & Manickam, 2008)

 PRINCIPLE


The separation of native (non-denatured) proteins in this method is based on both the charge and size of the proteins. Since the native proteins are large and exist in quaternary structure, a gel of low percentage of acryl amide is used.

MATERIALS


The gel system consists of a 7.5% separating gel with a stacking gel. In disc electrophoresis, the gels are casted in a long cylindrical glass tubes. Prior to pouring the gel solution, the bottom of the tube is sealed with dialysis membrane or Para film. 

    Various solutions are used are as follows:

A. Acryl amide stock solution (Separating gel)

     Acryl amide 


28.0 g

     Bisacrylamide


0.74 g

     Water to


           100mL

B.   Acryl amide stock solution (Stacking gel)

     Acryl amide                              10 g

     Bisacrylamide                     
2.5g

     Water                                  
100mL.

(Store A and B at 0-40C in amber colored bottles)

C.  Tris HCL (pH 8.9) Stock solution

     Tris                                           36.6 g

     1 M HCL                                  4.8mL

     TEMED 


           0.25mL

     Water to 


           100mL

D. Tris HCL (pH 6.7) Stock solution

    Tris 



5.98 g

    1M HCL



49.0mL

    TEMED 


           0.46mL

    Water to 


           100mL
E. Ammonium persulphate solution
Dissolve 0.15 g persulphate in 100mL-distilled water. Prepare fresh each         time  

*used 10% APS instead of 0.15%
F. Riboflavin solution

0.4 mg riboflavin in 10mL distilled water. Filter and use
G. Electrode buffer (pH 8.3)
    Tris


                     0.6 g

    Glycine 

                    2.9 g

    Water to


         1 L

Staining solution

              0.1% Amido black 10B in 7% acetic acid

PROCEDURE

1. Separating gel

Mix solutions A: C: E: H2O was mixed in the ratio 1:1:4:1. Degas immediately and poured separating gel over layer with water and leave to set (30 - 60 min).

2. Stacking gel

a. Mix solutions B: D: F: H 2O in the ratio 2:1:1:4.

b. Degas immediately and poured the stacking gel. Leave to polymerize in bright light.

3. Load the sample extract (made to 15% sucrose, final) on the top of the gels.

4. In the case of tube gel, initially apply 2mA/tube for 10 min and then increase to 3mA/tube until the tracking dye travels to the bottom of the tube.

5. Stain the proteins overnight using 0.1% amido black 10B in 7% acetic acid; destain in 7% acetic acid.

APPENDIX X

CONFORMATION OF PROTEOLYTIC ACTIVITY BY ZYMOGRAPHY

(Nack shick cohi etal., 2001)


Zymography is a electrophoretic technique, based on the SDS –PAGE, that includes a substrate (such as casein) co-polymerized with polyacrylamide gel for the detection of enzyme activity.
REAGENTS

1. Casein

2. 12% SDS-PAGE 

3. 2.5% (v/v) Triton X-100 

4. 30mM Tris – Hcl , pH 7.4

5. 200mM NaCl

6. 0.02%  Brij-35, 

7. 10mM CaCl2

8. Staining solution

9. Destaining solution

PROCEDURE

Casein Zymography can be done using a 12% SDS polyacrylamide gel containing 0.012g/ml of casein. Perform electrophoresis at room temperature under nonreducing conditions. Following electrophoresis wash the gel twice for 1 hour in each 100mL of Triton X -100 to remove SDS and incubate for 24 hours at 37oC in 30mM Tris HCL(pH 7.4), 10 mMCaCl2, 200mM Nacl, 0.02% Brij-35,to allow proteolysis. After that stain the gel with Coomassie Brilliant Blue and destain the gel. Check for regions of hydrolysis, which appear as clear bands.   

APPENDIX XI

TESTING OF PROTEASE IN BLOOD STAIN

(Najafi et al., 2005)

PRINCIPLE
Protease has the ability to destain bloodstain cloth.

REAGENTS
Tris HCl (pH 7.8)

2% formaldehyde.

PROCEDURE

1. Two small pieces of cotton cloth are soaked in blood and allow to dry.

2. Soak them in 2% formaldehyde for 30 minutes and wash with distilled water to remove excess formaldehyde

3. Take these two pieces in two separate tubes and label them as test and control.

4. To the control tube, 3 ml of Tris HCl buffer pH 7.8 is added 2 ml of the same buffer was also to the test tube.

5. 1 ml of partially purified enzyme was added to the test.

6. Both the test tubes were incubated.

APPENDIX XII

   DIGESTION OF NATURAL PROTEINS

  
The crude enzyme was incubated with coagulated egg white at 37oC for one day & observed.                                                                                                                                                                                    

APPENDIX  XIII
PREPARATION OF BUFFER

(Sadasivam, and Manickam, 2008)

TRIS (HYDROXYMETHYL) AMINOMETHANE (TRIS.HCL) BUFFER
Stock solutions

A:    0. 2 M solution of Tris (hydroxymethyl) aminomethane (24.2 g in 1000 ml)

B:    0. 2N Hcl

50 ml of A, x ml of B, diluted to total of 200ml.

	x
	pH

	5.0
	9.0

	8.1
	8.8

	21.9
	8.2

	32.5
	7.8

	44.2
	7.2


PHOSPHATE BUFFER

Stock solutions

A: 0. 2M solution of monobasic sodium phosphate (27.8g in 1l)

B: 0.2M solution of dibasic sodium phosphate (53.65 g of Na2HPO4.7H2O or 71.7 g of Na2HPO4.12H2O in 1L)

x ml of A, y ml of B , diluted to a total of 200ml.

	x
	y
	pH

	39.0
	61.0
	7.0

	33.0
	67.0
	7.1

	28.0
	72.0
	7.2

	23.0
	77.0
	7.3

	19.0
	81.0
	7.4

	16.0
	84.0
	7.5

	13.0
	87.0
	7.6

	10.5
	89.5
	7.7

	8.5
	91.5
	7.8

	7.0
	93.0
	7.9

	5.3
	94.7
	8.0
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