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ABSTRACT

Aims: Present study was done with the aim of isolation of efficient amylase producing bacterial
isolates from soil. Amylase enzyme production, purification, SDS-PAGE and characterization of
different important parameters as pH, temperature, substrate concentration etc. was done for
obtaining maximum enzyme activity.

Study Design: An experimental study.

Methodology: Isolation was done by serial dilution and spread plate method on nutrient agar at
50°C and 11 pH. Then screening of bacterial isolates for amylase production was done using
starch agar media and on addition of iodine solution bacterial colonies confirmed the amylase
enzyme production by decolourization of media from purple to white due to starch hydrolysis.
Bacterial isolates with highest zone of starch hydrolysis were selected for enzyme production.
Amylase production was done using amylase screening broth at 50°C, at 250 rpm for 72 h in
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incubator shaker. Enzyme activity was determined after centrifugation of the culture broth at 10,000
rpm for 10 min. Identification of bacterial isolate was done by performing different morphological
and biochemical tests. Then enzyme purification was done using acetone and ammonium sulphate
precipitation methods. Molecular weight determination was done by SDS-PAGE. For obtaining
maximum enzyme activity evaluation of optimum values for important parameters such as pH,
substrate concentration, temperature, reaction time, thermostability, effect of cations, effect of
chelating agents and different raw starches was done.

Results: Bacterial isolate 16A showed the highest zone of starch hydrolysis and maximum
amylase production (48.86 UmL™') was obtained on 48 h of incubation at 50°C. On the basis of
morphological and biochemical characterization 16A was identified as Bacillus sp. Enzyme showed
1.6 fold purification with acetone precipitation and 1.54 fold with ammonium sulphate precipitation.
Molecular weight of amylase enzyme determined was 97.4 kD approximately, by SDS-PAGE.
Enzyme characterization showed that maximum enzyme activity was obtained at 15 minutes
reaction time, 75% substrate concentration, 7 pH and 50°C temperature. A good thermostability
was showed by amylase enzyme for 24 h at 50°C and 15 h at 100°C. The enzyme activity was
enhanced by Fe™ (2 X), Mn™" (3 X) and Triton X-100 (2 X) while was completely inhibited Zn*",
Hg"™, Cu™, Fe™, Co™, SDS, tween-20 and EDTA. On enzyme characterization maximum enzyme
activity of 138 UmL™" has been observed that is a very good activity.

Conclusion: On the basis of results during present study this is visualized that the enzyme is very
suitable for many industrial applications because of its desirable qualities for its industrial
applicability as Ca"" independent nature and thermostability at 80-100°C. The broad range of pH
and moderate thermostability makes this amylase enzyme a useful additive to liquid detergents that
can function in hard and warm water. Calcium independent amylase is suitable for manufacturing of
fructose syrup, where Ca’" is an inhibitor of glucose isomerase. So this enzyme can be very useful
in different industrial applications.

Keywords: a- Amylase; thermostability; production; enzyme characterization, SDS-PAGE.

1. INTRODUCTION

Amylases are among the most important
industrial enzymes that degrade starch and
related polymers to yield dextrin and other
smaller products. Intensive research has been
performed with focus on the isolation of
thermostable and thermoactive amylases from
thermophiles and hyperthermophiles. The a-
amylase (1, 4-glucan-4-glucanohydro-lase; EC
3.2.1.1) family consists of a large group of starch
hydrolases and related enzymes, currently
known as glycosyl hydrolase family 13 [1].
Starch is the most abundant form of stored
polysaccharides in plants. Starch constitutes an
inexpensive source for production of syrups
containing glucose, fructose and maltose that are
widely used in food industries [2].

Thermostable a-amylases have had extensive
commercial applications in brewing, baking,
sugar production, paper industry, desizing in
textile industries and detergent manufacturing
processes etc. [3]. Their commercial production
from microorganisms represents 25-33% of the
world enzyme market [4]. Many microorganisms
are able to produce amylases including Bacillus

subtilis, Lactobacillus, Escherichia, Proteus, B.
licheniformis, Bacillus steriothermophilus,
Bacillus  megaterium, Strepotmyces  sp.,
Pseudomonas sp. efc. a- amylases from genus
Bacillus have been extensively studied in terms
of structure, function, secretion, and industrial
applications [5-6]. Production of thermostable
amylases is of special interest as they could be
used for saccharification processes occurring at
high temperatures [7] and for instance, a
reduction in cooling costs, a better solubility of
substrates, reduced risk of microbial
contamination, resistant to denaturing agents,
solvents, and proteolytic enzymes [8].

The present study was outlined with the aim of
isolation of a thermostable amylase producing
bacterial isolates at 50°C and 11 pH from sail
sample. Production, purification, molecular
weight determination and characterization of
important parameters for maximum amylase
enzyme activity were done. It resulted in the
isolation of an efficient amylase enzyme
producing  bacterial isolate and showed
enhanced enzyme activity with optimized values
of parameters.
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2. MATERIALS AND METHODS
2.1 Isolation

Amylase producing bacteria were isolated from
the garden and park soil samples of C.C.S.
University, Meerut, UP. Isolation was done by
serial dilution and spread plate method on
nutrient agar at 50°C and 11pH. The pure
cultures were obtained and preserved on agar
slants and in glycerol stocks at 4°C and -20°C,
respectively for further study.

2.2 Screening for Amylase Production

The plates containing amylase screening
medium (yeast extract 4 g, K;HPO, 1 g, MgSO,
0.5 g, soluble starch 5 g, agar 20 g, distilled
water 1L, 11pH) were point inoculated with
bacterial isolates and incubated at 50°C for 24-
48 h. The plates were then flooded with Lugol's
iodine to detect the zone of starch hydrolysis
around the colony. The bacterial culture 16A,
showing maximum zone of hydrolysis was
selected for further study.

2.3 Identification of 16 A

For identification of bacterial isolate 16A different
morphological and biochemical tests were
performed according to Bergey's manual.

Morphological tests- By performing Gram’s
staining cell shape and arrangement were
observed. Endospore staining was done to
determine the presence of endospore. It is very
important for classifying bacteria.

Biochemical tests- For identification of 16A
different biochemical tests were performed as-
indole, methyl red, voges proskauer, simmon’s
citrate agar, oxidase, catalase, nitrate and
mannitol fermentation.

2.4 Enzyme Production

The inoculum was prepared by inoculating a loop
full of amylase producing bacterial culture in
amylase screening broth (50 ml) and incubated
at 50°C, at 250 rpm for 24 h in shaker incubator.
Amylase screening broth (50 ml) was inoculated
with 1% inoculum (CFUz108/mI) and incubated at
50°C in incubator shaker at 250 rpm for 72 h.
Periodically 6 ml of sample was withdrawn from
flask after 24 h, 48 h and 72 h of incubation. After
centrifugation of culture broth, cell-free culture
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filtrate was obtained of at 10,000 rpm for 10 min.
This cell-free culture filtrate was used as the
source of extracellular amylase and enzyme
activity was determined.

2.5 Enzyme Assay

Enzyme in the cell-free culture filtrate was
assayed by determining the amount of glucose
liberated from starch using DNSA (Di-nitro
Salicylic Acid) reagent [9]. The reaction mixture
containing 0.5 mL appropriately diluted enzyme
and 0.5 mL of starch (0.5%) as substrate (in
phosphate buffer, 11pH) was incubated for 10
min at 50°C. Then 1mL DNSA was added and
incubated at 100°C for 8 minutes in a boiling
water bath followed by the addition of 0.4 mL
freshly prepared sodium potassium tartarate,
mixed thoroughly and optical density was
measured at 540 nm with spectrophotometer
(Jenway, 6305). A standard curve was drawn
with glucose levels according to Miller [10].

2.6 Enzyme Purification

Purification of the amylase was performed using
conventional methods of purification by acetone
and ammonium sulphate precipitation. In acetone
method chilled acetone (-20°C) was used at
different saturation levels (0-10%, 10-30%, 30-
60% and 60-90%) at 4°C, followed by overnight
(12 h) storage at —20°C. After centrifugation at
10,000 rpm for 20 min, the precipitate was
recovered and dissolved in minimum amount of
sodium phosphate (0.01 M) buffer (7pH) and
dialyzed against the same buffer. In second
method, ammonium sulphate also was used at
different saturation levels (0-10%, 10-30%, 30-
60% and 60-90%). The precipitates obtained
after each trial were dissolved in minimum
amounts of phosphate buffer (0.1 M, 7pH) and
the enzyme activity and specific activity of each
sample were determined after dialyzing again.

2.7 Protein Estimation

Extracellular protein content was determined by
Lowery method [11]. In Lowry method 0.1 mL of
enzyme was taken in sterilized test tubes, 0.1 mL
of 2N NaOH was added. Test tubes were
incubated at 50°C for 5 min in a boiling water
bath and cooled to room temperature. Then 1 mL
of freshly prepared mixed complex reagent was
added and left at room temperature for 10
minutes. Then 0.1 mL of freshly prepared Folin
reagent was added and mixed thoroughly and
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left at room temperature for 30-60 min. The
optical density of blue coloured complex was
directly measured at 550 nm.

2.8 Molecular Weight Determination of
Amylase

The purity of the enzyme was ascertained by
SDS-PAGE while its activity was demonstrated
on native PAGE using 10% gels. The gel was
stained with Coomassie Brilliant Blue R-250 [12]
for overnight and then stained with silver nitrate
to visualize the number of protein bands [13].

2.9 Effect of Different Parameters on
Enzyme Activity

2.9.1 Reaction time vs. enzyme activity

In order to find out the optimum reaction time,
enzyme activity was determined by incubating
the reaction mixture at (50°C) for different time
intervals (1, 3, 5, 10, 15, 20, 30, 40, 50 and 60
min).

2.9.2 Effect of substrate concentrations

For determining the optimum substrate
concentration soluble starch solutions of varied
concentrations (0.01, 0.025, 0.05, 0.1, 0.25, 0.5,
0.75, 1.0, 1.5 and 2.0%) were prepared in buffer
and used in reaction mixture. Then enzyme
activity was determined by incubating the
reaction mixtures for 15 min at 50°C.

2.9.3 Effect of pH on enzyme activity

To find out the effect of pH on enzyme activity
was assessed by maintaining the pH of reaction
mixture from 3-10 (3, 4, 5, 6, 7, 8, 9 and 10) by
using various buffers (0.1M). Specific enzyme
activity was determined by incubating the
reaction mixtures for 15 min at 50°C.

2.9.4 Effect of temperature on enzyme activity

To determine the effect of temperature on the
enzyme activity reaction mixtures were incubated
the at different temperature range from 30 to
100°C. Then enzyme activity was determined by
incubating for the reaction mixtures for 15 min at
50°C.

2.9.5 Thermo-stability

Thermo-stability of enzyme was determined by
incubating 25 mL of suitably diluted enzyme

sample at 50 and 100°C (optimum and
maximum) over a period of 24 h and then
enzyme activity was assayed as above
mentioned.

2.9.6 Effect of divalent cations on _enzyme
activity

Effect of cations was studied by incubating the
reaction mixtures after adding different cations
(Ca™, Co™, Mn", Fe'*, cu™, Hg"", Zn"™" and
Mg™) at concentraton of 1mM and 5mM.
Enzyme activity was measured after incubating
for 15 min at 50°C.

2.9.7 Effect of detergents on enzyme activity

To determine the effect of detergents on the
enzyme activity SDS, Tween-20, Tween-80,
triton X-100 and EDTA were used. Reaction
mixtures were incubated after adding different
detergents for 15 min at 50°C and followed by
enzyme activity determination.

2.9.8 Effect of stabilizers on thermo-stability

Effect of stabilizers on the enzyme activity was
studied by incubating the reaction mixtures with
different stabilizers (starch, glucose, raffinose,
and glycerol) for 15 minutes at 50°C and followed
by enzyme assay.

2.9.9Evaluating the efficiency of amylase on
different raw starches

Enzyme activity was checked on different flours
(gram, wheat, millet, rice, water chest, oat, corn,
and starch as control). For this reaction mixtures
were incubated with above flours and starch at
concentration of 0 .75% for 15 minutes at 50°C.
Flours were collected from local market.

3. RESULTS AND DISCUSSION

From thirty soil samples 52 thermophillic
bacterial isolates were obtained at 50°C and
11pH. Out of them 12 isolates were amylase
enzyme producers. On the basis of
measurement of zone of hydrolysis of 12
isolates, four isolates 16A, 8A, 21A and 11B with
highest zone of hydrolysis (Fig. 1) were selected
for determination of enzyme activity.

Among four bacterial isolate (16A) was selected
on the basis of enzyme titre, the enzymes titre
was quantified with the help of standard curve of
glucose (Table 1). Bacterial isolate 16A was
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used for amylase production under submerged
fermentation in starch yeast extract broth. On the
basis of morphological study (Table 2) bacterial
isolate16A was found to be gram positive rod
and endospore forming bacteria (Fig. 2). On the
basis of biochemical characterization (indole,
methyl red, simmon’s citrate agar, oxidase,
catalase, nitrate and mannitol fermentation) as

TR TS L
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Bergey’s manual 16A was identified (Fig. 3) as
Bacillus sp.

According to literature Bacillus produces a large
variety of extracellular enzymes, among them
particularly amylases are of considerable
industrial importance [14]. In present study
highest enzyme production from Bacillus sp. was
observed at 48 h of incubation. Similarly, several
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Fig. 2. Showing gram’s positive, rod shape bacterial cells, endospore is present with green
color and bacterial cell with pink color

t.

Fig. 3. Showing results of IMVIC- First set showing Indole —ve, second set showing MR —Ve
and VP +Ve and third set showing citrate +Ve test
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Bacillus sp. (B. coagulans and B. licheniformis)
are reported to require a time of 48-72 h for
optimum amylase production [9]. Asgher et al.
[15] also reported the a-amylase production from
B. subtilis JS-2004 was highest at 48 h declining
gradually up to 96 h.

Further partial purification of enzyme was done
using acetone and ammonium sulphate. In
acetone, best activity was observed in 0-10%
fraction (1.61 U/mL) with 8.06 yield and 1.6 fold
purification. In ammonium sulphate best activity
was also observed in 0-10% fraction (1.43 U/mL)
with 6.08 vyield and 1.54 fold purification
(Table 3).

Similarly, Ashwini et al. [16] reported that partially
purified amylase from Bacillus marini on
ammonium precipitation exhibited specific activity

Table 1. Showing enzyme titre of 3 isolate

of 0.035 U/mg which corresponds to 5.80 fold
purification and 60.0% Yield. Krishanan and
Chandra also reported that amylase enzyme
from Bacillus liquiformis showed the best activity
in 30-65% fraction with overall yield of 42% and
212 fold purification [17].

Although the molecular weights of microbial a-
amylases are usually reported between 50 to 60
kD range [18], while in our experimental study
electrophoretic analysis of third fraction of
acetone precipitate, the molecular weight of
amylase was estimated 97.4 kD approximately.
Here a clear zone of starch hydrolyses is present
in the zymogram study that is corresponding to
the single band obtained in SDS-PAGE analysis
near the top of the gel. The band is within the
molecular weight range of 97.4 kD according to
marker lane (Fig. 4).

s under submerged fermentation at different

incubation periods
Strain no. Activity (UmL™) (24h) Activity (UmL™) (48h) Activity (UmL") (72h)
16A 40.96 48.86 39.02
8A 31.53 36.68 30.25
21A 23.71 28.97 20.71

Table 2. Showing result of morphologica

| and biochemical tests for the identification

S. no. Tests Result
1 Gram staining +
2 Endospore staining +
3 Indole -
4 Methyl Red +
5 Voges proskauer +
6 Simmon’s Citrate Agar +
7 Oxidase -
8 Catalase +
9 Nitrate -
10 Mannitol fermentation +
Table 3. Stepwise purification details of amylase enzyme produced by 16A
Steps Volume Activity Total Protein Total Sp. Yield Fold
(mL) (U/mL)  activity (mg/L) protein enzyme (%) purification
(V) (mg) activity
(U /mg)
Culture filtrate 200 48.86 9772 6.14 1228 7.95 100 1
Acetone 12 65.66 787.9 5.18 62.16 12.67 8.06 1.6
(0-10%)
Amm. sulphate 10 59.47 594.7 4.83 48.30 12.26 6.08 1.54
(0-10%)
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97.4kD
66.2KD

v -

o  a3.0kD
‘ 31.0kD
@  20.1kD

’ 14.1k D

Cc

A B

Fig. 4. PAGE analysis of the culture filtrate of
(16A)

A. Partially purified protein (Acetone precipitate),
B. Zymogram, C. Marker lane.

In support, Dobara Abou et al. [19] reported two
a-amylase isoenzymes with a high molecular
weights of (135-145 kD) were obtained from
Thermoactinomyces vulgaris. Aguloglu and Enez

80

also reported the molecular weight of purified a-
amylase from G. Stearothermophilus was 63 kD
as estimated by SDS-PAGE [20]. However,
molecular weight of some a-amylases was found
to rise owing to carbohydrate moieties [21].

3.1 Effect of Different Parameters on
Enzyme Activity

For gaining the maximum of enzyme activity
optimization of different cultural parameters is
very important. These parameters significantly
affect the enzyme activityy, among many
incubation time, substrate  concentration,
temperature and pH are very important. So in our
experimental optimum values of different
parameters was determined. On incubation of
reaction mixtures for varying time intervals (1, 3,
5, 10, 15, 20, 30, 40, 50 and 60 min), maximum
enzyme activity around 67 U/mL was observed at
incubation period of 15 minutes (Fig. 5). Enzyme
activity was reduced at 10 minutes of incubation
time and decreasing after 15 minutes gradually.

The optimum substrate concentration was
determined 0.75% with maximum amylase
activity of 66 U/mL. There was a clear reduction
of amylase activity below 0.75% substrate
concentration (Fig. 6) while a good activity was
obtained on increasing concentration.

70

60

50 4

40

Enzyme activity (U/mL)

30 4

20 T T T

20

30

40 50 60 70

Incubation period (minutes)

Fig. 5. Effect of incubation time on amylase activity and maximum activity is obtained at 15
minutes

335



Singh et al.; BMRJ, 8(1): 329-342, 2015; Article no.BMRJ.2015.125

Similar result was reported by Fang and Demain
with a maximum activity of 66.13 U/mL at
optimum substrate (starch) concentration of
0.75% [22]. Others have reported different
optimum concentrations as 1.67% [23], between
2—-3% [24] and moreover 0.1% (w/v) [25].

Most raw starch degrading enzymes had
optimum pH in the acidic to neutral range [26,27].
In the present study maximum enzyme activity
(54.9 U/mL) was observed at 7pH. There was a
great variation in enzyme activity with change in
pH and enzyme was active in 6 — 9 pH range.

80

Amylase activity remained 72.70% between pH
3-5 (Fig. 7).

Our results are coinciding with Uchino and
Katano, they reported that a-amylases produced
by thermophilic Bacillus sp. was active at pH
range from 5.5 to 8.5 [28] and at pH 7.0 [29].
While amylase from T. vulgaris showed a pH
activity profile with a flat top which retaining more
than 75% of the enzyme activity in the pH range
5.0-9.0, despite it was completely inhibited at
4pH [19]. In addition, the optimal activities of the
purified enzymes were found to have pH
optimum of 4.2 and 4.5 for GA1 and GA2 [30].

70

60 +

50

40 |

Enzyme activity (U/mL)

30 1

20 -

T
0.5

T
1.0

T
1.5 2.5

substrate concentration (%)

Fig. 6. Effect of substrate concentration on amylase activity and maximum activity
is at 0.75% substrate concentration

58

56

54

52

50

a8

46

Enzyme activity (U/mL)

44

42

40

—®@— enzyme activity

12

Fig. 7. Effect of pH on amylase activity and maximum enzyme activity is at 7pH
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Temperature is a vital environmental factor which
controls the growth and production of metabolites
by microorganisms and this is usually varied from
one organism to another [31]. Bacterial isolate
“16A’ gave the highest enzyme titre (48.86 U/mL)
in submerged fermentation at 50°C and is active
up to 60°C. The activity decreased around 23.8%
in a range of 60-80°C (Fig. 8).

In support of this study Bacillus
amyloliquefaciens, B. subtilis, B. licheniformis
and B. stearothermophilus are among the most
commonly used Bacillus sp. reported to produce
a-amylase at temperatures 37-60°C [32,33,34,

44

35]. A wide range of temperature (35-80°C) has
been reported for optimum growth and o-
amylase production in bacteria [36,37,38,39].

The amylase enzyme showed a great promise
for the saccharification process, so its stability
was studied at various temperatures. The effect
of temperature on amylase activity and stability
was measured by incubating the reaction mixture
at 50 and 100°C. The data obtained suggested
that the enzyme was stable up to 24 h at 50°C
and the enzyme was stable for 15 h at 100°C
(Fig. 9).

42 -

40 -

38

36 1

34 o

Enzyme activity (U/mL)

32 1

30 +

28 T

(0] 20 40

60 80 100 120

Temperature (°C)

Fig. 8. Effect of temperature on amylase activity with maximum at 50°C

—&—Seriesl gt 50°C
—@—Series2 at 100°C

60
50
. 40
5
= 30 -+
=
9 20 -
g
& 10 +
(=
[Sa)
0 T T T T T
0 5 10 15 20 25 30

Incubation time h

Fig. 9. Temperature stabilities at different time of incubations (blue and red
line showing stability at 50°C and 100°C respectively)
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a- amylases from Bacillus genus are heat stable
and this is a desirable property for industrial
starch liquefaction.

Dobara Abou et al. [19] reported that amylase
enzyme from T. vulgaris was fairly stable at 50°C
over 6 h and with a half-life of about one hour at
both 60°C and 70°C. The enzyme retained 100%
of its activity at 80°C when incubated for 1 h.
Aguloglu and Enez also reported that the
enzyme was stable between 50 and 60°C at the
end of 2 h and it lost 50% of its activity at 70°C
[40]. Similar result was also reported that
optimum temperature of a-amylase from B.
subtilis JS-2004 was 70°C, which is comparable
to that described for other Bacillus a-amylases
[36,19,41,39,42].

It is proposed that a-amylases belong to a new
class of metalloenzymes characterized by a
prosthetic group i.e., an alkaline-earth metal
rather than a transition element and which plays
primarily a structural role [38]. Ca™ had
significant effects on the metabolism and
physiology of bacteria. Ca™* had also showed an
effect on enzyme activity and stabilization in
defence against amylase [43,44,45]. Production
of calcium independent and acid stable o-
amylases has been attempted by protein
engineering resulted in to Termamyl LCe.
Termamyl LCe was produced via site-directed
mutagenesis that has shown high calcium
independence [46]. In the present study during
experiment the activity of enzyme was increased
by addition of Mn™* (3X) and Fe™* (2X). Enzyme
activity was decreased by Zn"* (65.23%) while

160

completely inhibited by Hg"*, Cu™, Fe™ and Co™"
(Fig. 10).

However, in current study Ca’™" did not show any
effect on enzyme activity. Similar results are
obtained by B. thermooleovarans, B. coagulans,
B. licheniformis, B. sp. WN1, etc. [19,47,48,49].
Mn™ and Fe™ showed a good enhancing effect
on amylase activity. So this enzyme is Ca **
independent, active in acidic pH range and stable
at 80-100°C that is desirable qualities for its
industrial applicability (starch saccharification).

Enzyme activity was enhanced in presence of
Triton X-100 (76.19%), while completely inhibited
in presence of SDS, tween-20 and EDTA. No
significant effect of Tween- 80 was observed on
amylase activity (Fig. 11).

In support Asoodeh et al. [50] determined that a-
amylase activity increased with Triton X-100.
Shafiei et al. [51] determined that a -amylase
enzyme was quite stable against 0.5% SDS,
0.2% Triton X-100, Tween 80 and Tween 20
detergents. Similar result was observed that
enzyme activity was increasing with TritonX-100
[40].

However, carbon sources such as dextrin,
fructose, glucose, lactose, maltose and starch
are very expensive for commercial production of
these enzymes. So enzyme activity on different
flours was observed in order to find its
applicability in industrial use (Fig. 12).

No enzyme activity was shown in presence of
gram, wheat, millet flours while enzyme showed
a good activity on kuttu, rice, water chest, oat

140 1

120 1

100 1

80 1

60 -

Enzyme activity (U/mL)

40 4

20 A

Ca Hg Cu Fe

. 5mM
N 1mM

Mn Zn Mg Co control

Bivalent cations

Fig. 10. Effect of different metal ions on amylase activity and enzyme activity is enhanced with
Mn** and Fe™. Ca™ showed a neutral effect neither enhanced nor reduced the enzyme activity
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@ 40 4 L
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N
o=
wi
20 +
o
sbs T-20 T-80 T-X100 EDTA control
Detergents

Fig. 11. Effect of detergents on amylase activity and Triton X-100 is enhancing the
activity while SDS, T-20, EDTA are completely inhibiting the activity
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S > D > & & > & &
& & S S SES J S &
(< <~ KPP & < fo S o

[ enzyme activity

Fig. 12. Effect of different raw starches on amylase production and enzyme showed
good activity on kuttu, rice, water chest, oat and corn as with purified starch (control)

and corn approximately in similar range (35-38
U/mL) as with purified starch (control). Best
activity was seen in oat. While Oleveria et al.
reported the best activity (1.59 U/mL) on corn
starch [52].

4. CONCLUSION

immense
applications in

Thermostable a-amylases are of
importance at commercial
brewing, baking, sugar production, paper
industry, desizing, textile industries and
detergent manufacturing etc. [48]. For example,
a thermophillic substitute for the mesophillic a-
amylase used in cake baking industry can be
advantageous because of stability at high
temperature. The broad range of pH stability and
moderate  thermostability makes amylase

enzyme useful additive to liquid detergents which
must function in hard and warm water. Ca”™ had
significant effects on the metabolism and
physiology of bacteria and on enzyme activity
and stabilization in the defence against amylase
[43,44,45]. Calcium independent amylase is
suitable for the manufacture of fructose syrup,
where Ca"" is an inhibitor of glucose isomerase
[49]. So, on the basis of above discussion it is
visualized that the enzyme with its characteristic
features of thermostability and Ca"" independent
nature will be suitable for many industrial
applications.

ACKNOWLEDGEMENTS

I would like to thanks Dr. Deepak Chanda
Sharma for his immense guidance and Mr. Vivek

339



Singh et al.; BMRJ, 8(1): 329-342, 2015; Article no.BMRJ.2015.125

Kumar Shrivastava to help me in drafting the
research paper.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

1.

Henrissat B, Bairoch A. New families in the
classification of glycosyl hydrolases based
on amino acid sequence similarities.
Biochem. J. 1993;293:781-788.

Roy I, Gupta Munishwar N. Review article:
Enzymes in organic media- Forms,
functions and applications. Eur. J.
Biochem. 2004;271:2575-2583. FEBS.
Haki GD, Rakshit SK. Developments in
industrially important thermostable
enzymes-Review, Biores Technol. 2003;
89;17-34.

Rajagopalan G, Krishnan C. Alpha-
amylase production from catabolite
derepressed Bacillus subtilis KCC103
utilizing sugarcane bagasse hydrolysate.
Bioresour. Technol. 2008;99:3044—-3050.
Aguloglu S. Ensari NY, Uyar F, Otludil B.
The effects of amino acids on production

and transport of a-amylase through
bacterial membranes. Starch/Starke
2000;52:290-295.

Souza PM, Oliveira Magalhdes P.

Application of microbial a -amylase in
industry: A review. Braz. J. Microbiol.
2010;41:850-861.

Peixoto SC, Jorge JA, Terenzi HF,
Lourdes M, Polizeli TM. Rhizopus
microsporus  var. rhizopodiformis: A
thermotolerant fungus with potential for
production of thermostable amylases. Int.
Microbiol. 2003;6:269-273.

Saxena RK, Dutt, K, Agarwal L, Nayyar
PA. Highly thermostable and alkaline
amylase from a Bacillus sp. PN5.
Bioresour. Technol. 2007;98:260-265.
Babu KR, Satyanarayana T. Parametric
optimization of extracellular a-amylase
production by thermophilic  Bacillus
coagulans, Folia Microbiol. 1993;38:77-80.
Miller GL. Use of dinitrosalisylic acid
reagent for determination of reducing
sugar. Anal Chem. 1959;31(3):426-428.
Lowry OH, Roserbrough NJ, Farr AL,
Randall R. Protein measurement with folin
phenol reagent. J. Biol. Chem. 1951;193:
265-275.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

340

Laemmli. Cleavage of structural proteins
during the assembly of the head of
bacteriphage T4. U. K., Nature. 1970;277:
680—685.

Morrissey James H. Silver stain for
proteins in polyacrylamide gels: A modified
procedure  with  enhanced uniform
sensitivity. Analytical Biochemistry. 1981;
117:307-310.

Sun H, Zhao P, Ge X, Xia Y, Hao Z, Liu J.
Peng M. Recent advances in microbial raw
starch degrading enzymes. Appl. Biochem.
Biotechnol. 2010;160:988-1003.

Asgher M, Asad Javed M, Rahman SU,
Legge RL. A thermostable a-amylase from
a moderately thermophilic Bacillus subtilis
strain for starch processing. Journal of
Food Engineering. Elsevier Ltd. 2007;
79:950-955.

Ashwini K., Kumar Gaurav, Karthik L,
Bhaskara Rao KV. Optimization,
production and partial purification of
extracellular a- amylase from Bacillus sp.
Marini.  Archives of Applied Science
Research. 2011;3(1):33-42.

Krishnan T, Chandra A. Purification and
characterization of a-amylase from B.

licheniformis. Appl. Environ. Microbiol.
1983;46:430—437.
Vihinen M, Mantsala P. Microbial

amylolytic enzymes. Crit. Rev. Biochem.
Mol. Biol. 1989;24:329-418.

Dobara Abou M, E |-Sayed AK, E I-Fallal
AA, Omar NF. Production and partial
characterization of high molecular weight
extracellular a-amylase from
Thermoactinomyces vulgaris isolated from

Egyptian  soil.  Polish  Journal  of
Microbiology. 2011;60(1):65-71.
Aguloglu S. Enez Baris Production,

purification ~and  characterization  of
thermostable a-amylase from thermophilic
Geobacillus stearothermophilus. Starch /
Starke. 2013;66:182—189.

Gupta R, Paresh G, Mohapatra H,
Goswami VK, Chauhan B. Microbial a-
amylases: A biotechnological perspective.
Process Biochem. 2003;38:1599-1616.
Fang A, Demain AL. A new chemicaly-
defined medium for RAC certified strains of
B. subtilis. Appl. Microbiol. Biotech. 1989;
30:144-147.

Kuiper J, Roels JA, Zuidwedg, MHJ. Flow
through viscometer for use in the
automated determination of hydrolytic
enzyme activities: Application in protease,
amylase, and pectinase assays. Gist-



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Singh et al.; BMRJ, 8(1): 329-342, 2015; Article no.BMRJ.2015.125

Brocades N. V. research and development,
Delft, the Netherlands Analytical
Biochemistry. 1978;90:192-203.

Abd EI-Rahman EM. Studies on some
thermophilic bacterial strains. Ph.D. Thesis,
Al-Azhar Univ., Fac. of Sci.,, Bot. and
Microbiol. Dept., Cairo, Egypt; 1990.

El — Safey EM. Production of microbial a-
amylases under solid-state incubation
conditions in the open air. Sci. A thesis,
Bot. and Microbiol. Dept., Fac. Sci. Al-
Azhar Univ., Cairo, Egypt; 1994.

Pandey A, Nigam P, Soccol VT, Singh D,
Mohan R. Advances in microbial amylases.
Biotechnol. Appl. Biochem. 2000;31:135-
152.

Sun H, Zhao P, Ge X, Xia Y, Hao Z, Liu J.
Peng M. Recent advances in microbial raw
starch degrading enzymes. Appl. Biochem.
Biotechnol. 2010;160:988-1003.

Uchino F, Katano T. Effect of temperature
on growth of Bacillus sp. T-4, a
thermophilic acidophilic bacterium Agr.
Biol. Chem. 1981;45:1005-1006.

Abou Zeid AM. Production, purification and
characterization of an extracellular alpha-
amylase enzyme isolated from Aspergillus
flavus. Microbios. 1997;89(358):55-66.
Amirul AA, Khoo SL, Nazalan MN, Razip
MS, Azizan MN. Purification and properties
of two forms of glucoamylase from
Aspergillus niger. Folia Microbiol (Praha).
1996;41(2):165-174.

Kumar CG, Takagi H. Microbial alkaline
protease: from a bioindustrial viewpoint.
Biotechnol Adv. 1999;17(7):561-594.
Mendu DR, Ratnam BVV, Purnima A,
Ayyanna C. Affinity chromatography of a-
amylase from Bacillus licheniformis.
Enzyme Microb. Technol. 2005;37:712-
717.

Mielenz JR. Bacillus stearothermophilus
contains a plasmid-borne gene for alpha-
amylase. Proc Natl Acad Sci. 1983;
80:5975-5979.

Mishra S, Behera N. Amylase activity of
starch degrading bacteria is isolated from
soil receiving kitchen wastes. Afr J
Biotechnol. 2008;7:3326-3331.

Syu MJ, Chen YH. A study on the o-
amylase fermentation performed by
Bacillus amyloliquefaciens. Chem Eng J.
1997,65:237-247.

Burhan A, Nisa U, Gokhan C, Omer C,
Ashabil A, Osman G. Enzymatic properties
of a novel thermophilic, alkaline and
chelator resistant amylase from an

341

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

alkalophilic Bacillus sp. Isolate ANT-6.
Process Biochemistry. 2003;38:1397-1403.
Castro PML, Hayter PM, Ison AP, Bull AT.
Application of statistical design to the
optimization of culture medium for
recombinant interferon-gamma production
by Chinese hamster ovary cells. Appl
Microbiol Biotechnol. 1992;38(1):84-90.
Prakash O, Jaiswal N. a- amylase: An
ideal representative of thermostable
enzymes. Appl. Biochem. Biotechnol;
2010. DOI 10.1007/s12010-009-8735-4.
Lin LL, Chyau CC, Hsu WH. Production
and properties of a raw-starch-degrading
amylase from the thermophilic and
alkaliphilic Bacillus sp. TS-23.
Biotechnology and Applied Biochemistry.
1998;28:61-68.

Aguloglu S. Enez Baris Production,
purification and  characterization  of
thermostable a-amylase from thermophilic
Geobacillus stearothermophilus.
Starch/Starke. 2013;66:182-189.

Bajpai P, Bajpai P. High-temperature
alkaline a-amylase from Bacillus
licheniformis TCRDC-B13. Biotechnology
and Bioengineering. 1989;33:72-78.

Jana M, Pati B. Thermostable, salt-tolerant
a-amylase from Bacillus sp. MD 124.
Journal of Basic Microbiology. 1997;37:
323-326.

Manning GB, Campbell LL. Thermostable
a-amylase of B. stearothermophilus. J.
Biol. Chem. 1961;236:2952-2957.

Hamada N, Fukumoto J, Yamamoto T.
Glycosyl glycerophorsphoric acid and its
polymer excreted by a-amylase-forming B.
subtilis. Agric. Biol. Chem. 1971;35:1052-
1060.

Deshpande SS, Cheryan M. Effects of
phytic acid, divalent cation and their
interactions on a-amylase activity. J. Food
Sci. 1984;49:516-519.

Hashida M, Bisgaard-Frantzen H. Protien
engineering of new industrial amylases.
Trends Glycosci. Glycotechnol. 2000;12:
389-401.

Malhotra R, Noorvez SM, Satyanarayana
T. Production and partial characterization
of thermo-stable and calcium independent
a-amylase of extreme thermophile Bacillus
thermooleovorans NP54, Lett  Appl
Miicrobiol. 2000;31:378-384.

Haki GD, Rakshit SK. Developments in
industrially important thermostable
enzymes-Review. Biores Technol. 2003;
89:17-34.



49.

50.

Singh et al.; BMRJ, 8(1): 329-342, 2015; Article no.BMRJ.2015.125

Tonkova A. Microbial starch converting
enzymes of the a-amylase family, in
Microbial Biotechnology in Horticulture,
edited by R C Ray and O P Wards,
Science Publishers, Enfield, New
Hampshire. 2006;1:421-472.

Asoodeh A, Chamani J, Lagzian MA.
Novel thermostable, acidophilic - «a
amylase from a new thermophilic “Bacillus
sp. Ferdowsicous” isolated from Ferdows
hot mineral spring in Iran: Purification and
biochemical characterization. Int. J. Biol.
Macromol. 2010;46:289-297.

51.

52.

Shafiei M, Ziaee AA, Amoozegar MA.
Purification and biochemical
characterization of a novel SDS and
surfactant stable, raw starch digesting and
halophilic a- amylase from a moderately
halophilic bacterium Nesterenkonia sp.
strain F. Process lochem. 2010;45:694—
699.

Oleveria AND, Oleveria LAD, Andrade JS,
Chagas AFJ. Rhizobia amylase production
using various starchy substrates as carbon
substrates. Brazilian Journal of
Microbiology. 2007;38:208-216.

© 2015 Singh et al.; 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.sciencedomain.org/review-history.php?iid=1087 &id=8&aid=8771

342



