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Abstract

Ideal purification should optimize both the purity and the concentration of the metabolite. Alpha-amylase is
an extracellular enzyme. The precipitate collected from 70% (NH4).SO, salting-out was dissolved in required
amount of 0.1M phosphate buffer (pH 6.8). The dialysis was conducted to get rid of the ions in the protein. After
dialysis in the buffer for 24hrs, the sample was subjected to gel filtration. The fraction number 38" had shown
highest a-amylase activity (3793+12U/ml) with protein concentration (4.8mg/ml). The fold purification obtained
(3.9) when the sample was subjected to sephadex G-100 gel filtration. The specific activity increased from
202.6U/mg protein to 790.21U/mg protein. In ascending paper chromatography and thin layer chromatography the
Rt value of test (maltose formed by the action of a-amylase on starch) was similar to standard maltose. Native
polyacrylamide gel electrophoresis (PAGE) was conducted to determine the homogeneity of a-amylase at pH 8.3 in

12% slab gel. Specific staining was conducted to confirm the protein band as a-amylase.

Keywords: Brevibacillus borstelensis R1, Alpha-amylase, sephadex G-100, Native polyacrylamide gel

electrophoresis, Specific staining.

Introduction

Marine bacteria have diverse range of novel
enzymes, secondary metabolites and therapeutics [1].
Amylases are divided basically into four groups:
endoamylases, exoamylases, debranching enzymes
and transferases [2]. Alpha-amylase (E.C:3.2.1.1,
alternate names: 1, 4-a-D-glucan glucanohydrolase):
Alpha-amylases randomly break down amylose,
yielding maltotriose and maltose and also break
amylopectin yielding maltose, glucose and limit
dextrin. Alpha-amylases are metalloenzymes. They
require calcium ions for their stability, activity and
structural integrity. They belong to family 13 (GH-
13) of the glycoside hydrolase group of enzymes [3].
Amylases derived from bacterial sources have
economically dominated applications in industrial
sectors [4].The literature survey revealed that
bacterial amylases are widely used than fungal
amylases. Species of Bacillus are ubiquitous in
terrestrial, fresh water and marine habitats [5].

Ideal purification or recovery process
(Downstream process) should optimize both the
purity and the concentration of the metabolite. The
desired product is a metabolite, which may be
extracellular (amylases, proteases, alcohol, citric
acid, penicillin and streptomycin), intracellular

(nucleic acids, vitamins, sisomycin and griseofulvin)
and both intra and extra cellular (vitamin-Bi» and
flavomycin) [6].

There is no exact procedure that is sure to
work for the purification of all proteins and each have
steps that are specific to the properties of the protein.
Protein purification is a series of processes intended
to isolate a single type of protein from a complex
mixture. The various steps in the purification process
may free the protein from a matrix that confines it,
separate the protein and non-protein parts of the
mixture and finally separate the desired protein from
all other proteins. Separation of one protein from all
others is typically the most laborious aspect of
protein purification. Separation steps may exploit
differences in protein size, physico-chemical
properties, binding affinity and biological activity

[7].

The first step in product recovery is the
separation of cell biomass and the insoluble nutrient
ingredients from the supernatant by centrifugation
method. A very common preliminary separation
comes from adding ammonium sulfate in stages.
Different proteins precipitate at different salt
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concentrations and this divides the enzymes and other
proteins into fractions.

Ammonium sulfate is an inorganic salt. It is
the best, first-choice salt for initial development of a
salting-out program to precipitate sought-for proteins
because of sulfate's kosmotropic and protein-
molecule exclusionary powers. If precipitation of
proteins does not occur quickly, it may be best to
wait for few hours, to allow time for precipitation to
form. This becomes necessary for dilute protein
solutions if the overall concentration is less than 1%.
Alpha-amylase purification by (NH.)2S04
precipitation is reported in Bacillus spp. [8-11].
Dialysis helps in separation of small molecules from
larger ones by diffusion through a semi permeable
membrane. It increases the volume of the enzyme
solution, because of the initial osmotic effect of the
(NH4)2SO4. Dialysis in purification of o-amylase
from the fermented broth is very essential for its
stability as well as its activity [12&13].

Gel filtration is also known as molecular
sieve or exclusion chromatography. Matrix is a cross
linked polymer which swells in water forming a gel
of a three dimensional net work of pores. The size of
pore is determined by degree of cross linking of
polymeric chains. Large molecules are excluded
through interstitial space; small molecules enter into
the porous interior of the gel bead and are capable of
diffusing in and out of the gel beads [14].

Ascending paper chromatography is a
process where the paper is saturated with water
vapors to form a thin film of water around cellulose
fibers of the paper acts as a stationary phase and the
solvent as mobile phase. The separation of different
components occurs on the basis of differences in their
partition coefficients. The separated compounds are
identified on the basis of their R¢ values. Relative
factor is equal to distance travelled by the component
from the base line/distance travelled by the solvent
from base line [14].

Thin layer Chromatography (TLC) helps in
separation based on differential adsorption as well as
partitioning of the analytes between the liquid
stationary phase and mobile solvent phase. The Rt
value of an analyte depends upon the solvent system,
degree of saturation of the mobile phase, particle size
of the adsorbent, type of adsorbent, temperature and
humidity [14]. The reducing sugar released by the a-
amylase activity was maltose under assay conditions
in TLC was reported by Gashaw Mamo & Amare
Gessesse [15] and Ashabil Aygan et al. [16].
Vaseekaran et al. [17] reported that the a-amylase
activity released glucose, under assay conditions.
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Native Polyacrylamide gel electrophoresis (Native
PAGE): The separation of proteins in native
polyacrylamide gel electrophoresis is based on both
charge density and size of the molecules. In native
PAGE, same buffer ions are present throughout the
sample, gel and electrode vessel reservoirs at
constant pH such that proteins retain their native
conformation and biological activity and hence it is
known as native PAGE. In the present study, native
PAGE is used to determine the homogeneity of a-
amylase [18].

Specific Staining (lodine staining): Alpha-
amylase is an exoenzyme that hydrolysis starch. The
ability to degrade starch is used as a criterion for the
determination of a-amylase production. Starch test is
used to determine the absence or presence of starch in
the gel by using iodine solution as an indicatior.
Starch in the presence of iodine produces a dark-blue
colouration of the gel, and a halo zone around the
band indicates amylolytic activity [19].

Materials and Methods
Ammonium sulphate precipitation:

The amylase produced by Brevibacillus
borstelensis R1 under standardized conditions was
centrifuged at 5000rpm for 15minutes. The
supernatant was subjected to ammonium sulfate
precipitation. Ammonium sulfate crystals were added
to the supernatant to bring the saturation to 70% in an
ice bath. After 2hrs, the precipitate was collected by
centrifugation at 5000 rpm, at +4°C, for 15 min. The
enzyme was recovered by resuspending the
precipitate in 1.0 ml of phosphate buffer (0.1M) at
pH 6.8 [20]. Then the precipitate was estimated for
protein (mg/ml) and amylase activity (pg/ml).
Specific activity (U/mg protein), total activity,
recovery and fold purification were calculated.

Dialysis:

Dialysis tube was procured from Himedia,
India. The precipitate formed by 70% ammonium
sulfate was diluted with 0.1M phosphate buffer (pH
6.8). Five milliliters of the protein salt solution was
taken and one end was clamped and the other end of
the dialysis tube was gently tagged. Then the tube
was suspended in a 2L glass beaker containing
buffer. The contents were gently stirred using a
magnetic stirrer. The process of dialysis was
continued for one day during which the buffer was
changed for every 2hours for desalting. The buffer
was tested for sulfate ions by Barium chloride test
(Barium chloride solution 5%w/v). The positive test
gives white turbidity of barium sulphate indicates
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sulphate ions. The negative test indicates the
complete separation of salt from protein solution.

Gel filtration:

Five grams of Sephadex G-100 (dry bed
diameter about 200 microns) were swollen at 25°C in
sufficient distilled water for three days. Then the gel
was repeatedly washed with 0.1M phosphate buffer,
pH 6.8. Fairly thick slurry was degassed under
vacuum and packed into column of dimensions
(20x1.5cm) with a bed volume of 25ml. The flow rate
of 20ml per hour was fixed. This was done to
stabilize the bed and to equilibrate with the eluent
buffer. After packing 3.0 ml of the sample was
loaded on the column. Three milliliter fractions were
collected and subjected to protein assay by UV
(Kalcker method for quantifying proteins by Kalcker
etal., [21] and amylase assay by DNS method.

Estimation of protein by Lowry method:

The blue color developed in Lowry method
is a result of reaction of the peptide bonds of the
protein with cupric ions under alkaline conditions and
reduction of phosphomolybdic acid by tyrosine and
tryptophan (Aromatic amino acids) residues of the
protein. The color exhibits absorbance at 720nm. The
protein concentration was measured with bovine
serum albumin as standard [22].

To 1.0ml of standard Bovine serum albumin
(BSA) protein solution (100pg/ml) containing 10-
100pg of protein, 4.0ml of alkaline copper reagent
[2%WI/V Na,COs in 0.1N NaOH solution), 2.0ml of
reagent B (1% wi/v cupper sulphate solution, freshly
prepared), and reagent C (2% w/v sodium potassium
tartrate solution freshly prepared)] were added to the
contents and mixed well. After 10minutes of
incubation at room temperature, 0.4ml of Folin’s
reagent (LN) was added and the contents were
immediately vortexed. Reagent blank was run with
1.0 ml of distilled H2O along with the standards and
the sample. After 30minutes of incubation at room
temperature, the blue color developed was recorded
at 720nm absorbance in a colorimeter. Calibration
curve on a graph was constructed by plotting the
protein concentration (10-100pg) on X-axis and
absorbance at 720nm on Y -axis.

Estimation of amylase by DNS method:

Maltose produced by the hydrolytic activity
of o-amylase on o-1, 4 linkages present in
polysaccharides, reduce 3, 5 dinitro salicylate to an
orange red colored 5-nitro 3-amino salicylate which
can be measured at 520nm. The starch substrate
[0.5ml of 0.5% in 0.1M phosphate buffer (pH 6.8)]
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was mixed with 1% (0.2ml) NaCl in a test tube and
pre incubated at 37°C for 10 minutes. The
supernatant collected from the centrifugation of the
production media was used as enzyme source, 0.5ml
of this was added to the reaction mixture. The
reaction was terminated by the addition of 1.0 ml of
3, 5-dinitrosalicylic acid reagent [1.0 gm DNS in
0.8% NaOH, 60% Na K tartrate] after incubation at
37°C for 15 minutes. The contents were mixed well
and kept in boiling water bath for 10 minutes. Then
they were cooled and diluted with 10 ml of distilled
H>O. The color developed was read at 520nm. One
unit of enzyme activity is defined as the amount of
enzyme that releases 1.0 mmol of reducing sugar
(maltose) per minute under the assay conditions [23].

Analysis of the Hydrolysis Pattern of Soluble
Starch Digested by the PURIFled a-Amylase
Ascending paper chromatography:

Whatman No.1 filter paper (20x20cm) was
taken and a line was drawn below at 3cm away from
the border. The sample was prepared as follows [1%
starch, glucose, maltose and Test [0.5 ml soluble
starch (0.5% in phosphate buffer at pH 6.8)] was
added to partially purified amylase (0.5 ml) and was
incubated for 15minutes at 37°C in the incubator. The
activity was inhibited by adding 1.0ml DNS reagent].
The samples were spotted with capillary tube (10ul).
The paper was saturated for 1hr with solvent
(Isopropanol and water in 4:1 ratio) system in
chromatography chamber. The paper was allowed to
run for 4hours. After that the paper was air dried and
sprayed with aniline diphenylamine reagent (5
volumes of 1% aniline and 5 volumes of 1% diphenyl
amine in acetone with 1 volume of 85% phosphoric
acid). The paper was allowed to dry for few minutes
and subjected to heat at 100°C for 10minutes in a hot
air oven. The Rrvalues were calculated for the brown
spots developed. Rt = Distance (cm) moved by the
solute from the origin /distance (cm) moved by the
solvent from the origin.

Thin layer Chromatography (TLC):

The TLC silica gel 60 Fusa (20x20cm,
MERCK, Germany) sheet was taken and a line was
drawn below at 3cm away from the border. After the
samples [S=Starch, G=Glucose, M= Maltose and
T=Test [(0.5 ml soluble starch (0.5% in phosphate
buffer at pH 6.8)] was added to partially purified
amylase (0.5 ml), and incubated for 15minutes at
37°C in the incubator. The activity was inhibited by
adding 1.0ml DNS reagent and spotted on TLC with
capillary tube (10pl). The sheet was kept for 1lhr in
saturated solvent (Ethylacetate: Isopropanol: water:
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pyridine in ratio 26:14:7:2) in chromatography
chamber. The silica sheet was allowed to run for
40minutes. Later, the sheet was allowed to air dry
and sprayed with resorcinol reagent [1% ethanolic
solution of resorcinol and 0.2N HCl in 1:1 ratio]. The
silica plate was allowed to dry for 10 minutes and
heated at 100°C for 10minutes in hot air oven. The R¢
value was calculated for the brown spots developed.
The dark brown sugar spots appeared were identified
by comparing with the standards.

Determination of the homogeneity of a-
amylase by Native PAGE

Sample preparation:

To 38" fraction (0.2ml) obtained by gel
filtration was added with 0.1ml sucrose (40% wi/v)
and 0.1ml bromophenol blue (0.01% w/v) solution
prior to loading of the sample.

Preparation of slab gels:

The glass plates and spacers were
thoroughly cleaned and assembled with bulldog clips
in upright position. Agar (2%) was applied around
the spacers to avoid the leakage of the solution. All
the components of the 30.0ml resolving gel (12%)
[12.0ml acrylamide-bis-acrylamide stock solution
(30:0.8), 7.5ml resolving gel buffer stock solution
(1.5M Tris pH 8.8), 9.9ml H,0, 0.012ml TEMED
and 0.3ml 10.0% ammonium persulfate (freshly
prepared)] were mixed well and poured gently
without air bubbles with pasteur pipette in the
chamber between the glass plates.The gel was
allowed to stand for 30min for polymerization. Water
drops overlayed to ensure flat meniscus were
removed and rinsed the surface with reservoir buffer.
The components of 20.0ml stacking gel (5%) [3.4ml
acrylamide-bis-acrylamide stock solution (30:0.8),
2.5ml stacking gel buffer stock solution (1.0M Tris
pH 6.8), 13.6ml H,0, 0.02ml N,N,N’,N"-Tetramethyl
ethylene diamine (TEMED) and 0.2ml 10%
ammonium persulfate (APS)] were mixed thoroughly
and poured over the resolving gel in slab with pasteur
pipette. Immediately insert the comb in the stacking
gel and allowed to set for 20min. After complete
polymerizeation the comb was removed gently
without distorting the wells. The polymerized slab
was installed in the electrophoresis apparatus after
removing the agar from the base of the slab. The
upper and lower chambers were filled with reservoir
buffer without air bubbles.
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Coomassie blue staining:

After the run was completed, the gel was
removed from the slab and immersed in 0.1%
coomassie blue R-250 [24&25] staining solution
[0.1g coomassie brilliant blue, 40ml methanol, 10ml
acetic acid, 50ml water] for overnight. Protein bands
were detected by destaining the gel in methanol-
acetic acid-water solution (4:1:5 by volume). Further
destaining was carried out with several changes of
deionized water.

Silver staining:

Silver staining is 100 to 1000 fold more
sensitive than staining with Coomassie brilliant blue
R250 and is capable of detecting as little as 0.1- 1.0
ng of polypeptide in a single band.

After Native-PAGE the proteins were fixed
by incubating the gel for 12 hours at 30°C with gentle
shaking in the fixative solution of ethanol: glacial
acetic acid: water (30:10:60). Later the fixative was
discarded and the gel was incubated for 30 minutes
at 30°C in 30% of ethanol with gentle shaking.
Ethanol and deionized water were discarded. The gel
was incubated for 10 minutes at 30°C with gentle
shaking. This step was repeated twice and the water
was discarded and 0.1% solution of AgNO; was
added (freshly diluted from a 20% stock, stored in a
tightly closed brown glass bottle at 30°C). The
AgNO; solution was discarded and washed the gel
gently under a stream of deionized water. Freshly
prepared aqueous solution of 2.5% sodium carbonate,
0.02% formaldehyde were added and incubated the
gel at 30°C until stained bands of protein appear after
desired contrast. The reaction was stopped by
washing the gel with 1% acetic acid.

lodine staining (Specific staining):

After Native-PAGE the gel was incubated
in 2% starch solution (Phosphate buffer at pH 6.8) at
37°C for 30 min, the solution was discarded and
flooded the plates with Lugol solution (1% iodine in
2% potassium iodide w/v)[26]. The clear band after
iodine solution treatment indicate o-amylolytic
activity [27&16].

Statistical analysis:

All the experiments were conducted in
triplicate. The results were given as mean value +
standard deviation.

Result
Ammonium sulphate precipitation:

Ammonium sulphate precipitation was
carried out to precipitate proteins by salting-out.
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Ammonium sulphate fraction of 70% resulted in 7.05
fold purification with specific activity (68.75U/mg
protein) (Table 1). Protein was estimated by Lowry
method.

The precipitate collected from 70%
(NH4)2SO, salting-out was dissolved in required
amount of 0.1M phosphate buffer (pH 6.8). The
dialysis was conducted to get rid of the ions in the
protein. After dialysis in buffer for 24hrs, the buffer
was subjected to barium chloride test which gave
white turbidity of barium sulfate. Negative test for
sulphate indicates the complete separation of salt
from protein solution.

Gel filtration:

Gel filtration is an exclusion column
chromatography. The chromatographic media used
are porous, polymeric organic compounds with
molecular sieving properties. The size of pore is
determined by degree of cross linking of polymeric
chains. Sephadex G-100 was used in the present
experiment.

Each fraction of Gel filtration collected was
assayed for protein (mg/ml) by spectrophotometric
method and amylase activity by DNS method. The
fraction number (38™) had shown highest amylase
activity (3793+12U/ml) with protein concentration
(4.8mg/ml) as shown in figure 1.
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Figure 1. Gel filtration of a-amylase on sephadex G-100
Table 1. Step wise purification profile of a-amylase
produced by Brevibacillus borstelensis R1

Purification Total Total units | Total protein | Specific % yield Fold
steps Volume o) (mg) activity purification
(ml) (Ulmg
protein)
Crude broth 100 3,12.000 1540 2026 100 1.0
Ammonium 50 1.65.000 420 3929 529 1.94
sulfate
fractionation
(70 %)
Sephadex G- 25 94,825 120 79021 [304 39
100

Purification Table was constructed to
monitor the progress of the amylase purification. The
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specific activity increases as the purification
progresses. Fold purification for crude broth was
taken as one and the fold purification increased to 3.9
when the sample was subjected to (NH4).SO4
precipitation and sephadex G-100 gel filtration. The
specific activity was increased from 202.6U/mg to
790.21U/mg protein as shown in Table 1.

Analysis of the hydrolysis pattern of soluble
starch digested by the purified a-amylase

Ascending paper chromatography:

In ascending paper chromatography (Figure
2a) the distance travelled by the solvent front was
13.4cm. The distance travelled by starch, glucose,
maltose and test were 0.0, 8.5cm, 7cm and 7cm
respectively from base line. The R¢ value of the
starch, glucose, maltose and test were 0.0, 0.63, 0.52
and 0.52 respectively. The Rf value of test was
similar to standard maltose.

Thin layer chromatography (TLC):

In thin layer chromatography (Figure 2b) the
distance travelled by the solvent front, starch,
glucose, maltose and test were 16.9cm, 0.0, 7cm,
5.0cm and 5.0cm respectively from base line. The Ry
value of the starch, glucose, maltose and test were
0.0, 0.41, 0.30 and 0.30 respectively.The R¢ value of
test was similar to standard maltose.

Analysis of the end products of the soluble
starch hydrolysis. After 15 min of incubation of the
enzyme with the substrate mixture, maltose was the
shortest detectable sugar observed on ascending
paper chromatography and thin layer chromatography
(Figure 2), indicate that the enzyme was o-amylase
E.C: 3.2.1.1 (1,4-a-D-Glucan glucanohyrolase
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Figure 3. Identification of the end products of partially
purified a-amylase on soluble starch by a) Paper
chromatography and b) Thin Layer chromatography.

Determination of the homogeneity of a-amylase by
Native PAGE:

Native ~ PAGE  (Polyacrylamide  gel
electrophorosis) was conducted to determine the
homogeneity of a-amylase at pH 8.3 in 12% slab gel
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(Figure 3). The first lane was lgaged with 38t
fraction of Sephadex G-100, whiwed highest
amylase activity. The second lane loaded with
70% ammonium sulphate dialyzed fraction and the
third lane was loaded with the crude enzyme
produced by Brevibacillus borstelensis R1 in

Pikovskaya’s production medium by submerged
fermentation.
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Figure 3. Determination of the homogeneity of a-
amylase by Native PAGE (Polyacrylamide gel
electrophorosis) pattern at pH 8.3 in 12%o slab gel.
Lane 1. Sephadex G-100 fraction
Lane 2. Ammonium sulphate dialyzed fraction
Lane 3. Crude enzyme preparation

Different staining methods to identify a-amylase:

The protein band obtained in Native PAGE
was found to be a-amylase by conducting specific
staining method (lodine staining) in polyacrylamide
gel electrophoretic pattern at pH 8.3 in 12% slab gel.
Single band was obtained when silver staining
technique employed (Figure 4).
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Figure 4. Different staining methods to identify a-
amylase
Lane 1. Coomassie blue staining
Lane 2. Silver staining
Lane 3. lodine staining (Specific staining)

Partially  purified  a-amylase  from
Brevibacillus borostelensis R1 proved its potency in
many fields: in bakery industry, food preparations,
automation  dishwashing, ethyl alcohol dual
fermentation, treatment of effluents from sago and
rice industries, sewage water treatment, fodder
production, laundry and textile industries.

The 70% (NH4)2SO4 precipitation fraction
with 1.94fold purification was selected for further
purification. Haider (2004) reported the precipitation
of the amylase by ammonium sulfate (40-60%)
saturation in Bacillus subtilis. Ventosa et al. [28]
precipitated amylase (halophilic Bacillus spp.) using
40 to 90% ammonium sulfate and the active enzyme
fraction was recovered at 70-80%. Ikram-ul-haq et al.
[29] recovered precipitated amylase with purification
fold (1.815) in Bacillus licheniformis EMS-6.
Varalakshmi et al. [10] reported 1.06fold purification
fold with ammonium sulphate fractionation.
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The 38" fraction of Sephadex G-100 with 3.9 fold
purification, yielded (30.4%) with specific activity
(790.21U/mg protein). Chung et al. [30] purified a-
amylase (Thermococcus profundus) by gel filtration
with sephadex G-200. Haider [31] purified Bacillus
subtilis a-amylase by gel filtration chromatography
on Sephadex column (G-100) and obtained
purification fold and recovery 67.92 and 43.9%
respectively. The specific activity of purified enzyme
was 49.3 fold of the crude enzyme in Bacillus
amyloliquefaciens strain [32].

In the present study, the reducing sugar
released by the a-amylase activity was maltose under
assay conditions. Similar studies were conducted on
Bacillus spp. by Ashabil Aygan et al. [16] and
Gashaw Mamo & Amare Gessesse [15]. Hansen [33]
employed thin layer chromatography (TLC) for
identification of maltose and oligosaccharides of
starch hydrolysates. Jin & Run [34] reported that the
concentration of the resulting sugars increased with
increase of the incubation time. These hydrolysis
patterns revealed that amylase functioned as a typical
amylase to hydrolyze the a-(1, 4)-glycosidic linkage
in Bacillus strain 7326. Vaseekaran et al. [17]
reported that the o-amylase activity resulted in
releasing glucose, under assay conditions.

Native PAGE (polyacrylamide gel electrophoresis)
conducted to determine the homogeneity of a-
amylase at pH 8.3 in 12% slab gel. The zymogram of
native-PAGE result of partially purified sample was
identified as single protein.

The protein band obtained by partial purified fraction
was found to be a-amylase by conducting specific
staining methods in  polyacrylamide  gel
electrophoretic pattern at pH 8.3 in 12% slab gel:
iodine staining. Silver staining was done to separate
less amount of protein [35]. The a-amylolytic activity
was confirmed by halo zone of starch hydrolysis
[27&16]. Hmidet et al. [36] purified amylase with
Sephadex G-100, with activity 178.5(U/mg protein),
Yield 15.9% and purification (fold) 3.08 in Bacillus
licheniformis.

Conclusion

Ideal purification should optimize both the
purity and the concentration of the metabolite. Alpha-
amylase is an extracellular enzyme. The precipitate
collected from 70% (NH.),SO, salting-out was
dissolved in required amount of 0.1M phosphate
buffer (pH 6.8). The dialysis was conducted to get rid
of the ions in the protein. After dialysis in the buffer
for 24hrs, the sample was subjected to gel filtration.
The fraction number 38" had shown highest -
amylase activity (3793x12U/ml) with protein
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concentration (4.8mg/ml). The fold purification
obtained (3.9) when the sample was subjected to
sephadex G-100 gel filtration. The specific activity
increased from 202.6U/mg protein to 790.21U/mg
protein. In ascending paper chromatography and thin
layer chromatography the Rr value of test (maltose
formed by the action of a-amylase on starch) was
similar to standard maltose. Native polyacrylamide
gel electrophoresis (PAGE) was conducted to
determine the homogeneity of a-amylase at pH 8.3 in
12% slab gel. Specific staining was conducted to
confirm the protein band as a-amylase.

Acknowledgements

We thank Management of Dr.Lankapalli
Bullayya College, Visakhapatnam for the financial
support and facilities provided to make this work
possible.

References

[1] Das, S.; Lyla, P.S. and Khan, S.A. (2006).
Marine microbial diversity and ecology:
Importance and future perspectives. Current
Science Vol.90, pp.1325-1335.

[2] Van der Maarel, M.J.E.C.; Van der Veen,
B.; Utdehaag, J.C.M, Leenhuis, H. And
Dijkhuizen, L.(2002). Properties and
applications of starch converting enzymes of
the alpha amylase family.J. Biotechnol.
Vol.94, pp. 137-155.

[3] Bordbar, A.K.; Omidiyan, K. and
Hosseinzadeh, R. (2005). Study on
interaction of oa-amylase from Bacillus
subtilis  with cetyl trimethylammonium
bromide, Colloids Surf. B: Biointerfaces,
Vol.40, pp. 67-71.

[4] Gupta, R.; Gigras, P.; Mohapatra, H.;
Goswami, V.K. and Chauhan, B. (2003).
Microbial a-amylase: a biotechnological
perspective. Proc. Biochem. Vol.38, pp.
1599-1616.

[5] Ruger, H.J. (1989). Benthic studies of the
northwest African upwelling region of
psychrophilic bacterial communities from
areas with different upwelling intensities.
Marine Ecology Progress Series Vol.57,
pp.45-52.

[6] Wulf Crueger and Anneliese Crueer (2004).
A textbook of Industrial Microbiology,
Second  edition. Panima  Publishing
Corporation, pp.1-121.

[7] Fisher, E. and Stein, I. (1961). Alpha-
amylase from human saliva. Biochme. Prep.
Vol. 8, pp. 27.

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 1.852

[8] Najafi, M.F. and Kembhavi, A. (2005) .One
step purification and characterization of an
extracellular a- amylase from marine Vibrio
sp. Enz. Microb. Technol., Vol.36,pp. 535-
539.

[9] Swain, M.R. and Ray, R.C. (2007). Alpha-
amylase production by Bacillus subtilis
CM3 in solid state fermentation using
cassava fibrous residue. J. Basic Microbiol.
Vol. 47, pp. 417-425.

[10]Varalakshmi, K.N.;  Kumudini, B.S;
Nandini, B.N.; Solomon, J.D.; Mahesh, B.;
Suhas, R. and Kavitha, A.P. (2008).
Characterization of Alpha Amylase from
Bacillus sp.1/ isolated from paddy seeds, J.
of Appl. Biosci. Vol.1, pp. 46-53.

[11]Gangadharan, D.; Nampoothiri, K.M.;
Sivaramakrishnan, S. and Pandey, A.
(2008). Biochemical Characterization of
Raw-starch-digesting Alpha-Amylase
Purified from Bacillus amyloliquefaciens.
Appl. Biochem. Biotechnol. Vol.77,
pp.1023-1031.

[12]Ali Ben, M.; Mhiri, S.; Mezghni, M. and
Bejar, S. (2001). Purification and sequence
analysis of the a typical maltohexaose-
forming a-amylase of the Bacillus
stearothermophilus ~ US 100. Enzy. and
Microb. Techn. Vol.28, pp. 537-542.

[13]Tan, T.C.; Yien, Y.Y.; Patel, B.K.C.; Mijts,
B.N. and Swaminathan, K. (2003).
Crystallization of a novel alpha amylase,
AmyB, from the thermophilic halophile
Halothermothrix orenii.Acta. Cryst. Vol.59,
pp.2257-2258.

[14]Beedu sashidhar rao and Vijay deshpande
(2005). Experimental Biochemistry: A
Student  Companion  Textbook.  Ed.
Paperback. IK Int. Pvt. Ltd., , pp.316.

[15]Gashaw Mamo and Amare Gessesse
(1999a). Production of raw starch digesting
amyloglucosidase by Aspergillus sp. GP-21
in solid-state fermentation. J. Ind.
Microbio. and Biotechnol. Vol.22, pp. 622-
626.

[16]Ashabil Aygan, Burhan Arikan, Hatice
Korkmaz, Sadik Dingcer and Omer Colak
(2008). Highly thermostable and alkaline o-
amylase from a halotolerant alkaliphilic
Bacillus sp. Ab68, Braz. J. of microb.
Vol.39, pp.547-553.

[17]Vaseekaran, S.; Balakumar, S. and
Arasaratnam, V. (2010) .lsolation and
Identification of a Bacterial Strain

http: // www.ijesrt.com (C)International Journal of Engineering Sciences & Research Technology

[297-305]


http://www.ijesrt.com/

[Suribabu et al/., 3(5): May, 2014]

Producing Thermostable a-amylase. Trop.
Agri. Res. Vol. 22, pp.1 - 11.

[18]Sawhney, S.K. and Randhir Singh, (2001).
Introductory Practical Biochemistry, Narosa
Publishing House. , pp.248-262.

[19]Aneja, K.R. (2006). Experiments in
Microbiology  plant  pathology  and
Biotechnology, 4™ edi. New age
international (p) limitedm publishers,
pp.246-274.

[20]McTigue, M.A.; Kelly, C.T.; Doyle, E.M.
and Fogarty, W.M. (1995). The alkaline
amylase of the alkalophilic Bacillus sp. IMD
370. Enz. Microb. Technol. Vol.17, pp. 570-
573.

[21]Kalckar, H.M.; MacNutt, W.S. and Hoff-
Jorgensen, E. (1952). Trans-N-glycosidase
studied with radioactive adenine. Biochem.
J. Vol.50, pp.397-400.

[22]Lowry, O.H.; Rosebrough, N.J.; Farr, A.L.
and Randall, R.J. (1951). Protein
measurement with the Folin phenol reagent.
J. Biol. Chem. Vol.193, pp. 265-275.

[23]Miller, G.L. (1959). Use of Dinitro salicylic
acid reagent for determination of reducing
sugar. Analy. Chem. Vol.31, pp. 426 - 429.

[24]Bollag, D.M.; Rozycki, M.D.and Edelstein,
S.J. (1996). Protein methods, 2" ed.,
Willey-Liss Inc, 605 3" Avenue, New York,
Ny10158-0012, USA.

[25]Maniatis, T.; Fritsch, E.F. and Sambrook, J.
(1982). Molecular cloning: a laboratory
manual. Cold Spring Harbor Laboratory
Press, NY.

[26]Amoozegar, M.A.; Malekzadeh, F. and
Malik, K.A. (2003). Production of amylase
bynewly isolated moderate halophile,
Halobacillus sp. Strain MA-2. J. Microbio.
Meth. Vol. 52, pp. 353-359.

[27]Hashim, S.0O.; Delgado, O.; Hatti-Kaul, R.;
Mulaa, F.J. and Mattiasson, B. (2004).
Starch hydrolysing Bacillus halodurans
isolates from a Kenyan soda lake.
Biotechnol. Lett. Vol.26, pp. 823-828.

[28]Ventosa, A.; Nieto, J.J. and Oren, A. (1998).
Biology of Moderately Halophilic Aerobic
Bacteria. Microbiol. Mol. Biol. Rev. Vol.62,
pp. 504-544,

[29]1kram-ul-hag, Muhammad mohsin javed,
Uzma hameed and Fazal adnan (2010).
Kinetics and thermodynamic studies of
alpha-amylase from Bacillus licheniformis
mutant, Pak. J. Bot. Vol.42, pp. 3507-3516.

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 1.852

[30]Chung, Y.C.; Kobayashi, T.; Kanai, H.;
Akiba, T. and Kudo, T. (1995) Purification
and properties of extracellular amylase from
the hyperthermophilic archaeon
Thermococcus profundus DT5432. Appl.
Environ. Microbiol. Vol.61, pp. 1502-1506.

[31]Haider Mussa Hamza, (2004), Purification
and Immobilization of Amylase Enzyme
Produced from Local isolate of Bacillas
subtilis. (JZS) J. of Zenkoy Sulaimani Vol.7,
pp. 61-68.

[32]Zeily Nurachman, Alfredo Kono, Ocky
Karna Radjasa and Dessy Natalia (2010).
Identification of a Novel Raw-Starch-
Degrading-o-Amylase from a Tropical
Marine Bacterium, Amer. J. of Biochem. and
Biotechn. Vol.6, pp.300-306.

[33]Hansen, S.A. (1975). Thin-layer
chromatographic method for identification
of oligosaccharides in starch hydrolyzates.
J. Chromatogr. Vol.105, pp.388-390.

[34]Jin-Wei Zhang and Run-Ying Zeng (2007)
Marine Biotechnology, Purification and
Characterization of a Cold-Adapted o-
amylase Produced by Nocardiopsis sp.
7326 Isolated from Prydz Bay, Antarctic:
Vol.32, pp.1-7.

[35]Sammons, D.W.; Adams, L.D. and
Nishizawa, E.E. (1981).  Ultrasensitive
silver-based color staining of polypeptides
in polyacrylamide gel Electrophoresis Vol.2,
pp.135-141.

[36]Hmidet, N.; El-Hadj Ali, N.; Haddar, A.;
Kanoun, S.; Alya, S. and Nasri, M. (2009).
Alkaline proteases and thermostable a-
amylase co-produced by Bacillus
licheniformis NH1: Characterization and
potential application as detergent additive.
Biochem. Eng. J. Vol.47, pp. 71-79.

http: // www.ijesrt.com (C)International Journal of Engineering Sciences & Research Technology

[297-305]


http://www.ijesrt.com/

