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1.0                    INTRODUCTION

Fisheries production has an important place in India.  Besides a rich source, of protein it provides income and employment to millions of people (FAO, 2003).

The major fish producing countries are China, Japan, India, Asia, Russia, Indonesia and Chile.  Worldwide China ranks first with an annual average catch of 17,152,428 tonnes, followed by Japan which ranks third, Indonesia sixth and India eighth (FAO, 2002a).

According to the Food and Agricultural Organization, the world fish production in 2000 was 130.4 million tons of fish, out of which 94.8 million tonnes were obtained from fishing and 35.6 million tonnes corresponded to aquaculture production (FAO, 2004).

Sixty percent of the fish captured worldwide are used in the fresh fish market or processed as frozen, canned or cured food.  Considerable amount of waste materials are generated during the processing of fish.  The volume of waste produced by processing plants is calculated to be only about 50% of the total processed fish.  Thus about 50% of the world fish production becomes waste material, which means an expressive amount of 65.2 million metric tonnes of fish waste (Arruda et al., 2007). 

The large amount of seafood wastes discharged from related industries have become a serious problem.  Since these wastes contain high concentrations of organic variables such as proteins and fat, a method for the recovery of these useful materials would be a highly desirable process (Tavakoli and Yoshida, 2006).

Fish harvesters and processors are on the move to maximize profitability and fish value by developing the market for fish by products and reducing disposal costs.  A large portion of fish processing wastes is used in the production of fish meals and fish oils for aquaculture and animal feeds.  There is a need for specialized aquaculture feed ingredients that can be blended with plant proteins to enhance the nutrition and palatability properties.   It is possible to collect individual waste stream components (heads, frames, viscera and skins) and devise methods for using them as feed ingredients or other products (Bechtel, 2003).

Fish waste may be sources of proteins of high biological value, unsaturated essential fatty acids, vitamins, antioxidants minerals, trace metals and physiologically beneficial amino acids and peptides (Elveoll, 2005). 


Waste products of meat poultry and fish processing industry can supply a large amount of protein rich (collagenous and keratinous) material for bioconversion to recoverable products (Gousteroa et al., 2005).

Potential applications of proteins, lipids, chitin and minerals in marine bioprocessing leftovers as bioactive materials have increased the value of processing byproducts in recent years (Kim and Mindus,  2006).

 Horn, hoof, skin, bone and scale contain large amounts of the structural proteins, keratin and collagen (Morimura et al., 2002). 

 
Fishery wastes are also a source of organic manure.  Due to its high organic content fish wastes is often classified as a certified waste, which is even more costly to dispose (Knuckey et al., 2004). 

Fish viscera have been extensively studied as a potential source of different enzymes (Hau and Benjakul, 2006).

For centuries enzymes have been used as processing aids in the manufacture of food products to improve their quality solubility and stability.  About 50% of enzymes used as industrial processing aids are proteases (Kim and Kim, 2005).

Proteases constitute one of the most important groups of industrial enzymes, as it accounts for at least a quarter of the total global enzyme production (Joo et al., 2005).  Proteases perform very important functions and are used in different objectives as in vitro and in vivo (Demir et al., 2007). 

Their use encompasses a great number of applications in different industrial sectors such as detergent additives, in waste treatment processes, medical and basic research, silver recovery and the food, leather, photographic and pharmaceutical industries (Vazquez et al., 2006).

Understanding the growing importance and the demand for protease in various industries, it was decided to select the present study with the aim of utilizing the large amount of fish waste, which is disposed away for the extraction of the enzyme protease. 

The following are the objectives of the study:

1.  Extraction of protease from the viscera of milk shark

2.  Partial purification of the extracted protease 

3.  Determination of molecular weight by SDS page and Native page.

4. Characterization of the enzyme protease by optimization of pH, 

     temperature and substrate specificity.     .                   

5.  Qualitative detection of protease.

2.0 REVIEW OF LITERATURE

The review of literature pertaining to the present study entitled "Extraction, Purification and Characterization of Protease from Visceral Organ Waste of Milk shark (Rhizopriondon acutus)” is discussed under the following heading:

2.1 Importance of Fish

2.2 SURA FISH; Rhizoprionodon acutus (Milk Shark)
2.3 Waste Generated from fish 

2.4 Pollution Caused by Fish waste

2.5 Utilization of Fish wastes

2.6 Beneficial Aspects of Fish waste

2.7 Enzymes from Fish wastes

2.8 Protease

2.9 Applications of Protease

2.1 IMPORTANCE OF FISH

Fishes are poikilothermic, so their survival in cold waters requires adaptation of their enzyme activities to low-habitat temperatures. Thus enzymes from cold adapted fish species often have higher enzymatic activities at low temperatures than their counterparts from warm- blooded animals (Kishimura et al., 2005).

According to the last FAO reports a huge effort has been deployed to improve world fish production. Production increased from 120 million tonnes in 1996 to 12.8 million tonnes in 2001 (FAO, 1998).  Kristinsson and Rasco, (2000a) reviewed studies on fish proteins and their properties and concluded that this field was promising regarding nutritional, biological and pharmaceutical aspects. 

Of the estimated 131 million tonnes of fish produced in 2000 in the world, nearly 74% are used for direct human consumption.  The remainder is utilized for various non-food products mostly for reduction to meal and oil.  As a highly perishable commodity, fish has a significant requirement for processing.  In 2000, more than 60% of the total world fisheries production underwent some form of processing (FAO, 2002).

2.2 SURA FISH; RHIZOPRIONODON ACUTUS (MILK SHARK)

Classification

Family           :         Carcharinidae

Order

:
Carcharhiniformes

Class

:
Elasmobranchic

Milk shark is known as ‘Sura’ in Tamil and ‘Sraav’ in Malayalam.  The milk shark, Rhizoprionodon acutus is a requiem shark of the family Carcharhinidae found in the tropical waters of the Indo-West Pacific and eastern Atlantic oceans between latitudes 35°N and 30°S, from the surface to 200 m.  

The milk shark is a small shark with a long, narrow, snout, big eyes without notches, long labial furrows and oblique-cusped teeth, which may be smooth, edged or weakly, serrated.  The second dorsal fin is small, low and behind the larger anal fins with no interdorsal ridge.  It occurs near the surface in shallow waters and feeds mainly on small pelagic and benthic bony fishes, also cephalopods and other invertebrates.  It is viviparous.

The meat is utilized fresh and dried salted for human consumption and for fishmeal.  Coloration is grey or grey brown above and white below, with the dorsal and fins having dusky or blackish edges, fins slightly darker than the back. (http://en.wikipedia.org/wiki/Milk_shark).

2.3 WASTE GENERATED FROM FISH 

A great amount of food is dumped as waste.  Although there is an effort to decrease the waste in the world, the quantity of waste produced is increasing year by year (Nagai and Suzuki, 2000).  Assuming that 10% of the animal weight is wasted, the total amount of waste generated from these sources can be as high as 900000 tonnes per year (Morimura et al., 2002).


The byproducts 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 either on board in fishing vessels or in processing plants on shore (Elveoll, 2005).

Fish farming releases organic wastes, which might determine changes in the community structure and biodiversity of the benthic assemblages (Vezzulli et al., 2006, Wu et al., 1994).  The solid wastes from fish farms falling to the seabed below fish cages are enriched in carbon, nitrogen and phosphorus relative to the natural sediments; hence fish farming may considerably alter the physiochemical nature of sediments below.  This increase in carbon sedimentation results in an increase in oxygen consumption by bottom living animals.  The sediments will become anoxies, if this additional oxygen demand exceeds oxygen supply, at which there may be severe consequences for both benthic organisms and the fish farming itself (http://www.gpavlineris.com/id29-m.htm).

2.4 POLLUTION CAUSED BY FISH WASTE


Fish production can generate considerable amounts of effluent, such as waste feeds and faeces, medications and pesticides, which can have undesirable impacts on the environment (Kelly et al., 1996).


The significant increase in the amount of waste resulting from the industrial processing of fish has become a problem both for the environment and for the processing plants (Holanda et al., 2006).  Fish farm waste affects not only the area surrounding and directly affected by the effluent, but can also alter a wider coastal zone at different ecosystem levels, thus reducing the biomass, density and diversity of the benthos, plankton and nekton and modifying natural food webs (Arvanitoyannis and Kassaveti, 2006).

The utilization of fish processing wastes has been paid increasing attention as the promising means to increase revenue for producers and to decrease the cost of disposal or management of those wastes (Aewsiri et al., 2006). 

2.5 UTILIZATION OF FISH WASTES

Fishery waste can be used for enzyme recovery (Klomklao et al., 2005), Collagen extraction (Ikoma et al., 2003, Fernandez-Diaz et al., 2001) and gelatin extraction. (Muyonger et al., 2004b).  In order to increase the utilization of these fishery waste products processes, such as hydrolysis of the fish proteins with proteolytic enzymes should be considered to connect the fish into more marketable and functional form namely, Fish protein hydrolysate (Gesualdo and Lichan, 1999).

 
Fish wastes protein hydrolysate was prepared from the visceral waste proteins of Catla (Catla catla) an Indian fresh water major carp. (Bhasker et al., 2007).   Kotzamanis et al., (2001) studied the potential utilization of trout offal as an ingredient of gilt head bream S. aurata (L.) diet.  Fish waste can be useful as alternative feed stuffs in swine diets to meet partially the protein requirements and serve as a substitute for common sources of protein (i.e., soybean meal and commercial fish meal) (Esteban et al., 2006).

Biodiesel fuel acquired from the oils and fats of vegetables and animals is a substitute for or an additive to, diesel fuel derived from petroleum (Alcantara et al., 2000).  Kato et al., (2004) evaluated the ozone treated fish waste oil as a transportation diesel fuel. Shrimp waste is one of the most important natural sources of carotenoids (Shahidi et al., 1998).  Morimura et al., (2002) treated fish bone from yellow fail tail for collagen isolation.  Fish sauce, which is actually the liquid part of the fermented fishes, has long been used as a condiment for rice dishes (Kim and Kim, 2005).  Skin secretions of fishes constitute a rich source of proteins with a broad spectrum of antimicrobial properties (Salles et al., 2007).

Chitin is a structural component in crustacean exoskeleton.  The production of chitin and chitosan from food industry waste has proved environmentally attractive and economically feasible, especially when it includes recovery of carotenoids.  Considerable amounts of chitin are present in the wastes and are marketed as fish food additive (Kumar, 2000).

Fish waste can be used as a nitrogen source and possibly as a probiotic ingredient for poultry feeding (Hammounmi et al., 1998).  The extraction of milk clotting enzyme from fish stomach mucus as for cheese manufacture would provide an inexpensive alternative for rennet substitutes for domestic use or to export to cheese producing industry (Arvanitoyanus and Kassaveti, 2007).

A highly soluble fish protein hydrolysate (FPH) with an 88% protein (peptide size below 15 and 20 kDa) and low free amino acid content was obtained from hake (Merluccius hubssi) filleting waste.  The FPH was tested for use as a nutrient source for archaea and eubacteria culture media (Martone et al., 2005).

Shrimp head, a waste product from the shrimp export industry qualifies as an economical, abundant and good quality protein source for fish feeds. Shrimp head silage powder, which contained approximately 40% protein, is used as a substitute for fish flour (Cavalheiro et al., 2007).  Dapkevicius etal., (2000) reported that waste could only be advantageously upgraded into animal feed by fermentation with lactic acid bacteria.

In a study done by Gao et al.,  (2006) fish wastes were chosen as a nutrient source for lactic and production due to the background that fishing industry creates large amounts of wastes every year in Japan and there is increasing demand for the effective and ecological techniques to treat the wastes.  The drum filter effluent from a recirculation aquaculture system (RAS) was used as a substrate for heterotrophic bacteria production.  This biomass could be reused as aquatic feed (Schneider et al., 2007).

2.6 BENEFICIAL ASPECTS OF FISH WASTES

Scientific data shows that the consumption of fish or fish oil continuing omega - 3 - polyunsaturated fatty acids (PUFAs) reduces the risk of coronary heart diseases, molal hypertension, prevents certain cardiac arrhythmia and sudden death, lowers the incidence of diabetes and appears to alleviate symptoms of rheumatoid arthritis.Potent peptides with high anti hypertensive activities (ACE inhibitors) and peptides, which may modulate central neuropeptide levels, have been isolated from fish meal (Sorensen et al., 2004).

The amino acid, taurine is known to have several positive effects on the cardiovascular system.  Firstly taurine has an antioxidant activity.  This may reduce the production of proinflammatory products.  Secondly taurine has been shown to lower blood pressure in borderline hypertensive patients.  It has also been reported that taurine can improve cardiac performance reduce blood cholesterol values and suppress platelet aggregation. (Nittynen et al., 1999). The consumption of seafood is shown to give rise in counteraction serum taurine (Kim et al., 1996).


Gelatin hydrolysates, extracted from jumbo flying squid (Dosidicus eschrichitrii Steenstrup) skin were found to possess super oxide and hydroxyl radical scavenging effects (Lin and Li, 2006).

2.7 ENZYMES FROM FISH WASTES

Fish viscera accounting for 5% of total mass, has wide biotechnological potential as a source of digestive enzymes, especially digestive proteases that may have some unique properties of interest for both baric research and industrial applications (Kishimura et al., 2005).  Digestive proteases have been extensively studied in several species of fish (An and Visessanguan, 2002).  The most important digestive enzymes are pepsin, secreted from gastric mucosa and trypsin and chymotrypsin secreted from the pancreas, pyloric caeca and intestine (Simpson, 2000).

Three major classes of digestive enzymes trypsin, chymotrypsin and metalloprotease were characterized in Scleropages formosus-a carnivorous ornamental fish (Natalia et al., 2004).  An alkaline protease produced by Bacillus megaterium isolated from a fermented broth of Thai fish sauce was purified and characterized (Yossana et al., 2006).  Digestive proteases present in two sparids, sea bream (Sparus aurata) and common dentex (Dentex dentex) were characterized by (Alarcon et al., 1998).

         A 43-kda Proteinase was produced by Halobacterium Halobacillus sp. SR5-3 isolated from fish sauce (Namwong et al., 2006).  Matsumiya et al., (2002) characterized two chitinase isozymes from the liver of Japanese common squid. Byun et al., (2003) purified and characterized serine proteinases from the pyloric caeca of tuna (Thernusthymus).

 Trypsin is one of the serine proteases in fish viscera and is commonly synthesized as a proenzyme by pancreatic acenar cells (Kishimura and Hayashi, 2002).  Trypsin was purified from pyloric ceaca of hoki fish by Shi et al., (2006). 

Recently Kishimura et al., 2006 isolated trypsin from the viscera of true sardine (Sandcrops metanostichus) and from the pyloric coca of arabesque greenling (Pleuroprammus agonies).  A gastricin like protease was purified from the gastric mucosa of Atlantic cod (Amiza and Apten, 2002).  Isolation, Purification & properties of (-galactosidase from the intestine of Tilapia nilotica were reported by (Taniguek and Takano, 2004).  A calcium activated neutral cysteine protease was purified to homogeneity from Dicentrarchus labarase(Christine et al., 2002).

Acidic proteases were extracted and purified from the stomach of Orange roughy (Hoplostethus atlantics) by (Xu et al., 1996).  A trypsin inhibitor was purified from the egg of skipjack tuna Katsuwonus pelamis by (Choi et al., 2002). Purification and characterization of myofibril bound serine protease from crueran carp carassies giberio langsdorp muscle by (Okkubo et al., 2005).   An extract from paddlefish Surimi possessed activities of B, L and H like cathepsins (Wang et al., 2000). 

Purification and characterization of a saccharide binding protein from penetration glands of Diplostomum pseudospathaccur a bifunctional molecule with cysteine protease activity was reported by (Mikes and Man, 2003).  Purification and characterization of a cysteine like protease from the body wall of sea cucumber Stichopus japonieus was reported by (Qi et al., 2007). Phenoloxidase enzyme was purified from the Kuruma prawn cephalothorax

( Bejakul et al., 2005).

2.8 PROTEASES

Enzymes, which hydrolyze peptide bonds, peptides or proteins, are named as proteases (Demir et al., 2007).  As protein utilization is fundamental to growth, proteases have as important role to play in the larval fish as in the adult (Kumar et al., 2007).  Proteases are classified into two groups; exopeptidase and endopeptidase according to the point of rupture of the protein chain.

 Increasing demand of proteases had lead biotechnologists to explore novel sources of proteases.  Alkaline protease in the intestine of marine animals can help in the digestion of protein in the compound diet.  Therefore alkaline protease in the guts of marine animals has received much attention in recent years (Shanmughapriya et al., 2007). 

2.9 USES OF PROTEASE


Alkaline Proteases are widely used in the detergent, food, and leather tanning industries.  Alkaline proteases can also be used in the hydrolysis of fibrous proteins such as horn, feather and hair converting them to useful biomass.  Other potential industrial applications of alkaline proteases include their use in peptide synthesis, in resolution of racemic mixtures, of amino acids and in hydrolysis of gelatin layer in X-ray films for silver recovery (Kazan et al., 2005).  

The most common concern affecting consumer acceptability of beef is its inconsistent tenderness.  Northern shrimp proteases active at low temperature may be capabable of improving toughness caused by connective tissues, which might be beneficial in meat product development (Aoki et al., 2004)

 Several proteases have been studied as being causative factor for fish muscle softening such as cathepsins, B, D, H and L, calpain and matrix metalloproteinase (Ishida  et al., 2003).

Proteases are considered to be antimicrobial proteins because they are involved in the regulatory production of antimicrobial peptides.  Serine and cyseine proteases are involved in the defence of the organism against bacteria and protozoa by lysing the parasite ; mettaloproteases are involved in the activation of pro-cathepsin D in cathepsin D, an enzyme that hydrolyzes proteins for peptide production(Cho et al., 2002)

Degumming of silk has traditionally been carried out with soap or alkali.  These methods have some major drawbacks such as the degummed silk obtained is not uniform, the strength loss is high and chemicals used cause environmental pollution.  Enzymes are now being considered as alternative degumming agents for processing of silk. Degumming of silk with protease enzymes has been reviewed by Gurjani and Gupta , (1996). 

3.0 EXPERIMENTAL PROCEDURE

Proteases are the most important group of industrial enzymes used in the world today and have several applications in the food industry (Garcia- Carreno et al., 1994). Proteases are used more extensively for improving the quality, stability or solubility of foods, as in baking, brewing and cheese making as well as meat processing (Haard, 1990). Increasing demand of proteases had lead Biotechnologists to explore novel sources of proteases.

Fish processing creates large amount of solid and liquid wastes. Normally more than half of the raw material is wasted. 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 focuses on the extraction characterization and partial purification of protease from fish visceral organ of Milk Shark ((Rhizopriondon acutus)

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 TOTAL PROTEINS

 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

           3.12.3.   DETERMINATION OF SUBSTRATE SPECIFICITY

3.13.
QUALITATIVE DETECTION OF PROTEASE

           3.13.1.
   COAGULATION OF BLOOD CLOT

           3.13.2.   DEGUMMING OF SILK

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 Milk Shark (Rhizopriondon acutus).  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 

0.02M Tris –Hcl 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 0-90%. Appendix II gives the procedure for the ammonium sulphate precipitation. 

3.4.
 PURIFICATION OF PROTEASE 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

The dialyzed enzyme samples were fractionated on a Sephadex G-100 column.The column was equilibrated and eluted with 0.02 M Tris Hcl buffer, pH 7.8. Appendix IV details the method for this. 

3.6.
ESTIMATION OF TOTAL PROTEIN 

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 estimated 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 dialyzed enzyme fractions was carried out on a 12% gel. Separation in buffer gels relies on both the charge and size of the protein whereas it depends only upon the size in the SDS gels. The procedure is detailed in Appendix VIII.

3.10.
DETERMINATION OF ENZYME HOMOGENITY BY NATIVE PAGE

Analysis of protein in their native form was carried out in polyacrylamide gel. Native page of the dialyzed fraction was also done in 12% gel. The procedure for this is given in Appendix IX.

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 procedure is given in Appendix X.

3.12.
CHARACTERIZATION OF PROTEASE

3.12.1. DETERMINATION OF OPTIMUM pH

             The optimum pH of the isolated protease was determined using casein as a substrate in varying pH.  The procedure  for this is detailed in Appendix XI.

3.12.2. DETERMINATION OF OPTIMUM TEMPERATURE

The optimum temperature of the isolated protease was determined by incubating the enzyme substrate mixture at temperatures ranging from 20◦C - 80◦C followed by checking its activity as indicated in Appendix VI.

3.12.3. DETERMINATION OF SUBSTRATE SPECIFICITY

The effect of Azocaesin, BSA and Caesin on the purified protease was   determined by incubating the enzyme substrate mixture in Tris Hcl buffer pH 7.8 followed by checking its activity as indicated in Appendix VI.  

3.13. QUALITATIVE DETECTION OF PROTEASE

 The action of protease on varies substrates were carried out by studying its ability to 
 

· Coagulation of blood clot

· Degumming of silk

The detailed procedure is given in Appendix XII and XIII respectively.

4.0 RESULTS AND DISCUSSION

Fish processing creates a large amount of waste of high nutrient content which if not properly processed for human or animal use is likely to be deposited in the environment creating pollution problems (Kotzamanis et al., 2001).  Waste utilization is an important issue for the seafood industry from both a regulatory standpoint as well as one that has potential economic impacts (Morrissey, 2001). 

One way to utilize the fish wastes generated beneficially would be to isolate industrially important enzymes such as protease.  Hence, the present study entitled “Extraction, Purification and Characterization of Protease from the Visceral Organ Waste of Milk Shark (Rhizopriondon acutus) was undertaken. 

The visceral organ waste of Milk Shark was collected, from the local fish market in Coimbatore, washed thoroughly, homogenized and extracted with Tris HCl buffer (pH 7.8). The purification of the extract was done by ammonium sulphate precipitation followed by dialysis and Sephadex G-100 column chromatography.  The molecular weight of the purified sample was determined by SDS PAGE and Native PAGE.  Zymography confirmed the presence of protease. Characterization of the extracted protease was done by optimization of pH, temperature and substrate specificity.  The action of purified protease on blood clot and degumming of silk was done so as to confirm the activity and the presence of protease.

The findings of the study are discussed under the following headings:

4.1     Commonly consumed fishes in Coimbatore

4.2   Protein content, protease activity and Specific Activity of ammonium Sulphate precipitated fish waste samples

4.3   Protein content, protease activity and Specific Activity Of Dialyzed Fish Waste Samples.

4.4   Gel filtration by sephadex G -100 column chromatography

4.5  Comparison of protein content, protease activity and specific activity in ammonium sulphate precipitated, dialyzed and sephadex g-100 column  fish waste samples

4.6   Molecular weight of protease

          4.6.1 SDS PAGE

          4.6.2 Native PAGE

4.7   Confirmation of protease by zymography

4.8   Characterization of protease

4.8.1 pH optimization

4.8.2 Temperature optmization

4.8.3 Substrate specificity for protease

4.9  Confirmation of   presence of   protease 

4.9.1 Action of protease on blood clot

4.9.2 Degumming of silk.

4.1 COMMONLY CONSUMED FISHES IN COIMBATORE

From a survey conducted in the local fish markets of Coimbatore, it was found that Milk Shark (Rhizopriondon acutus) commonly known as ‘Sura’ in Tamil and ‘Srrav’ in Malayalam is a widely consumed fish. Hence, this species was selected for the study.

Plate I  shows Rhizopriondon acutus
Plate II shows the visceral organ waste of the Rhizopriondon acutus 

PLATE I

Rhizoprionodon acutus
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SPECIFIC ACTIVITY OF AMMONIUM SULPHATE PRECIPITATED FISH WASTE SAMPLES


PLATE II

VISCERAL ORGAN WASTE OF Rhizoprionodon acutus
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4.2 PROTEIN CONTENT, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF AMMONIUM SULPHATE PRECIPITATED FISH WASTE SAMPLES

Table I and Figures 1a, 1b and 1c summarizes the protein content, protease activity and specific activity of ammonium sulphate precipitated fish waste samples

.

TABLE I 

Protein content, protease activity and specific activity of

ammonium sulphate   precipitated fish waste samples
	S.No
	Fish waste samples
	Protein content (mg)
	Protease activity

(u/ml)
	Specific activity (u/mg)

	1
	Crude
	0.34
	2.14
	6.30

	              Amm. sulp.pptd 

                     samples

	2
	0-40%
	0.49
	3.98
	8.11

	3
	40-60%
	0.44
	3.68
	8.56

	4
	60-80%
	0.80
	4.26
	6.52


 From the table and figures it is evident that the protein content and the protease activity of all the ammonium sulphate precipitated samples were higher than those of the crude homogenate with the 60-80% sample exhibiting the highest values. However, the values for the ammonium sulphate precipitated samples were higher than those of the crude homogenate.  
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The specific activity of protease in all the ammonium sulphate precipitated samples were higher with the maximum activity (8.56 U/mg) shown by the 40-60% sample as compared to the crude homogenate sample.  This increase in specific activity of protease in ammonium sulphate precipitated samples when compared to those of crude samples may be due to the removal of some contaminants from crude sample during purification.  

These results are similar to that reported by El Beltagy et al., (2005) who worked on the purification of an alkaline protease from the viscera of bolti fish and stated that maximum specific activity was shown by the 40-60% ammonium sulphate precipitated samples.

The 40-60% ammonium sulphate precipitated fish waste samples which showed the highest specific activity were taken for further purification by dialysis.

4.3 PROTEIN CONTENT, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF DIALYZED FISH WASTE SAMPLES

The protein content, protease activity and specific activity of dialyzed fish waste samples are given in Table II. 
                                       TABLE II

Protein content, protease activity and specific activity of

dialyzed fish waste samples

	S.No
	Fish waste samples
	Protein      content (mg)
	Protease activity

(U/ml)
	Specific activity (U/mg)

	1
	Crude
	0.34
	2.14
	6.30

	2.
	Undialyzed

(40-60%)
	0.44
	3.68
	8.56

	3.
	Dialyzed

(40 – 60 %)
	0.20
	1.87
	9.30


Protein content and protease activity of the dialyzed fish waste samples were lesser than that of the crude homogenate. The specific activity of the dialyzed samples was found to be higher when compared to that of the crude sample and the value increased from 6.3 U/mg - 9.3 U/mg.  This may be due to the removal of contaminants during the process of dialysis.  An increase in specific activity after dialysis was also reported by El-Beltagy et al., (2005) who stated that the specific activity of alkaline protease purified from the viscera of Bolti fish increased from 0.38-0.46 after dialysis.  

The 40-60% dialyzed fish waste samples were further purified by Sephadex G-100 column chromatography.                                                     

4.4 GEL FILTRATION BY SEPHADEX G-100 COLUMN CHROMATOGRAPHY

The Sephadex G-100 column chromatography of the partially purified protease revealed the elution profile as given in Figure 2.  Figure shows two protein peaks according to their absorbance at 280 nm and two proteolytic active peak at 650nm. The major active fractions were eluted, pooled together and taken for analysis of SDS PAGE, Native PAGE and Zymography.
FIGURE 2
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4.5 COMPARISON OF PROTEIN CONTENT, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF AMMONIUM SULPHATE PRECIPITATED, DIALYZED AND SEPHADEX G-100 COLUMN FISH WASTES SAMPLES

The protein content, protease activity and specific activity of crude, ammonium sulphate precipitated, dialyzed and sephadex G-100 column eluted samples are recorded in Table III. 

TABLE III
Comparison of protease activity, protein content and specific activity of crude, ammonium sulphate precipitated, dialyzed and Sephadex G-100 column runned fish waste samples

	S.No
	Fish waste    samples
	Protein content

(mg)
	Protease

Activity

(U/ml)
	Specific activity (U/mg)

	1
	Crude
	0.34
	2.142
	6.3

	2.
	Amm. Sulp. pptd. samples( 40-60%) 
	0.44
	3.68
	8.56

	3.
	Dialyzed samples

(40-60%)
	0.20
	1.87
	9.30

	4
	Sephadex G-100 column sample
	0.8
	10
	12.5


The protein content, protease activity and specific activity of sephadex G-100 column eluted sample revealed the maximum value when compared to those of the crude, ammonium sulphate precipitated and dialyzed samples. 

FIGURE 3a
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Figure 3a represents the comparison of protein content in crude, ammonium sulphate precipitated, dialyzed and sephadex G-100 column eluted fish waste samples.  The maximum protein content (0.8 mg) was exhibited by the column eluted sample.

Figure 3b represents the comparison of protease activity of crude, ammonium sulphate precipitated, dialyzed and sephadex G-100 column eluted samples.  The maximum protease acivity (10 U/ml) was also exhibited by sephadex G-100 column eluted fish waste samples.

Figure 3c represents the comparison of specific activity of crude, ammonium sulphate precipitated, dialyzed and sephadex G-100 column eluted fish waste samples.  The maximum specific activity (12.5 U/mg) was also shown by sephadex G-100 column eluted fish waste samples.

So the three figures concluded on the fact that the protein content, protease activity and specific activity of the fish waste samples was the maximum in sephadex G-100 column eluted sample when compared to that of crude, ammonium sulphate precipitated and dialyzed fish waste samples.  This high value shown by sephadex G-100 column eluted samples reveals its maximum purity.                                          

4.6. MOLECULAR WEIGHT OF PROTEASE


The molecular weight of the protease extracted from fish visceral organ waste was determined using SDS PAGE and Native PAGE.

4.6.1 SDS PAGE


Plate III represents the banding pattern of crude, ammonium sulphate precipitated, dialyzed and Sephadex G-100 column samples on SDS PAGE. It revealed several bands in ammonium sulphate precipitated samples and dialyzed samples. Purified Sephadex G-100 column sample showed only two bands with the molecular weight of 44 KDa and 24 KDa corresponding to the standard protein marker band. 

This is similar to the findings of another study in which the molecular weight of trypsin from pyloric caeca of Bigeye Snapper was estimated to be 23.8 KDa based on SDS PAGE by Hau and Benjakul, (2006)                                      

4.6.2 NATIVE PAGE


Plate IV represents the banding pattern of purified protease on Native PAGE.  On comparison with the migration distances of the standard marker protein it may be deduced from the banding pattern that the molecular weight of the native form of the isolated enzyme is 24 KDa. 

These results are in accordance with the results reported by Shi et al., (2006) who mentioned that fish and shellfish trypsin have a molecular weights ranging from 22-28 KDa.

4.7 CONFIRMATION OF PROTEASE BY ZYMOGRAPHY


Plate V represents the banding pattern of the isolated protease in zymography.   This revealed only clear regions indicating the caesinolytic activity of the enzyme isolated from the fish waste. 

A similar study on alkaline protease isolated from the larval stage of the sea bream 3-30 day old showed the presence of clear bands on the gel indicating caesinolytic activity of enzyme. (Diaz et al., 1997)

               PLATE III

                SDS PAGE

                                                      1          2         3            4            5
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4.8   CHARACTERIZATION OF PROTEASE

4.8.1 pH OPTIMIZATION

The effect of pH on the activity of protease from the viscera of milk shark is given in Table IV and Figure 4.  

TABLE IV

pH Optimization

	pH
	Protease activity (U/ml)

	3.6
	0.14

	4.0
	1.68

	4.4
	1.49

	5.2
	2.02

	6.0
	5.99

	6.8
	11.98

	7.0
	11.69

	7.2
	6.50

	7.8
	8.0

	8.0
	17.70

	8.2
	15.60

	8.8
	1.26

	9.0
	0.32


FIGURE 4

pH Optimization
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From the figure it is clear that optimal pH for the protease activity is 8.0.  The activity of the extracted protease at pH 8 was found to have the maximum value of (17.7 U/ml).  The protease showed high values at a pH range of 7.0 to 8.2.  However there was a decline in protease activity from pH 8.8 to 9.0.  This decrease in pH may be due to the denaturation of protein.  Since the protease showed its optimum pH at 8, it can be considered as an alkaline protease.

These results are in parr with that reported by Castillo-Yanez et al., (2005) who reported an optimum pH of 8 for sardine trypsin enzyme.  The parallel studies are also reported by Dimes et al., (1994) who mentioned an optimum pH of 8 for brook trout and Chinook salmon trypsins.

4.8.2 TEMPERATURE OPTIMIZATION

         The results of effect of temperature (200C- 800C) on the activity of protease is depicted in Table V and Figure 5. 

TABLE V

Temperature Optimization

	Temperature (ºC)
	Protease

Activity (U/ml)

	20
	1.795

	30
	1.74

	40
	4.58

	50
	5.30

	60
	8.0

	70
	1.74

	80
	1.56


From the figure it is clear that the optimum temperature for the protease activity is 600C.  The protease activity at 600C was found to be 8.0 U/ml.  However, a sharp decrease in protease activity was found at temperature ranging from 700 C to 900C. The decrease in protease activity may be due to the thermal denaturation of the enzyme.  

 
These results are in accordance to those reported by Kishimura et al., (2006) who highlighted that the trypsin purified from the pyloric caeca of a type of fish called Scomber australasicum revealed an optimum temperature of 600C.  Klomklao et al., (2007) also reported an optimum temperature of 550C- 650C for activity of trypsins from the fish Tuna.

FIGURE 5
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4.8.3 SUBSTRATE SPECIFICITY FOR PROTEASE

The activity of the extracted protease in the presence of three different   substrates namely casein, Bovine serum albumin and azocaesin is presented in Table VI and Figure 6.  From the table it is clear that the highest specific activity of the protease was found with the substrate casein (10.3U/mg).                                         

                                           TABLE VI

                                      Substrate specificity   

	Substrate
	Protease activity (U/ml)

	Azocasein
	1.82

	BSA
	1.59

	Casein
	10.30


FIGURE 6

SUBSTRATE SPECIFICITY

[image: image17.emf]0

2

4

6

8

10

12

Azocaesin BSA Caesin

Substrates

Protease Activity U/ml


4.9    CONFIRMATION OF PRESENCE OF PROTEASE 

4.9.1 ACTION OF PROTEASE ON BLOOD CLOT

The ability of protease to digest different natural substrates having the base of fibrin, albumin and collagen suggests its usefulness for different applications such as extraction of collagen from skin for collagen treatment therapy, waste treatment and other related applications.

Plate VI shows the action of the purified protease on blood clot. It was observed from the plate that purified protease has the ability to hydrolyze the blood clot when compared to the control, which did not contain purified enzyme.

Najafi et al., (2005) reported similar results where protease isolated from Pseudomonas aerugenosa PD100 possessed the property of hydrolyzing coagulated blood.

                                                          PLATE VI

ACTION OF PROTEASE ON BLOOD CLOT
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PLATE VII

DEGUM OF SILK
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                                        RAW SILK           DEGUMMED SILK
4.9.2 DEGUMMING OF SILK 


Protease enzyme has the ability to degum silk.  Plate VII shows the degummed silk as a result of the action of protease   35g of silk had reduced to a weight of 27.14 after treatment with purified protease.  Hence the percentage weight loss was calculated to be 22.4.

It can thus be concluded from the above findings that fish visceral organ waste can be effectively employed for the isolation of industrially useful enzymes like protease.  The isolated enzyme was purified by ammonium sulphate precipitation, dialysis and was further by sephadex G-100 column.  The protein was characterized by the optimization of pH, temperature and substrate specificity. The molecular weight was determined by SDS PAGE and Native PAGE and zymography was done to confirm the proteolytic activity. The action of protease on blood clot and degumming of silk have been carried out.

5.0  SUMMARY AND CONCLUSION

The importance of fish as food has been understood by human being since ancient times. At present it has become an export-oriented industry contributing to the national economy.  Fishing industry not only provides proteinecious food for millions of people, but also employs millions of people throughout the world.  Fishes are also a source of different enzymes. Fish is a highly perishable commodity. In India with its tropical and subtropical climate, the problem of decomposition process become more severe as heat and moisture promote decomposition. Microbes of water and air attack the fish flesh slowly at first and more rapidly later. Therefore, fish processing technologies are used for preservation of the fish and its products.

Fish processing can create serious environmental pollution problems.  One way to minimize the pollution caused by fish waste is the utilization of fish waste for beneficial purpose.  

Protease is a commercially important enzyme with a wide range of industrial applications.  They are used in laundry detergents, cheese making, bating leather and modifying food ingredients etc. Considering the importance of protease, it was decided to extract protease from the fish visceral waste organ.

One of the commonly consumed fish  Milk Shark commonly known as ‘Sura’ in Tamil and ‘Sraav’  in Malayalam was used for the extraction of  the  industrially important enzyme Protease.  The visceral organ waste of the milk shark, was collected from the local fish  market in Coimbatore, homogenized and extracted with Tris HCL buffer of pH 7.8.  The extract was purified initially by ammonium sulphate precipitation (0-80%).  The protease activity, protein content and specific activity of the each precipitated fraction was determined and the fraction with the highest specific activity was taken for dialysis.  Further purification of the dialyzed sample was done by Sephadex G-100 column chromatography.  Protease activity, protein content and specific activity was determined after each step of purification.  Molecular weight determination of the  purified sample was done by SDS PAGE and Native PAGE. Characterization of the extracted protease was done by optimization of pH, temperature and substrate specificity.  Confirmation of the proteolytic activity was done by zymography.

The results of the study showed that the 40-60% ammonium sulphate precipitated samples showed the highest specific activity among the ammonium sulphate precipitated fractions.   This fraction of 40-60% ammonium sulphate precipitated sample showed an increase in specific activity  even after the dialysis and Sephadex G-100 column chromatography.  The highest specific activity of 12.5(U/mg) was shown by Sephadex G-100 column samples.  This increase in specific activity after each step of purification may be attributed to the increase in purity of the extracted protease after each step of purification

The molecular weight of purified sample was found to be 25 KDa .  Zymography confirmed the proteolytic activity of the enzyme. The extracted protease had an optimum pH of 8.0 and an optimum temperature of  600C. 

The  protease also showed its maximum activity in the presence of casein as a substrate when compared to that of azocaesin and BSA. The extracted protease had the ability to hydrolyze blood clot and degum the silk. 

Thus the present study concluded on the fact that the huge amounts of fish waste disposed in the environment, causing pollution problems can be effectively used for the extraction of protease which has immense industrial applications.

SUGGETIONS FOR FUTURE STUDY

· The characterization of protease can be further done by testing the effect of inhibitors and activators on protease activity.

· Other waste parts such as head; tail fins and so on can be used for the extraction and study of industrially useful enzymes.

· Enzymes such as collagenase, amylase etc can be extracted from the fish wastes and studied.
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APPENDIX I

PREPARATION OF CRUDE HOMOGENATE

(El-Beltagy et al., 2005)

The sample was homogenized (g/5mL) in ice- cold 0.02 M Tris-Hcl buffer (7.8). Centrifuged the homogenate at 15,000 rpm for 5 minutes and the supernatant was used as an enzyme source for electrophoresis.

                                              APPENDIX II

AMMONIUM SULPHATE FRACTIONATION OF PROTEASE

(Harris and Angels, 1989)

PRINCIPLE

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


Ammonium Sulphate

PROCEDURE


Ammonium sulphate precipitation of the crude homogenate was carried out in the range of 0-90%. For 200 ml of the crude homogenate add the following amount of Ammonium Sulphate were added

                                         0-30%      -     33.29gms

                                         30-50%    -     23.89gms

                                        50- 70%    -     25.49 gms

                                         70-90%    -      27.29 gms.

APPENDIX III

PURIFICATION OF PROTEASE BY DIALYSIS

(Harris and Angels, 1989)

PRINCIPLE

Dialysis is commonly used for removing salts from proteins. The presence of salts in protein interferes in many ways. Special semi permeable membrane 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 was selected and cut into suitable lengths to contain the volume required

2. The dialyzed sample was submerged in a solution of 2% Sodium bicarbonate and 0.05% EDTA, and boiled for 10 Discard the solution and boil for 10 min in distilled water. Repeat once more.

3. The dialysis tubing was rinsed inside and upside with distilled water or buffer and prior to use

4. The tubing was sealed at one end with a double knot or dialysis 

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

6. The bag was placed in a large volume of buffer and agitatation was done with a magnetic bar and sitter motor

7.  To reach equilibrium the bag was left   > 3 h at 4oC.

APPENDIX IV

PURIFICATION OF PROTEASE BY GEL –FILTRATION

(EL-Beltagy et al., 2005)

PRINCIPLE
Gel filtration is a technique that is very efficient in particle size based separation.

REAGENTS

1. Tris HCl (pH 7.8)

2. Sephadex G -100 column materials:

     2g of Sephadex G 100 were suspended in 25 mL Tris HCl buffer pH 7.8 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.

PROCEDURE

1.  The column was washed with Tris HCl buffer pH 7.8 and   the column was equilibrated using the same buffer and adjusted the flow rate 

2. 3mL of dialyzed sample 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 was checked in each fraction by taking the absorbance at 280nm.

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

6. The amount of protein was 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 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 methods.

MATERIALS

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

0.5% Copper Sulphate (CuSO5.5H2O) in 1% potassium sodium tartarate (Reagent B)

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

Folin Ciocalteau reagent (Reagent D) 

Protein solution (stock standard)

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

Working standard 

       
 10mL of the stock solution was diluted to 50mL with distilled water in a standard flask. 1 mL   

     of this solution contains 200-µg proteins.

PROCEDURE

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

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

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

4. 5mL of reagent D was added to each tube including blank. Mixed well and incubated at room temperature in the dark for 30 minutes. Blue color was developed. 

 5.   The readings were taken at 660nm.

5. Standard graph was drawn and the amount of protein in the sample was calculated.

APPENDIX VI

ASSAY OF PROTEASE

(Anson, 1938, Folin and Ciocalteau, 1929)
PRINCIPLE


Casein + H2O Protease      (Amino Acids

CONDITIONS

T = 37°C, pH = 7.5, A 660nm, 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 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 were pipetted out into suitable vials (in milliliters):

Test


 Blank

Reagent B (Casein) 




5.00 


5.00

Equilibrate to 37oC. Then added

Reagent G (Enzyme Solution) 


1.00


 ------

Mixed by swirling and incubated at 37 o C for exactly 10 minutes. Then add:

Reagent C (TCA) 




5.00 


5.00

Reagent G (Enzyme Solution)


 ------ 


1.00

Mixed by swirling and incubated at 37 °C for about 30 minutes. Filtered through Whatman #50 filter paper or a 0.45 µm filter and the filtrate was used.

COLOR DEVELOPMENT

Standard Curve:

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

                                                        Std 1
 Std 2

 Std 3 

Std 4 


Blank

Reagent G (Std Soln) 
     0.05
 0.10 

 0.20 

0.40 


0.00

Deionized Water 

1.95 

1.90 

1.80 

1.60 



2.00

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 were 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

Mixed by swirling and incubated at 37 oC for 30 minutes. The vials were and allowed to cool to

room temperature. Filtered through a 0.45 µm filter the absorbance was measured at 660nm.

CALCULATIONS

Standard Curve

A 660nm 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

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 37 oC (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 protea
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 SODIUM DODECYL SULPHATE

(Lamelli, 1970)

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

0.375M Tris –HCL


4.54 g

            pH8.8

Water to



100 mL



Stacking gel buffer 
0.6 M Tris –HCL


 1.51g

            pH6.8

Water to



 100 mL

Polymerizing gel

    Ammonium per Sulphate 10% or 0.1%ml, prepared freshly before use

   TEMED - fresh from the refrigerator

Electrode buffer

      0.025 M Tris


            3 g

      0.192 M Glycine


14.4 g

            pH 8.3

0.1% SDS



1 g



Water to



1 L



May be used 2-3 times

Sample Buffer (2 X concentration)

0.025M Tris –HCL Buffer pH6.8       0.25 mL

SDS



            0.04 g

Mercaptoethanol


0.1 mL

Bromophenol Blue


0.01%mL

Water to



1 mL

Stored frozen in small aliquots. 

Sodium Dodecyl Sulphate 10% solution was 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 were dissolved in sample buffer at a concentration each of 1mg/ml.

Protein stain solution
          Coomassie brilliant blue R 250
             0.1 g

Methanol



40 mL

Acetic acids


            10 mL

Water



            50 mL

     The dye was dissolved in methanol and proceeded .Used fresh preparation every time.

Destainer

     As above without the dye.

PROCEDURE

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

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

         For 15% gel
for 10% gel

Stock acryl amide solution


           20 mL

 13.3 mL

Tris –HCL (pH 8.8)




  8 mL

      8 mL

Water





         11.4 mL
18.1 mL

Degassed on a water pump for 3-5 minutes and thenthe following was added:

Ammonium per Sulphate solution

          0.2 mL

    0.2 mL

10% SDS





          0.4 mL
                0.4 mL

TEMED






20 mL
                 20 mL

2. Mixed gently and carefully; poured the gel solution in the chamber between the glass plates. Distilled water was layered on the top of the gel and left  to set for 30-60 minutes.

3. Stacking gel (4%)was  prepared by mixing the following solutions (total volume 10 mL)

Stock acryl amide solution


                    1.35 mL

 

Tris –HCL (pH 8.8)




          1 mL

     

Water





                     7.5 mL

  

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

Ammonium per Sulphate solution

                      50µL
    

10% SDS





                      0.1mL
                

TEMED





                       10 mL

Water from the top of the gel was removed and washed with a little stacking solution. The stacking gel mixture was poured, and placed the comb in the stacking gel and allowed the gel to set for 30-60 minutes.

4. After the stacking gel has been polymerized, the comb was removed without distorting the shapes of the well. The gel was carefully installed after removing the clips, agar etc., in the electrophoresis apparatus. It was filled with electrode buffer and any trapped air bubbles at the bottom of the gel was removed. The cathode at the top was connected and turned on the DC –power briefly to check the electrical circuit The electrode buffer and the plates was kept cold using a suitable facility so that the heat generated during the run is dissipated and does not affect the gel and resolution.

5. The samples were prepared for electrophoresis. The protein concentration in each sample was adjusted using the 2-strength sample buffer. The concentration of protein in the sample was (50-200 µg) in a volume (25-50µL). Sample solutions were heated in boiling water for 2-3 min to ensure complete interaction between proteins and SDS.

6.  The sample solutions were cooled and the required volume was 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 was marked with a marker pen and the presence of Bromophenol blue in the sample buffer facilitated easy loading of the samples. A few wells were loaded with standard marker proteins in the sample buffer.

7. Turned on the current to 10-15 mA for initial 10-15 min until the samples travelled through the stacking gel. The stacking gel helps in the concentration of the samples. Then continued the run at 30 mA until the Bromophenol blue reaches the bottom of the gel (about 3 h).

8.  After the run is completed, the gel was 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.  

9. The gel was transferred to a suitable container with at least 200-300 mL destaining solution and shook gently and continuously, dye that is not is bound to proteins is thus removed. The destainer was changed frequently, particularly during initial periods until the background of the gel wass colourless.The protein fractionated into band were seen blue colored .As the proteins of minute quantities were stained faintly, desaining process was stopped at appropriate stage to visualize as many bands as possible. The gel was photographed.

APPENDIX IX

DETERMINATION OF ENZYME HOMOGENEITY BY NATIVE PAGE

(Sambrook and Russell., 2001)

 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 12% separating gel with a stacking gel. In disc electrophoresis, the gels were casted in a long cylinder 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:

1. Acryl amide stock solution (Separating gel)

Acryl amide 



28.0 g

Bisacrylamide



0.74 g

Water to



           100 mL

2. 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)

3. Tris HCL (pH 8.9) Stock solution

Tris                                                           36.6 g

1 M HCL                                                  4.8 mL

Temed 



               0.25 mL

Water to 



               100 mL

4. Tris HCl (pH 6.7) Stock solution

Tris 



            5.98 g

1M HCl



           49.0 ml

TEMED 




0.46 ml

Water to 




100 ml

5. Ammonium persulphate solution

Dissolve 0.15 g persulphate in 100 ml-distilled water. Prepare fresh each time

6. Riboflavin solution

        0.4 mg riboflavin in 10 mL distilled water. Filter and use

7. Electrode buffer (pH 8.3)

    
 Tris




  0.6 g

   
Glycine 



  2.9 g

Water to


              1 L

8. Staining solution

        
0.1% Amido black 10B in 7% acetic acid

PROCEDURE

1. Separating gel

a. The solution A: C: E: H2O was mixed in the ratio 1:1:4:1.

b. and poured  separating gel over layered with water and left to set (30 –60 min).

2. Stacking gel

a. The solution B: D: F: H 2O was mixed in the ratio 2:1:1:4.

b. The solution was degassed immediately and poured the stacking gel. Left 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 two mA/tube for 10 min and then increased three mA/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; destaining 7% acetic acids

APPENDIX X

CONFORMATION OF PROTEOLYTIC ACTIVITY BY ZYMOGRAPHY

(Llano et al., 2000)

PRINCIPLE


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. 150 mM Nacl

5. 0.05% Brij, pH 7.6

6. 5mMCaCl2

7. Staining solution

8. Destaining solution

PROCEDURE

Casein Zymography can be done using a 12% SDS polyacrylamide gel containg 2% 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 31oC in 50mM Tris HCL, 5mMCaCl2, 150mM Nacl, 0.05%Brij 35,pH 7.6 to allow proteolysis. After that stain the gel with Coomassie Blue and destain the gel. Check for regions of hydrolysis, which appear as clear bands.   

APPENDIX XI

PREPARATION OF BUFFER

(Sadhashivam and Manicham, 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 200 ml.

	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 or71.7 g of Na2HPO4.12H2O in 1L)

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

	            x
	y
	pH

	87.7
	12.3
	6.0

	68.5
	31.5
	6.5

	39.0
	61.0
	7.0

	16.0
	84.0
	7.5

	5.3
	94.7
	8.0


ACETATE BUFFER

Stock solutions

A:0. 2M solution of  acetic acid (11.55 ml/ L)

B: 0.2M solution of sodium acetate (16.4 g /L)

x ml of A, y ml of B , diluted to a total of 100mL.

	            x
	y
	pH

	46.3
	3.7
	3.6

	41.0
	9.0
	4.0


	30.5
	            19.5
	4.4

	20.0
	30.0
	4.8

	10.5
	        39.5
	5.2


APPENDIX XII

TESTING OF PROTEASE ON BLOOD CLOT 
(Najafi et al., 2005)

Principle

 
Protease hydrolyses the protein present in blood clot 
Reagent
          20mm Tris – HCl (pH 8.0) 

Procedure

1. Collect 3ml of blood 

2. Allow the blood to clot.

3. Add 1 ml of the purified protease (from the fish waste sample in 20 mM Tris-HCl ) to the above tube and incubate at 37(C overnight.

4. Note the changes after incubation.

APPENDIX XIII

DEGUMMING OF SILK

PRINCIPLE

 Protease has the ability to degum the silk.

REQUIREMENTS


          Enzyme            - 20 ml

                     pH                    - 6.8

                     Temperature    - 60ºC 

                     Time                - 6 hours

                     ml.                - 1: 20

PROCEDURE

35 g of silk yarn was degummed using the following composition.  Water is taken depending upon the material liquor ratio and the process was carried out at 60 ºC at pH 6.8.  The yarn was washed by soft water and added to the water bath. After the completion of the process, the yarn sample were taken out and washed with hot waster and cold water. 
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