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1.0 INTRODUCTION


Waste in the food industry is characterized by a high ratio of product specific waste.  Not only does this mean that the generation of this waste is unavoidable, but also that the amount and kind of waste produced, which consists primarily of the organic residue of processed raw materials, can scarcely be altered if the quality of the finished product is to remain consistent. The utilization and disposal of product specific waste is difficult, due to its inadequate biological stability, potentially pathogenic nature, high water content, potential for rapid autoxidation, and high level of enzymatic activity (Russ and Pitroff, 2004).

In the interests of increasing fish production globally, alleviating global poverty, and income generation, marine aquaculture has seen worldwide expansion over the past few decades, albeit not uniformly across all countries. Some countries are large producers, while others remain small or are in the process of developing their industry.  While the attractions of aquaculture are numerous, arising principally from the ability to control the production process from the raw material to the end product, there are also issues generated through its expansion.  One concern lies with aquaculture waste, both the volume of waste and the potential for the spread of fish bacterial and viral pathogens within farmed stocks and into wild stocks, exacerbated by relatively high stocking densities and the close proximity of farm sites (Glenn and White, 2007).


Global production of fish and shrimp has been on a steadily increasing trend over the last decade and this trend is expected to continue.  Of the estimated 131 million tonnes of fish produced in 2000 is, nearly 74 % (97 million tonnes) used for direct human consumption.  The remainder (about 26%) was utilized for various non - food products mostly for reduction to meal and oil (FAO, 2002).

Considerable amounts of fish processing byproducts are discarded each year.  At this time there are huge amounts of protein rich by product materials from seafood processing plants are discarded without any attempt of recovery. Every year over 91 million tons of fish are harvested, of which 29.5% is transformed into fishmeal.  Possibly more than 50% of the remaining fish tissue is considered to be processing waste and not used as food (Kristinsson and Rasco, 2008).  

Waste stream components obtained from commercial fish processing plants includes heads, viscera, frames skins and bones (Bechtel, 2003).  The large amounts of fish processing wastes has a high nutrient content which, if not properly processed for use in human or animal nutrition, is likely to be deposited in the environment creating pollution problems (Kotzamanis et al., 2001). 

 Fish waste management has been one of the problems having a great impact on the environment.  An important waste reduction strategy for the industry is the recovery of marketable by-products from fish wastes (Arvanitoyannis and Kassaveti, 2006).  Waste products of meat, poultry and fish processing industries can supply a large amount of protein rich (collagenous or keratinous) material for bioconversion to recoverable products (Goustevora et al., 2005).


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

       Scientific data shows that the consumption of fish or fish oil containing omega-3 Polyunsaturated Fatty Acids (PUFA’s) reduces the risk of coronary heart disease; decreases mild hypertension, prevents certain cardiac diseases arrhythmia, and sudden death, lowers the incidence of diabetes and appears to alleviate symptoms of rheumatoid arthritis.  It appears that omega-3 Polyunsaturated Fatty Acids (PUFA’s) play a vital role in the development and functioning of the nervous system, photoreception and the reproduction system (Kirpal, 2003).

Marine animals possess the same functional classes of enzymes as other living organisms, which enable them to carry out virtually the same metabolic activities.  These enzymes are present in the tissues of animals and may be recovered in active and stable forms for commercial use.  In several of the major fish producing countries, the by-products of seafood harvesting comprise about 50% of the entire harvest.  These materials are largely underutilized and discarded as waste.  However, this abundant material also includes the enzyme rich digestive organs, and the enzymes may be recovered and used for a range of commercial applications (Kishimura et al., 2005).


Fish viscera are also a potential source of enzymes such as proteinases that may have some unique properties for industrial applications (Klomlao et al ., 2003).  Proteases are a class of enzymes that occupy a vital position with respect to their applications in industrial fields, i.e., in the detergent, food, pharmaceutical, leather, and silk industries and for recovery of silver from used X-ray films.  Proteases (in detergent industries) account for 30% of the total world enzyme production Apart from industrial applications, proteases participate in some major physiological processes such as: protein turnover, sporulation and conidial discharge, germination, enzyme modification, nutrition, regulation of gene expression, and so on (Mohsen et al., 2005).


White pomfret is one of the preferable species used for human consumption in Coimbatore District.  The viscera are generally discarded as waste product during fish processing.  To fully utilize the limited resources, proteases from viscera should be recovered for further uses.  Hence the present study entitled “EXTRACTION, PURIFICATION AND CHARACTERIZATION OF PROTEASE FROM THE VISCERA OF WHITE POMFRET (Pampus argenteus)” has been studied with the following objectives: 

· Extraction of protease from the viscera of White pompfret (Pampus argentus).

· Partial purification of the extracted protease.

· Determination of molecular weight of the protease.

· Characterization of the protease with respect to pH, temperature and substrate specificity.

· Qualitative detection of protease.

2.0 REVIEW OF LITERATURE

The review of literature pertaining to the present study “Extraction, purification and characterization of Protease from the viscera of White pomfret (Pampus argenteus)” is discussed under the following headings: 

                              2.1.
FISH INDUSTRY WASTES                              

                              2.2.

PROCESSING OF FISH WASTE

                              2.3.
BENEFICIAL COMPONENTS FROM FISH WASTE

                              2.4.
PROTEASES

                              2.5.
APPLICATION OF PROTEASES

                              2.6.
     DIGESTIVE PROTEINASES FROM MARINE ANIMALS 

              2.7.
        PROTEASES FROM FISH WASTE

              2.8.
     WHITE POMFRET

  2.1. FISH INDUSTRY WASTES                              

Food industry wastes are important environmental contaminatants (Coello et al., 2002; Laufenberg et al., 2003).  A great amount of food is dumped as waste.  Although, there is an effort to decrease the 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 that would emit offensive odour (Nagai and Suzuki, 2000).


During the processing of fish generally only the fillets are retained while the product (up to 66%) is discarded (Knuckey et al., 2004).  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 physicochemical nature of sediments below and adjacent to the operation, but is usually limited to the vicinity (50 m) of the cages.  This increase in carbon sedimentation results in an increase in oxygen consumption by bottom living animals.  The sediments will become anoxic (i.e. contain no oxygen), if this additional oxygen demand exceeds oxygen supply, at which point there may be severe consequences for both benthic organisms and the fish farming itself (http://www.gpavlineris.com/ id29_m.htm).


Fish farming has detrimental effects on the marine environment. Release of organic wastes might determine changes in the community structure and biodiversity of the benthic assemblages (Vezzulli et al., 2002, 2006).


Minimization and enforced reduction of pollutant loads from point source aquatic animal production facilities are increasingly demanded by various segments of the public and the regulatory community.  The US Environmental Protection Agency is currently developing National effluent quality criteria for the US aquaculture community (MacMillan et al., 2003).

2.2. PROCESSING OF FISH WASTE


Companies that want to be effectively clean must use fish processing waste in the manufacture of new products, not only contributing to environmental preservation but also increasing their own revenues ( Arruda et al .,2007).


A way of minimizing the environmental problems generated by the high amount of fish waste is its transformation in a product to be incorporated as ingredient in animal ratios (Ristic et al., 2004).  In 2000, more than 60% of total world fisheries production underwent some form of processing (FAO, 2002).



At a Fish Research and Development Corporation (FRDC) workshop in 2001,ways to improve the utilization of fish waste by investigating techniques to process the waste into products were discussed (Knuckey et al., 2004).

2.3. BENEFICIAL COMPONENTS FROM FISH WASTE

 
The development of the fisheries industry will depend on the effective utilization of the available raw materials (Simpson and Haard, 1999).

ANIMAL FEED


Heads, skeletons, tails and intestines of Trout offal can be utilized as an ingredient of gilthead bream (Kotzamanis et al., 2001).  Fish waste (mainly heads, bones, skin, viscera and sometimes whole fish and parsley) can be used as alternative feedstuffs in swine diets to meet partially the protein requirements and serve as a substitute for common sources of protein (Esteban et al., 2006).


Shrimp head waste is rich in protein rich material and it can be used as a monogastric animal feed supplement (Kelly et al., 2006).  The protein recovered in the form of hydrolysates can be used as feed for aqua culture and incorporated into fish based foods (Gildberg and Stenberg, 2001).

Fish silage is a liquid product obtained from fish waste, which is an alternative to fish meal (FAO, 2003).  Waste from fish filleting units is used in the production of fishmeal or directly used in animal feeds (Haard, 2000).

BIODIESEL/BIOGAS


The ozone-treated fish waste oil can act as biodiesel fuel for transportation (Kato et al., 2004).  Fish farm effluents have a potential for biogas production (Lanari and Franci, 1998).

COSMETICS

Chitosan, produced from shrimp and crab shell, has shown a wide range of applications from the cosmetic to pharmaceutical industries (http://ift.confex.com/ift/2001/techprogram/ paper_6188.htm).


The extracts of fish bone waste can be used as a cosmetic material, which has the ability to repair rough skin, lack of any odour problem and absence of harmful effects on skin (Morimura et al., 2002).Collagen from fish waste can be utilized in cosmetic industry (Nagai and Suzuki, 2000). 

NATURAL PIGMENTS


Crustacean waste is the major source of the chitin available in the market (Synowiecki et al., 2003).  Astaxanthin, main carotenoid in Crustaceans have important applications in the functional food, cosmetic and food industries (Guerin et al., 2003).  Carotenoids recovered from shrimp waste may be used instead of synthetic carotenoids in aquaculture feed formulations (Sachindra et al., 2006). 

Products obtained from fish scales and wastewaters are used as natural adsorbent for a carotenoid pigment (astaxanthin) from the seafood industry wastewater (Stepnowski et al., 2004).

PHARMACEUTICAL INDUSTRY


Potent peptides with high antihypertensive activities (ACE inhibitors) and peptides, which may modulate central neuropeptide levels have been isolated from hydrolysates from fish meat (Yoshikawa et al., 2000 and Sorenson et al., 2004).


Protease inhibitors of the serpin family or serine protease inhibitors are a family of glycoproteins that include members involved in the control of blood coagulation, fibrinolysis, complement activation and inflammation processes are also found in seafood (Cao et al., 2001).


Selenium, vitaminD, taurine and ubiquinone are other candidates from seafood for protection against Coronary Heart Diseases (CHD) (Savige, 2001).  Marine molecular weight components like tocopherol, COQ 10, selenium, taurine have attracted special attention due to their possible prevention of Low Density Lipoprotein oxidation (Kondo et al., 2000).

FOOD INDUSTRY

Shrimp protein hydrolysate from fish myofibril can be used as a natural food additive to suppress the denaturation of myofibril protein and maintain moisture in intermediate moisture foods (Ruttanapornvareesakul et al., 2005).

The recovery of chemical components from seafood waste materials can be used in other segments of the food industry is a promising area of research and development for the utilization of seafood by-products.  

 (http://ift.confex.com/ift/2001/techprogram paper_6188.htm).


Fish bone hydrolysate could serve as a food additive and also have a high potential for lowering high blood pressure (Morimura et al., 2002). Gelatin from tuna fin can be used as an emulsifier and foaming agent in food applications (Aewsiri et al., 2007).

Milk coagulating enzymes of tuna fish waste can act as a rennet substitute (Tavares et al., 1997).

MISCELLANEOUS PRODUCTS


Researchers have shown that a number of useful compounds can be isolated from seafood waste including enzymes, gelatin and proteins that have that have antimicrobial and antitumour capabilities.

          (http://ift.confex.com/ift/2001/techprogram paper_6188.htm).

 Chitosan, produced from shrimp and crab shell has shown a wide range of application from cosmetic to pharmaceutical industries (http://ift.confex.com/ift/2001/techprogram/paper_6188.htm). 

The fish waste rock fertilizer (Biophos) is currently marketed to farmers in New Zealand (Knuckey et al., 2004).  Processed powder of fish scale would be a very promising source of complex nutrient instead of commercial peptone (Basu et al., 2007).


Fish filleting waste can be used as an alternative substrate for microorganism culture purposes (Martone et al., 2005)

2.4. PROTEASES


Enzymes which hydrolyse peptide bonds, peptides or proteins are named as proteases (Morcelle et al., 2004).


Proteases are also known as peptidyl-peptide hydrolases (EC 3.4.21-24 and 99) (Haki and Rakshit, 2003).  Proteases are essential constituents of all forms of life on earth including prokaryotes, fungi, plants and animals (Gupta et al., 2002).

CLASSIFICATION OF PROTEASE


Depending on the specific group involved in the catalytic mechanism proteases are classified into Metallo proteases, Serine proteases, Carboxy proteases and Sulphydril protease (Haki and Rakshit , 2003).

          On the basis of pH range in which protease activity is optimum it is classified into acid, neutral and alkaline.  According to the point of rupture of the protein chain it is classified into two groups exopeptidases and endopeptidases or peptidases (Beg et al., 2003). 

2.5. APPLICATIONS OF PROTEASE 

          Proteases execute a wide variety of functions and have various important biotechnological applications.  It represents one of the three largest groups of industrial enzymes (Mohsen et al., 2005) and constitutes 60–65% of the global industrial enzyme market (Nunes and Martins 2001). 

           Proteases are mostly used in enzyme containing detergent products, food processing and pharmaceutical industries (Gupta et al., 2002). Alkaline proteases can be used in the hydrolysis of fibrous proteins such as horn, feather and hair for converting them into useful biomass.  Other potential industrial applications of alkaline proteases include their use in peptide synthesis, in resolution of racemix mixture of aminoacids, and in hydrolysis of gelatin layers of X-ray film for silver recovery (Kumar and Tagai, 1999).

          The alkaline protease of the facultative alkalophilic Bacillus clausii is known as savinase, is used as a detergent additive for removal of tenacious stains in laundries (Christiansen and Neilson, 2002).

   
Proteases are used to improve product handling characteristics and texture of cereals and baked goods, enhance the drying as well as the quality of egg products, tenderize meat, recover proteins/peptides from bones and hydrolyze blood proteins.  Proteinases are used for the production of protein hydrolysates, reduction of stick water viscosity and for roe processing.  They are used to make pulses, rennet puddings and in cheese making/cheese ripening.  Proteinases are also used for biomedical applications to reduce tissue inflammation, dissolve blood clots, promote wound healing, activate hormones, diagnose candidiasis, and to aid or facilitate digestion (Simpson, 2000).





           Application of trypsins include their use in mammalian cell culture to disaggregate adherent cells for research and for the production of recombinant proteins; in cancer therapy to break down tumors and cancer cells; and in wound care, for treatment of acne and other skin disorders. Other uses are as a digestive aid, for treating pain, inflammations, arthritis, tendonitis, ulcers, hemorrhoids and navel infections in newborns.  Trypsins are also used in diabetes diagnosis and therapy; in detergents and bating of leather; and in the food industry for the production of protein hydrolysates, as meat tenderizer and as an aid to improve yields in oil extractions (Shi et al., 2007). 

2.6. DIGESTIVE PROTEINASES FROM MARINE ANIMALS

         Digestive proteinases from marine animals have certain unique properties compared with their counterpart enzymes from land animals, plants or microorganisms.  Some of the distinctive features of marine digestive proteinases include a higher catalytic efficiency at low reaction temperatures, lower thermostability, cold stability and substantial catalytic activity at neutral to alkaline pH.


The lower thermostability of marine digestive proteinases would permit their ready inactivation by milder heat treatments, while their ability to denature native protein substrates may be advantageous in fruit juice manufacturer, for the inactivation of undesirable endogenous enzymes such as polyphenol oxidase (PPO) or Pectin Methyl Esterase (PME) (Simpson, 2000).

 2.7. PROTEASES FROM FISH WASTE
Proteases are mainly derived from plant, animal and microbial sources, whereas their counterparts are derived from marine and other aquatic sources that have not been extensively used (Klomklao et al., 2003).  Increasing demand of proteases has lead biotechnologists to explore novel source of proteases (Joo et al., 2005).

Fishes are poikilothermic, so their survival in cold waters requires adaptation of their enzyme activities to low habitat temperatures.  Enzymes from cold adapted fish species thus often have higher catalytic activities at low temperatures than their counterparts from warm-blooded animals (Kishimura et al., 2006). 

Digestive proteinases have been extensively studied in several species of fish.  The most important digestive enzymes are pepsin, secreted from gastric mucosa and trypsin and chymotrypsin secreted from pancreas, pyloric caeca and intestine (Simpson, 2000).

Fish viscera have been extensively studied as a potential source of different enzymes (Shahidi and Kamil, 2002).   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 basic research and industrial applications (Simpson and Haard, 1999). 

  A range of protease enzymes including pepsin, trypsin, chymotrypsin, collagenases and calpins can be extracted from the gut and viscera of dermal fish and pelagic, cephalopods and shell fish (http://www.seafish.org).

Trypsin from the viscera of true sardine (Sardinops melanostictus) and the pyloric ceca of arabesque greenling (Pleuroprammus azonus) has been studied (Kishimura et al., 2006) Trypsins from the pyloric ceca of Jacopever (Sebastes schleyeli) and Elkhorn sculpin (Alcichthys alcicornis) were isolated and characterized (Kishimura et al., 2007).

2.8. WHITE POMFRET

White pomfret is an ocean fish. From slide view it has a diamond shape. With a very flat body and silver in colour with few small scales. Pomfret that is available in Asian supermarket weight about ¾ of a pound on an average. They can be grown up to 4-6 kg. However, due to over fishing specimens weighing less than 1 kg are more commonly seen. Silver pomfret are found in inshore waters usually in schools over muddy bottom. They feed on plankton. 

Scientific classification

Kingdom - Animalia
Phylum   - Chordata
Class       - Actinopterygii
Order      -  Perciformes
Family     - Stromateidae
Genus     - Pampus
Species   - P. argenteus
(http://www.thaitable.com/thai/ingredients/white pomfret.htm).
3.0 EXPERIMENTAL PROCEDURE
Proteases occur naturally in all organisms.  These enzymes are involved in a multitude of physiological reactions from simple digestion of food proteins to highly regulated cascades (e.g., the blood clotting cascade, the complement system,apoptosis pathways.

The fish business creates very large quantities of fish waste everyday. These wastes are collected and dumped in waste sites and are some times are not controlled.  This can sometimes cause health and environmental problems including contamination of the water tables and sickening odours. However the enormous quantities of fish waste can be used as a source of proteins for all sorts of animals (Barret et al., 2001).

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 aimed at 

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 White pomfret (Pampus argenteus).  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 

0.02 M 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 experiment.
3.6. ESTIMATION OF TOTAL PROTEINS 

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.
CHARACTERISATION 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 
 

· Removal of blood stain

· Degumming of silk

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

PLATE I

 WHITE POMFRET (Pampus argenteus)


PLATE II

VISCERAL ORGAN WASTE OF WHITE POMFRET


4.0 RESULTS AND DISCUSSION


One of the greatest environmental problems within the coastal areas is the large quantities of organic wastes generated by the industries devoted to the production of foodstuffs of marine origin, which are generally dumped into the sea without any kind of previous treatment.  Among these, some of the most eutrophying to the environment due to their high protein content and therefore of interest for their assessment are the visceral wastes derived from the transformation processes of fishing and aquaculture products (Vazquez et al., 2006).


Fish processing generates large amounts of solid and liquid wastes. Normally, more than half of the raw material weight is unused.  There is a growing interest in obtaining higher value biochemicals and pharmaceuticals from fishery wastes, notably enzymes (Haard, 1998).

          
Enzymes are naturally occurring high molecular weight proteins capable of catalyzing the chemical reactions of biological processes (Paul and Pardeshi, 2002).  Enzyme production is a fast growing field in Biotechnology. The industrial enzyme market is divided into three application sectors: technical enzymes, food enzymes and animal feed enzymes.  Among the special types of industrial enzymes, protease and amylase lead the market with current shares of 25% and 20 % respectively (Krishna, 2005).


There is a great demand for enzymes with the right combination of properties for a plethora of industrial applications.  Industrial proteinases are mostly derived from microorganisms and to a lesser extent from plant and animal sources.


By understanding the importance and application of protease in various industrial sectors and to utilize the visceral organ waste from fish for the production of enzyme, the current study is emphasized on “Extraction, purification and characterization of Protease from the viscera of White pomfret (Pampus argenteus)”.


The results and discussion for the present study is explained under the following headings:

4.1.
TOTAL PROTEIN, PROTEASE ACTIVITY AND SPECIFIC   ACTIVITY OF AMMONIUM SULPHATE PRECIPITATED FISH WASTE SAMPLE

4.2.
TOTAL PROTEIN, PROTEASE ACTIVITY AND SPECIFIC     ACTIVITY OF DIALYZED FISH WASTE SAMPLE

4.3. PURIFICATION PROFILE OF PROTEASE FROM THE FISH        WASTE SAMPLE

4.4
GEL FILTRATION PATTERN OF PROTEASE ON SEPHADEX G - 100 COLUMN

4.5. 
MOLECULAR WEIGHT OF PROTEASE BY SDS PAGE

4.6. 
enzyme homogeneity by native page

   4.7.
CONFIRMATION OF PROTEASE by zymography

   4.8.
CHARACTERIZATION OF PROTEASE

           4.8.1. OPTIMIZATION OF pH 

        4.8.2. OPTIMIZATION OF TEMPERATURE

           4.8.3. SUBSTRATE SPECIFICITY 

           4.9.
SUMMARY OF PROPERTIES OF PROTEASE

          4.10.
QUALITATIVE DETECTION OF PTOTEASE

       
4.10.1. REMOVAL OF BLOOD STAIN

      
4.10.2. DEGUMMING OF SILK

4.1.
TOTAL PROTEIN, PROTEASE ACTIVITY AND SPECIFIC   ACTIVITY OF AMMONIUM SULPHATE PRECIPITATED FISH WASTE SAMPLE

                                              TABLE I

TOTAL PROTEIN, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF AMMONIUM SULPHATE PRECIPITATED FISH WASTE SAMPLE

Table I presents the findings of total protein, protease activity and specific activity of crude and ammonium sulphate precipitated fish waste samples.

	S.NO.
	   Sample
	Total protein (mg)
	Protease activity (U/ml)
	Specific activity (U/mg)

	1
	Crude
	0.61
	2.72
	4.44

	2

    
	Ammonium

sulphate precipitated

	
	0-40%
	0.56
	4.68
	8.32

	
	40-50%
	0.60
	8.59
	14.10

	
	50-60%
	0.42
	2.72
	6.44

	
	60-70%
	0.34
	2.05
	5.89

	
	70-80%
	0.20
	2.61
	12.63


Total protein

From Table I it is clear that total protein of the crude fish waste sample was comparatively higher than the total protein of the ammonium sulphate precipitated fractions.

This data is in concordance with those reported for trypsin from pyloric ceca of the New Zealand hoki trypsin which stated that total protein content of crude sample was higher than those of the ammonium sulphate precipitated fractions (Shi et al., 2007).  Similar results have also been reported for protease from Cowslip (Demir et al., 2007).  

The decrease in total protein from crude to ammonium sulphate precipitated sample might have been due to removal of some contaminating proteins from the sample.

Protease activity

The 40-50% ammonium sulphate precipitated fish waste sample showed maximum protease activity than the crude sample.  Protease activity was highest in the 40-50 % ammonium sulphate fraction described by Kim and Kim (2005) for Bacillus subtilis JM- 3 protease from Anchovy sauce.

Specific activity


Maximum specific activity of protease was present in 40-50 % ammonium sulphate fractionated sample that is superior to crude sample and other ammonium sulphate fractions.

4.2. TOTAL PROTEIN, PROTEASE ACTIVITY AND SPECIFIC           ACTIVITY OF CRUDE AND DIALYZED FISH WASTE SAMPLE
Table II reveals the results of total protein, protease activity and specific activity of crude, undialyzed and dialyzed sample.

Total protein of the crude sample was more than that of dialyzed sample.  Dialyzed sample showed more protease activity and specific activity than crude sample.  This might be due to removal of some impurities from crude extract.

TABLE II

TOTAL PROTEIN, PROTEASE ACTIVITY AND SPECIFIC ACTIVITY OF DIALYZED FISH WASTE SAMPLE

	S.No.
	Sample
	Total protein (mg)
	Protease activity (U/ml)
	Specific activity (U/mg)

	1
	Crude
	0.61
	2.72
	4.44

	2
	Dialyzed
	0.45
	8.77
	19.40


The findings agree with the results of Raksakuthai and Haard (1998) stated that dialysis of aminopeptidase crude extract (from squid hepatopancreas) increased the purification fold 2.08 to 4.6 after purification by ammonium sulphate fraction. 

4.3. PURIFICATION PROFILE OF PROTEASE FROM THE FISH    WASTE SAMPLE

Table III and Figure Ia, Figure Ib and Figure Ic presents the results of total protein, protease activity and specific activity of fish waste sample.       
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TABLE III

PURIFICATION PROFILE OF PROTEASE FROM THE FISH WASTE SAMPLE

	S.No
	Sample
	Total protein (mg)
	Protease

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

	1
	Crude
	0.61
	2.72
	4.44

	2.
	40-50%

Ammonium sulphate precipitated
	0.60
	8.59
	14.10

	3.
	Dialyzed
	0.45
	8.77
	19.40

	4.
	Sephadex G-100 column
	0.26
	10.22
	39.30


Total protein

From Table III and Figure Ia it is concluded that total protein of sephadex G-100 column sample was lower than that of the crude sample.  This might be due to removal of high amount of partially hydrolysed proteins.
Protease activity

From Table III and Figure Ib it is confirmed that protease activity of sample was increased after each purification step. 

Specific activity
It is evident from Table III and Figure Ic that specific activity of protease was increased after each purification step.  Sephadex G- 100 column sample showed more specific activity than crude, 40-50% ammonium sulphate fraction and dialyzed samples. The result indicates that most of unwanted impurities were removed and the sample became purer in the course of the purification process.        

4.4. GEL FILTRATION PATTERN OF PROTEASE ON SEPHADEX G-       100 COLUMN

  
The elution profile of protease on Sephadex G-100 column chromatography is depicted in Figure II.  

Figure II showed two protein peaks 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.

Figure II
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4.5 .   MOLECULAR WEIGHT OF PROTEASE BY SDS  PAGE

SDS  PAGE pattern of protease is presented in Plate III.  The ammonium    sulphate fraction of protease after dialysis was not homogenous as shown in SDS PAGE pattern.  From Plate III it is revealed that protease eluted from column chromatography showed two bands.  Therefore molecular weight of protease was estimated to be within the range of 25-45 KDa.

These results are in - parr with that of Jeong et al. (2000), who reported that 

proteases from other fish species have been shown to have molecular weight of 24-30Kda. This study is also parallel to that of E1-Beltagy et al., (2005) who reported that purified alkaline protease from the viscera of Bolti fish had a molecular weight of 23 KDa.  Another study by Cao et al. (2000) also stated that molecular weight of isolated protease was higher than those two trypsins (A and B) from carp hepatopancreas had the molecular weight of 28.5 and 28 KDa respectively.

4.6 .  ENZYME homogeneity by native page

PAGE pattern of protease eluted from column chromatography is given in Plate IV.  The molecular weight of the isolated protease in the present study was found to be 25 KDa that is less than the molecular weight of isolated trypsin from the pyloric ceca of monstrey sardine which was 28 KDa (Yanez et al., 2005).

Trypsin from pyloric ceca of arabesque greenling with a molecular weight of 24 KDa was purified by Kishimura et al. (2006).  Similar results have been published by Kishimura et al. (2005).

PLATE III

MOLECULAR WEIGHT OF PROTEASE BY SDS PAGE
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          lane 1 - Protein marker :  lane 2 - Crude sample                                                                                              

          lane 3 - Ammonium sulphate precipitated sample 

          lane 4 - Dialyzed sample : lane 5 - Sephadex G -100 column sample

PLATE IV

ENZYME HOMOGENEITY BY NATIVE PAGE
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lane 1 protein marker : lane 2 and 3 - Sephadex G -100 column sample

4.7.   CONFIRMATION OF PROTEASE BY ZYMOGRAPHY

Plate V depicts the casein zymography of protease from fish waste sample. Based on substrate gel electrophoresis, activity band appeared as a clear zone with a molecular weight of 24.5 KDa.  The results have also shown that the protein band with a molecular weight of 25 KDa in Native PAGE possesses proteolytic activity.

4.8.   CHARACTERIZATION OF PROTEASE

Protease was characterized with respect to pH, temperature and substrate specificity.

4.8.1. OPTIMIZATION OF pH 

Effect of pH on the activity of protease is presented in Table IV and Figure III. It is evident from the Figure III that optimum pH of the protease was 6.8.  However, the enzyme was also active in the pH range 6.8-7.8.

Frij and Ogel (2002) also found out that protease from thermophilic fungus Scytalidium thermophilium were active at pH 6.5–8.0.  Protease from the Hepatopancreas of shrimp; Paneus orientalis had a optimum pH with a broad range of 6.0-9.0 (Siloh et al., 2000).


At acidic pH, negligible protease activity was present. The sharp decrease in the fish protease activities at low pH may be attributed to the irreversible denaturation of enzymes.

TABLE IV

pH OPTIMIZATION
	pH
	Protease activity(U/ml)

	3.6
	3.18

	4.0
	0.62

	4.4
	2.96

	5.2
	0.93

	6.0
	2.71

	6.8
	18.75

	7.0
	10.53

	7.2
	11.2

	7.5
	10.11

	7.8
	11.84

	8.0
	12.5

	8.2
	6.45

	8.8
	2.81

	9.0
	2.39


4.8.2. OPTIMIZATION OF TEMPERATURE 

Effect of temperature on the activity of protease is presented in Table V and Figure IV.  The protease activity was assessed at different temperatures ranging from 20-80°C at a constant pH 7.8.  From the Figure IV it is confirmed that the protease from Pampus argenteus was found to be maximally active at 60°C.

A reduction in enzyme activity was observed at values below 60°C. Hau, (2006) reported that the optimal temperature of trypsin from Bigeye snapper pyloric ceca was 55°C.  The maximum protease activity recorded was between 60- 65°C, while the activity decreased rapidly above 70°C for Bacillus clausii alkaline protease (Joo et al., 2003).

The optimal temperature of the isolated enzyme was similar to that of true sardine trypsin (Kishimura et al., 2006).  The Protease From Procera was optimal in the range of temperature 55- 600 C (Demir et al., 2005).
TABLE V
                             TEMPERATURE OPTIMIZATION

	Temperature (ºC)
	Protease activity (U/ml)



	20
	6.86

	30
	5.85

	40
	7.02

	50
	9.28

	60
	11.84

	70
	4.60

	80
	2.28


4.8.3.   SUBSTRATE SPECIFICITY OF THE PROTEASE

Effect of substrate on the activity of protease is presented in Table VI and Figure V.  The protease had maximum digestive ability on caesin than that of azocaesin or bovine serum albumin.

TABLE VI

SUBSTRATE SPECIFICITY

	Substrate
	Protease activity (U/ml)



	Azocasein
	5.58



	BSA
	4.64



	Casein
	8.90




4.9.    SUMMARY OF PROPERTIES OF PROTEASE

TABLE VII

SUMMARY OF PROPERTIES OF PROTEASE

	Properties
	Purified Protease

	pH
	6.8

	Temperature
	60°C

	Substrate specificity
	caesin


Table VII summarizes the characterization of protease.  The purified protease had an optimum pH of 6.8, optimum temperature of 60°C and the protease activity was higher when caesin was used as a substrate.

PLATE V
CONFIRMATION OF PROTEASE BY ZYMOGRAPHY
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lane 1 protein marker : lane 2 and 3 - Sephadex G - 100 column sample
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4.10.       QUALITATIVE DETECTION OF PROTEASE

 4.10.1.   ACTION OF PROTEASE ON BLOOD STAIN

In case of removing bloodstain from cloth, it was seen that the protease enabled to remove bloodstain.  Plate VI shows the action of protease on the bloodstain cloth.  Protease treated blood stained cloth was found to be destained when compared with untreated cloth.

 4.10.2. DEGUMMING OF SILK


In the present study 35 gram of silk yarn has reduced in weight to 27.14 gram after the treatment with purified protease (plate VII).  Hence the percentage of weight loss was calculated to be 22.4.

PLATE VI

REMOVAL OF BLOOD STAIN

                     Control                                                                Test

    [image: image20.jpg]


                     [image: image21.jpg]



PLATE VII

DEGUMMING OF SILK

       Original         Degummed Silk
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5. 0 SUMMARY AND CONCLUSION

A summary of the study entitled “Extraction, purification and characterization of Protease from the viscera of White pomfret (Pampus argenteus)”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 hydrolase which have been used in a number of industrial applications including laundary detergents, fee, leather treatments, silk degumming, cheese making, chill proofing, meet tenderizing and the 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.

Fish visceral organ waste was collected from 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 0-90%, centrifuged and the resultant pellet was dissolved in Tris-Hcl buffer.  Total protein and protease activity was measured.  40-50% 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- 100 column chromatography.  Elution was carried out using Tri-Hcl buffer and different fractions were collected at different time intervals. Total protein 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 25 – 50 KDa.  

In Native PAGE the molecular weight of the isolated protease was found to be 25 KDa.  Casein zymography was done to find the proteolytic activity of the isolated enzyme. It was confirmed that the 25 KDa protein band in Native Page has a proteolytic activity.

 The purified protease was characterized with respect to pH, temperature and substrate specificity.  The optimum pH of the purified protease was found to be 0.8.  However, the enzyme also showed high activity between the pH 6.8 – 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.

In the case of substrate specificity the protease activity was maximum when casein was used as a substrate. The decrease in protease activity was observed when azocaesin and Bovine Serum Albumin were used as substrates.

The isolated protease had the ability to remove the bloodstain from stained material and also to degum the silk yarn.

Further research and suggestions:

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

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

· Collagen can 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

(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 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

(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 I X

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

(Raguramula et al., 1998)

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 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 IN BLOOD STAIN

(Najafi et al., 2005)

PRINCIPLE

Protease has the ability to destain bloodstain cloth.
REAGENTS

Tris HCl  (pH7.8)

2% formaldehyde.

PROCEDURE

1. Two small pieces of cotton cloth were soaked in blood and allowed to dry.

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

3. Took these two pieces in two separate tubes and labelled them as test and control.

4. To the control tube, 3 ml of Tris HCL buffer pH 7.8 was 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
DEGUMMING OF SILK

35 mgs of silk yarn silk was degummed using the following composition


          Enzyme            - 20 ml

                     pH                    - 6.8

                     Temperature    - 60ºC 

                     Time                - 6 hours

                     M.L                  - 1: 20

Water is taken depending upon the material liquor ratio and the process was carried out at 60 ºC at pH6.8.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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