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Abstract

Amylase is a hydrolytic enzyme that is used widely in industries. It is easier to produce enzymes from bacteria than
any other organism. The present work focused on the production of amylase enzyme from bacteria isolated, from
hot water spring of Manikaran. The amylase producing bacterial strain screening was performed using starch agar
plates. Various biochemical tests were carried out and molecularly; it was identified as Bacillus cereus. Optimum
conditions such as temperature, pH and incubation period were optimized for maximum enzyme production from
B. cereus. The optimum pH was found to be 9.0 and temperature was 45°C and 72 h of incubation period. The
enzyme was partially purified by ammonium sulfate precipitation method and it was purified by dialysis. After
dialysis, partial purified enzyme was immobilized by entrapment method with sodium alginate as natural matrix.
The highest operational stability was six reuses with 54% relative activity and storage stability up to 35 days with
more than 50% residual activity. The K and V,__of immobilized enzyme were determined and compared with free

enzyme.
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1. Introduction

Amylase (E.C.3.2.1.1) is a hydrolase enzyme that catalyses the
hydrolysis of internal a-1, 4 glycosidic linkages in starch to yield
products like glucose and maltose (Sundarram et al., 2014). Among
the enzymes, amylases are most widely used industrial enzymes
that exhibit great significance, having approximately 65% of the world
enzyme market (Ali et al., 2017). Amylases have attracted global
enzyme market due to their vast applications in starch processing,
detergent, alcohol, textile, food, paper and pharmaceutical industries
(Mageswari et al., 2012; Couto and Sanroman, 2006).

Amylases catalyze hydrolysis of starch into diverse products,
namely; dextrin, maltose and smaller polymers containing glucose
subunits. Three important categories of amylases are: o-amylase,
a-amylase and glucoamylase. The a-amylases (EC 3.2.1.1) are extra
cellular enzymes which catalyze random cleavage of the o-1,4
glycosidic bonds between adjacent glucose molecules inside the
linear amylose chain of starch. The a-amylase (EC 3.2.1.2) catalyzes
the cleavages of second a-1,4 glycosidic bond from the non-reducing
end of the chain, resulting in removal of maltose unit. Whereas,
glucoamylase (EC 3.2.1.3) catalyzes the hydrolysis of glycosidic
bond at a-1-6 linkages in addition to o-1,4 glycosidic bond from
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non-reducing ends of amylose and amylopectin of starch molecules
(Anto et al., 2006).

The industrial application of enzymes is also hampered due to lack
of reusability, availability and limited stability under operational
conditions. In food industries, amylase enzymes are utilized in
baking, brewing, preparation of digestive aids, preparation of cakes,
fruit juices and starch syrups (Ranaet al., 2017). The use of enzymes
in a free form is very uneconomical because the enzymes generally
cannot be recovered at the end of the reaction. These drawbacks
can be overcome by immobilization of the enzyme, thereby
rendering it more stable and easy to recover and recycle. It is a very
effective alternative for gripping the problems of instability,
repetitive use and reduction in the cost of enzyme. Immobilization
increases shelf-life of enzyme and enhances enzyme and its activity
over broader pH and temperature range. For immobilization, one of
the most frequently used methods is entrapment of enzyme within
porous matrices in the form of beads (Dey et al., 2003). This sort
of system is safe, simple, cheap and contribute to good mechanical
strength with high porosity for substrate. Thus, potential of
thermostable enzymes from bacteria inhabiting hot water springs
of Himachal Pradesh can be exploited in food industries (Meenakshi
et al., 2018).

2. Materialsand Methods

2.1 Isolation and identification of amylase producing
microorganisms from hot water springs

Isolation of amylase producing bacterial isolates were carried out
in the lab of Microbiology section, Department of Basic Sciences,
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Dr Y. S. Parmar University of Horticulture and Forestry, Nauni,
Solan (H.P) from hot water spring of Manikaran of Kullu district
of Himachal Pradesh. Screening of amylase producing bacterial
isolates was done on the basis of qualitative (Shaw et al.,1995) and
quantitative assay. For the identification of Mw6, morphological,
biochemical and molecular characterization by 16S rDNA sequence
analysis was done as per method of Sambrook et al. (1989)

2.2 Partial purification of amylase

The cell free crude extracts of the enzyme were subjected to
sequential ammonium sulphate saturations as per method of
Hamilton et al. (1999). Different concentrations of ammonium
sulphate in the range of 0-80 % were evaluated to attain saturation
point. The crude enzyme was treated with solid ammonium sulphate
with continuous stirring on magnetic stirrer and separates into
saturation ranges 0-20%, 20-40%, 40-60% and 60-80%. The
precipitates collected by centrifugation (10,000 g for 15 min) were
dissolved in 0.1 M phosphate buffer (pH 7.0). The dialysis was
carried out to remove the traces of ammonium sulphate. The pooled
ammonium sulphate fractionations, which were dissolved in 0.1 M
phosphate buffer (pH 7) and were introduced inside a dialysis
membrane and kept in beaker filled with the same buffer for 24 h at
4°C. Thereafter, enzymes activity and protein content were
estimated. The dialyzed concentrated enzyme was kept at 4°C for
further application.

2.3 Immobilization of purified amylase

Immobilization of purified amylase was done by the entrapment
method in sodium alginate as per method given by Rajagopalan and
Krishnan (2008). In this method, 0.5, 1.0, 1.5, 2, 2.5 or 3% solutions
of sodium alginate were prepared in 0.1 M phosphate buffer (pH
7.0). After cooling down to room temperature, 1 ml of enzyme
stock solution was mixed with 9 ml of sodium alginate solution.
The mixture was then suspended drop wise into prechilled 0.1, 0.2,
0.3,0.4 or 0.5 M calcium chloride solution with gentle stirring at
4°C for 2 h. The formed beads were recovered by filtration and
thoroughly washed with distilled water. These beads were then
stored in 0.1 M phosphate buffer (pH 7.0) at 4°C. The filtered
calcium chloride solution was collected for enzyme activity
determination.

3. Results

The studies were conducted to produce and evaluate amylase
enzyme from bacteria inhabiting hot water spring of Himachal
Pradesh. The amylase produced from B. cereus was partial purified,
immobilized and characterized for further studies. The results of
present study are presented and discussed under different headings
as:

3.1 Isolation and identification of amylase producing bacteria

Out of 27 isolates, 8 were found to be the amylase producers with
clear zones of starch hydrolysis with varying diameters. The isolates
MW, i.e., B. cereus from the hot spring exhibited highest zone size
of 7.23 mm with enzyme index of 24.62 and having amylase activity
of 73.75 IU and protein content 24.11 mg/ml with specific activity

of 3.05 IU/mg. On the basis of morphological and biochemical
characteristics, the MW6 isolate was identified as per the criteria of
Bergey’s Manual of Systematic Bacteriology (Table 1).

Tablel: Morphological and biochemical characterization

Characteristics MW6
Morphological
Form Circular
Elevation Raised
Margin Entire
Color Creamish
Gram’s reaction +
Shape Rod
Endospore formation =
Motility +
Capsule formation -
Biochemical
Oxidase test +
Catalase test -
Indole test -
Methyl red test S
Voges Proskauer test +
H,S test -
Simmon citrate test =
Glucose test i
Sucrose test =
Lactose test =
Urease test =

Molecular identification of the isolate MW6 was done by sequencing
part of the 16S ribosomal DNA (16S rDNA). The amplification of
16S rDNA was confirmed by agarose gel electrophoresis. The PCR
product was gel eluted and sequenced (Figurel). The BLASTn
sequencing of MW6 sequence revealed the presence of bacteria
belonging to genus Bacillus spp. showing 99% similarity with their
nearest relatives in the NCBI GenBank database. Therefore, from
the results, it was evident that isolates MW6 clustered closely with
B. cereus strain VBEO8 (MG027652). Hence, the strains MW6
identified as B. cereus.

3.2 Partial purification of amylase produced from B. cereus

The crude extract of B. cereus contained 9.56 mg/ml protein content
with specific activity of 30.55 1U/mg. The isolate got precipitated
with 0-80% ammonium sulphate with increased specific activity
to 41.56 1U/mg. The fold purification was increased to 1.36 with
69.99% purification (Table 2). It was found that the dialysis further
concentrated the amylase with specific activity of 54.85 1U/mg
with 1.79 fold of purification.
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Figure 1: Neighbour joining tree based on 16S rDNA sequences showing the phylogenetic relationship of bacterial isolates MW6 with the

analyzed sequences.

Table 2: Partial purification summary of amylase from bacterial isolate B. cereus

Purification Total amylase Protein Specific Fold Percent
step activity(lU) | content (mg/ml) | activity (1U/mg) | purification | purification (%)
Crude enzyme 292.15 9.56 30.55 1.00 100
Ammonium sulphate fractionation 204.49 4.92 41.56 1.36 69.99
(0-80%)

Dialysis 194.73 3.55 54.85 1.79 66.65

Total activity: Enzyme activity in given volume (1U)
Protein content: mg/ml

Specific activity: Enzyme activity per unit protein concentration (IU/mg)

Purification fold: Increase in specific activity

Percent purification: Remaining amylase activity as % of the initial amylase activity

3.3 Immobilization of partial purified amylase from B. cereus

The amylase was immobilized by entrapment in natural polymer,
i.e., sodium alginate. The data presented in Table 3 and Plate 1
showed that immobilization of amylase with 3% concentration of
sodium alginate gave highest yield of 67.39% for B. cereus. The

data showed that immobilized enzyme gave the activity of 59.76
IU/g. With the increase in concentration of sodium alginate, there
was increase in the immobilization yield. However, the reduction
in yield was noticed beyond 3.0%. It was also found that at 1.0%
sodium alginate, no beads were formed. Several workers have used
calcium alginate for immobilization of enzymes.

Table 3: Effect of sodium alginate concentration on the amylase activity and immobilization yield and plate 1 represent immobilized

enzyme
Amylase activity of Immobilization yield
Concentration of immobilized enzyme (%)
sodium alginate (%6) (1Uig)
1.0 No beads -
2.0 51.78 55.77 (48.29)
3.0 59.76 67.39 (55.15)
4.0 44.89 48.35 (44.03)
CDyes 1.83 1.07

Amylase activity of free enzyme B. cereus (194.731U)

Plate 1: Immobilized enzyme
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3.4 Operational stability of immobilized amylase

The operational stability of amylase entrapped in sodium alginate
and amylase activity was assessed by reusing the immaobilized
enzyme up to six cycles. The data indicated that alginate entrapped

enzyme was stable up to third cycles with minimum loss in activity
for both the isolates. After 3 cycle, the bound enzymes had leached
from the beads and the relative activity started declining. The relative
activity after 6™ cycle reached to 64.63% (Figure 2).
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Figure 2: Operational stability of immobilized amylase isolated from B. cereus.

3.5 Storage stability of immobilized amylase

The storage stability of the immobilized amylase was examined
for 35 days storage in the phosphate buffer, pH 7 at 4°C at
interval of 7 days. The data revealed that the alginate entrapped
enzyme stored at 4°C was stable up to 14 days with relative
activity of 85.95%. However, the entrapped enzyme started losing
activity after 7 days and more than 50% activity was reduced
after 35 days of storage.

3.6 Kinetic measurement of free and immobilized enzyme

The K and V __ values of a-amylase were determined by using
Line weaver-Burk double reciprocal plot. The reciprocal of reaction
velocity, i.e., 1/V was plotted against the reciprocal of the substrate
(starch) concentration, i.e., 1/[S] (Figyres 3 and 4). The K_and V__
value of free enzyme and immobilized enzyme for B. cereus were
1.0 and 1.25 mg/ml and 41.66 and 38.46 1U/ml, respectively
(Table 4).

Table 4: Kinetic measurement of free and immobilized enzyme
isolated from B. cereus

Enzyme form K., (mg/ml) V o (Uml)

Free 1.0 41.66

Immobilized enzyme 1.25 38.46
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Michaelis-Menten direct fit for the free and immobilized
enzyme for B. cereus.
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Figure 4: Line weaver- Burk double reciprocal plot of 1/V versus
1/S for the free and immobilized enzyme for B. cereus.

4. Discussion

Many microorganisms especially several species belonging to
Bacillus are known to produce variety of enzymes and they have a
wide range of industrial applications. Of these enzymes, amylases
are of particular significance to industry. The present study has
reported isolation and identification of amylase producing bacteria.
The isolate MW6 exhibited higher amylase activity and identified
as B. cereus. Nithya et al. (2016) reported that an isolate KSU-6
showed maximum amylase activity of 37.52 U ml*. Rana et al.
(2017a) also reported that highest amylase activity of 61.35 1U
was obtained in apple pomace as a low cost substrate at a
temperature of 45°C, pH 9.0 and incubation period of 72 h. Similar
morphological and biochemical characteristics have been reported
by Kirti et al. (2016). Similar result of molecular based identification
was highlighted by Rana et al. (2017a). The amylase producing
bacterial isolate J2 by 16S rDNA sequencing revealed the strain
identify as Bacillus thuringiensis J2 (KY990713).

Most of bacterial and fungal amylases were precipitated with 80%
saturation of ammonium sulphate. Ammonium sulphate is the
strongest precipitant, since it is highly soluble in water, cheap and
has no deleterious effect on the structure of protein. In this study,
enzyme was purified by ammonium sulphate fractionation (0-80%).
The specific activity of the purified enzyme was 41.56 1U/mg with
1.36 folds of purification. Bukhari and Rehman (2015) purified
Bacillus subtilis with ammonium sulphate precipitation (80%) and
the purified amylase could be detected as a single band of 59 kDa
by SDS polyacrylamide gel electrophoresis. Kohli et al. (2016)
also purified enzyme with 75% ammonium sulphate with 21 fold
of purification. EIl-Kady et al. (2017) isolated and purified
thermophilic Bacillus spp. NRC12017. They purified alpha amylase
by 60-80% ammonium sulphate precipitation.

Alginate is the one of supporting matrix that can be used for
immobilization of enzyme. The main advantages of this matrix are
non-toxic, high stability, high porosity, simple procedure for
immobilization and relatively cheap (Anwar et al., 2009). Pore size
of the beads should be such that substrate and product can easily
diffuse in and out of the alginate gel matrix but the enzyme should
retain in the microenvironment of beads (Riaz et al., 2009).
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Dey et al. (2003) found 4.0% sodium alginate as the best
concentration for efficient immobilization of o-amylase produced
by B.circulans. Dey et al. (2015) reported highest amylase activity
at 4.0% concentration of sodium alginate. Decrease in the
immobilization yield at lower concentration of alginate is due to
the larger pore size and consequently greater leakage of the enzyme
from matrix and at higher concentration, there is decrease in porosity
of gel beads, which caused diffusion limitation of the substrate.
The most important application of immobilized enzyme is in its
practical utility for commercial purpose and their repeated use as
they remain separated from the products and reactants. The our
alginate entrapped enzyme was reusable up to 6 cycles with relative
activity of 64.63%. Demirkan et al. (2011) reported 6 reuses of
calcium alginate entrapped B. amyloliquefaciens a-amylase with
51% residual activity. Talekar and Chavare (2012) reported 10
reuses of calcium alginate immobilized amylase with 35% residual
activity. Riaz et al. (2015) isolated Bacillus licheniformis AR-1
producing alpha amylase and immobilized the enzyme on calcium-
alginate beads. They reported that calcium-alginate entrapped
enzyme can be reused up to 4 cycles. Zusfahair et al. (2017b)
immobilized amylase of Bacillus thuringiens is in chitosan and
used up to five times with the remaining activity of 43.3% .

Storage stability is one of the most important parameters to be
considered in enzyme immobilization. In general, if an enzyme is in
a solution, it is not stable during storage which makes the
immobilized enzyme more advantageous than that of the free one
(Keerti et al., 2014). In our study, the entrapped enzyme started
losing activity after 7 days and more than 50% activity was reduced
after 35 days of storage at 4°C. Andriani et al. (2012) reported a
loss of 90% of activity for cellulase from B. subtillis in the alginate
after 12 days. The extended stability observed in the immobilized
pectinase in alginate is due to a protective microenvironment
provided by alginate that gives a stabilization effect, thus minimizing
possible distortion effects which might be imposed by an aqueous
medium on the active site of the immobilized enzyme (Yahsi et al.,
2005). Bindu and Mahanan (2017) studied the storage stability of
immobilized enzyme and reported that the stability was 64.5% of
its initial activity after six months.

It is difficult to compare the kinetic values of a-amylase obtained
by other researchers in view of the usage of different starch
concentrations and different assay conditions. The immobilized
a-amylase showed higher K_ value than that of the free enzyme
because of the a-amylase concentration gradient that is established
from the bulk of the solution to the immobilized form within the
support. Therefore, the substrate saturation of the immobilized
enzyme requires a higher concentration of o-amylase in solution.
In general, K_value of an immobilized enzyme is higher than that of
free enzyme due to less availability of the substrate to the active
sites of enzyme due to chemical bonding, diffusion limitation, and
confinement of the enzyme molecules within the polymeric support.
The change in the affinity for its substrate is also caused by structural
changes in the enzyme introduced by the immobilization procedure
and lower accessibility of the substrates to the active site of the
immobilized enzyme (Arica et al., 2004). In the present results, the
V... value decreased moderately after immobilization, which
indicates that the immobilization procedure and the matrix did not
markedly alter the microenvironment of the enzyme molecule.
Zusfahair et al. (2017a) reported the K_(0.3 mM and 0.12 mM)
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andV__ (105.3 U/mland 10.1 U/ml) values of free and immobilized
amylases, respectively. Bindu and Mohann (2017) studied the
kinetic measurements of free and immobilized amylase and reported
similar results. They reported higher K_ value for immobilized
amylase (0.58 mg/ml) than the free enzyme (0.45 mg/ml). They
also reported slightly lower value of V__ (24.39 umol/mg/min) for
immobilized enzyme than the free enzyme (34.38 umol/mg/min).

5. Conclusion

It was concluded that the bacterial isolate, i.e., MW6 isolated from
hot water spring of Manikaran (Kullu) in Himachal Pradesh were
found to be best sources for amylase production. The crude amylase
was partially purified with ammonium sulphate fractionation (0-
80%) to 1.79 folds with 66.65% recovery. The amylase was
immobilized by entrapment method on natural matrices, i.e., sodium
alginate with 64.37% immobilized yield. The enzyme entrapped in
alginate can be reused up to six times with relative activity of
53.68% and was found stable up to 35 days with more than 50%
relative activity. On the basis of reusability and storage stability,
entrapment of enzyme in alginate matrix was found to be the best.
Amylase immobilized in alginate matrix was best matrix as it slightly
altered the v __ value and yielded high amylase activity and
immobilization yield. On the basis of immobilize amylase yield,
properties and stability, it can be concluded that the microbial
amylase from hot water spring of Manikaran (Kullu) of Himachal
Pradesh has a potential to be explored in industries.
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