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ABSTRACT 
 
The present work is focus on physical and chemical properties of purified Carboxylesterase using 
the Seeds of Tamarindus Indica.The esterases are extracted from the germinating tamarind seeds 
using 50 mM phosphate buffer, pH 7 and purified. The Km with α-naphthyl acetate, β-naphthyl 
acetate and α-naphthyl butyrate as the substrates is 28.6 μM, 22.2 μM and 26.7 μM respectively. 
The Vmax for the same substrates is 7.1 x 10

-3
 µmole/min, 7.41 x 10

-3
 µmole/min and 8.00 x 10

-3
 

µmole/min respectively. The enzymes optimally active at pH 7.0 and are stable between pH 5.0 to 
8.0. The optimum temperature of esterase activity is 40˚C. The molecular weight of 27.5 kD as 
determined by SDS-PAGE, both in the presence and absence of β-mercaptothanol and is in close 
agreement with the molecular weight determined by gel-filtration on Sephadex G-100 (26.9 kD). 
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1. INTRODUCTION 
 

Carboxylesterases are highly efficient catalysts 
that hydrolyze a wide range of aliphatic and 
aromatic esters, including amides and thioesters. 
They are important in the metabolism of drug and 
pesticides [1-11] are involved in the transfer of 
the acyl group to the accepters other than water. 
Carboxylesterases from the liver have been 
studied most extensively and molecular and 
catalytic properties of the purified enzymes have 
been thoroughly investigated. Xenobiotic-
hydrolysing carboxylesterases are described in 
plants using model substrates such as α-
naphthyl acetate. Although the old studies did not 
ascribe specific functions to these enzymes, 
major differences in esterase isoenzyme content 
between plant species and even within cultivars 
were demonstrated [12]. The hydrolysis of drugs 
and pesticides by esterases radically alters 
biological activity and trans-membrane transport. 
The respective hydrolases are key proteins in 
determining bioavailability and bioactivity [13]. In 
microorganisms, the hydrolases active toward 
carboxylesters, thioesters and synthetic amides, 
have been studied in some detail due to their 
importance in the biodeterioration of polymers 
and the bioremediation of pollutants [14]. In 
mammals and insects, these enzymes have 
attracted attention due to their roles in drug and 
insecticide metabolism, respectively [15]. 

 
In contrast, the corresponding enzymes in plants 
have received far less attention, even though 
they are important in determining the uptake and 
biological activity of important classes of 
herbicides, fungicides and insecticides [16]. For 
example, insecticides such as the pyrethroids are 
detoxified by plant esterases, limiting their 
bioavailability in crop protection [17]. Esterases 
also bioactivate pro-herbicides to their phytotoxic 
alcohols or acids, with the differential rates of 
hydrolysis in different plants contributing to 
selective weed control [18]. The relationship 
between chemical structure and the rates of 
pesticide hydrolysis in plants would be a useful 
tool in agro chemistry for predicting the relative 
rates of pesticide detoxification / bio activation in 
crops and weeds. A greater knowledge of these 
enzymes would also be useful in determining 
their largely uncharacterized roles in plant 
secondary metabolism. Currently, porcine liver 
esterase (PLE) is used as a model hydrolase to 
predict the likely rates of cleavage of synthetic 
esters in both the pharmaceutical and 
agrochemical industries. While this model 

enzyme may usefully reflect the activities of drug 
metabolizing hydrolases in animals, it’s utility in 
accurately predicting the activity of esterases in 
plants has not been reported. It would be useful 
to identify model esterases in plants and 
compare their structure-activity profiles. 
Pesticide-detoxifying enzymes such as 
carboxylesterases (CXE, EC 3.1.1.1) make the 
pesticide ineffective against individuals that 
naturally have high levels of these enzymes [19]. 
These esterases detoxify organophosphate (OP) 
and carbamate pesticides and synthetic 
pyrethroids by two main ways - hydrolysis of                
the ester bond and binding of the pesticide (OPs) 
to the active site [20-22]. 

 
The studies on the properties of the purified 
carboxylesterases of plant seeds are scanty, on 
account of the difficulties involved in the 
purification. Esterase from seeds of Jatropha 
curcas has been purified to homogeneity and 
characterized as a carboxylesterase [23]. 
Similarly, two esterases have been purified from 
Mucuna pruriens and characterized as 
carboxylesterases [24]. Esterases have a definite 
role to play in plant growth and development, cell 
wall expansion, somatic embryogenesis (as a 
cytochemical marker) stomatal movement, 
insecticidal resistance against infection as a 
bioassay for environmental quality and 
secondary metabolic processes (hydrolysis of 
pyrethroid insecticides, cardenolides 
transformation and metabolism of tropane 
alkaloids, Indole alkaloids monoterpenoids and 
triterpenoids) [25]. In the present study, esterase 
purified from 21 days old germinated seeds of 
tamarind has been characterized as a 
carboxylesterase on the basis of substrate 
specificity in conjunction with inhibitor specificity. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 
 

α-naphthyl acetate, α-naphthyl butyrate, β-
naphthyl acetate and α-naphthyl phosphate, and 
all other chemicals used were of analytical grade.  
Dichlorvos, eserine sulphate, PCMB, 
phosphorylase b (94 kDa), bovine serum albumin 
(66 kDa), Ovalbumin (45 kDa),                            
carbonic anhydrase (29 kDa), soyabean Trypsin 
inhibitor (20.1 kDa), lysozyme (14.3 kDa), 
cytochrome c (12.2 kDa) and Blue dextran            
(2,000 k Da) were purchased form Sigma 
Aldrich, India. 
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2.2 Methods 
 
2.2.1 Determination of molecular weight by 

SDS–PAGE 
 
SDS-PAGE of the purified esterase is carried out 
both in the presence and absence of β 
mercaptoethanol [26]. The 10 % SDS gels are 
inserted into the electrophoretic apparatus. The 
SDS treated purified esterase and standard 
samples (bovine serum albumin 66 kDa, 
carbonic anhydrase 29 kDa, trypsin inhibitor 20.1 
kDa and cytochrome c 12.2 kDa) are loaded onto 
different wells along with 20 µl of glycerol and 2 
µl of bromophenol blue. The electrode chambers 
are filled with reservoir buffer (14.3 g glycine, 3.4 
g tris and 1 g of SDS in 1 litre of water, pH 8.3). 
The proteins are subjected to electrophoresis for 
1.5 hours (till the bromophenol dye reached the 
bottom). The gel is removed and the protein 
stained using staining solution (0.5 g Coomassie 
brilliant blue R-250, 45 ml methanol, 7.5 ml 
glacial acetic acid and dilute to100 ml) for 1 hr. 
The gel is destained using the destaining solution 
(25 ml methanol, 75 ml glacial acetic acid and 
67.5 ml water) and stored in 7 % acetic acid. 
 
2.2.2 Determination of molecular weight by 

gel filtration on sephadex G-100 
 

The gel-filtration using 117 ml of Sephadex G-
100 column (1.22 cm X 100 cm) is carried out. 
The marker proteins (1-2 mg) and purified 
esterase (1 mg) are (dissolved in 50 mM, 
phosphate buffer pH, 7.0) loaded onto the 
column separately and are eluted with the same 
buffer at a flow rate of 10 ml / hr. Fractions of 2 
ml are collected. The marker proteins used are 
phosphorylase b (94,kDa), bovine serum albumin 
(66 kDa), ovalbumin (43 kDa), carbonic 
anhydrase (29 kDa), soyabean trypsin inhibitor 
(20.1 kDa) and lysozyme (14.3 kDa). Blue 
dextran (2,000 kDa) is used to determine the 
void volume (Vo). The marker proteins and the 
purified esterase are detected by measuring 
absorbance at 280 nm for protein and that of 
esterase by determining the activity with α-
naphthyl acetate, respectively. 

 
3. KINETIC ANALYSIS 
 
3.1 Effect of Time 
 
Effect of time on the purified carboxylesterase 
from the seeds of tamarind is determined by 
assaying the purified carboxylesterase using α-
naphthyl acetate for different time intervals. 

3.2 Effect of Enzyme Concentration 
 
The rate of the reaction is determined by 
assaying different concentrations of the purified 
enzyme (2, 4, 6, 8, and 10 µg) using α-naphthyl 
acetate for 15 mins. 
 

3.3 Effect of Substrate Concentration 
 
The substrate specificity of the purified 
carboxylesterase is determined by assaying the 
purified enzyme using different ester substrates, 
such as, α-naphthyl acetate, α-naphthyl butyrate, 
β-naphthyl acetate and α-naphthyl phosphate for 
15 mins. The absorbency of α-naphthol and β-
naphthol are measured at 600 nm and 540 nm, 
respectively. The activity is expressed as number 
of µmoles of α-naphthol or β-naphthol liberated 
per min. 
 

3.4 Km and Vmax 
 
Km and Vmax for esterase are determined by 
constructing a plot of 1/v against 1/[S]. 
 
3.5 pH Optima 
 
The effect of pH on the activity of the purified 
esterase is studied using 50 mM buffers of 
different pH, (acetate buffer, pH 4.0, 4.5, 5.0 and 
5.5, phosphate buffer, pH 6.0, 6.5, 7.0 and 7.5, 
Tris-HCl buffer, pH 8.0, 8.5 and 9.0                              
and carbonate buffer pH, 9.5, 10.0 and 11.0). 
The activity is measured using                                  
α-naphthyl acetate prepared in these buffers for 
15 minutes. 

 
3.6 pH Stability 
 
The purified esterase is pre-incubated with 50 
mM buffers of different pH (acetate buffer, pH 
4.0, 4.5, 5.0 and 5.5, phosphate buffer, pH 6.0, 
6.5, 7.0 and 7.5, Tris- HCl buffer, pH 8.0, 8.5 and 
9.0 and carbonate buffer, pH 9.5, 10.0 and 11.0) 
for 30 mins at 4 ºC. Known aliquots                         
from the incubated samples are removed and 
assayed using α-naphthyl acetate as a substrate 
for 15 mins at an optimum pH of 7.0. 
 
3.7 Temperature Optima 
 
The optimum temperature is determined by 
assaying the esterase activity at                        
different temperatures ranging from 3, 7, 10, 19, 
25, 30, 37, 42, 50, 60, 70 and 80º C using α-
naphthyl acetate as substrate for 15 mins. 
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3.8 Temperature Stability 
 

The purified esterase is pre-incubated at different 
temperatures ranging from 3, 7, 10, 19, 25, 30, 
37, 42, 50, 60, 70 and 80ºC for 30 minutes, 
rapidly cooled to 0ºC and assayed using α-
naphthyl acetate as substrate for 15 mins. 
 

3.9 Inhibition Studies 
 

Quantitative inhibition studies are carried out by 
preincubating the 0.5 ml of enzyme with 0.5 ml of 
different concentrations of inhibitors for 30 mins 
at 27º C before addition of 5 ml of substrate. 
Stock solutions of different inhibitors (2 x 10

–2
 M 

prepared in 50 mM phosphate buffer, pH 7.0, are 
serially diluted 10 times) are prepared to get the 
required concentrations (2 x 10–3 to 2 x 10–10 M). 
The residual esterase activity is measured. A plot 
of percent inhibition against pI is constructed.

 

The effect of organophosphates (dichlorvos), 
carbamates (eserine sulfate) and p-
chloromercuribenzoate (PCMB) on esterase 
activity using α-naphthyl acetate as substrate is 
determined, IC50 values for organophosphates 
(dichlorvos), p-chloromercuribenzoate (PCMB) 
and carbamates (eserine sulfate) are determined 
[27]. 
 

4. RESULTS AND DISCUSSION 
 

The esterase enzyme is purified from the seeds 
of tamarind. The purified enzyme is shown to be 
homogenous by native PAGE (Fig. 1) and SDS-
PAGE. The enzyme is characterized as 
carboxylesterase based on substrate specificity 
in conjunction with inhibitor specificity. 
 

4.1 SDS – PAGE 
 

The homogeneity of the esterase is confirmed by 
SDS-PAGE, which showed a single protein band, 
both in the presence and absence of β-
mercaptoethanol, indicating that the purified 
esterase consists of a single polypeptide chain, 
corresponding to a molecular weight of 27.5 kD. 
This method is widely used for determination of 
the molecular weights of proteins. A straight line 
graph is obtained by plotting electrophoretic 
mobilities of standard proteins  against log of 
their molecular weight (Fig.2). 
 

4.2 Gel-Filtration on Sephadex G -100 
 

The molecular weight of esterase by gel-filtration 
on sephadex G-100 is determined according to 
the method of Andrews (1970). A calibration 
curve is obtained by plotting Kav, [(Ve-Vo) / (Vt-

Vo)], of standard proteins against their log 
molecular weight (Ve is elution volume, Vo is the 
void volume and Vt is the total volume of the gel). 
From this standard graph (Fig.3), the molecular 
weight of the purified esterase is calculated to be 
26.9 kD. 
 

4.3 Effect of Time on Esterase Activity 
 

The rate of the reaction with time is determined 
at regular intervals of time for 30 mins. According 
to the plots of absorbancy against time (Fig.4), 
the reaction rate is linear during the entire course 
of the reaction of 30 mins. 
 

4.4 Effect of Enzyme Concentration 
 

The effect of different enzyme concentrations on 
the hydrolysis of α-naphthyl acetate by esterase 
is shown in Fig. 5. A linear relationship is 
observed from 2 µg to 10 µg protein used in the 
study. 
 

4.5 Substrate Specificity 
 

The activities of purified esterase towards 
different substrates are shown in Fig. 6. A, 7. A 
and Fig. 8. A. Among the substrates tested, the 
enzyme exhibited activity towards α- and β-
naphthyl esters of acetate and α-naphthyl 
butyrate, but not towards α-naphthyl phosphate. 
 

4.6 Km and Vmax 
 

The enzyme is assayed at varying 
concentrations of α- and β-naphthyl acetate and 
α-naphthyl butyrate. From the Lineweaver-Burk 
plots (Fig. 6. B, 7. B and Fig. 8. B), Km and 
Vmax, are determined (Table 1). 
 

4.7 Optimum pH & pH Stability 
 

The effect of pH on the activity of purified 
esterase is studied using different buffers. The 
initial catalytic activity is determined with α-
naphthyl acetate as the substrate. Suitable 
controls are prepared using heated enzyme to 
account for the non-enzymatic hydrolysis of the 
substrate. The catalytic activity of the purified 
esterase is markedly influenced by the pH and is 
maximum at pH 7 as shown in Fig.9.                 
The purified esterase is found to be most stable 
between a pH 5 to 8 as shown in Fig.10. 
 

4.8 Optimum Temperature, Temperature 
Stability and Energy of Activation 

 

The reaction rates are determined at different 
temperatures ranging from 3º C to 80º C. The 
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plot of absorbency against temperature is shown 
in Fig.11. The esterase showed an optimum 
temperature of 40ºC. The esterase is found to be 
optimally stable from 5ºC upto 40ºC for 30 mins 
(Fig. 12). The straight line Arrhenius plot is 
obtained by plotting log v against 1/T (Fig.13). 
From the slope of the line, the energy of 
activation is calculated to be 7.16 kcal / mole.  
 

4.9 Inhibitor Specificity 
 
Organophosphates and carbamates are the two 
major classes of irreversible inhibitors of 
esterases. These inhibitors irreversibly bind to 
active site residue on these hydrolytic enzymes. 
The purified esterase is preincubated with 
different concentration of dichlorvos 
(organophosphate inhibitor), eserine sulphate 
(carbamate) and PCMB (p-
chloromercuribenzoate, a sulphydryl inhibitor). A 
plot of percent inhibition against pI (negative log 
of molar concentration of inhibitor) gave sigmoid 
curves with respect to dichlorvos, but esterase is 
shown to be resistant towards esereine sulphate 
and PCMB (Fig. 14). The esterase is completely 
inhibited by dichlorvos at 10–3 M to 10–5 M and 90 
% inhibited at 10

–6
 M and IC50 (inhibitor 

concentration showing 50 % inhibition) is 3.5 
x10–6 M. However, the esterase is resistant to 
PCMB and eserine sulphate. 
 
The purified carboxylesterase from the seeds of 
tamarind fall into the broad group of esterases 
that hydrolyse short-chain acyl compounds 
maximally. The marked inhibition by 
organophosphate (dichlorvos) and lack of 
inhibition by carbamate (eserine sulfate) and 
PCMB on the activity of esterase fulfill the criteria 
to categorize the esterase as carboxylesterases. 
 
The esterase purified from the seeds of tamarind 
had a molecular weight of 27.5 kD as determined 
by SDS-PAGE, both in the presence and 
absence of β-mercaptothanol and is in close 
aggrement with the molecular weight determined 
by gel-filtration on Sephadex G -100 (26.9 kD). 
The results indicate the presence of a single 
polypeptide chain. Similarly, a single polypeptide 
chain is present in carboxylesterase purified from 
Jatropha curcas [28]. 
 
In general, the animal esterases are found to 
have high molecular weight, while the plant 
esterases have been reported to have lower 
molecular weight. The molecular weight of pig 
liver esterase has been reported to be 162-168 
kDa and consisted of two subunits of types A and 

B, which associates to form four trimers of the 
type AAA, AAB, ABB, and BBA [29]. Each 
subunit possessed a molecular weight of 55-60 
kDa, and had different substrate specificities [30]. 
The bovine liver [31] and pig kidney [32] 
carboxylesterases are also reported to have two 
subunits possessing the same molecular weight 
as reported for pig liver esterase. 
 
Unlike in the case of animal carboxylesterases, 
most plant carboxylesterases studied to date do 
not have the subunit structure. The 
carboxylesterases from finger millet [33] and 
sorghum [34] were reported to have a molecular 
weight of 60 kDa to 70 kDa and consisted of a 
single polypeptide chain. The carboxylesterase 
from the latex of S. grantii contained a single 
polypeptide chain and had a molecular weight 14 
kDa [35]. Four carboxylesterases containing 
single polypeptide chains, with molecular weights 
in the range of 35 kDa to 50 kDa have been 
reported from the peel tissues of apple [36]. A 
unique carboxylesterase isozyme-z was isolated 
from the non-embryonic cell line of cultured 
carrot cells (Dacus carota), with a molecular 
weight of 35 kDa and was found to have a single 
polypeptide chain [37]. However, carboxyl 
esterases from cultured wheat cells [38] differ 
from the previously reported carboxylesterases in 
having two subunits with a subunit molecular 
weight of 22 kDa. Carboxylesterase isolated from 
the fruit of Cucurbita maxima also indicated two 
subunits with a subunit molecular weight of 18 
kDa [39]. 
 
Animal and plant carboxylesterases studied so 
far fall into two distant categories – containing 
more than one subunit and a single subunit, 
respectively. The same is not true with insect 
carboxylesterases. Veerabhadrappa et al., 
(1980) working with H. cearulea have reported a 
carboxylesterases of 102 kDa without any 
subunit structure [40]. Similarly, a 
carboxylesterase from intestine of the nematode 
C. elegans had a single polypeptide chain having 
a molecular weight of 60 kDa [41]. However, 
carboxylesterase from the silkworm consisted of 
two non-covalently associated polypeptide 
chains having a monomer molecular weight of 72 
kDa as determined by SDS-PAGE and a 
molecular weight of 14.45 kDa as determined by 
gel-filtration on Sephadex G-200, respectively. 
Similarly, the esterase of D. psuedoobscura had 
a monomer molecular weight of around 80 kDa 
and it was hypothesized that this species can 
exist as dimer and tetramer, all the forms being 
active. Similarly, in the mosquito Culex 
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quenquefasciatus, carboxylesterase had a 
molecular weight of 62 kDa and is present in 
different polymeric forms. The enzyme is present 
in resistant strains of mosquito at a high 
concentration and in trace amount in suceptible 
strains and has been implicated in 
organophosphate detoxification [42]. In contrast, 
the carboxylesterase conferring OP resistance in 
aphid Myzus persicae, is a glycoprotein of 65 
kDa [43]. 

 
The molecular weight described above indicated 
that they are typical oligomeric proteins with non-
covalent association of subunits. However, a 
carboxylesterase isolated from the heamolymph 
of Locusta migratoria appear to be more complex 
and consisted of two subunits linked by 
disulphide bonds [44-45]. 
 
The carboxylesterases isolated from 
microorganisms are similar to insect 
carboxylesterases in so far as their subunit 
structure is concerned. For example, a 
carboxylesterase from bacteria Yersinia 
pseudotuberculosis is a pentamer. Similarly, the 
archaebacterium, Sulpholobus acidocaldarius 
contains a carboxylesterase which is a trimer 
with monomeric subunit of 32 kDa [46]. 
Conversely, carboxylesterase of E. coli has a 
single polylpeptide chain with a molecular weight 
of 57 kDa [47]. 
 
The purified esterase from the seeds of tamarind 
is proved to be carboxylesterase based on the 
substrate and inhibitor specificity. The esterase 
hydrolyzed both α- and β- naphthyl esters, but is 
inactive towards choline esters and naphthyl 
phosphate. Hence, the possibility of the esterase 
being cholinesterase and phosphatase is ruled 
out. This is further substantiated by complete 

inhibition with organophosphate, but not 
carbamates. A plot of pI vs percent inhibition 
gave a single sigmoid curve confirming the 
presence of a single enzyme species. Since the 
esterase is resistant to sulphydryl reagent, but is 
sensitive to organophosphate, the esterase 
cannot be classified as an arylesterase. Hence, 
the purified esterase is classified as 
carboxylesterase. 

 
The hydrolysis of naphthyl esters catalyzed by 
the carboxylesterase follows typical Michaelis 
Menten kinetics with no evidence of inhibition at 
high substrate concentrations. The 
carboxylesterase has a hydrophobic binding site 
or environment corresponding to the acyl group 
of the substrate (acetate and butyrate). This can 
be judged from the fact that there is very little 
change in Km values of naphthyl acetate and 
naphthyl butyrate. The affinity towards acetate 
and butyrate is almost same, irrespective of the 
length of the carbon chain of the acyl group. 
Same level of affinity (Km) is shown towards the 
leaving group of the substrate (α-and β-
naphthol), and the binding site is big enough to 
accommodate either α- or β-naphthyl moiety. 
The lack of activity with compounds having polar 
leaving group, such as choline and phosphoryl 
group like phosphate indicate a very high 
hydrophobic environment at the active center of 
the of the enzyme. 
 
The carboxylesterase is a typical enzyme 
possessing properties like pH optimum and 
temperature optimum similar to most of the 
carboxylesterases of animal, plant, insect and 
microbial systems. Sequencing the 
carboxylesterase and analysis by bioinformatics 
tool will provide an insight into the probable role 
of the tamaring seed carboxylesterase. 

 

 
 

Fig. 1. Native PAGE pattern of purified esterase and protein of preparative PAGE fraction 
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Fig. 2. Molecular Weight determination of purified esterse by SDS - PAGE 
 

 
 

Fig. 3. Molecular Weight determination of purified esterase by Gel filtration chromatography on 
sephadex G -100 

 



Fig. 4. Effect time on esterase activity at different protein concentration

 
Fig. 5. Effect of protein concentration on esterase activity
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Effect time on esterase activity at different protein concentration

 

Effect of protein concentration on esterase activity 
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Effect time on esterase activity at different protein concentration 
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Fig. 6. A. Effect of α-naphthyl acetate concentration on esterase activity 
 

 
 

Fig. 6. B. Km & Vmax of esterase with α-naphthyl acetate 
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Fig. 7.A. Effect of β-naphthyl acetate concentration on esterase activity 
 

 
 

Fig. 7.B. Km & Vmax of esterase with β-naphthyl acetate 
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Fig. 8. A.  Effect of α-naphthyl butyrate concentration on esterase activity 
 

 
 

Fig. 8. B. Km  & Vmax of esterase with α-naphthyl butyrate 
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Table 1. Km and Vmax of purified esterase 
 

Substrate Km (µM) Vmax (µmole/min) 

α– naphthyl acetate 28.6 7.1 x 10 
- 3

 

β- naphthyl acetate 22.2 7.41 x 10 - 3 

α- naphthyl butyrate 26.7 8.00 x 10 - 3 
 

 
 

Fig. 9. Effect of pH on esterase activity 
 

 
 

Fig. 10. pH stability of esterase 
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Fig. 11. Effect of temperature on esterse activity 
 

 
 

Fig. 12. Temperature stability of esterase 
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Fig. 13. Arrhenius plot for purified esterase 
 

 
 

Fig. 14. Inhibition curve for the hydrolysis of α – naphthyl acetate by purified tamarind 
esterase 

 



 
 
 
 

Kantharaju and Mylarappa; AJRB, 8(1): 42-58, 2021; Article no.AJRB.64361 
 
 

 
56 

 

5. CONCLUSION 
 

The carboxylesterases are a distinct group of 
enzyme molecules with overlapping substrate 
specificities. Based on the substrate and inhibitor 
specificity,  the purified esterase from the seeds 
of tamarindus Indica was found to be 
carboxylesterase. The carboxylesterase is a 
typical enzyme possessing properties like pH 
optimum and temperature optimum etc., are 
similar to carboxylesterases found in all other 
organisms. Further work is essential to determine 
the physiological substrate and the role of                
this esterase in the growth and development of 
the plant. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Dudman NPB, Zerner B. 

Carboxylesterases from pig and ox liver. In 
Methods in Enzymology. Academic Press, 
New York. 1975;35:190-208. 

2. Kuhn D and Heymann E. Identification of 
the chloramphenicol-hydrolyzing enzyme 
of guinea pig liver as one of the 
nonspecific carboxylesterases.  Biochem. 
Pharmac. 1982;3:781. 

3. Villani F, White GB, Curtis CF, Miles SJ. 
Inheritance and activity of some esterases 
associated with organophosphate 
resistance in mosquitoes of the complex of 
Culex pipiens L. Bull. ent. Res. 
1983;73:153. 

4. Fonnum  F,  Sterri SH, Aas P, Johnsen H. 
Carboxylesterases, importance for 
detoxification of organophosphorus 
anticholinesterases and trichothecenes. 
Fundam. Appl. Toxicol. 1985;5:29-38. 

5. Heymann E. Carboxylesterases and 
amidases. Enzymatic basis of 
detoxification. In W. Jakoby, ed. Academic 
Press, New York. 1980;2:29l-323. 

6. Sobek H, Gorish H. Further kinetic and 
molecular characterisation of heat stable 
carboxylesterase from Sulfolobus 
acidocaldaris. Biochem. J. 1989;261:993-
998. 

7. Inkerman PA, Scott K, et al. 
Carboxylesterases (EC 3.1.1). Purification 
and titration of chicken, sheep, and horse 

liver carboxylesterases.Can J Biochem. 
1975; 53(5):536-46. 

8. Farb D, Jencks WP. Different forms of pig 
liver esterase. Arch. Biochem. Biophys. 
1980;203:214-226. 

9. Ozols Juris Isolation, properties, and the 
complete amino acid sequence of a 
second form of 60-Kda glycoprotein 
esterase. J. Biol. Chem. 1989;264:12533-
12539. 

10. Mentlein R, Ronai A, et al. Purification and 
characterization of carboxylesterases from 
rat lung. Biochim. Biophys. Acta. 
1987;913(1): 27-38. 

11. Allen KN, Abeles RH.  Enzyme inhibition 
by fluoro compounds. Biochemistry. 
1989;28:135-140. 

12. Cherry JP, Katterman FRH. Nonspecific 
esterase isozyme polymorphism in natural 
populations of Gossypium thurberi. 
Photochemistry. 1971;10:141-145. 

13. Satoh T, Hosokawa M. The mammalian 
carboxylesterases: from molecules to 
function. Annu. Rev. Pharmacol. Toxicol. 
1998;38:257-288. 

14. Stenersen J. Chemical pesticides: mode of 
action and toxicology. CRC Press, Boca 
Raton, Fl, U.S.A. 2004;276. 

15. Oakeshott JG, Devonshire AL, et al. 
Comparing the organophosphorus and 
carbamate insecticide resistance 
mutations in cholin- and 
carboxylesterases. Chem Biol Interact. 
2005;157-158:269-275. 

16. Cummins I, Burnet M, Edwards R. 
Biochemical characterisation of esterases 
active in  hydrolysing xenobiotics in wheat 
and competing weeds. Physiologia 
Plantarum. 2001;113:477-485. 

17. Preiss U, Wallnofer PR, Engelhardt G. 
Partial-purification and properties of an 
esterase from tomato cell-suspension 
cultures hydrolyzing the pyrethroid 
insecticide cyfluthrin. Pesticide Sci. 
1988;23:13-24. 

18. Cummins I, Edwards R. Purification and 
cloning of an esterase from the weed 
blackgrass (Alopecurus myosuroides), 
which bioactivates aryloxyphenoxy-
propionate herbicides. Plant. J. 
2004;39:894-904. 

19. Redinbo MR, Potter PM. Mammalian 
Carboxylesterases: from drug targets to 
protein therapeutics. Drug Discovery 
Today. 2005;10:313-325. 



 
 
 
 

Kantharaju and Mylarappa; AJRB, 8(1): 42-58, 2021; Article no.AJRB.64361 
 
 

 
57 

 

20. Maxwell DM. The specificity of 
carboxylesterase protection against the 
toxicity of organophosphate compounds. 
Toxicol Appl Pharmacol. 1992;114:306-
312. 

21. Chambers JE, Ma TG, Boone JS, et al. 
Role of detoxification pathway in acute 
toxicity levels of phosphorothionate 
insecticides in the rat. Life Sci. 
1994;54:1357-1364. 

22. Wheelock CE, Eder KJ, et al. Individual 
variability in esterase activity and CYP1A 
levels in Chinook salmon (Oncorhynchus 
tshawytscha) exposed to esfenvalerate 
and chlorpyrifos. Aquat Toxicol. 
2005;74:172-192. 

23. Crow JA, Borazjani A, Potter PM, et al. 
Hydrolysis of pyrethroids by human and rat 
tissues: examination of intestinal, liver and 
serum carboxylesterases. Toxicol. Appl. 
Pharmacol. 2007;221:1-12. 

24. Chandrashekharaiah KS, Swamy 
NR, Murthy KRS. Carboxylesterases from 
the seeds of an underutilized legume, 
Mucuna pruriens; isolation, purification and 
characterization. Phytochemistry. 
2011;72(18):2267-74. 

25. Dubey, Luthra Baigori MD, Castor GR, 
Sineriz F. Purification and characterization 
of an extracellular esterase from Bacillus 
subtilis MIR-16. Biochemistry. 1996;24:7–
11. 

26. Smith BJ. SDS Polyacrylamide Gel 
Electrophoresis of Proteins. Methods Mol 
Biol. 1984;1:41-55. 

27. Aldridge WN. An enzyme hydrolysing 
diethyl p-nitrophenyl phosphate (E 600) 
and its identity with the A-esterase of 
mammalian sera, Biochem. J. 
1953;53:117-124. 

28. Subramani T, Manjunath KC, Siddalinga 
Murthy KR, eta al. Esterase activity from 
the germinated Jatropha curcas seeds in 
different extraction buffers. International 
Journal of Science and Nature (IJSN). 
2012;3(1):170-172. 

29. Krisch K.  Isolation, Molecular Properties 
of Formamidase from Rat Liver. Biochem. 
Z. 1963;337:531-545. 

30. Krisch, Rudiger Arndt. Catalytic properties 
of an unspecific carboxylesterase (E1) 
from rat-liver microsomes. European 
Journal of biochem. 1973;36(1):129-134. 

31. Beohr HC, Krisch K. Isolation, properties 
and substrate specificity. Z- Physiol. 
Chem. 1968;84:11. 

32. Franz W, Krisch K. Isolation and properties 
of a carboxylesterase from pig kidney. Z- 
Physiol. Chem. 1968;349:575. 

33. Upadhya MD, Yee J. lsoenzyme 
polymorphism in flowering plants.VII. 
Isoenzyme variations in tissues of barley 
seedlings. Phytochemistry. 1968;7:37- 
943. 

34. Sae SW, Kadoum AM, et al. Cunningham 
Purification and some properties of 
sorghum grain esterase and peroxidase.  
Phytochemistry. 1971;10(1):1-8. 

35. Govindappa T, Govardhan L, et al. 
Purification and characterisation of a 
carboxylesterase from the latex of 
Synadenium grantii Hook, ‘f’. J. of 
Biosciences. 1987;7(3-4):289-301. 

36. BartleyI M, StevensWH Carboxylic ester 
hydrolases of apple. J. Exp. Bot. 
1981;32:741-751. 

37. Chibbar R, Polwick P, Newsted W and et 
al. Identification and isolation of a unique 
esterase from the medium of non-
embryogenic cell line of cultured carrot 
cells. Plant Cell Tiss. Org. Cult. 
1989;18:47-53. 

38. Krell HW, Sandermann H. Plant 
biochemistry of xenobiotics-purification 
and properties of a wheat esterase 
hydrolyzing the plasticizer chemical, bis(2-
ethylhexyl)phthalate. Eur. J. Biochem. 
1984;143:57-62. 

39. Nourse A, Schabort JC, Dirr HW, et al. 
Purification and properties of an esterase 
from Cucurbita maxima fruit tissue. 
Phytochemistry. 1989;28:379-383. 

40. Veerabhadrappa PS, Marcus SR, 
Shadaksharaswamy M. Purification & 
properties of an esterase of Haltica 
caerulea olivier. Indian J. Biochem. 
Biophys.  1980;17:186-190. 

41. McGhee, James. Purification and 
characterization of a carboxylesterase 
from the intestine of the nematode 
Caenorhabditis elegans. Biochem J. 
1989;261:993-998. 

42. Merryweather AT, Crampton JM, et al. 
Purification and properties of 
an esterase from organophosphate-
resistant strain of the mosquito 
Culex quinquefasciatus. Biochem. J. 
1990;266:83-90. 

43. Field LM, Devonshire AL, Forde BG. 
Molecular evidence that insecticide 
resistance in peach-potato aphids 
(Myzuspersicae, (Sulz.)) results from 



 
 
 
 

Kantharaju and Mylarappa; AJRB, 8(1): 42-58, 2021; Article no.AJRB.64361 
 
 

 
58 

 

amplification of an esterase gene. 
Biochem.J. 1988;251:309-312. 

44. Peter MG, Gunawan S, Gellissen G, 
Emmerich H () Differences in hydrolysis 
and binding of homologous juvenile 
hormones in Locusta migratoria 
haemolymph. Z. Naturforsch. 
1979;34:588–598. 

45. Koopmanschap AB, de Kort CAD. 
Carboxylesterases of high molecular 
weight in the hemolymph of Locusta 

migratoria. Experientia (Basel). 
1989;454:327-330. 

46. Sobek H, Gorisch H. Purification and 
characterisation of a heat-stable esterase 
from the thermophilic archaebacterium 
Sulfolobus acidocaldarius. Biochem. J. 
1988;250:453-458. 

47. Goullet P, Picard B, Laget PF. Purification 
and properties of carboxylesterase B of 
Escherichia coli. Ann Microbiol (Paris). 
1984;135A(3):375-387 

.________________________________________________________________________________ 
© 2021 Kantharaju and Mylarappa; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/64361 


