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ABSTRACT

The total protein and esterase were isolated from the seeds of Red Kidney beans (Phaseolus vulgaris). The crude pro-
tein content was observed as 15%. The germination of seeds of red kidney bean has been carried out and change in the
total protein content and esterase activity was monitored. The protein content was decreased from 15% (24 hours) to 8%
(144 hours) during germination. The socked seeds and seedlings of all the days of germination exhibited esterase activ-
ity. Maximum ester hydrolyzing activity was observed on 6th day of germination whereas as lowest ester hydrolyzing
activity was observed 2nd day germination. Native PAGE was carried out and esterase banding pattern for two different
artificial substrates was studied. The esterase banding pattern in presence of 1-Napthyl acetate showed the presence of 4

esterolytic bands while 2 esterolytic bands were observed in presence of 2-Napthyl acetate.

Keywords: Esterase; Phaseolus vulgaris; Germination; Variability; Stability

1. Introduction

Esterases are hydrolytic enzymes predominantly present
in all living organisms including micro-organisms, plants
and animals. These enzymes catalyze the hydrolysis of
various types of esters with broad substrate specificity.
Esterases are widely distributed in nature and occur in
multiple molecular forms. The biological functions of
these enzymes are multifaceted. They are involved in
fruit ripening, abscission, cell expansion, reproduction as
well as hydrolysis of ester containing xenobiotic mole-
cules [1].

Esterases are a family of metabolic enzymes that con-
tains a/p hydrolase fold and only few of them have been
studied in plants. The other functions of esterases include
metabolism and subsequent detoxification of many ag-
rochemicals and pharmaceuticals [2,3], metabolism of
number of therapeutics [4] including the cholesterol-
lowering drug, lovastatin [5], the anti-influenza drug,
oseltamivir (Tamiflu) [6], the narcotic analgesic mepe-
ridine [7], cocaine and heroin [8]. The esterases are also
extensively used in soft and pro drug design [9-11].
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The genus Phaseolus belongs to family leguminosae,
subfamily Papilionoideae, and includes over 50 species
[12]. Leguminous plants are rich in both micro and macro
nutrients and are consumed by many people around the
world as a source of protein, carbohydrate, fiber, vita-
mins and minerals. Phaseolus vulgaris is an edible leg-
ume containing protein concentration up to 17% - 19%
(dry weight). Intake of dry legumes can help controlling
the lipid homeostasis and consequently reduce risk of
CVD, Diabetes, Digestive tract disease, Overweight and
Obesity [13]. Legumes also contain protease inhibitors,
lectins and phytates as protective micro-constituents
against cancer [14]. Phaseolus vulgaris is a common
bean which is an important dietary vegetable and main
protein source in diet of people of many countries [15].
The protein content of common bean varies from 15% -
25% and carbohydrate content varies from 40% - 60%.
The common bean is a good source of iron which is re-
quired for many proteins including hemoglobin, myoglo-
bin, catalase and oxidoreductases. Since no work on es-
terases has been carried out and esterases might be in-
volved in many functions, the present work is aimed to
study the esterases from the seeds of Phaseolus vulgaris.
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2. Materials and Methods
2.1. Materials

2.1.1. Plant Material
Seeds of Phaseolus vulgaris were obtain from the local
market of Bangalore, India.

2.1.2. Chemicals
Acrylamide, N, N, Methylene bisacrylamide, a-Naphthyl
acetate, S-Napthyl acetate, bovine serum albumin, Fast
blue RR and Diazo Blue-B were obtained from Sigma
Chemical Company USA. All other chemical were of
analytical grade.

2.2. Methods

2.2.1. Germination of Seeds

The seeds of Phaseolus vulgaris were germinated up to
144 hours in sterile sand (acid washed) and seedlings
were collected at 24 hours interval.

2.2.2. Preparation of Acetone Powder

Acetone powder was prepared for all seedlings by
blending with chilled acetone (10%), followed by filtra-
tion using suction pump. The cake obtained was dried at
37°C and powdered. It was stored at 0°C - 4°C until fur-
ther use.

2.2.3. Preparation of Crude Protein Extract

A 10% crude protein extract of the acetone powder of all
seedlings of Phaseolus vulgaris were extracted using
sodium phosphate buffer (0.1 M), pH 7 by stirring over
magnetic stirrer at 0°C - 4°C for 2 hrs. The extract was
then centrifuged at 10,000 rpm for 15 mins at 4°C, the
supernatant obtained was collected.

2.2.4. Ammonium Sulphate Fractionation

The crude protein extracts from all the seedlings were
subjected to ammonium sulphate fractionation. Solid
ammonium sulphate was added slowly with constant
stirring over magnetic stirrer at 4°C to obtain 0% - 80%
saturation. The solution was allowed to stand for 1 hr at
0°C - 4°C, centrifuged at 10,000 rpm for 30 minutes. The
protein pellet obtained was dissolved in sodium phos-
phate buffer, pH 7 and dialysed against the same buffer.

2.2.5. Protein Assay

The protein content from all the extracts were determined
according to method of Lowry et al. (1951) using bovine
serum albumin as standard.

2.2.6. Esterase Assay
Quantitatively esterase activity was determined using

method of Gomori [16] as modified by Van Asperen [17].
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A typical assay mixture consists of 5 ml of 0.3 mM sub-
strate solution (a stock solution of 30 mM a-naphthyl
acetate was prepared in acetone and 100 fold dilution of
working solution was obtained in sodium phosphate
buffer pH 7.0 (0.1 M). The reaction was allowed to stand
at room temperature for 15 minutes and it was stopped
by adding 1 ml of DBLS reagent (5 parts of 5% sodium
lauryl sulphate and 2 parts of 1% diazo blue-B). The so-
lution was then allowed to stand for 30 minutes and ab-
sorbance of colour developed was read at 600 nm. A
standard curve was prepared by using 1-naphthol.

Enzyme Unit: The esterase activity was expressed in
terms of pumoles of product formed per minute at room
temperature.

2.2.7. Electrophoresis

An anionic native PAGE was carried out according to the
method of Ornstein [18] and Davis [19]. A discontinuous
gel system containing 7.5% of separating gel and 5%
stacking gel was used. The separating gel composition
was 0.325 M Tris-HCI buffer (pH 8.8), four parts of
acrylamide-bisacrylamide solution (30 g acrylamide +
0.8 g bisacrylamide in 100 ml of distilled water). The
stacking gel composition was 0.125 M tris HCI buffer pH
6.8, one part of acrylamide-bisacrylamide solution (14.6
g acrylamide + 0.4 g bisacrylamide dissolved in 100 ml
of distilled water). The ammonium persulphate and
TEMED were used as polymerizing agents. After the
polymerization the gel was kept in electrophoresis cham-
ber which is connected to electrode and filled with gly-
cine buffer (14.2 g glysine + 3 g tris diluted to 600 ml of
water). Suitable dilution of sample protein (100 pg) with
20% glycerol containing bromophenol blue, were loaded
individually in each well and kept in incubation of 4°C
and subjected to electrophoresis by giving current of 2
mA/well for 4.5 hours.

2.2.8. Staining for Proteins

Proteins were stained on poly acrylamide gel using 0.5%
solution of coomassive brillant blue R-250 solution in
25% methanol with 7.5% acetic acid in water for 1 hour
and distaining is carried out in 25% methanol and 7.5%
acetic acid in water for overnight.

2.2.9. Staining for Esterase Activity

Esterases activity was detected on polyacrylamide gel
using the method of Hunter and Markert [20]. Fast blue
RR was used for coupling 1 & 2-Napthol which were
released upon hydrolysis of 1 & 2-Napthyl acetate. The
gels were removed from plates and stained for esterases
activity using 100 ml of 0.1 M phosphate buffer pH 7.0
containing 40 mg of fast-blue RR and 20 mg of 1 & 2-
Naphthyl acetate (dissolved in 2 ml of acetone) for 20
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minutes at room temperature.

3. Results and Discussion

Seed germination is the early and the critical stage during
the growth and development of the plants. During ger-
mination complex biochemical and physiological changes
occurs which brings metabolically inactive embryonic
cells into active stage. The storage protein is one among
the three major food reserves in plant seeds which were
synthesized during the process of maturation and stored
in the storage organs of the plants such as seeds. These
stored proteins degraded and provide energy and nitrogen
required for germination and subsequent growth of seed-
lings.

During germination and plant growth metabolic
changes occurred can be correlated with variation in the
types and level of several hydrolytic enzymes and solu-
ble proteins. The results obtained in the present study
also showed variation in the ester hydrolyzing activity
and total soluble proteins in the endosperm of the seeds
of Phaseolus vulgaris during germination. The total pro-
tein content and total ester hydrolyzing activity during
germination of Phaseolus vulgaris seeds is shown in
Figure 1. It is observed that, there was a steep decrease
in protein content from 1st day to 2nd day, gradual in-
crease in 3rd day followed by gradual decrease thereafter
(up to 6th day) during germination. These observed
changes in the total protein content indicated their in-
volvement in physiological activity during germination.

Analysis of ester hydrolyzing activity during germina-
tion of Phaseolus vulgaris seeds showed that activity was
gradually increased throughout the germination and reached
maximum on 6th day of germination. This increased
ester hydrolyzing activity indicated their requirement
during growth and development of the plants. Similar
changes were observed in protein content, soluble protein

and protein fractions in the geminated seedling of Barley
and Dolichos lablab [21,22].

Electrolytic analysis of proteins reveals the presence of
total 6 bands in the soaked seeds of Phaseolus vulgaris.
All the protein bands and ester hydrolyzing bands were
numbered from anodic end. Among six protein bands,
band 1, 3, and 4 are major and remaining bands were
minor. The intensity of the major band decreased
throughout the germination. Similarly, the intensity of
minor bands decreased up to the 4th day of germination
and completely disappeared there onwards. The electro-
phoretic ester hydrolyzing activity and protein banding
pattern during germination of Phaseolus vulgaris is
shown in Figure 2.

A total of 4 ester hydrolyzing bands were present with
1-Napthyl acetate as a substrate and 2 ester hydrolyzing
activity bands were observed with 2-Napthyl acetate in
the endosperm of Phaseolus vulgaris seeds. Among the 4
esterolytic bands observed, intensity of all the 4 estero-
Iytic bands decreased on the 2nd day of germination and
intensity of esterolytic bands 3 and 4 almost remained
same up to 4th day of germination and disappeared
thereafter. The major esterolytic bands 1 and 2 were pre-
sent throughout the germination. Similarly, this estero-
Iytic activity was also observed in the presence of
2-Napthyl acetate indicating the requirement of estero-
Iytic activity required during the growth and develop-
ment of the plants. Similar results were obtained in case
of germination of seeds of Mucuna purinens [1].

4. Conclusion

The protein profile of Phaseolus vulgaris indicated that
the seeds are good sources of proteins for consumption as
a food source. The protein profile during germination
suggests that stored proteins are mobilized for the syn-
thesis of energy and new proteins required for the growth
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Figure 1. Esterolytic activity and protein profile of seeds of Phaseolus vulgaris during germination.

Copyright © 2013 SciRes.

AJPS



908

Esterases from the Seeds of an Edible Legume, Phaseolus vulgaris L.;

Variability and Stability during Germination

<2
<1

(+)

(+)
(b)

Figure 2. (a) Electrophoretic pattern of Esterases with 1-
Napthyl acetate and 2-Napthyl acetate; (b) Electrophoretic
pattern of Protein during germination of Phaseolus vulgaris
seeds.

and development of the plant. Similarly, the increase in
the esterolytic activity suggest that these hydrolytic en-
zymes required for the complex metabolic activity occurs
during growth and development of the plants. However,
further studies are required for the characterization of
esterolytic enzymes to explain the exact function in the
plants.
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