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    Abstract | Catalase is ubiquitous enzyme which catalyses the breakdown of hydrogen peroxide (H2O2). The aim of present study was to purify and characterize the liver catalase from Bubalus bubalis, which is an important domestic animal in South Asia. The enzyme was purified to electrophoretic homogeneity by selective acetone precipitations and anion-exchange chromatography based on DEAE-Sephadex Colum. Purified enzyme displayed specific activity of 35753 units per mg of protein with 30.5 % recovery and 123 fold purification. Optimum activity was measured at pH 7 and 30°C. The KM value of purified catalase was calculated as 58mM for H2O2. Gel-filtration chromatography experiments indicate that the purified enzyme was a tetramer with MW of about 240 kDa. There was no effect of 10 to 50mM EDTA on the activity of enzyme after incubation for 30 min at 4°C. Our study reveals the first report on the purification and properties of catalase from river buffalo which is an unexplored species for its proteins. The isolated enzyme with high yield and specific activity, offers an attractive alternate for the bovine and porcine enzymes used in clinical laboratories.
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    Introduction


    



    Catalase (EC 1.11.1.6) which catalyzes the breakdown of hydrogen peroxide to water and oxygen is widely distributed in living organisms, including plants, animals and microorganisms (Abassi and Kushad, 1998; Bailly et al., 2004). It is the most important among antioxidative enzymes involved in the depletion of reactive oxygen species produced during the processes like the β-oxidation and electron transport etc. (Kunce and Trelease, 1986; Havir and McHale, 1987). The typical catalase is active in the pH range from 5 to 10. The optimum pH for the activity of catalase is between pH 6 and 8 and it is mostly stable at temperatures between 10 and 30°C (Aydemir and Kuru, 2003). Catalase from different sources mostly exists as a tetramer with molecular weight ranging from 220 to 270 kDa. Each subunit contains a protoheme molecule as prosthetic group. Dissociation of subunits is observed at extreme pH values and by the action of denaturants (Samejima et al., 1981; Prajapati et al., 1998) which results in the loss of activity. By removing highly reactive hydrogen peroxide, the enzyme inhibits the neuronal damage, apoptosis, inflammation, aging and a wide range of tumours (Vuillaume, 1987; Miyamoto et al., 1996; Esch et al., 1998; Yabuki et al., 1999; Halliwell and Gutteridge, 2011). Clinically it is important as the liver catalase level is decreased in the cancer patients (Falkson and De Jager, 1964). Elevation in plasma level of liver catalase and other antioxidant enzymes is used as an index of the ROS (reactive oxygen species) induced human diseases (Skinner et al., 1984; Lee et al., 2004). Catalase has proven as a possible agent to support the intracellular drug delivery (Siwale et al., 2009) a biosensor for the determination of alcohol (Hnaien et al., 2010), and can be used in an assay for the quantification of cholesterol (Robinet et al., 2010). The enzyme has been purified and characterized from a wide range of organisms like plants, such as tobacco, van apple, parsley and black gram (Garcia et al., 2000; Yoruk et al., 2005; Lokman et al., 2007; Kandukuri et al., 2012), liver of many mammals like goat (Chatterjee et al., 1989), dog (Nakamura et al., 2000), bovine (Prakash et al., 2002), and from bacteria (Zamocky et al., 2011). Most of the literature reports describe the purification of enzyme through selective ammonium sulphate precipitation and chromatographic techniques like gel-filtration chromatography (Goyal and Anjan, 2008), ion-exchange chromatography based on CM (carboxymethyl) Sephadex, DEAE (diethylaminoethyl) Sephadex or DEAE cellulose (Aydemir and Kuru, 2003; Bilal et al., 2006). River buffalo (Bubalus bubalis) is a species of tremendous important in livestock and rural economy in Pakistan where it contributes 27 million tons of milk and 0.68 million tons of meat annually (Li and Schellhorn, 2007; Khan and Iqbal, 2009). Despite of having a great importance in agriculture and livestock, the river buffalo remained unexplored for its proteins, enzymes and related genes. Present study was therefore aimed at the purification and study of physiochemical properties of catalase from the liver tissue of river buffalo.


    



    Material and methods


    



    Materials


    All reagents and chemicals used in this study were of analytical grade. DEAE Sephadex, Hydrogen peroxide and other related reagents were obtained from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO, USA). Fresh B. bubalis liver was obtained from the main slaughter house in Lahore, Pakistan.


    



    Extraction and Purification


    Fresh liver tissue (1200 g) was minced and homogenized in 1800mL of ice chilled 20mM sodium phosphate buffer pH 7 (buffer-A), in a laboratory waring blender at high speed for 2-3 min. The homogenate was centrifuged at 12000x g and 4°C for 20 min, the precipitate discarded. The supernatant was cooled down to 0°C in the ice box at below 0°C and ice cold acetone was added up to 25%. The sample was centrifuged as above and precipitate was discarded. Supernatant from previous step was brought to 70% acetone and centrifuged at 9,000x g and 4°C for 10 min, precipitate was dissolved in 200mL of buffer-A and dialyzed in the same buffer at 4 to 10°C. The dialysate was loaded onto 2.5 x 36 cm column packed with DEAE-Sephadex gel and equilibrated with buffer-A. Sample was applied at the flow rate of 3mL per min, column with bound proteins was washed with ice cold buffer-A. The bound proteins were eluted with 0.5M sodium chloride. Fractions with high specific activity were combined.


    



    Measurement of Activity


    Enzyme activity was measured by a procedure modified from the method described in literature (Laemmli, 1970). The spectrophotometer (SHIMADZU BioSpec-1601) was adjusted at λ–240nm and 25°C. Buffer solution containing 40-50mM hydrogen peroxide was added to the experimental and control cuvettes followed by incubation in spectrophotometer for 4-5 min. Enzyme dilution (10µL) was added to the experimental cell and change in the absorbance at 240nm was measured for 3 to 5min. The amount of hydrogen peroxide used per min was calculated by using Beer-Lambert law. One unit is the amount of enzyme which decomposes one micromole of H2O2 per min at 25°C.


    



    



    Determination of Molecular Weight


    Purified recombinant enzyme was analysed on SDS-PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) to determine purity and molecular weight (Srivastava et al., 1971). The quaternary structure of purified enzyme was determined by FPLC (Fast Performance Liquid Chromatography) based gel-filtration chromatography which was carried out with Superdex 200 10/300 GL column (GE Healthcare). The column, with a total volume of 25mL, void volume (VO) 8mL, bed volume 24mL, and particle size of 13μm was used. Sodium phosphate buffer (50mM), pH 7 containing 150mM NaCl was used as an elution buffer with a flow rate maintained at 300µL per min.


    



    Physiochemical Properties


    The effect of pH variation on the activity of catalase was determined by using buffer solutions of specific pH as assay medium (50mM sodium acetate buffer adjusted to 4 to 5.5 pH, 50mM sodium phosphate buffer adjusted to 6 to 8 pH, 50mM Tris-HCl buffer ranging from 8.5 to 10 pH). Temperature stability of enzyme was determined by incubation of enzyme dilution for 5 min at different temperatures ranging from 25 to 65°C followed by instantaneous measurement of activity. Effect of temperature on the enzyme activity was determined by adjusting the temperature of reaction mixture from 20 to 65°C. Variation in activity of enzyme was measured by linear increase in H2O2 concentration in the reaction mixture. KM (Michaelis constant) value of purified liver catalase was calculated by using Lineweaver-Burk plot. The purified enzyme was incubated with 10 to 50mM EDTA for 30min at 4°C to determine the effect of EDTA on the activity of enzyme.


    



    Results


    



    Catalase was purified from fresh liver tissue by selective acetone precipitations and ion-exchange chromatography. Most of the enzyme was precipitated between 25 to 65% acetone at 0°C. After complete dialysis, the enzyme was bound to the equilibrated DEAE-Sephadex column, when buffer-A was used as mobile phase. The combined purified


    



    Table 1: Specific activity, percentage yield and fold purification of catalase at different stages of purification from the liver tissue of water buffalo (Bubalus bubalis)


    
      
        
        
        
        
        
        
        
      

      
        
          	
            Enzyme purification steps

          

          	
            Total Units

          

          	
            Total Protein content (g)

          

          	
            Specific activity (U per mg)

          

          	
            Percentage Yield

          

          	
            Fold Purification

          
        


        
          	
            Precipitations

          

          	
            Crude Extract

          

          	
            19338000

          

          	
            66.0

          

          	
            293.0

          

          	
            100

          

          	
            1

          
        


        
          	
            Supernatant of 25% acetone saturation

          

          	
            18360000

          

          	
            56.1

          

          	
            327.2

          

          	
            94.9

          

          	
            1.11

          
        


        
          	
            Precipitate of 70% acetone saturation

          

          	
            17700000

          

          	
            43.2

          

          	
            409.7

          

          	
            91.0

          

          	
            1.4

          
        


        
          	
            Dialysis

          

          	
            Dialysate

          

          	
            16033500

          

          	
            37.7

          

          	
            425.3

          

          	
            82.9

          

          	
            1.48

          
        


        
          	
            Chromatography

          

          	
            Combined Fractions

          

          	
            5899350

          

          	
            0.165

          

          	
            35753

          

          	
            30.5

          

          	
            123

          
        

      
    


    



    One enzyme unit is the amount of enzyme which can catalyze the breakdown of one micromole of H2O2 per min at 25°C
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    Figure 1: Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) photograph


    M- Protein marker; A- Catalase purified from the liver tissue of river buffalo displaying a single band at 60kDa.
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    Figure 2: Elution peak of purified liver catalase on a gel-filtration Colum (G-200 Superdex performed with FPLC (AKTA purifier GE-Healthcare)


    



    enzyme fractions had specific activity of 35753U per mg of enzyme sample. Final recovery was 30.5% with 123 folds purification (Table 1). The combined purified fractions displayed a single band at 60kDa on SDS-PAGE (Figure 1). Gel filtration column chromatography was used for the determination of quaternary structure of purified catalase.
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    Figure 3: Effect of pH variation on the activity of purified liver catalase


    The enzyme activity (micromole of H2O2 converted into product per min) is plotted against the pH of reaction mixture. Maximum activity of purified water buffalo liver catalase was measured at pH 7.
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    Figure 4: Effect of temperature on the stability and activity of purified liver catalase


    Optimum temperature for the activity of water buffalo liver catalase is at 30°C. The enzyme was quite stable while incubated at temperature up to 35°C for 5min; the enzyme activity was decreased with an increase in temperature beyond 35°C and it was completely lost by incubation at 65°C for 5min.


    



    The enzyme eluted as a single peak with a retention volume of 11.4mL (Figure 2). The molecular weight calculated on the basis of these results was 240kDa indicating that the enzyme exists as a tetramer. Purified buffalo liver catalase retains activity at a wide range of pH with maximum activity at pH of 7 (Figure 3). Maximum activity of enzyme was measured at 30°C, it was rapidly inactivated by incubation at temperatures above 45°C and activity was completely lost by incubation at 65°C for 5 min (Figure 4). There was no significant change in the activity when the enzyme was incubated in 10 to 50mM EDTA for 30min at 4°C. The KM value of enzyme for hydrogen peroxide was calculated as 58mM by Lineweaver-Burk plot (Figure 5).
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    Figure 5: Lineweaver-Burk plot for the calculation of KM and Vmax of purified enzyme


    Inverse values of rate of reaction (V) and substrate concentration (mM of H2O2) are plotted against each other. The calculated value of KM is 58 mmoles of H2O2 for buffalo liver catalase.


    



    Discussion


    



    Catalase, purified from the liver tissue of river buffalo has been characterized for various physiochemical properties. A comparison of its characteristics has been made with that of enzyme from different species reported in the literature. Molecular weight of catalase investigated in the present study (240kDa) is similar to that reported from different species e.g. 240kDa from chicken erythrocytes (Aydemir and Kuru, 2003), 230kDa from dog liver (Nakamura et al., 2000), 240kDa from bovine liver (Prakash et al., 2002) and pig liver 241kDa (Arabaci et al., 2013). The specific activity of catalase described in the present study is comparable with that of enzyme reported in these studies from pig, bovine and dog liver. However, the purification method used in the present study provides better percentage recovery.


    The purified enzyme has shown optimum activity at pH 7 at 30°C. Similar pH and temperature conditions have been reported for the maximum activity of catalase isolated from different species e.g. enzyme from goat liver exhibited an optimum pH 6.8 (Chatterjee et al., 1989), camel liver enzyme and the enzyme from black gram have shown highest catalysis rate at pH 7 (Kandukuri et al., 2012; Al-Bar, 2012), enzyme isolated from apple have exhibited an optimum pH 7.5 and that isolated from pig liver has an optimum pH 8 (Arabaci et al., 2013). The catalase from van apple has shown maximum activity at 50°C (Yoruk et al., 2005). The KM value of river buffalo liver catalase (58mM) is lower than that from goat liver (110mM) and bovine liver (93mM) (Kandukuri et al., 2012; Arabaci et al., 2013) indicating its greater affinity towards hydrogen peroxide. Present study reveals the first report on the purification and properties of liver catalase from river buffalo which is an unexplored species for its proteins and related genes. The enzyme isolated from the river buffalo offers a substitute for the bovine and porcine enzymes used in clinical laboratories.


    



    Acknowledgements


    



    Authors are grateful to the Higher Education Commission of Pakistan for funding this research.


    



    Conflict of interest


    



    The authors have no conflict of interests.


    



    Authors’ Contribution


    



    Nadeem MS being the main author, conducted the major research work in lab. Khan JA contributed in writing of the manuscript. Murtaza BN helped in sample processing and chromatography. Muhammad K contributeed in the spectrophotometric analysis of enzyme properties. Rauf A assisted in the article writing.


    



    References


    
      	Abassi NA, Kushad MM (1998). Active oxygen-scavenging enzymes activities in developing apple flowers and fruits. Sci. Horticult. 74:183-194. http://dx.doi.org/10.1016/S0304-4238(98)00077-6


      	Al-Bar OAM (2012). Characterization of partially purified catalase from camel (Camelus dromedarius) liver. African J. Biotechnol. 11: 9633-9640


      	Arabaci G, Usluoglu A (2013). Catalytic properties and immobilization studies of catalase from Malva sylvestris L. J. Chem. 6861-6885. http://dx.doi.org/10.1155/2013/686185


      	Aydemir T, Kuru K (2003). Purification and partial characterization of catalase from chicken erythrocytes and the effect of various inhibitors on enzyme activity. Turkish J. Chem. 27: 85-97.


      	Bailly C, Leymarie J, Lehner A, Rousseau S, Come D, Corbineau F (2004). Catalase activity and expression in developing sunflower seeds as related to drying. J. Exp. Bot. 55: 475-483. http://dx.doi.org/10.1093/jxb/erh050


      	Bilal MQ, Suleman M, Raziq A (2006). Buffalo: Black gold of Pakistan. Livest. Res. Rural Dev. 18: 128-135.


      	Chatterjee U, Kumar A, Sanwal GG (1989). Purification and properties of goat liver catalase: Two pH optima. Indian J. Biochem. Biophys. 26: 140-147.


      	Esch F, Lin KI, Hills A, Zaman K, Baraban JM (1998). Purification of a multipotent antideath activity from bovine liver and its identification as arginase: nitric oxide-independent inhibition of neuronal apoptosis. J. Neurosci. 18: 4083-4095.


      	Falkson G, De Jager ME (1964). Catalase activity in the epidermis of patients with advanced cancer. Nature. 202: 203-204. http://dx.doi.org/10.1038/202203a0


      	Garcia R, Kaid N, Vignaud C, Nicolas J (2000). Purification and some properties of catalase from wheat germ (Triticum aestivum L.). J. Agri. Food Chem. 48: 1050-1057.


      	Goyal MM, Anjan B (2008). Purification of human erythrocyte catalase by ion exchange chromatography: A few modifications. J. Enz. Res. 2: 11-17.


      	Halliwell B, Gutteridge JM (2011). Oxygen toxicity, oxygen radicals, transition metals and disease. Biochem. J. 219: 1-14. http://dx.doi.org/10.1042/bj2190001


      	Havir EA, Mchale NA (1987). Biochemical and developmental characterization of multiple forms of catalase in Tobacco leaves. Plant Physiol. 84: 450-455.


      	Hnaien M, Lagarde F, Jaffrezic-Renault N (2010). A rapid and sensitive alcohol oxidase/catalase conductometric biosensor for alcohol determination. Talan. 81: 222-227. http://dx.doi.org/10.1016/j.talanta.2009.11.061


      	Kandukuri SS, Noor A, Ranjini SS, Vijayalakshmi M (2012). Purification and characterization of catalase from sprouted black gram (Vigna mungo) seeds. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 15: 889-890.


      	Khan B, Iqbal A (2009). The water buffalo: An underutilized source of milk and meat: A review. Pak. J. Zool. 9: 517-521.


      	Kunce CM, Trelease RN (1986). Heterogeneity of catalase in maturing and germinated cotton seeds. Plant Physiol. 81: 1134-1139. http://dx.doi.org/10.1104/pp.81.4.1134


      	Laemmli UK (1970). Cleavage of structural Proteins during the assembly of the head of bacteriophage-T4. Nature. 227: 680-685.


      	Lee DH, Blomhoff R, Jacobs DR (2004). Is serum gamma glutamyltransferase a marker of oxidative stress? Free Rad. Res. 38: 535-539.


      	Li Y, Schellhorn HE (2007). Rapid kinetic microassay for catalase activity. J. Biomol. Technol. 18: 185-187. http://dx.doi.org/10.1134/S0023158407010077


      	Lokman O, Bulbul M, Elmastas M, Ciftci M (2007). Purification and some kinetic properties of catalase from parsley (Petroselinum hortense Hoffm. Apiaceae) leaves. Preparat. Biochem. Biotechnol. 37: 229-238. http://dx.doi.org/10.1080/10826060701386711


      	Miyamoto T, Hayashi M, Takeuchi A, Okamoto T, Kawashima S, Takii T, Ayashi H, Onozaki K (1996). Identification of a novel growth-promoting factor with a wide target cell spectrum from various tumor cells as catalase. J. Biochem. (Tokyo). 120: 725-730.


      	Nakamura K, Watanabe M, Sasaki Y, Ikeda T (2000). Purification and characterization of liver catalase in acatalasemic beagle dog: Comparison with normal dog liver catalase. Int. J. Biochem. Cell. Biol. 32: 89-98.


      	Prajapati S, Bhakuni V, Babu KR, Jain SK (1998). Alkaline unfolding and salt-induced folding of bovine liver catalase at high pH. Eur. J. Biochem. 255: 178-184. http://dx.doi.org/10.1046/j.1432-1327.1998.2550178.x


      	Prakash K, Shashi P, Atta A, Jain SK, Bhakuni V (2002). Unique oligomeric intermediates of bovine liver catalase. Protein Sci. 11: 46-57. http://dx.doi.org/10.1110/ps.20102


      	Robinet P, Wang Z, Hazen SL, Smith JD (2010). A simple and sensitive enzymatic method for cholesterol quantification in macrophages and foam cells. J. Lipid Res. 51: 3364-3369.


      	Samejima T, Miyahara T, Takeda A, Hachimori A, Hirano K (1981). On the acid denaturation of porcine erythrocyte catalase in relation to its subunit structure. J. Biochem. 89: 1325-1332.


      	Siwale RC, Yeboah GK, Addo R, Oettinger CW, D’Souza MJ (2009). The effect of intracellular antioxidant delivery (catalase) on hydrogen peroxide and pro-inflammatory cytokine synthesis: A new therapeutic horizon. J. Drug Target. 17: 710-718. http://dx.doi.org/10.3109/10611860903161328


      	Skinner HA, Holt S, Schuller R, Roy J, Israel Y (1984). Identification of alcohol abuse using laboratory tests and a history of trauma. Ann. Int. Med. 101: 847-851. http://dx.doi.org/10.7326/0003-4819-101-6-847


      	Srivastava RC, Brundage CK, Pecht MA, Carper WR (1971). Isolation and purification of pig liver catalase. Transac. Kansas Acad. Sci. 74: 172-180.


      	Vuillaume M (1987). Reduced oxygen species, mutation, induction and cancer initiation. Mut. Res. 186: 43-72.


      	Yabuki M, Kariya S, Ishisaka R, Yasuda T, Yoshioka T, Horton AA, Utsumi K (1999). Resistance to nitric oxide-mediated apoptosis in HL-60 variant cells is associated with increased activities of Cu, Zn-superoxide dismutase and catalase. Free Radical Biol. Med. 26: 325-32. http://dx.doi.org/10.1016/S0891-5849(98)00203-2


      	Yoruk IH, Demir H, Ekici K, Sarvan A (2005). Purification and properties of catalase from Van Apple (Golden Delicious). Pak J. Nutr. 4: 8-10. http://dx.doi.org/10.3923/pjn.2005.8.10


      	Zamocky M, Furtmüller PG, Arabaci GPC (2011). Partial purification and some properties of catalase from dill (Anethum graveolens L.). J. Biol. Life Sci. 2: 11-15.

    

  

OEBPS/Fonts/ACaslonPro-Italic.otf



OEBPS/Images/199.png
South Asian Journal of Life Sciences

@ grossMﬂk

Purification and Properties of Liver Catalase from Water Buffalo
(Bubalus bubalis)

MuHAMMAD SHAHID NADEEMY, JALALUDDIN Azam KHaN!, BBl Nazia Murtaza?, KHusHI
MuHAMMAD?, ABDUL RAUF®

OPENaACCESS

Research Article

!Department of Biochemistry, King Abdulaziz University, Jeddah, Saudi Arabia; 28chool of Biological Sciences, Uni-
versity of the Punjab, Lahore, Pakistan; *Department of Zoology, University of Azad Jamu and Kashmir, Muza-
Jfarabad, Pakistan.

Abstract | Catalase is ubiquitous enzyme which catalyses the breakdown of hydrogen peroxide (H,O,). The aim of
present study was to purify and characterize the liver catalase from Bubalus bubalis, which is an important domestic
animal in South Asia. The enzyme was purified to electrophoretic homogeneity by selective acetone precipitations
and anion-exchange chromatography based on DEAE-Sephadex Colum. Purified enzyme displayed specific activity
of 35753 units per mg of protein with 30.5 % recovery and 123 fold purification. Optimum activity was measured at
pH 7 and 30°C.The K, value of purified catalase was calculated as 58mM for H,O,. Gel-filtration chromatography
experiments indicate that the purified enzyme was a tetramer with MW of about 240 kDa. There was no effect of 10
to S0mM EDTA on the activity of enzyme after incubation for 30 min at 4°C. Our study reveals the first report on the
purification and properties of catalase from river buffalo which is an unexplored species for its proteins. The isolated
enzyme with high yield and specific activity, offers an attractive alternate for the bovine and porcine enzymes used in

clinical laboratories.

Keywords | Catalase, River buffalo, lon-exchange chromatography

Editor | Muhammad Nauman Zahid, Quality Operations Laboratory, University of Veterinary and Animal Sciences, Lahore, Pakistan.
Received | July 08, 2015; Revised | October 21, 2015; Accepted | October 23, 2015; Published | November 00, 2015

“Correspondence | Muhammad Shahid Nadeem, King Abdulaziz University, Saudi Arabin; Email: shahid.nadeem hu@gmail.com

Citation | Nadeem MS, Khan JA, Murtaza BN, Muhammad K, Rauf A (2015). Purification and properties of liver catalase from water buffalo (Bubalus bubalis).

S. Asian J. Life Sci. 3(2): 51-55.
DOI | http://dx.doi.org/10.14737/journal.sajls/2015/3.2.51.55
ISSN | 2311-0589

Copyright © 2015 Nadeem et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
Cntalase (EC 1.11.1.6) which catalyzes the breakdown

of hydrogen peroxide to water and oxygen is widely
distributed in living organisms, including plants, animals
and microorganisms (Abassi and Kushad, 1998; Bailly et
al,, 2004). It is the most important among antioxidative
enzymes involved in the depletion of reactive oxygen spe-
cies produced during the processes like the B-oxidation
and electron transport etc. (Kunce and Trelease, 1986; Ha-
vir and McHale, 1987). The typical catalase is active in the
pH range from S to 10. The optimum pH for the activity
of catalase is between pH 6 and 8 and it is mostly sta-
ble at temperatures between 10 and 30°C (Aydemir and
Kuru, 2003). Catalase from different sources mostly exists
as a tetramer with molecular weight ranging from 220 to
270 kDa. Each subunit contains a protoheme molecule
as prosthetic group. Dissociation of subunits is observed

at extreme pH values and by the action of denaturants
(Samejima et al., 1981; Prajapati et al., 1998) which re-
sults in the loss of activity. By removing highly reactive
hydrogen peroxide, the enzyme inhibits the neuronal dam-
age, apoptosis, inflammation, aging and a wide range of
tumours (Vuillaume, 1987; Miyamoto et al., 1996; Esch
et al., 1998; Yabuki et al., 1999; Halliwell and Gutteridge,
2011). Clinically it is important as the liver catalase level
is decreased in the cancer patients (Falkson and De Jager,
1964). Elevation in plasma level of liver catalase and other
antioxidant enzymes is used as an index of the ROS (re-
active oxygen species) induced human diseases (Skinner et
al., 1984; Lee et al., 2004). Catalase has proven as a possi-
ble agent to support the intracellular drug delivery (Siwale
et al., 2009) a biosensor for the determination of alcohol
(Hnaien et al., 2010), and can be used in an assay for the
quantification of cholesterol (Robinet et al., 2010). The
enzyme has been purified and characterized from a wide
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