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Esterase inhibition study in Different Tissues of fresh water cat fish Heteropneustes fossilis through Polyacrylamide Gel electro phoresis

ABSTRACT:
Esterase polymorphism were studied in different tissues of Heteropneustes fossilis three    tissues were studied viz; intestine, muscle and brain .brain. Intestine showed  ER esterases (Esterases resistant to inhibitors) and CE esterases (Carboxylesterases), muscle showed ChE (Cholinesterases) and CHsp esterases (Enzymes which were inhibited by Paraoxon, Eserine, and pCMB ) and brain showed ChE (Cholinesterases) and Esdp (Esterases inhibited by Eserine alone) esterases.
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 Introduction 
Esterases are the hydrolyze enzymes that splits esters into an acid and an alcohol. Two categories of such enzymes were recognized first by Loevenhart, (1906), enzymes, which hydrolyze the esters of short chain (C2-C4) fatty acids were recognized as esterases, while those which hydrolyzed the long chain fatty acid esters (>C8) were recognized as lipases (Seligman & Nachlas, 1950). 
Esterases Esters Alcohol + Acids+H2O. 
Alcohol + Carboxylic acid ↔ Ester + water. 
R-OH + R-COOH --------> R-COO-R +H2O. 
Esterase enzymes are involved in important physiological process such as nervous impulse control, reproduction, developmental process, detoxification and tolerance of xenobiotics besides being good biomarkers to predict environmental pollution and they have been used as gene markers in a wide variety of organisms. These enzymes also attracted the action of industry in past few decades due to their application in food, detergent, fine chemical, waste water treatments, bio-diesel production, and pharmaceutical industries and in bio-remediation.
The present study was carried out to find out tissue specific esterase banding patterns in different tissues of H. fossilis.  Electrophoretic banding patterns of esterase of different tissues showed species specific variation which could be successfully used for identification of fish species. Electrophoretic pattern of esterases of different tissues show species specific variation, it could be successfully used for the identification of fish species (Shengming et al., 1988). Tissue specific proteins and enzymes are of immense importance in recognizing species and establishing their taxonomic relationship in number of animal groups (Whitt 1987). Enzymes are used in recognizing the stages of differentiation of specific tissue during the development of the organism One important characteristic of these enzymes is that the homologous tissue of different species exhibit wide divergence in the extent of their heterogenecity and the characteristics of multiple enzyme forms even in closely related species. (Holmes and Whitt, 1970; Laksmipathi and sujatha,1991). Electrophoretic studies were done extensively on the different tissues of various animals from which it reveals that the enzymes exist in multimolecular forms and perform various functions (Market & Moller, 1959).
 Electrophorotic investigations of esterase, especially allozymes that acts as genetic markers in determining the taxonomic and population status of many organisms (Ferguson1980). Isozyme patterns show pronounced differentiation in many organisms including fishes (Renitz 1977; Soloman and Child 1978; Ferguson 1980). Isozyme analysis has been used to estimate the genetic variation between different populations of fish species (Barua et al.,2004). Esterase banding pattern in different tissues of Pangasius hypophthalmus (Begum et al.,2010). Deep stained band intensity was observed in the tissues of digestive system more specifically liver and intestine (Hawa Jahan et al., 2016). Acute and sub lethal exposure of Methyl parathion induces significant changes in the enzymatic profiles in C. catla (Abhijith et al., 2016).
Comparisons were made between the tissues of the same fish species and between the homologous tissues of different species on the basis of the electrophoretic motilities of individual zones and inhibitor sensitivity of individual zones to three inhibitors:
i) Paraoxon (an organophosphate),
ii) Physostigmine (a carbamate ) and
iii) Parachloromercuric benzoate (pCMB  - A thiol active compound).
Esterases were classified into different categories on the basis of their sensitivity to inhibitors.
In our present research work decrease in esterase patterns in H. fossilis after exposure  to pesticide (Methyl parathion) at sub lethal concentrations, has been observed that could assess the utility of esterase zymogram of fish in detecting pollution.
Esterase patterns observed in the present study were classified on the basis of their sensitivity to three inhibitors viz., Paraoxon (an organophosphate), Eserine ( a carbamate ) and pCMB  ( a thiol group inhibitor).  Paraoxon was found to be as effective  in inhibiting the carboxylesterases (Metcalf et al., 1972; Lakshmipathi and Reddy, 1989) and Eserine was used as a criterion for detecting cholinesterases which were found sensitive to both organophosphates and carbamates ( Holmes et al., 1968; Hart and cook,1976; Lakshmipathi and Reddy 1989 & 1990 ). Arylesterases were inhibited by pCMB alone. The enzyme which exhibited mixed inhibition were classified as Esdp esterases (inhibited by Paraoxon and pCMB), CHsp esterases (inhibited by all the three inhibitors) and Ese esterases (which were inhibited only by eserine) (Hart and Cook, 1976;  Haritos and Salamastrakis, 1982; Lakshmipathi and Reddy, 1989).

(Bornscheuer, 2002; Cammarota & Freire, 2006; Jaeger & Eggert, 2002; Rao et al., 1998; Reetz, 2002; Sharma et al., 2001; Vimala & Rajaiah, 2014; Alam et al., 2015). The high region and spacio specificity of these enzymes has applications in the Kinetic resolution of optical isomers for synthesis of optically pure substances in pharmaceutical and chemical industries (Alam et al., 2015; Bornscheuer, 2002). Their ability was to catalyze a variety of esterase without the aid of cofactors is an additional advantage (Bornscheuer, 2002). Esterases play a vital role in the metamorphosis of insects (Yu et al., 2009). The present study was aimed to investigate the comparative tissue of esterase polymorphism of selected prawns
Esterases are the enzymes which hydrolyze the esters of carboxylic acid. Lovenhart ( 1906), recognized two categories of such enzymes. Enzymes, which hydrolyze the esters of short chain ( C2- C4) fatty acids were recognized as esterases, while those which hydrolyse the long chain fatty acid esters (> C8) were identified as lipases (Seligman and Nachlas, 1950). A great advance in the study of esterases was made when organophosphates were recognized as inhibitors of these enzymes ( Webb, 1948). Aldrige (1953) distinguished the enzymes into two ‘A’ and ‘B’ esterases, by using the organophosphate inhibitors E-600 ( Diethyl- para nitro phenyl phosphate).  ‘B’ esterases were reported to be sensitive to the compound where as the ‘A’ esterases hydrolyzed it.  A third type of  enzyme,  ‘C’ esterases (Bergman et al.,1957),  were shown to be neither sensitive to organophosphates nor were capable of hydrolyzing them. Low concentrations of pCMB (Parachloro mercuribenzoate) slightly activated these enzymes.  Early studies on non- specific esterases in various groups of animals by different authors produced a diversified nomenclature in literature.  But they were essentially the synonyms of the three types, A, B and C esterases (Pearse, 1972).  
Esterase Inhibition Study
              Esterases are classified into different categories on the basis of their sensitivity to inhibitors. Esterases were used to compare the tissues specific and species specific differences existing in different tissues in H. fossilis. The main aim of study was to detect tissue specific distribution of  esterases in different tissues of  H. fossilis. Comparison of  Eeterases were made between the tissues in H. fossilis. on the basis of the electrophoretic  mobility’s of individual zones and inhibitor sensitivity of individual zone to three inhibitors:
1. Paraxoan (an organophosphate),
2. Physostigmine (A carbamate), and 
3. Parachloromercuribenzoate (A thiol group inhibitor).
              Esterases are a complex group of enzymes hydrolyzing the carboxylic acid esters and exist in multiple. Esterase patterns observed in the present study were classified on the basis of their  sensitivity to three inhibitors viz., Paraoxon ( an organophosphate), Eserine (a carbamate) and pCMB (parachloro mercuric benzoate , a thiol group inhibitor).
               Paraoxon was found to be as effective as DFP (Diisopropylphosphorofluoridate) in inhibiting the carboxylesterases (Metcalf et al., 1972; Lakshmipathi and Reddy,1989; Raju and Venkaiah 2014) and Eserine was used for detecting cholinesterases which were found sensitive to both organophosphates and carbamate (Augustinson 1960; Holmes et al., 1968; Hart and cook,1976; Lakshmipathi and Reddy, 1989 & 1990).
            Arylesterases were  inhibited by pCMB alone. The enzymes which exhibited mixed inhibition were classified as Esdp esterases (Which are inhibited by paraoxon and pCMB), CHsp esterases (choline like esterases ) these  are inhibited by all the three inhibitors and Ese esterases are inhibited by Eserine alone (Hart & Cook,1976; Haritos & Salamastrakis, 1982; and Lakshmipathi & Reddy, 1989).
           Holmes et al., 1968 in his studies on esterases compared  the electrophoretic patterns of esterases in tissues of several vertebrates, including that of a cat fish.
            The substrate specificity and inhibitor sensitivity of the enzymes had been used by Holmes et al., (1968), to classify the electrophoretically separated esterases found in the tissue of several vertebrates. 
               The tissue and species specific distribution of esterases were earlier reported from two cat fishes and the toad (Venkaiah & Lakshmipathi, 2006). Esterase patterns of muscle and brain of Channiforms and Perchiforms were reported (Rajaiah et al.,2010). Non specific esterase isozyme after electrophoresis was used to identify the species of Anabas and Clarius (Ramaseshaiah and Dutt 1984; Begum et al., (2012b); Rashid & Rahman, 2013). Different forms of esterases found in different tissues of Puntius sophore were analyzed by (Hawa jahan et al., 2016;  Gajala et al., 2016 )  reported the effect of pesticide Triazophous on esterase activity and protein contents of liver, kidney, brain, blood and muscle of Catla catla, Labeo rohita and Cirrinus mrigala. Tissue specific esterase isozyme variations in Clarias batrachus and C. gariapinus  were also studied (Abdur Rashid, 2013; Mohammad Mustafa, 2013). The comparative study of various classes of esterases contributing to tissue enzyme activity indicates that ArE esterases are major contributors to total enzyme activity in all the tissues (Swapny and Ravinder Reddy, 2017).

RESULTS
Intestine
            Intestine showed four esterase bands with Rm value of Est-1 0.60, Est-2 0.40, Est-3 0.30, Est-4 (0.15). Est-1 was not inhibited by any of these three inhibitors, so this esterase zone was classified as ER (Esterase resistant to inhibitors) esterases. Est-2 and Est-3 was inhibited by Paraoxon only, but not inhibited by either Eserine or pCMB. So this zone of esterase was classified as CE (Carboxylic Esterase). Est-4 was inhibited by Paraoxon, Eserine and pCMB inhibitors, so these esterases are called as CHsp esterases. 

Muscle
                  Muscle exhibited three zones of the esterase zymogram with Rm values of Est-1 0.60, Est-2 0.40, Est-3 0.30. ESt-1 was inhibited by Paraoxon and Eserine but not with pCMB, so this zone of esterases is classified as ChE (Choline Esterase) esterases. ESt-2 and Est-3 were inhibited by all these three inhibitors, so these esterases are called CHsp esterases 

Brain
               Brain tissue showed three zones of esterases with Rm values of Est-1 0.60, Est-2 0.40, Est-3 0.30. Est-1 was inhibited by Eserine only but not by Paraoxon and pCMB, so this esterase is classified as Ese (Esterases inhibited by serine alone but not by op compounds) esterases. Est-2 and Est-3 was inhibited by Paraoxon and Eserine, but not with pCMB, so these esterase are called as  ChE    (Choline esterase) esterases. 

Table 1 Tissue specific Distribution of esterase in Intestine of H. fossilis


	Intestine
	Est-1
	Est-2
	Est-3
	Est-4

	Control
	+
	+++
	+
	+

	Paraoxon
	+
	-
	+
	+

	Eserine
	+
	+++
	++
	++

	Pcmb
	+
	+++
	++
	++

	Classification
	ER
	CE
	ER
	ER



                 CE= Carboxylesterases

                 ER= Esterases resistant to inhibitors





Table 2. Tissue specific Distribution of esterase in Muscle of H.fossilis

	Muscle
	Est-1
	Est-2
	Est-3

	Control
	+
	+
	+

	Paraoxon
	           -
	-
	-

	Eserine
	-
	-
	-

	Pcmb
	++
	-
	-

	Classification
	ChE
	CHsp
	CHsp




CHsp= Enzymes which were inhibited by Paraoxon, Esarine ,and Pcmb; 
ChE=Cholinesterases




Table 3.  Tissue specific Distribution of esterase in Brain of H. fossilis


	Brain
	Est-1
	Est-2
	Est-3

	Control
	++
	+
	+

	Paraoxon
	+
	-
	-

	Eserine
	-
	-
	-

	Pcmb
	+++
	+
	+

	Classification
	        Ese
	ChE
	ChE



            ChE=Cholinesterases; 

             Ese= Inhibited by Eserine alone 



DISCUSSION
We observed the different classes of esterases in different tissues of H. fossilis  esterases activity is more in intestine and less in muscle of H. fossilis. Intestine showed  ER esterases (Esterases resistant to inhibitors) and CE esterases (Carboxylesterases), muscle showed ChE (Cholinesterases) and CHsp esterases (Enzymes which were inhibited by Paraoxon, Eserine, and pCMB ) and brain showed ChE(Cholinesterases) and Esdp (Esterases inhibited by Eserine alone) esterases.
Thomson et al.,(1983 &1989) reported two classes of esterases, one a general non specific esterases catalyzing the hydrolysis of P-nitrophenyl acetate and the other hydrolyzing specifically the tyrosine esters. The physiological functions of these enzymes are not know. Substrate specificities and inhibition sensitivities were used to characterize esterases into different classes. In general, esterases inhibited by organophosphate inhibitor are classified as carboxyl esterases (Holmes & Master, 1967; Haritos & Salamastrakis, 1982; Reddy & Lakshmipathi & Reddy, 1989). The substrate specificity and inhibitors sensitivity of the enzymes had been used by Holmes et al., (1968), to classify the electrophoretically separated esterases found in the tissue of several vertebrates. 
Similar types of inhibition patterns revealed from the studies on esterases of fishes and othe organisms  like crustaceans, insects, mollusces, and amphibians (Mahender Reddy and Lakshmipathi, 1988;  Sujatha and Lakshmipathi, 1997; Shobha Rani & Lakshmipathi,1993;  Rajaiah and Lakshmipathi, 1997; Venkaiah and Lakshmipathi.,1998; Raju & Venkaiah, 2013). Inhibition of esterases by the organophosphates, carbamates have been used traditionally to classify them (Alridge, 1953). CHsp (Cholinesterase like enzymes) esterases inhibited by all these three inhibitors and Esdp esterases  which are inhibited by both pCMB and Praroxon . These are implicated in biotransformation and detoxification of the pesticide (Jokanovic, 2001; CASIDA  & Quistad 2005). Different number of esterase fractions in the gut spectrum of different breeds of B. mori has been reported by various authors (Eguchi, Sugimoto 1965; Egorova, et al.,  1977; Eremina 1985). Esterase isozyme exhibited higher level of polymorphism in vertebrates and invertebrates (Selander 1976). The differences in fractions of esterase may be due to the degree of genetic heterogencity. ArE esterases were found in all the perciformes fishes but ArE esterases were not noticed in channiformes (Rajaiah et al., 2010).
Earlier reports indicated that the esterases from vertebrates and invertebrates exhibit higher level of polymorphism. Similar types of inhibition patterns were revealed from the studies on esterases of fishes and also from other organisms like crustaceans, insects, mollusks and amphibians (Bheem Rao, 2018; Swapna Ravinder Reddy, 2015, 2017, Venkaiah et al., 2013, Pranavi et al., 2012). The investigations on esterases are not clear. So far, Bufodienoloids found in the skin and glandular secretions of toads exist as multiple conjugate forms of dicarboxylic acid esters and as arginyl-dicarboxylic esters (Schmiada and Wanbara 1979). The inhibition pattern suggests that these esterase enzymes are sensitive to organophosphate (OP) compounds, Paraoxon and Physostigmine and are classified as Carboxyl esterases (Reddy and Pathi, 1988), which are actively involved in enzyme metabolism responsible for insecticidal resistance and also in detoxification of allelo chemicals, as earlier reported. Esterases can show post-translational modifications and formation of hybrid polymers. The band pattern also exhibits profound variation with varying electrophoretic conditions (Gopalakrishnan, A. et al., 1997). As a consequence of these problems, substrate specificity studies become inevitable for characterization and genetic interpretation of esterase zymograms and use of inhibitor techniques
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