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Abstract: Estearase distribution was investigated in six tissues—gill, liver, intestine, muscle, brain, and eye—of two 

cypriniform fishes, Catla catla and Labeo rohita. Esterase patterns were examined by electrophoresis and the individual 

zones were characterized on the basis of their relative mobility (Rm) and their sensitivity to specific inhibitors. In Catla 

catla, esterase zones showed marked tissue-specific variation. Esterases resistant to inhibitors (ER) were widely distributed, 

while cholinesterase-like enzymes (CHsp), carboxylesterases (CE), cholinesterases (ChE), and arylesterases (ArE) occurred 

in particular tissues. In Labeo rohita, CE and ER esterases were prominent, with additional ChE, CHsp, ArE, and Esdp 

zones occurring in specific tissues. The results demonstrate that esterase profiles differ among tissues and between the two 

species, and that zones with similar electrophoretic mobility may differ in inhibitor sensitivity depending on the tissue. 
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I. INTRODUCTION 

 

Esterases are hydrolytic enzymes that catalyse the 

cleavage of ester bonds to produce an acid and an alcohol. 

Lov(en)hart (1906) distinguished esterases that hydrolyse 

esters of short-chain fatty acids (C2–C4) from lipases that act 

primarily on esters of long-chain fatty acids (>C8), as cited 

by Seligman and Nachlas (1950). 

 

Esterase enzymes participate in several physiological 
processes, including nervous impulse regulation, 

reproduction, development, detoxification, and tolerance to 

xenobiotic compounds. Because their activities can respond 

to environmental contaminants, esterases have also been used 

as biomarkers for assessing environmental pollution and as 

genetic markers in a wide variety of organisms. 

 

During recent decades, esterases have attracted 

considerable industrial interest because of their applications 

in food processing, detergents, fine-chemical production, 

wastewater treatment, biodiesel production, pharmaceutical 
processes, and bioremediation (Rao et al., 1998; Sharma et 

al., 2001; Bornscheuer, 2002; Jaeger and Eggert, 2002; Reetz, 

2002; Maurer, 2004; Cammarota and Freire, 2006; Hasan et 

al., 2006). Their high regioselectivity and stereospecificity 

are useful in the kinetic resolution of optical isomers and in 

the synthesis of optically pure compounds for pharmaceutical 

and chemical applications. Their ability to catalyse reactions 

without requiring additional cofactors is another important 

advantage (Bornscheuer, 2002). Esterases also play important 

roles during insect metamorphosis (Quan-You Yu et al., 

2009). 

 

The present study was undertaken to examine the tissue-

specific and species-specific distribution of esterases in six 

tissues of Catla catla and Labeo rohita using electrophoretic 

separation and inhibitor-sensitivity analysis. 

 

II. MATERIALS AND METHODS 
 

Fishes were collected from ponds and tanks located 

within a radius of approximately 60 km from the Kakatiya 

University campus using nets with the assistance of local 

fishermen. The fishes were transported immediately to the 

laboratory in water-filled plastic buckets and acclimatized to 

laboratory conditions for approximately one week in aquaria. 

They were fed with natural plankton collected from their 

respective habitats. 

 

The fishes were immobilized by striking the head, and 
the required tissues were dissected. Six tissues—gill, liver, 

intestine, muscle, brain, and eye—were selected for analysis. 

Tissues obtained from approximately three large fish to six 

small fish were pooled, weighed to the nearest milligram, and 

homogenized in 0.01 M Tris-HCl buffer (pH 7.5) containing 

0.9% NaCl. 
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The tissue homogenate concentrations were 
approximately 10% for gill, liver, intestine, brain, and eye, 

and 20% for muscle. After homogenization, the samples were 

placed in ice-jacketed centrifuge tubes and centrifuged at 

2,000 rpm for 10 minutes in a clinical centrifuge at room 

temperature. The supernatants were mixed with an equal 

volume of 20% sucrose solution containing 0.05% 

bromophenol blue as the tracking dye. An aliquot of 0.1 mL 

of the resulting mixture was loaded onto the gel for 

electrophoretic separation of esterase zones. 

Esterase zones were classified according to the 
procedures described by Holmes and Masters (1967), Hart 

and Cook (1976), Haritos and Salmastrakis (1982), and 

Lakshmipathi and Reddy (1989), based on their sensitivity to 

specific inhibitors. Physostigmine (eserine; a carbamate), 

pCMB (a thiol-reactive compound), and paraoxon (an 

organophosphorus compound) were used in the inhibitor-

sensitivity analysis. 

 

 Classification of Esterases Based on Inhibitor Sensitivity 
 

Table 1 Classification of Esterases Based on Inhibitor Sensitivity 

Classification CHsp ChE   CE Esdp ArE ER Ese 

pCMB - +   + - - + + 

Eserine - -   + + + + - 

Paraoxon - -   - - + + + 

 

III. RESULTS 

 

 Catla Catla 

The inhibitor-sensitivity patterns of individual esterase zones detected in Catla catla are presented in Table 2. 

 

Table2 Inhibitor Sensitivity of Individuale Sterase Zones in Catla catla 

NameofTiss

ue 

Gill Liver Intestine Muscle Brain Eye 

Rm values .5

6 

.4

5 

.33 .7

6 

.56 .45 .33 .9

6 

.8

6 

.56 .33 .56 .45 .76 .56 .45 .5

6 

.3

3 

Activity + ++ + + ++

+ 

++

+ 

++ + + ++ ++ + ++ ++ ++

+ 

++ ++ ++ 

pCMB + + - + + + + + + + + - - - - - + + 

Eserine + + - + + + - + + - - - - - + - + + 

Paraoxon + + - + - + - + - - - - - - + - - - 

Classificatio
n 

E
R 

E
R 

CHs
p 

E
R 

CE ER Ch
E 

E
R 

C
E 

Ch
E 

Ch
E 

CHs
p 

CHs
p 

CHs
p 
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E 

CHs
p 

C
E 

C
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 Gill: Three esterase zones were detected, with Rm values 

of 0.56, 0.45, and 0.33. The zones at Rm 0.56 and 0.45 

were classified as ER esterases, whereas the zone at Rm 

0.33 was classified as a CHsp esterase. 

 Liver: Four esterase zones were detected at Rm values of 

0.76, 0.56, 0.45, and 0.33. The zones at Rm 0.76 and 0.45 

were classified as ER esterases. The zones at Rm 0.56 and 

0.33 were identified as CE and ChE esterases, 

respectively. 

 Intestine: Four zones were detected at Rm values of 0.96, 
0.86, 0.56, and 0.33. The zones at Rm 0.56 and 0.33 

showed higher activity and were classified as ChE 

esterases. The zones at Rm 0.96 and 0.86 showed lower 

activity and were classified as ER and CE esterases, 

respectively. 

 Muscle: Two esterase zones were observed at Rm values 

of 0.56 and 0.45. Both were classified as CHsp esterases 

and showed low to moderate activity according to the 

activity symbols reported in the original table. 

 Brain: Three esterase zones were detected at Rm values of 

0.76, 0.56, and 0.45. The zones at Rm 0.76 and 0.45 were 

classified as CHsp esterases, while the zone at Rm 0.56 

was identified as an ArE esterase and showed the highest 

activity among the brain zones. 

 Eye: Two esterase zones were detected at Rm values of 
0.56 and 0.33. Both were classified as CE esterases and 

showed moderate activity. 

 

 Labeo rohita 

The inhibitor-sensitivity patterns of individual esterase 

zones detected in Labeo rohita are presented in Table 3. 

 

Table 3 Inhibitor sensitivity of Individual Esterase Zones in Labeo rohita 

NameofTissue Gill Liver Intestine Muscle Brain Eye 

Rm values .50 .41 .25 .50 .33 .25 .58 .50 .33 .41 .33 .50 .41 .25 .41 .33 

Activity + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

pCMB + + + + + + - + + + - + - + + + 

Eserine + + + + + + + + + - - - + - + + 
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Paraoxon + - + - - + - + + - - - + - - - 

Classification ER CE ER CE CE ER Esdp ER ER ChE CHsp ChE ArE ChE CE CE 

 

 Gill: Three esterase zones were detected at Rm values of 
0.50, 0.41, and 0.25. All showed low activity. The zones 

at Rm 0.50 and 0.25 were classified as ER esterases, while 

the zone at Rm 0.41 was classified as a CE esterase. 

 Liver: Three zones were observed at Rm values of 0.50, 

0.33, and 0.25. All showed moderate activity. The zones 

at Rm 0.50 and 0.33 were classified as CE esterases, 

whereas the zone at Rm 0.25 was classified as an ER 

esterase. 

 Intestine: Three esterase zones were detected at Rm values 

of 0.58, 0.50, and 0.33. The zones at Rm 0.50 and 0.33 

were classified as ER esterases and showed moderate 

activity. The zone at Rm 0.58 was classified as an Esdp 
esterase. 

 Muscle: Two zones were detected at Rm values of 0.41 

and 0.33. The zone at Rm 0.41 was classified as a ChE 

esterase, while the zone at Rm 0.33 was classified as a 

CHsp esterase. 

 Brain: Three zones were detected at Rm values of 0.50, 

0.41, and 0.25. The zones at Rm 0.50 and 0.25 were 

classified as ChE esterases, while the zone at Rm 0.41 was 

classified as an ArE esterase. 

 Eye: Two active zones were detected at Rm values of 0.41 

and 0.33. Both were classified as CE esterases and showed 
moderate activity. 

 

IV. TISSUE-SPECIFIC DISTRIBUTION 

 

Table 4 Tissue Specific Distribution of Esterasesi n Catla catla 

Rmvalues 

Tissues 

1 2 3 4 5 6 

.96 .86 .76 .56 .45 .33 

1)Gill    +ER ++ER +CHsp 

2)Liver   +ER +++CE +++ER ++ChE 

3)Intestine +ER +CE  ++ChE  ++ChE 

4)Muscle    +CHsp ++CHsp  

5) Brain   ++CHsp +++ArE ++CHsp  

6)Eye    ++CE  ++CE 

 

In Catla catla, six esterase zones were identified at Rm 

values of 0.96, 0.86, 0.76, 0.56, 0.45, and 0.33. The zone at 

Rm 0.56 occurred in all six tissues and displayed different 

esterase types depending on the tissue: CE in liver and eye, 

CHsp in muscle, ER in gill, ArE in brain, and ChE in 

intestine. The zone at Rm 0.45 occurred in gill, liver, muscle, 
and brain; it was classified as ER in gill and liver and as CHsp 

in muscle and brain. 

 

The zone at Rm 0.33 occurred in gill, liver, intestine, 

and eye. It was classified as CHsp in gill, ChE in liver and 

intestine, and CE in eye. The zone at Rm 0.76 occurred in 

liver and brain and was classified as ER in liver and CHsp in 

brain. The zones at Rm 0.86 and 0.96 occurred only in 

intestine and were classified as CE and ER, respectively. 
Overall, the esterase pattern in Catla catla showed clear 

tissue-specific variation in electrophoretic mobility and 

inhibitor sensitivity. ER esterases were the most widely 

distributed, followed by CHsp and CE esterases. 

 

 Labeo rohita 

 

Table5 Tissue Specific Distribution of Esterases in Labeo rohita 

Rmvalues 

Tissues 

1 2 3 4 5 

.58 .50 .41 .33 .25 

1)Gill  +ER +CE  +ER 

2)Liver  ++CE  ++CE ++ER 

3)Intestine ++Esdp ++ER  ++ER  

4)Muscle   ++ChE ++ CHsp  

5)Brain  ++ChE ++ArE  ++ChE 

6)Eye   ++CE ++CE  

 

Labeo rohita exhibited five esterase zones, designated 

EST1–EST5, with Rm values of 0.58, 0.50, 0.41, 0.33, and 

0.25, respectively. The zones at Rm 0.50, 0.41, and 0.33 
occurred in four tissues each. The zone at Rm 0.50 was 

detected in gill, liver, intestine, and brain and was classified 

as ER in gill and intestine, CE in liver, and ChE in brain. 

 

The zone at Rm 0.41 occurred in gill, muscle, brain, and 

eye. It was classified as CE in gill and eye, ChE in muscle, 

and ArE in brain. The zone at Rm 0.33 occurred in liver, 
intestine, muscle, and eye and was classified as CE in liver 

and eye, CHsp in muscle, and ER in intestine.  

 

The zone at Rm 0.25 occurred in gill, liver, and brain; it 

was classified as ER in gill and liver and ChE in brain. The 
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zone at Rm 0.58 was detected only in intestine and was 
classified as Esdp. Overall, CE and ER esterases were 

prominent in Labeo rohita, followed by the other esterase 
classes. 

 

 Figures 

 

 
Fig 1 Tissue-Specific Distribution of Esterases in Catla catla. 

 

 
Fig 2 Tissue-Specific Distribution of Esterases in Labeo rohita. 

 

 
Plate 1 Electrophoretic Esterase Patterns in Catla catla and Labeo rohita. Lanes: 1—Gill; 2—Liver; 3—Intestine; 4—Muscle; 5—

Brain; 6—Eye. 
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ABBREVIATIONS AND ACTIVITY SYMBOLS 
 

Abbreviation Meaning 

Rm Relative mobility, calculated as the fraction of the distance migrated by a zone from the origin of the tracking 

dye. 

CE Carboxylesterase 

ChE Cholinesterase 

CHsp Cholinesterase-like enzymes 

ER Esterases resistant to the inhibitors used in the study 

ArE Arylesterases 

Esdp Esterases sensitive to organophosphates and pCMB 

Ese Esterases sensitive to eserine alone 

+++ High activity 

++ Moderate activity 

+ Low activity 
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