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Abstract

The purpose of this study is to explore the soil of the Gujarat, Kachchh region to identify amylase-
producing bacteria and characterize them using molecular methods. The unique ecological
characteristics of the Kachchh region may facilitate the isolation of these bacteria. Samples were
collected from multiple locations within the Kachchh District, including Gandhidham, Rapar, Bhuj,
Nakhatrana, Mandvi, and Mundra Talukas. These samples were then screened to isolate amylase-
producing bacteria. A total of 27 different types of colonies were identified, out of which 16 exhibited
amylase production (M1-M16). Out of 27 colonies identified, 16 showed amylase production. Strains
M2, M7, and M13 exhibited high amylase activity, with M2 showing a consistent increase over 72 hours,
making it a strong candidate for amylase production. Further identification of M2 stain identified M2
as a Gram-positive, spore-forming, capsulated, and motile bacillus, specifically Bacillus licheniformis.
This was confirmed through DNA sequencing and analysis in the NCBI database, which showed a
99.15% similarity with Bacillus licheniformis. The study concludes that Soil in Kachchh is rich with
microorganisms that produce amylase, an enzyme with diverse industrial applications. These organisms
are valuable for sectors like food, textiles, paper, detergents, pharmaceuticals, and biofuel production.
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INTRODUCTION

Alpha-amylase, an enzyme that breaks
down starch into simple sugar components,
plays a pivotal role in various industries such as
starch processing, brewing, sugar manufacturing,
textiles, and detergents. In 1894 amylase enzyme
produced from a fungal source, was used as a
pharmaceutical aid for digestive diseases. Alpha-
amylases are among the most critical enzymes,
contributing to approximately 30% of the global
enzyme production.?

These enzymes are ubiquitous, found in
animals, plants, and bacteria. Microorganisms,
including bacteria, fungi, and yeast, are known
sources of amylase, and their properties have
been extensively studied. Among these, Bacillus
strains are noteworthy for their ability to produce
significant amounts of amylase, accounting for
about 60% of commercially available enzymes.
Specifically, Bacillus subtilis and Bacillus
mesentericus produce the most widely used
thermostable amylase in the starch industry.?

Amylase is a key player in the carbon
biogeochemical cycle and finds extensive
applications in biotechnological food, detergent,
and pharmaceutical industries. It can break down
glycosidic bonds in polysaccharides. Interestingly,
amylase is present in human saliva and initiates the
chemical process of digestion in starchy foods like
rice and potatoes. This enzymatic conversion of
starch into sugar imparts a mildly sweet taste when
these foods are consumed. The pancreas also
produces alpha-amylase, which hydrolyzes dietary
starch into disaccharides and trisaccharides, which
are subsequently converted into glucose by other
enzymes.?

The use of alpha-amylase extends to
various industrial processes, including those
in the food, fermentation, and pharmaceutical
industries. The selection of the appropriate
organism is crucial to ensure a high yield of useful
enzymes. The development of new microbial
strains for industrial enzyme synthesis using low-
cost carbon and nitrogen sources is a constant
endeavor. In microorganisms, two primary types
of amylases have been identified: alpha-amylase
and glucoamylase.*®

The commercial applications of alpha-
amylase have expanded to several domains,
including clinical, pharmaceutical, and analytical
chemistry, among other extracellular enzymes.
Industries such as food, textile, fermentation, and
paper heavily rely on starch-degrading bacteria.
In the realm of biotechnology, the isolation
and manipulation of pure cultures of starch-
degrading microorganisms from soil are crucial.
The extraction and manipulation of pure culture
from various waste materials are vital for several
biotechnology sectors.5”

Significant amylase-producing microbes
include Bacillus subtilis, Bacillus licheniformis,
Bacillus amyloliquefaciens, Bacillus cereus,
and Bacillus megaterium, as well as fungi such
as Aspergillus niger, Penicillium, Rhizopus,
Cephalosporium, and Neurospora. Microbial
alpha-amylases have been demonstrated to be a
viable alternative to chemical hydrolysis, although
the enzyme's low yield has always been a challenge
in commercial amylase production.®

Amylase-producing bacteria can be found
in soil, and exploring various regions can be helpful
in finding potent amylase-producing bacteria.
The unique nature of the soil may harbor a more
diverse range of bacteria. The Kachch soil could be
checked for amylase production.

MATERIALS AND METHODS

Sampling

The research initiative collected soil
samples from six distinct Talukas (namely
Gandhidham, Rapar, Bhuj, Nakhatrana, Mandvi,
and Mundra) in the Kachchh District of Gujarat,
India, (GPS coordinates of 23° 44' 1.4352" N and
69°51'35.0676" E) targeting a diverse range of soil
characteristics and microbial ecosystems (Figure 1).
The extraction process focused on the subsurface
strata at depths of 3 to 4 centimetres, using aseptic
techniques to prevent contamination and preserve
the indigenous microbial populations. The samples
were sealed in sterile plastic bags and transported
under strict aseptic conditions to the Mayur
Laboratory in Adipur, Kachchh, where they were
stored at 4 degrees Celsius to maintain microbial
viability. The primary focus was to identify and
isolate amylase-producing microorganisms.®
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Primary screening

A 10 g soil sample was prepared
for amylase isolation, suspended in 90 ml of
sterile saline solution containing 0.85% sodium
chloride. This isotonic environment maintains the
physiological conditions of the microorganisms
and prevents osmotic shock. Serial dilutions (10
to 10°) were prepared from the sample and 100
pL suspensions from each dilution were spread on
starch agar plates.’o!

The inoculated plates were incubated at
a constant 37°C for 72 hours, allowing bacterial
colonies to proliferate and express amylase
activity. Post incubation, the plates were visually
examined for bacterial growth. The presence of
amylase activity was confirmed using the Gram's
iodine test. This involved flooding the agar plates
with a solution of Gram's iodine, leading to a
blue-black complex formation in the presence of
residual starch. This served as an indirect indicator
of starch hydrolysis by amylase-producing
bacteria.'*2

Secondary screening

After the initial screening identified
bacteria capable of producing amylase, the focus
shifted to isolating the strain with the highest
amylase activity. The transition from primary
screening to selecting the most potent strain aims
to maximize amylase production efficiency. This
involves a thorough evaluation of the amylase’s
enzymatic properties and cultivation aspects,
paving the way for advancements in industrial
and biotechnological applications. The secondary
screening selected the isolate with the highest
enzyme activity for further applications.®**

Post-incubation, the crude enzyme was
purified by adding 50 ml of a phosphate buffer
(50 mM, pH 7.4) to the media. The resulting slurry

was strained using a damp cheesecloth and then
centrifuged at 11648 RCF for 15 minutes in a
cooling centrifuge. This process separated cells,
small particles, and spores. As amylase is an
exoenzyme, the cell-free supernatant was used as
the enzyme. This purification process is crucial for
obtaining a clean sample of the enzyme for further
analysis.®

Amylase activity was assessed using the
3,5-dinitrosalicylic acid (DNSA) method,**'” which
measures reducing sugars produced during the
enzyme-substrate reaction. The amylase assay was
conducted with a reaction mixture containing 1%
soluble starch in a 50 mM phosphate buffer at pH
7.2. The mixture was incubated for 10 minutes at
37°C, and the reaction was terminated by adding
2 ml of DNSA reagent.

The reaction mixture was then heat-
treated at 100°C for 10 minutes and cooled to stop
the enzymatic reaction and stabilize the products.
The optical density of each sample was measured
at 540 nm using a spectrophotometer, allowing
for the quantification of the colored reaction
product, and providing a direct measurement of
amylase activity. Enzyme activity was quantified in
units, where 1 unit/ml represents the amount of
enzyme that releases 1 pl mole of glucose under
the specified assay conditions. This comprehensive
methodology reliably assesses the amylase-
producing capabilities of bacterial strains.

Identification of amylase producing bacterial
strains

The identification of the most potent
amylase-producing bacteria involved key steps:
Colony Morphology characterization, Microscopic
characterization, Biochemical characterization and
Molecular characterization.*®

Figure 1. Sampling and Isolation of Amylase producing bacteria
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Colony morphological characterization

Colony Morphology Analysis provided
a comprehensive characterization of bacterial
isolates, examining color, shape, size, colony
nature, and pigmentation. These parameters
offered insights into the bacteria's nature, growth
patterns, structural characteristics, physiological
attributes, and environmental adaptations.?®

Microscopic characterization

Microscopic Observation revealed
specific structural features of the bacterial
cells. Techniques such as Gram staining, capsule
staining, endospore staining, and the motility
test provided a detailed view of the structural
and functional attributes of the bacterial isolates.
These methods collectively contributed to a
nuanced understanding of the isolates, laying the
groundwork for further investigations into their
physiological and ecological characteristics. This
systematic approach was crucial in identifying the
most potent amylase-producing bacteria.?

Biochemical characterization

Biochemical characterization of bacterial
isolates was performed both manually and using
the VITEK system. The VITEK system, with its
comprehensive library of biochemical profiles,
facilitated a thorough analysis of the isolates'
unique biochemical traits.

The process involved preparing bacterial
isolates for testing, setting up the VITEK system,
and conducting various biochemical tests. The
VITEK system automated the analysis of the
biochemical reactions, comparing the observed
reactions with the patterns stored in its database.
This resulted in outputs based on the unique
biochemical characteristics of each isolate, aiding
in the classification, and understanding of the
microbial community. The extensive biochemical
library ensured a high level of accuracy and
precision in the identification process. The VITEK
system covered a broad spectrum of biochemical
reactions, providing a comprehensive analysis of
the isolates' metabolic and enzymatic activities.
This contributed to a more detailed understanding
of the bacterial community.?

Molecular characterization

Molecular identification by DNA
sequencing is the most precise tool for identifying
microbial strains. The DNA sequencing of the
isolated strain was carried out in several steps?®?

DNA Purification: A ready-to-use kit
was used to purify DNA from bacterial cells. The
purification process involved a spin column-based
nucleic acid purification method, utilizing solid-
phase extraction to rapidly purify nucleic acids.
The method consisted of four main stages: lysing,
binding, washing, and eluting.

DNA amplification

PCR primers were used for the
amplification of DNA. The primers used were 16S
rRNA FP: 5'-AGAGTTTGATCCTGGCTCAG-3’ and 16S
rRNA RP: 5’-ACGGCTACCTTGTTACGACTT-3".

Quality test of PCR product

After the completion of the PCR reaction,
the resulting products were visualized through
2.5% agarose gel electrophoresis under ultraviolet
(UV) light.

DNA sequencing

The procedure for DNA sequencing was
done by Sanger sequencing. The sequencing was
performed using a Thermo Fisher DNA sequencer
(Model No: 3730xI DNA Analyzer).

DNA sequencing data analysis

Data obtained from DNA sequencing
were analysed in the NCBI database. The BLAST
Web Interface was accessed as per the procedure.
This comprehensive approach allowed for the
identification of the most potent amylase-
producing bacteria.

RESULTS AND DISCUSSION

Isolation of amylase producing bacteria
Primary screening

Post-incubation, different colonies were
counted from six sampling sites: Gandhidham,
Nakhtrana, Bhachou, Mundra, Mandavi, and
Rapar. A total of 27 different types of colonies
were identified. For instance, Gandhidham yielded
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8 bacterial isolates, Nakhtrana had 4, Bhachou
had 5, Mundra had 3, Mandavi had 1, and Rapar
had 6 (Figure 2).

The Gram’siodine test was applied to each
plate for primary screening of amylase-producing
bacteria. Out of the 27 colonies, 16 showed a clear
zone around them, indicating amylase production.
For example, out of the 8 bacteria isolated in
Gandhidham, 5 exhibited amylase production.
Similarly, Nakhtrana yielded 2 amylase-producing
isolates out of 4. A similar pattern was observed
for Bhachou, Mundra, Mandavi, and Rapar. This
systematic approach was crucial in identifying the
most potent amylase-producing bacteria.

The colony characteristics of the 16
amylase-producing strains were analysed across
multiple parameters, including size, shape,

Number of different colonies

Gandhidham Nakhtrana Bhachou

® Number of Isolated Bacteria

colour, elevation, texture, margin, and optical
properties. Each strain exhibited unique features,
contributing to a nuanced understanding of their
visual attributes.

The primary screening for amylase
production involved measuring the clear zones
formed after the application of iodine on starch
agar plates. These clear zones indicate the extent
to which the 16 isolated strains, labelled as M1 to
M16, are capable of hydrolysing starch. A larger
clear zone generally suggests higher amylase
activity and more potent amylase production.

The clear zone measurements exhibited
notable variability among the strains, ranging
from 0.4 mm (M9) to 3.5 mm (M2). This diversity
suggests differences in the amylase-producing
capabilities of the isolates. Strains M2, M6, M7,

Mundra

Mandavi Rapar

= Number of selected Isolates that shows amylase production

Figure 2. Results of Isolation and primary screening of amylase producing bacteria
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Figure 3. Results of Starch hydrolyzing zone of amylase producing bacteria
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and M13 stood out as potentially potent amylase
producers, showcasing clear zones of 3.5 mm, 2.7
mm, 3.3 mm, and 2.9 mm, respectively (Figure 3).
The distinct clear zone sizes for each strain
indicate that amylase production is not uniform
across the microbial isolates. This information is
crucial for selecting specific strains with desirable
amylase-producing capabilities.

Secondary screening

Following the initial screening, 16
amylase-producing bacterial strains underwent
a secondary screening to evaluate their specific
amylase activity across different time intervals
(24 hours, 48 hours, and 72 hours). The results

2.00
1.50 -

1.00 | - _
gl

0.50 1
0.00

provided comprehensive insights into the temporal
dynamics of amylase production.

Notably, strains M2, M7, and M13
consistently demonstrated elevated amylase
activity, suggesting their potential as robust
amylase producers. However, M2 at 48 hours and
M7 at 72 hours recorded unusually low amylase
activity values, indicating biological variability
within these strains.

An ascending trend in amylase activity
was observed from 24 hours to 72 hours across
many strains, with particularly pronounced
time-dependent increases in M2, M6, M7, M11,
M13, and M14. Conversely, strains M8 and M9
consistently exhibited relatively low amylase
activitv across all time points (Figure 4).

el | -‘I= Wr ‘ -I- TI_ i

Amylase Activity (U/mg)

M1

m 24h Average

m48h Average

M2 M3 M4 M5 M6 M7 M8 M9 MI10 M1l MI12 MI13 M14 M15 Ml16
Isolate No.

72h Average

Figure 4. Amylase activity of produced amylase from amylase producing bacteria at different time interval

L1 1 2 3

L2

Figure 5. Electrophoresis of DNA (4" sample)
L1: Leader 1, 1: Replicate 1, 2: Replicate 2, 3: Replicate
3, L2: Leader 2

Upon closer examination, certain
strains, notably M2, showed an incremental
trend in amylase activity over the 72-hour
period, positioning M2 as a robust and persistent
amylase producer. These findings aid in identifying
promising bacterial strains for further exploration
or potential industrial applications. Strains
demonstrating both elevated overall amylase
activity and temporal stability, such as M2,
merit careful consideration for their suitability in
practical applications. Following the secondary
screening process, the M2 strain was specifically
chosen for subsequent phases of identification.

Identification of amylase producing bacterial
strains

The M2 strain, identified as the
most potent amylase-producing bacteria, was
characterized by several distinctive features.
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Colony morphology

The colony of the M2 strain is medium-
sized, irregular, and powdery in nature. It displays
a spectrum of colours, ranging from white to beige
and cream. The colony is flat or slightly convex in
terms of elevation, and its texture is described as
powdery. The margin of the colony is irregular and
undulate, exhibiting a wavy pattern. Notably, no
specific optical properties were identified for the
M2 colony.

Microscopic observation

The M2 strain, based on microscopic
examinations, is identified as a Gram-positive
bacillus capable of forming endospores and
capsules. Furthermore, the rod-shaped bacteria
occur in chain formations, indicating a particular
structural arrangement. The motility test
confirmed the ability of the M2 strain to exhibit
movement. These detailed observations provide
valuable insights into the morphological diversity
of the isolates, aiding in the identification of the
most potent amylase-producing bacteria.

The M2 strain underwentacomprehensive
biochemical characterization, performed both
manually and using the VITEK system (Table).

Manual biochemical tests

The results provided valuable information
about the biochemical profile of the organism.
The organism exhibited a negative response for
the Indole test, indicating the absence of indole
production. Conversely, it demonstrated positive
reactions for various tests, including Methyl Red,
Citrate Utilization, Sugar Fermentation (both
glucose and sucrose), Catalase, Oxidase, Starch
Hydrolysis, Nitrate Reduction, and Glucose
Fermentation. These positive reactions suggest the
organism’s ability to metabolize certain substrates
or produce specific enzymes.

Biochemical test with VITEK analysis

The VITEK analysis of the M2 strain
yielded a wealth of biochemical results, providing
a detailed overview of its metabolic capabilities.
Key observations from the VITEK analysis
include positive results for tests such as Beta-
Xylosidase, Phenylalanine Arylamidase, Beta-
Galactosidase, L-Pyrrolydonyl-Arylamidase,
Alpha-Galactosidase, Tyrosine Arylamidase,
Cycloheximide utilization, Glycogen, Myo-Inositol,
Methyl-a-D-glucopyranoside, Ellman reduction,
Maltotriose, D-Mannitol, D-Mannose, N-Acetyl-
D-Glucosamine, Palatinose, Beta-Glucosidase,

Table. Microscopic observation of amylase producing bacteria

Gram staining

Endospore staining

Motility

Gram-positive bacilli

Spore forming bacilli

Capsulated bacilli

Motile
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Alpha-Glucosidase, D-Tagatose, D-Trehalose,
Inulin, D-Glucose, D-Ribose, Growth in 6.5%
NaCl, Kanamycin resistance, Oleandomycin
resistance, Esculin hydrolysis, Tetrazolium red, and
Polymyxin B resistance. The results also indicate
negative outcomes for tests such as L-Lysine-
Arylamidase, L-Aspartate Arylamidase, Leucine
Arylamidase, L-Proline Arylamidase, Alanine
Arylamidase, Beta-N-Acetyl-Glucosaminidase, Ala-
Phe-Pro Arylamidase, Methyl-D-Xyloside, Alpha-
Mannosidase, Glycine Arylamidase, D-Melezitose,
L-rhamnose, Beta-Mannosidase, Phosphoryl
Choline, Pyruvate, and Putrescine assimilation.

The culmination of these comprehensive
biochemical tests and the VITEK 2 data analysis
confidently identified the M2 strain as Bacillus
licheniformis. This taxonomic classification
provides essential information for understanding
the strain’s physiological and biochemical
characteristics. The positive outcomes in various
enzymatic assays suggest the strain’s potential
utility in industrial applications, particularly in
enzyme production. These findings contribute
not only to the taxonomic knowledge of the M2
strain but also have implications for potential
biotechnological and industrial applications in
areas such as enzyme production and microbial
processes.

Molecular characterization

The M2 strain was further confirmed by
a molecular method, specifically DNA sequencing.
After the purification of DNA from the isolate, it
was multiplied using the PCR method to increase
the quantity. The purification and amplification of
DNA were confirmed by electrophoresis (Figure 5).

The DNA sequencing results were
analysed in the NCBI database to identify the
most suitable microorganisms through BLAST. The
results showed that Bacillus licheniformis had a
99.15% similarity with the test microorganisms.
Specifically, the Bacillus licheniformis strain DLSB-
13 16S ribosomal RNA gene partial sequence
(Accession: MK795391.1) scored 2124, with a 100%
query cover and an E-value of 0.0. This confirms
the identification of the M2 strain as Bacillus
licheniformis, providing essential information
for understanding the strain’s physiological and
biochemical characteristics. These findings have

implications for potential biotechnological and
industrial applications in areas such as enzyme
production and microbial processes.

Study’s revelation of the rich microbial
diversity within the soil samples from the
Kachchh region is a significant contribution
to our understanding of the area’s ecological
dynamics. The identification of amylase-producing
microorganisms as a prominent group within this
diversity underscores their potential role in the
region’s biogeochemical cycles and industrial
applications.

Our findings are in harmony with the
research conducted by Joshi and Trivedi, which
also highlighted the microbial richness of Kachchh
soil. Their work, which isolated 48 bacterial types
with 36 identified as amylase producers, provides
a broader context for our study. It suggests
that the Kachchh region may be a hotspot for
microbial diversity, particularly for strains capable
of producing industrially relevant enzymes like
a-amylase.?® It also emphasizes the need for
further research into the specific conditions that
foster such high levels of microbial diversity and
enzyme production. Understanding these factors
could lead to more efficient exploitation of these
resources for industrial purposes, such as in the
production of biofuels, bioplastics, and other
value-added products.

Another study conducted in the
unexplored Nasinuan Forest of Thailand has led
to the discovery of 13 bacterial isolates capable
of producing the amylase enzyme. These isolates
were identified using 16S rRNA sequencing on 1%
starch agar, revealing a diverse group of bacteria
with amylase-producing potential.>*

The study’s findings are noteworthy as
they mirror our research where the M2 strain
was identified as Bacillus licheniformis through
DNA sequencing and 16S rRNA gene analysis. This
consistency in results underscores the reliability of
these molecular techniques in identifying bacterial
strains with specific enzymatic activities.

The implications of such discoveries are
significant, particularly for industries that rely on
amylase enzymes, such as food and agriculture.’
The ability to harness these enzymes from natural
sources can lead to more sustainable and cost-
effective production methods.®
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The study conducted in Sudan, which
focused on the isolation and characterization of
a-amylase producing microorganisms, has yielded
results that are noteworthy for their implications in
both scientific research and industrial applications.
The identification of Bacillus cereus and Bacillus
licheniformis as starch hydrolyzing bacteria with
amylase activity is particularly significant. This
finding is consistent with our current study, where
B. licheniformis was observed to produce a clear
zone indicative of amylase activity.?

The presence of these bacteria in
Sudanese soil samples suggests a potential for
harnessing their enzymatic capabilities for various
biotechnological processes. The ability of B.
licheniformis to produce amylase is not only crucial
for the natural degradation of starch but also holds
promise for industrial applications such as the
production of bioethanol, where amylase plays a
key role in breaking down starch into fermentable
sugars.'

Moreover, the similarity between the
findings of the Sudanese study and our own
underscores the global nature of microbial
diversity and its potential for enzyme production. It
highlights the importance of cross-regional studies
in identifying and utilizing microbial resources for
sustainable development.?”

CONCLUSION

In conclusion, our study has isolated and
identified Bacillus licheniformis from Kachch soil
as a potent amylase producer. The comprehensive
morphological, microscopic, and biochemical
characterization of the strain, coupled with DNA
sequencing confirmation, has provided a robust
identification of this microorganism.

The amylase activity of Bacillus
licheniformis holds significant promise for industrial
applications, particularly in the field of enzyme
production. This discovery not only enriches
the existing knowledge base but also opens
new avenues for research into the sustainable
exploitation of microbial resources in the Kachchh
region.

Future research should focus on exploring
the genetic and environmental factors that
contribute to the prevalence of amylase-producing

bacteria in this ecosystem. Such studies could lead
to optimized conditions for enzyme production
and contribute to the development of sustainable
biotechnological processes. The potential of
Kachchh soil as a reservoir for industrially relevant
microorganisms is immense, and continued
investigation will undoubtedly yield further
valuable insights.
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