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Abstract

The hot water springs provide an excellent source of microorganisms which contain such enzymes useful
for industrial application. Amylase producing thermophilic bacterial strain was isolated from hot water
springs of Manikaran falling in Kullu district of Himachal Pradesh. Among the 8 isolates, MW-2 showed
maximum amylase activity (93.80 1U) with specific activity (3.28 1U/mg). Optimum activity of isolate
MW-2 showed enzyme production (262.15 1U) at a pH of 9.0 and temperature of 45°C after 72 h of
incubation. It could be claimed that significant thermostability of the isolate MW-2 makes it a good
candidate for amylase production for use in the industrial applications.
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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, amylase are most widely used industrial enzyme that exhibit
great significance having approximately 65 per cent of the world enzyme market (Ali et al.,
2017) 21 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 and Couto and Sanroman, 2006) [* 4. The amylases can be obtained from various
natural resources such as plants, animals and microorganisms (Mageswari et al., 2012;
Saranraj and Stella, 2013) [ 8, Microorganisms are most important sources of enzyme
production which can be used for various purposes by humans. Microbial enzymes have
several advantages which comprise lower production cost, large-scale production in industrial
fermenters, wide range of physical and chemical characteristics, scope of genetic manipulation
and rapid culture development (Duza and Mastan, 2013) 1. The enzymes produced by
microorganisms are also more active and stable than plant and animal counterparts (Anbu et
al., 2013) €],

The thermostable enzymes display unique characteristics such as temperature, chemical and
pH stability. Thermophilic microorganisms are the source of industrial important thermostable
enzymes (Pathak et al., 2015) 1. Thermophilic microorganisms prefer living at higher
temperatures and these organisms can even survive in boiling water. Isolation of thermophiles
has received considerable importance because of their industrial applications. Several workers
have reported amylase production by Clostridium (Kilic et al., 2005) [% Pseudomonas
(Khannous et al., 2014) 'Y, Rhodotorula (Carrasco et al., 2016) 4, Bacillus (Fentahun and
Kumari, 2017) I3 and Aspergillus flavus (Ali et al., 2017) 1,

The thermostable enzymes mainly isolated from Thermophilic organisms, have found a lot of
commercial application because of stability and are active at elevated temperature (Haki and
Rakshit 2003) [, The hot water springs of Himachal Pradesh provide an excellent source of
various kind of microorganism which contains such enzymes due to their varied physical and
chemical conditions.

Therefore, the present study was mainly focused on the production of amylase from microbial
source isolated from hot water spring and optimizing various parameters to enhance the
amylase production.
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Materials and Methods

Isolation, enumeration and screening of amylolytic
microorganisms from hot water springs

5 water samples were collected from hot water spring of
Manikaran of Kullu district of Himachal Pradesh
(Longitude77° 20" 52.95"E, Latitude32° 01'40.34"N) in
sterilized screw capped tubes and physico- chemical analysis
and isolation of amylase producing bacterial isolates were
carried out in the lab of microbiology section, Department of
basic Sciences, Dr Y. S. Parmar University of Horticulture
and forestry, Nauni, Solan (H.P).

Isolation and enumeration of amylolytic bacteria

Isolation of amylolytic bacteria from the hot water samples
were carried out using serial dilution method of Subba Rao,
(1999) [ as standard protocol. The plates were incubated at
35+ 2°C.

Screening of amylase producing bacterial isolates
Qualitative assay

Starch hydrolysis test was performed by Shaw et al., (1995)
171, The starch agar plates were spot inoculated with the
isolated strains and incubated at 45°C for 72 h. The growth
thus obtained was flooded with 2 ml of iodine solution.
Bacterial colonies producing clear zones were selected and
purified using streak plate technique on the starch medium
and refrigerated at 4°C for further studies.

Quantitative assay

Amylase activity was determined by measuring the amount of
hydrolyzed starch using the method of Xiao et al., (2006) [8],
0.5 ml of enzyme solution was incubated with 0.2 per cent
starch at 37°C for 15 min. 3 ml of DNSA reagent was added
to it and the mixture was heated on boiling water bath for 15
min. After cooling down to room temperature, absorbance of
reaction mixture was read at 540 nm.

Production of amylase by Amylolytic bacterial isolate
Preparation of seed culture and production of enzyme

The prepared seed culture was inoculated in production media
containing beef extract (0.25%), peptone (0.15%) and starch
(19%). The medium was grown for 48 h at 35°C at 150 rpm in
shaking incubator. Production media was centrifuged at 5,000
rpm for 10 minutes. In the supernatant the amylase activity,
protein content and specific activity were estimated as per the
method of Bernfeld (1955) [*1 and Lowry et al. (1951) 29,
respectively. One International Unit (1U) of amylase activity
is defined as the disappearance of an average of lumol of
iodine binding starch material per minute in the assay
reaction.

Morphological and Biochemical Characterization of Mw2
Morphological and biochemical identification of MW2 were

performed as the method of Sherman and Cappuccino (2005)
[21],

Optimization of cultural conditions for maximum amylase
production

Effect of incubation period

The bacterial isolates were grown on medium for different
incubation period viz. 24, 36, 48, 72 and 96 h and incubated at
37+2°C for maximum amylase production.

Effect of pH

The pH of the medium was adjusted at viz. 3, 4, 5, 6, 7, 8 and
9 with the help of pH meter. The autoclaved liquid media was
inoculated with the bacterial isolates and incubated at 37+2°C
for selected incubation period i.e. 72 h.

Effect of incubation temperature

In order to determine the optimum temperature for maximum
enzyme production, the selected pH of the media was adjusted
and inoculated with bacterial isolates respectively. The flasks
were incubated at different temperature viz. 25°C, 30°C,
35°C, 40°C, 45°C and 50°C with the interval of 5°C.

Effect of carbon sources

Different carbon sources viz. sucrose, maltose, starch,
fructose, lactose and glucose each rate of 1.0 per cent were
added in the media and their effect on amylase production
was studied after incubating at selected temperature.

Effect of nitrogen source

Different nitrogen sources viz. yeast extract, peptone, urea,
beef extract and ammonium chloride were added in media at
the rate of 1.0 per cent and their effect was studied by enzyme
activity.

Results and Discussion

In order to achieve maximum amylase production of selected
amylolytic isolate, a proper combination of various cultural
conditions and nutrients was established. One single
independent culture variable was altered while others were
maintained at a constant level and level of extracellular
amylase production was monitored. The results of present
study are presented and discussed under different headings as
under:

Variation in pH and temperature of water collected from
hot spring

The pH of collected water ranged between 6.3 and 7.9 and
temperature ranged from a minimum of 88.0°C to a maximum
of 98.0°C. The variation in pH and temperature of water
collected from different hot spring may be attributed to the
type of microorganism present in them. Our results are in
confirmation with Fooladi and Sajjadian (2010) Y who
reported temperature ranged between 46°C to 82°C and the
pH ranged from 6.5 to 7.0 of three Iranian hot springs namely,
Larijan, Mahallat and Meshkinshashr.

Isolation and screening of amylase producing bacteria

A total of 8 isolates were found to be the amylase producers.
These are MW1, MW2, MW5, MW6, MW7, MW10, MW13
and MW26 which showed clear zones of starch hydrolysis
with varying diameters.
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Fig 1: Growth of isolates on nutrient agar media and starch nutrient agar media of selected isolates.

The zone size of bacterial colonies ranged between 3.00 to MW?2 from the hot spring exhibited highest zone size of 8.43
8.43 mm with enzyme index of 10.39 to 27.45. The isolates mm with enzyme index of 27.45.

Table 1: Characteristics of amylase producing bacterial isolates from hot water spring

Isolates Zone size (mm) Enzyme Index

MW1 4.32 12.70

MW2 8.43 27.45

MW5 5.00 13.90

MW6 7.23 24.62

MW7 5.30 14.15

MW10 3.00 11.71

MW13 6.38 18.60

MW 26 4,70 10.39
Morphological and biochemical characterization of MW2 criteria of Bergey’s Manual of Systematic Bacteriology
On the basis of morphological and biochemical (Table 2). Similar morphological and biochemical
characteristics, the MW?2 isolate was identified as per the characteristics have been reported by Kirti et al., (2016) [?21,

Table 2: Morphological and biochemical characterization of MW?2

Characteristics | MW?2
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 -
Voges Proskauer test -
H>S test -
Simmon citrate test -
Glucose test -
Sucrose test -
Lactose test -
Urease test -

Effect of incubation period, pH and temperature on (B)]. At 24 h, a low enzymatic activity was noticed which
amylase activity increased up to 72 h and the activity followed a declining
MW2 exhibited highest amylase activity of 46.96 IU with trend thereafter.

specific activity of 2.02 IU/mg at 72 h of incubation [Fig. 2
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Fig 2: Effect of (A) Incubation period (h), (B) pH, (C) Temperature (°C), (D) Carbon sources, (E) Nitrogen sources and (F) Inoculum
concentration on amylase production of MW2

Maximum production of amylase at 72 h of incubation has due to release of high levels of intracellular proteases and/or

also been reported by various workers Vidyalakshmi et al., secondary metabolites in the culture medium at the end of
(2009) 21, Chauhan et al., (2011) 4 and Rana et al., (2017) exponential phase. After 72 h, there was a decrease in the
(251, pPossible reason for amylase activation after 24 h might be amylolytic activity, which may be due to the depletion of
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nutrients, thereby causing a stressed microbial physiology
resulting in an inactivation of enzyme (Flores et al., 1997) [28],
Another reason could be the catabolite repression i.e. the
increase in production of reducing sugars, which after a
certain period of growth could exhibit inhibitory effect on
enzyme production, since o-amylase is an inducible enzyme
(Premila, 2013) 1. The production of enzyme activity
initially increased with increase in pH of medium up to 9.0
and thereafter the activity decreased [Fig.2 (A)] MW2 showed
highest amylase activity of 69.18 at pH 9.0 with specific
activity of 3.04 1U/mg.

At lower pH of 3.0, amylase activity of 48.92 IU and specific
activity 2.44 IU/mg was recorded at optimum pH 9 [Fig.2
(B)].. The pH of the medium influences the growth of
microorganisms and plays an important role in terms of
inducing enzyme production and morphological changes in
the microbes (Pederson and Nielson, 2000; Kathiresan and
Manivannam, 2006) 28 2%, Our results are in agreement with
Zaferanloo et al., (2014) B who have reported maximum
activity of amylase at pH 9.0 by Preussia minima.
Temperature is a vital environmental factor which controls the
growth and production of metabolites by microorganisms and
usually varies from one organism to another (Banerjee and
Bhattacharyya, 1992; Kumar and Takagi, 1999) %2, The
production of amylase was conducted at 25 to 50°C with an
interval of 5°C. The bacterial isolate MW?2 exhibited highest
activity of 69.29 1U followed by specific activity of 3.16
IU/mg at temperature of 45°C [Fig.2 (C)]. However, with the
further increase in temperature, the amylase activity decreased
significantly. Similar optimum incubation temperature of
45°C for an enhanced amylase production has been reported
by Matthias (2013), Wang (2016) and Rana et al., (2017) 3

35],

Effect of carbon and nitrogen sources on amylase activity
MW?2 exhibited highest amylase activity of 70.42 IU [Fig. 2
(D)] and specific activity of 2.61 1U/mg with supplementation
of starch among all other carbon sources. The maximum
amylase activity with starch was comparable with apple
pomace which may be due to the presence of polysaccharides,
non-reducing sugars and maltose in the apple pomace. Starch
has also been found to increase enzyme production by
Bacillus sonorensis GV2 and Bacillus sp. as reported by Vyas
and Sharma (2015) and Khusro et al., (2017) [ 37
respectively.

Nitrogen is the most important compounds for the growth and
metabolism of microorganisms. The nature of these
compounds and the concentration used may stimulate or slow
down the production of enzymes (Sharma and Singh, 2012)
138, MW?2 exhibited the highest amylase activity of 68.97 1U
with specific activity of 3.07 IU/mg [Fig. 2 (E)] with Yeast
extract. It is required as the best nitrogen source. this may be
due to higher content of minerals, vitamins, and coenzymes as
reported by several workers (Ashwini et al., 2011; Demirkan
etal., 2011; Vijayabhasker et al., 2012) [3%-411,

The MW2 exhibited highest amylase activity of 72.19 IU with
specific activity of 2.71 1U/mg at 2 % (v/v) of the production
medium [Fig. 2 (F)]. As the inoculum size was further
increased, no significant increase in the production of amylase
was observed. Decline in enzyme production at 4% (v/v) of
inoculum is likely due to the fact that at higher inocula, the
bacteria grow rapidly, exhausting essential nutrients for
growth at the initial stages (Dash et al., 2016) ®2. Inoculum
size at 2% might increase amylase activity Brevibacillus
borstelensis R1 (Indriati and Megahati, 2016) 31,

Conclusion

Amylases are extensively used in industrial applications like
starch modification and food processing. Amylase producing
bacteria was isolated from hot water spring. The isolated
bacteria was found to be a potent producer of amylase enzyme
with high activity after 72 hours at 45° C. The present study
concluded that hot water spring served as a rich source of
numerous hydrolytic enzymes and can be a source of many
potent microorganisms.
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