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Abstract— Esterases from the six tissues of the slugs tandonia 

budapestensis and deroceras reticulatum collected from 

komatipally village were extracted and analyzed by using 

polyacralamide gel electrophoresis, one substrate(1-

naphylacetate) and five inhibitors (pCMB, paraoxon, 

physostigmine, EDTA, AgNo3)were used. Nine esterase 

bands were detected in both species. The esterase bands were 

distributed in six main zones, which could be classified as 

AcE, ArE, CE, ER, Esdp esterases depending on the inhibitor 

properties and relative mobility. Esdp and AcE esterases are 

not noticed in ctenidia of both species of slugs and remaining 

three types (ArE, ER, CE) of esterase are noticed.ER esterases 

are not noticed in hepatopancreas of d.reticulatum and  

tentacles of two slugs species, it is noticed in hepatopancreas 

of  t.buda pestensis. Esdp esterases are not noticed intestine of 

both species of slugs and it is noticed in mantle of 

d.reticulatum and foot of t.buda pestensis. Fastest bands are 

noticed in ctenidia hepatopancreas and tentacles of 

t.budapestens and ctenidia hepato pancreas of d.reticulatum. 

Slowest zones are noticed in mantle, foot and intestine of both 

species. 
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I. INTRODUCTION 

Molluscan esterases have been studied by several 

investigators e.g., Pulmonata[1.2]
. Bivalvia [3] and 

prosobranchiata[4]. In most cases detailed studies, especially 

with regard to substrate and inhibitors were not under taken. 

The term isozyme or isoenzyme should apply to those 

multiple forms of enzymes arising from genetically 

determined differences in primary structures and not to those 

derived by modifications of the same primary sequence. The 

non genetic multiplicity of enzymes is caused by such 

phenomena as a) Conjugation of enzymes with other 

chemical groups b) Hydrolytic cleavage of polypeptide chain 

resulting in two or more enzymatically active proteins c) 

Polymerization of single subunit and d) Conformation- ally 

different forms of an enzyme.    

The biological advantage of the wide spread 

occurrence of multiple forms of enzymes in plant and animal 

groups are enlisted by [5]. 

 Tissue and cellular localization: Most of the multiple 

enzymes have tissue specific distribution suggesting a 

functional role for the enzyme form in different tissues. 

In certain cases some of the enzymes are localized in 

specific organelles of the cell (Mitochondrial specific 

MDH, AAT etc.) suggesting the compartmentalization 

of enzyme functions of even within the cells. 

 Biosynthesis and degradation: In response to the 

differences in cellular environments, some enzymes are 

inducible and others are constitutive. Evidences on 

tissue specific localization of regulatory genes suggest 

the bio-degradation of different enzyme forms likewise 

take place at different rates in different tissues. 

 Enzyme activity and regulations: The existence of 

multiple enzyme forms may increase the adaptability to 

make changes or metabolic needs of organism.  

The precise mechanisms by which the multiple 

forms of the enzymes have evolved is not clearly understood. 

One of the widely accepted suggestions is cistron duplication. 

The duplicated gene may undergo change due to mutations, 

giving rise to differential gene products, which in turn may 

polymerize and contribute to the new significant qualities into 

the molecules [6]. Many of the multiple enzyme forms may 

have evolved by this method. Some of the other suggestions 

include alterations in the primary structure of proteins 

induced complementary changes in protein structure which 

may lead to alteration in the substrate specificity of the 

enzyme or differential response to inhibitor and activator. 

Alternatively some of the non-catalytic sites of the proteins 

may undergo change which in turn makes them either to 

attach to specific cellular structures or to respond to 

regulatory metabolites. Such enzymes may show liability 

towards hydrolytic cleavage. Any of these mechanisms may 

have contributed to the occurrence of multiple forms of the 

enzymes in different tissues. It is now recognized that 

multiplicity of enzymes is no longer a rare curiosity or an 

accidental redundancy but a commonly occurring biological 

phenomena. This complexity, perhaps, represents a major 

mechanism for carrying out the increasingly complex 

functions that arise in evolution of species. 

As far we know, no previous electrophoretic work 

has been carried out on esterase of the slugs electrophoretic 

work has been carried out on esterases of the slugs 

d.reticulatum. and b.pestensis. These slugs was dealt with 

O.F. Mullar 1774; Hazy, 1880).Therefore the work was 

designed to study the following  

1) Characterisation of esterase enzymes in two slug 

species.  

2) Variations among slug populations collected from two 

locations. 

II. MATERIAL AND METHODS 

A. Collection of Animals 

tandonia budapestensis and deroceras reticulatum were 

collected from paddy fields of Komatipally village located 

about 30km from Kakatiya University campus.  

B. Extraction and collection of samples 

dissected the tissues and processing Ctenidia- 5%, 

Hepatopancreas-2%, Intestine- 2%. Mantle-10%, Foot – 30% 

and tentacles-5%.  The samples were homogenized in 10% 

0.01M Tris-HCL buffer (pH 7.4) containing 0.9% NaCl. The 

homogenate was centrifuged at 2000 rpm in a clinical 

centrifuge at room temperature (27±30). 
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C. Experimental procedure for preparation of native gels 

The supernatant was mixed with equal volumes of 20% 

sucrose containing 0.01% bromophenol blue as tracking dye. 

An aliquot of 0.1ml of this solution was loaded directly on to 

the separating gel. Esterase patterns were separated on thin 

layer (1.5mm thickness) Native Polyacrylamide gels (7.5%). 

The gel mixture was prepared according to Clarke. Gelling 

was allowed for 45 minutes. After loading on to the gel, the 

samples were over laid with electrode buffer and gel plates 

were connected to the electrophoretic tank. Tris (0.05M), 

Glycine (0.38M), buffer (pH 8.3) was used as the electrode 

buffer. A constant current of 50 volts for the first 15 minutes 

followed by 150 volts for the rest of the run was supplied 

during electrophoresis. The electrophoretic run was 

terminated when the tracking dye migrated to the distance of 

6 cm from the origin. 

D. Staining and inhibition studies 

Esterases were visualized on the gels by adopting the staining 

procedures of[6] .pCMB (parachloro mercuribenzoate) (10-

4M), Paraoxon (0.0 – diethyl - (4-nitrophenol) Phosphate 

(2x10-5M), Physostigmine (10-4M), EDTA (10-3M) and 

AgNO3 (Silver nitrate, 10-2M) were used as inhibitors. The 

gel was first incubated in diluted (1:4) Tris-Hcl buffer (pH 

7.4) containing appropriate concentrations or inhibitors for 30 

minutes. The gel was then transferred to a staining mixture 

containing 1-naphthyl acetate as the substrate. Appropriate 

concentrations of inhibitors, as were used for the pre-

incubation, were added to the staining mixture to prevent the 

reversal inhibitory effect of compounds.     

III. RESULTS AND DISCUSSION 

A. Deroceras Reticulatum 

The patterns of esterases were observed in the six tissues of 

Deroceras reticulatum. Their relative mobility and inhibitor 

sensitivity are given in the Table1.1 which summarizes 

different classes of esterases that were found in each of the 

six tissues of the Deroceras reticulatum. The relative 

proportion of different classes of esterase enzymes are 

contributing to the total esterase activity.  

B. Ctenidia 

Ctenidia exhibit three esterase active zones on the zymogram. 

One of the zone with Rm value .93 is not inhibited by any 

inhibitors used so, it is classified as ER esterase and 

remaining two zones with Rm value .80 and .76 were 

examined as ArE, CE esterases respectively.  

C. Hepatopancreas 

There are four esterase active zones, with Rm value .93, .83, 

.78, .66. The zones with Rm value .78 and .66 were 

considered as CE esterases and the remaining zones with Rm 

value .93 and .83 were showed partial activity with ArE, AcE 

esterases respectively.  

D. Intestine 

Intestine contains only two zones with Rm value .78, .66. One 

of the zones with Rm value .78 is inhibited by paraoxon and 

AgNO3. Hence, it is considered as CE esterase and another 

zone with Rm value .66 is not inhibited by any inhibitors 

used, but only showed the weak activity with pCMB and 

AgNO3. So, it is considered as AcE esterase.  

E. Mantle 

This tissue also exhibits only two zones with Rm value .66 

and .56 was noticed as CE, Esdp esterases  respectively and 

both zones are exhibits partial activity. 

F. Foot 

Foot contains two esterase active zones on the zymogram. 

The zone with Rm value .56 is partial activity with AcE 

esterase and another zone is noticed as ER esterase with 

partial activity.  

G. Tenatcles 

Tenatcles consisting of two esterase active zones with Rm 

value .58 and .40 with ArE and CE esterases respectively. The 

zone with Rm value .58 is inhibited by pCMB and AgNO3 

and another zone with Rm value .40 is inhibited by Paraoxon 

and AgNO3.     
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Table 1: Tissue specific distribution of   esterase zones in 
Deroceras reticulatum6 

CE = Carboxylesterase; ChE= Cholinesterase; ER= 
Esterases resistant to inhibitors; ArE = Arylesterases   

Ese=Esterase sensitive to eserine; Esdp= Esterase 
sensitive to organophosphates and pCMB; 
AcE=Acetylesterase; +++ = Strong activity;  ++ = Partial 
activity;   + = Weak activity;  -  =  Complete inhibition. 

 
Fig. 1: Tissue specific distribution of esterase zones in 

Deroceras reticulatum 



Molecular Characterisation and Species Comparison of Esterase’s from Slugs Tandoniabudapestensis and Deroceras Reticulatum 

 (IJSRD/Vol. 4/Issue 12/2017/217) 

 

 All rights reserved by www.ijsrd.com 825 

1) Electrophoretic patterns of Deroceras reticulatum 

 
Fig. 2: Electrophoretic patterns of Deroceras reticulatum 

1 = Ctenidia; 2 = Hepatopancreas; 3= Intestine; 4= Mantle; 

5= Foot;  6= Tentacles. 

2) Tandonia budapestensis (Hazay, 1880)  

The patterns of esterases were observed in the six tissues of 

Tandonia budapestensis. Their relative mobility and inhibitor 

sensitivity are given in the table 2.1 which summarize 

different classes of esterases that were found in each of the 

six tissues of the Tandonia budapestensis. The relative 

proportion of different classes of esterase enzymes are 

contributing to the total esterase activity.  

3) Ctenidia 

Ctenidia exhibit three esterase active zones on the zymogram. 

Among the zones with Rm value .80, .74 are not inhibited by 

any inhibitors used so, they were considered as ER esterases 

and another zone with Rm value .88 was inhibited by 

Paraoxon and AgNO3. So, it is classified as CE esterase. The 

zone with Rm value .80 was exhibits strong activity and 

remaining two zones are exhibits partial activity. 

4) Hepatopancreas 

This tissue exhibits four esterase active zones with Rm value 

.80, .74, .66 and .50. One of the zones with Rm value .80 is 

inhibited by pCMB and AgNO3. So, it is classified as ArE 

esterase and another zone with Rm value .74 is showed partial 

activity with CE esterase. The remaining two zones with Rm 

value .66 and .50 were classified as AcE and ER esterases 

respectively. 

5) Intestine 

Intestine contains only two zones. The zone with Rm value 

.58 is inhibited by pCMB and AgNO3. So, it is classified as 

ArE esterase and another zone with Rm value .55 was not 

inhibited by any inhibitors used so it is considered as ER 

esterases. These two zones are exhibits partial activity. 

6) Mantle 

Mantle consisting of three esterase active zones with Rm 

value .60, .58 and .55. Among these, the zones with Rm value 

.58 and .55 were partial activity with ER esterases and 

another zone with Rm value .60 was noticed as AcE esterase.  

7) Foot 

Foot contains only two zones with Rm value .60 and .55 were 

not inhibited by on any inhibitors used. Hence, they were 

considered as ER esterases. 

8) Tentacles 

This tissue exhibits three esterase active zones on the 

zymogram. The zones with Rm value .58, .55 and .48 were 

examined as ArE, AcE, Esdp esterases respectively. 

1 2 3 4 5 6 7 8 9 

Tissues / 

Rm values 

.8

8 

.8

0 

.7

4 

.6

6 

.6

0 

.5

8 

.5

5 

.5

0 
.48 

Ctenidia 

+

+ 

C

E 

+

+

+ 

E

R 

+

+ 

E

R 

      

Heapatopa

ncreas 
 

+

+ 

Ar

E 

+

+ 

C

E 

+

+ 

A

cE 

   

+

+ 

E

R 

 

Intestine      

+

+ 

A

rE 

+

+ 

E

R 

  

Mantle     

+

+ 

A

cE 

+

+ 

E

R 

+

+ 

E

R 

  

Foot     

+

+ 

E

R 

 

+

+ 

E

R 

  

Tentacles     

+

+ 

Ar

E 

+

+ 

A

rE 

+

+ 

A

cE 

 

++ 

Es

dp 

Table 2: Tissue specific distribution of esterase zones in 

Tandonia budapestensis 

CE = Carboxylesterase; ChE= Cholinesterase; ER= 

Esterases resistant to inhibitors; ArE = Arylesterases   

Ese=Esterase sensitive to eserine; Esdp= Esterase 

sensitive to organophosphates and pCMB; AcE =Ace 

tylesterase . +++ = Strong activity; ++ = Partial activity;   + = 

Weak activity; -  =  Complete inhibition. 

 
Fig. 3: Tissue specific distribution of esterase zones in 

Tandonia budapestensis. 

9) Electrophoretic patterns of Tandonia budapestensis 

 
Fig. 4: Electrophoretic patterns of Tandonia budapestensis 

1 = Ctenidia; 2 = Hepatopancreas; 3= Intestine; 4= Mantle; 

5= Foot; 6= Tentacles. 
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IV. DISCUSSION 

The pattern of esterases observed in the six tissues of 

Deroceras reticulatum (Table 1.1) indicates a tissue specific 

distribution of esterases. Among the six tissues, 

hepatopancreas exhibits four zones and ctenidia contains 

three zones, rest of the tissues, intestine, mantle, foot and 

tentacles exhibits only two zones each. When the esterase 

active zones found in various tissues are arranged according 

to their electrophoretic mobility, a total of nine zones can be 

found in this slug. Out of these, the zone with Rm value .83 

and .80 were found in hepatopancreas and ctenidia with AcE, 

ArE esterases respectively. The zone with Rm value .93 is 

examined in ctenidia with ER esterase, but the same zone is 

classified as ArE esterase in hepatopancreas. The zones with 

Rm value .76 and .58 were noticed in two tissues ctenidia and 

tentacles with CE, ArE esterases respectively. The zone with 

Rm value .66 is expressed in hepatopancreas with CE 

esterase, where as intestine with AcE and mantle with CE 

esterases. The zone with Rm value .56 was found in mantle 

with Esdp esterase, but in foot it is noticed as AcE esterase 

and another zone with Rm value .40 is found in foot with ER 

esterase, in tentacles it is classified as CE esterase. 

Comparative study of different classes of esterases 

contributing to tissue enzyme activity indicates that CE 

esterases are the major contributors in almost all the tissues 

of Deroceras reticulatum 

The pattern of esterases observed in the six tissues 

of Tandonia budapestensis (Table 2.1) indicates a tissue 

specific distribution of esterases. Among the six tissues, 

hepatopancreas exhibits four zones, ctenidia, mantle and 

tentacles exhibits three zones each and other tissues foot and 

intestine exhibits only two zones each. The zones with Rm 

value .88, .66 and .48 were found in ctenidia, hepatopancreas 

and tentacles with CE, AcE, and Esdp esterases respectively. 

The zone with Rm value .80 is present in ctenidia and 

hepatopancreas, it is exhibited in ctenidia with ER esterase, 

but in hepatopancreas it is noticed as ArE esterase. The zone 

with Rm value .60 was classified as AcE with partial activity, 

the same zone is considered as ER esterase in foot, but ArE 

esterase in tentacles. The zone with Rm value .58 is  noticed 

in intestine and tentacles with ArE esterase and mantle with, 

ER  esterases and another zone with Rm value .55 was found 

in  intestine, mantle and foot with ER esterases, whereas the 

same zone is considered as AcE esterase in tentacles. The 

zone with Rm value .50 is found in only hepatopancreas with 

ER esterase.  

Comparative study of different classes of esterases 

contributing to tissue enzyme activity indicates that ER 

esterases are the principal contributors in almost all the 

tissues of Tandonia budapestensis. 
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