Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

10.48047/jocaaa.2024.33.08.482
Screening of amylase producing halophilic bacteria and its phenotypic
identification

Snigdha Bharadwaz , Dr.N.Manivannan 2

‘Saveetha Dental College and Hospitals, Saveetha Institute of Medical and Technical Sciences
(SIMATS), Saveetha University, Chennai - 600077, India
2 Department of General Surgery, Saveetha Dental College and Hospitals, Saveetha Institute of
Medical and Technical sciences (SIMATS), Saveetha University, Chennai - 600077, India
Email ID: bharadwazsnigdha@gmail.com

Abstract:

Amylases are industrially important enzymes that catalyze the hydrolysis of starch into simpler
sugars such as maltose and dextrins. Halophilic bacteria, which thrive in high-salt environments,
are promising sources of salt-tolerant enzymes with potential applications in biotechnology and
industry. The present study aimed to isolate, screen, and identify amylase-producing halophilic
bacteria from saline soil samples collected from Paiyanur salt pan.

Isolation of halophilic bacteria was performed using selective media with high salt concentrations.
Screening for amylase production was conducted using starch agar plates, followed by iodine
staining to detect zones of hydrolysis. Selected isolates were further characterized based on
morphological, biochemical, and phenotypic properties. Additionally, microbial growth, protein
production, and enzyme activity were evaluated.

The results revealed that several isolates exhibited significant amylase activity, indicated by clear
zones around colonies. Biochemical characterization confirmed the identity of halophilic bacterial
strains with distinct metabolic profiles. The study highlights the potential of halophilic bacteria as
a source of stable amylase enzymes suitable for industrial applications under extreme conditions.
Keywords: Amylase; Halophilic bacteria; Enzyme screening; Starch hydrolysis; Phenotypic
characterization; Saline soil; Industrial enzymes

INTRODUCTION

Amylases are a class of hydrolytic enzymes that catalyze the breakdown of complex
polysaccharides such as starch into simpler sugars, including maltose, dextrins, and smaller
glucose polymers. These enzymes play a fundamental role in carbohydrate metabolism and are
widely utilized in numerous industrial processes. Depending on their mode of action, amylases are
broadly classified into a-amylase, f-amylase, and glucoamylase, each contributing to different
stages of starch degradation. Due to their efficiency and specificity, amylases are extensively
applied in industries such as food processing (baking, brewing, and starch liquefaction), textile
manufacturing (desizing of fabrics), paper production, detergents, and pharmaceuticals. [1-5]
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In recent years, there has been a growing interest in identifying novel sources of amylases that can
function under extreme environmental conditions. One such promising source is halophilic
bacteria—salt-tolerant microorganisms that thrive in environments with high salinity, such as salt
pans, saline soils, salt lakes, and marine ecosystems. These organisms have evolved unique
physiological and biochemical adaptations that allow them to survive and remain metabolically
active under osmotic stress conditions that are typically inhibitory to most microorganisms. [6-9]

Based on their salt tolerance, halophilic bacteria are categorized into three major groups:
« Slight halophiles: Require low salt concentrations (0.5-3% NaCl)
« Moderate halophiles: Thrive in intermediate salt concentrations (3—15% NaCl)
o Extreme halophiles: Grow optimally in high salt concentrations (15-30% NaCl)

The enzymes produced by halophilic bacteria, often referred to as “extremozymes,” exhibit
remarkable stability and activity in high salt concentrations, extreme pH levels, and elevated
temperatures. This makes them highly valuable for industrial applications where conventional
enzymes tend to lose activity or denature under harsh processing conditions. In particular,
halophilic amylases have demonstrated enhanced stability, making them suitable for processes
such as starch hydrolysis in saline environments and industrial reactions requiring high ionic
strength. [10-11]

The exploration and screening of halophilic bacteria for amylase production have therefore gained
significant attention in recent years. Isolating such microorganisms from natural saline habitats
provides an opportunity to discover novel enzymes with improved catalytic efficiency, thermal
stability, and resistance to denaturation. Additionally, these enzymes may reduce the need for
stringent process controls in industrial applications, thereby improving cost-effectiveness and
operational efficiency. [12-13]

Furthermore, the increasing demand for eco-friendly and sustainable biotechnological processes
has driven research toward microbial enzyme production. Halophilic bacteria, due to their
resilience and adaptability, represent a promising resource for the development of robust
biocatalysts. Screening and phenotypic identification of these bacteria are essential initial steps in
understanding their enzymatic potential and selecting efficient strains for industrial exploitation.

In this context, the present study focuses on the isolation, screening, and phenotypic
characterization of amylase-producing halophilic bacteria. Such investigations not only contribute
to the understanding of microbial diversity in saline environments but also pave the way for the
development of novel industrial enzymes with enhanced performance under extreme conditions.
[14-17]
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AIM
The aim of this study is to evaluate the screening of amylase producing halophilic bacteria and its
phenotypic identification

OBJECTIVES
1. Isolation of halophilic bacteria.
2. Screening of amylase producing halophilic bacteria.
3. Quantification of microbial growth, protein production and enzyme production and
amylase production.
4. Morphological and biochemical characteristics of selected halophilic bacteria

MATERIALS & METHODS
Sample Collection
Saline soil samples were collected from different evaporation ponds of Paiyanur salt pan under
sterile conditions. Samples were stored in sterile containers and transported to the laboratory for
analysis.
Isolation of Halophilic Bacteria

o Soil samples were serially diluted and plated on nutrient agar supplemented with varying

concentrations of NaCl.

o Plates were incubated at appropriate temperatures (30-37°C) for 24-72 hours.

« Distinct colonies were selected and sub-cultured to obtain pure isolates.
Screening for Amylase Production

« Isolates were inoculated on starch agar plates.

« After incubation, plates were flooded with iodine solution.

o Clear zones around colonies indicated starch hydrolysis and amylase production.
Quantification of Growth and Enzyme Production

o Microbial growth was measured using optical density (OD).

« Protein concentration was estimated using standard biochemical methods.

o Amylase activity was quantified based on starch degradation assays.
Morphological and Phenotypic Characterization

« Colony morphology (shape, size, color, texture) was observed.

o Gram staining was performed to determine cell type.

« Biochemical tests (catalase, oxidase, carbohydrate fermentation, etc.) were conducted for

identification.

RESULTS

Screening of Microbial Enzyme Production (Table 1)

The screening results indicated that several isolates showed positive amylase activity, evidenced
by clear zones on starch agar plates. The diameter of the hydrolysis zone varied among isolates,
indicating differences in enzyme production efficiency.
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Result
S. No Culture no
1 CCMPLOOL ++
2 CCMPLOO2 +
3 CCMPLOO3 -
4 CCMPLOOA4 Pk
5 CCMPLOOS -

Table 1: Screening of microbial enzyme production
Biochemical Characterization (Table 2)
Biochemical tests revealed diverse metabolic capabilities among the isolates. Variations in enzyme
activity such as catalase and oxidase reactions helped in differentiating bacterial strains.

S. no Bio-chemical test Results

1 Indole Negative

2 Methyl Red Positive

3 Voges Proskauer Negative

4 Citrate Positive

5 Urease Positive

6 TS| Acid production, No gas formation,

Non-glucose formative

7 Oxidase Positive

8 Catalase Positive

9 | Motility | Motile » - .

Table 2: Biochemical tests and its results

Colony Morphology (Figure 1)

The isolates exhibited varied colony morphologies, including differences in size, pigmentation,
and texture, indicating microbial diversity in saline environments.
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Figure 1: Fig 1: Colony morphology of halophilic isolates
Amylase Production Screening (Figure 2)
Clear zones surrounding bacterial colonies confirmed the presence of extracellular amylase
activity. Some isolates showed larger hydrolysis zones, indicating higher enzyme production.

Figure 2: Screening of amylase enzyme production

Gram Staining (Figure 3)
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Gram staining revealed both Gram-positive and Gram-negative halophilic bacteria, suggesting
phylogenetic diversity among isolates.

Fig 3: Gram staining of selected halophilic bacteria

DISCUSSION

The present study successfully achieved the isolation and screening of amylase-producing
halophilic bacteria from saline soil samples, demonstrating the microbial diversity and enzymatic
potential present in extreme environments. The formation of distinct clear zones around bacterial
colonies on starch agar plates, following iodine staining, confirmed the extracellular production of
amylase by the selected isolates. This qualitative screening method is widely accepted due to its
simplicity, sensitivity, and effectiveness in identifying starch-degrading microorganisms.

The observed results are consistent with findings from previous studies, where amylase-producing
bacteria were detected using starch agar media, producing clear hydrolysis zones indicative of
enzymatic activity. This not only validates the reliability of the screening methodology employed
in the present study but also reinforces the importance of conventional microbiological techniques
in preliminary enzyme detection.

Halophilic bacteria possess unique adaptive mechanisms that allow them to survive and function
under high osmotic stress conditions. These adaptations include the accumulation of compatible
solutes, specialized protein structures, and enzyme systems that remain stable and active in high
salt concentrations. The amylases produced by such organisms, often referred to as extremozymes,
exhibit remarkable stability under harsh environmental conditions such as high salinity, varying
pH, and elevated temperatures.
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Previous studies have reported the production of a-amylase in moderately halophilic bacteria such
as Nesterenkonia species, where the enzyme demonstrated significant activity and stability across
a broad range of NaCl concentrations. Such characteristics make halophilic amylases highly
desirable for industrial applications, particularly in processes where conventional enzymes fail due
to denaturation or loss of activity. The findings of the present study align with these reports, further
supporting the industrial relevance of halophilic microorganisms as a source of robust enzymes.

The morphological and biochemical characterization carried out in this study revealed a diverse
population of halophilic bacteria with varying enzymatic capabilities. Differences in colony
morphology, Gram staining results, and biochemical reactions suggest the presence of multiple
bacterial genera within the isolates. This diversity is advantageous, as it increases the likelihood
of identifying potent enzyme producers with superior catalytic properties.

Moreover, the ability of these isolates to produce amylase under saline conditions indicates their
potential application in industries such as food processing, textile manufacturing, paper
production, and detergents, where processes often involve high ionic strength environments. The
use of such enzymes can improve process efficiency, reduce costs, and contribute to
environmentally sustainable practices.

However, while the present study provides valuable preliminary insights, further research is
required to fully explore the enzymatic potential of these isolates. Optimization of culture
conditions, including pH, temperature, salinity, and nutrient composition, is essential to maximize
enzyme production. Additionally, purification and characterization of the amylase enzyme will
provide detailed information on its molecular weight, kinetic parameters, substrate specificity, and
stability profile.

LIMITATIONS AND FUTURE SCOPE
Limitations

o Limited Number of Isolates: The study analyzed a relatively small number of bacterial
isolates, which may not fully represent the microbial diversity present in saline
environments.

e Lack of Molecular Identification: Identification of isolates was based solely on
morphological and biochemical characteristics. Molecular techniques such as genetic
sequencing were not employed, which may limit the accuracy of identification.

e Absence of Enzyme Purification and Characterization: The study focused on
qualitative screening and did not include purification or detailed characterization of the
amylase enzyme, which is essential for industrial application.

o Limited Quantitative Analysis: Enzyme activity was not extensively quantified under
varying environmental conditions, restricting a comprehensive understanding of enzyme
efficiency.
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Future Scope

e Molecular Identification: Advanced techniques such as 16S rRNA gene sequencing
should be employed for accurate identification and classification of bacterial isolates.

o Optimization of Production Parameters: Studies should be conducted to determine
optimal conditions (pH, temperature, salinity, carbon and nitrogen sources) for maximum
amylase production.

e Enzyme Purification and Characterization: Purification of the enzyme followed by
biochemical and kinetic studies will provide insights into its industrial applicability.

o Genetic and Protein Engineering: Genetic modification and protein engineering
approaches can be used to enhance enzyme stability, activity, and specificity.

o Industrial Application Studies: Testing the enzyme under industrial conditions, including
high salinity and extreme pH, will help evaluate its practical utility.

o Scale-Up Studies: Pilot-scale and industrial-scale production studies should be undertaken
to assess commercial feasibility.

Conclusion:

Amylase is a vital industrial enzyme with extensive applications across multiple sectors. The
present study demonstrated that halophilic bacteria isolated from saline environments possess the
ability to produce amylase while tolerating high salt concentrations. This highlights their potential
as a valuable source of extremozymes capable of functioning under harsh environmental
conditions.

The findings emphasize the significance of exploring extreme habitats for novel microorganisms
with unique biochemical properties. The ability of halophilic bacteria to produce stable and
efficient enzymes under saline conditions makes them highly suitable for industrial processes
where conventional enzymes are ineffective.

Future research focusing on molecular identification, enzyme purification, and characterization
will further enhance the understanding of these microorganisms and their enzymatic systems. Such
advancements could lead to the development of efficient, cost-effective, and environmentally
sustainable biotechnological applications, ultimately contributing to industrial innovation and
scientific progress.
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