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Abstract

Exopolysaccharides (EPSs) play a crucial role in the resistance of microorganisms to various stresses,
including salinity. The aim of this study was to screen the native halophilic strains of actinomycetes,
which produce antimicrobial EPSs, isolated from the rhizosphere soils of Qom Salt Lake. Actinomycete
isolates were obtained using ISP2 medium with different salt concentrations. A BHI liquid medium
containing 2% sucrose was used for the preparation of EPS. The antimicrobial activity of the EPSs was
evaluated using the agar well diffusion method, and the MIC and MBC values were determined using a
96-well microplate assay. The structure of the isolated EPS was analyzed by FTIR, HPLC and UV-Vis
spectroscopy. In addition, their thermal properties and stability were evaluated by TGA. The selected
isolates were identified on the basis of morphological, physiological and biochemical characteristics of
EPS, as well as the 16S rRNA molecular method. A total of 30 native strains of halophilic
actinomycetes were isolated in this study. Two of these isolates showed the ability to produce EPS with
antimicrobial properties. The highest antimicrobial activity of EPS was observed against pathogenic
strains at a concentration of 2% and a volume of 200 pl. FTIR results confirmed the presence of
hydroxy! groups, while HPLC analysis showed that the heteropolysaccharide structure consisted of six
monomers. UV-Vis analysis confirmed the presence of carboxyl, carbonyl, amine and ester functional
groups. TGA showed acceptable thermal stability. Phylogenetic analysis of the isolates confirmed that
the strain belonged to the genus Streptomyces with 100% similarity. The results of this study suggest
that the native halophilic strain of Streptomyces isolated from the rhizosphere soils of Qom Salt Lake
could serve as an important source for the production of EPS with various biotechnological
applications, particularly in the food and pharmaceutical industries.
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Introduction

Exopolysaccharides (EPS) play a significant role in the resistance of microorganisms to various stresses,
including salinity. In recent decades, microbial EPS have replaced plant polysaccharides and are produced
in larger quantities and with higher purity. Screening for new sources of microbial EPSs could contribute
to the development of new antibacterial compounds with multiple potentials. EPSs could be used as
preservatives for long-term storage of food products. They also exhibit bioactive properties and have a
wide range of potential applications in modern biotechnology, particularly in medicine and
pharmaceuticals, where they can act as anti-allergic or antiviral agents, as well as in medical applications.
Halophilic EPS are stable at high temperatures, elevated salinity and high pH levels. These unique
properties of EPS produced by halophilic microorganisms can offer a wide range of applications in
various industries. Saline environments are typically extreme habitats characterized by high salt
concentrations and harsh living conditions. Consequently, to survive in these challenging environments,
many halophiles produce EPS as a protective strategy to adapt to their environment. EPS are high
molecular weight carbohydrate polymers, composed mainly of monosaccharides and their derivatives.
These polysaccharides are secreted into the external environment to maintain the osmotic environment in
the microbial cell, helping to protect bacteria and increase their survivability. In recent decades, EPS
produced by halophilic bacteria have received considerable attention due to their structural and functional
diversity. While many halophilic bacteria can produce EPS with different compositions, structures and
functions, the majority of these EPS are heteropolysaccharides composed of mannose and glucose. The
extensive chemical and structural diversity of EPS makes them suitable for a wide range of applications
in a variety of industries, including food, pharmaceutical, biomedical, cosmetics, bioremediation and
wastewater treatment. They can also act as gelling agents, stabilizers, emulsifiers and viscosity enhancers.
In addition, certain halophilic EPSs exhibit beneficial health effects such as antioxidant, anticancer and
anti-cytotoxic properties. Halophilic EPS can be used in bioremediation as EPS flocculants and heavy
metal scavengers. Actinobacteria, a group of ubiquitous Gram-positive bacteria, are well known for the
production of primary and secondary metabolites with a wide range of applications. These bacteria are
also a promising source of important industrially produced enzymes. A significant proportion of
antibiotics on the market are derived from actinobacteria. They produce enzyme inhibitors for the
treatment of cancer and for improving the immune system. Actinobacteria can degrade a wide range of
hydrocarbons, pesticides, aliphatic and aromatic compounds. They carry out microbial transformations of
organic compounds, an area with good commercial value. Many members of the genus Actinobacteria
have the potential to be used in the conversion of agricultural and urban wastes into high-value chemical
products. Actinobacteria are also important in plant biotechnology, where strains with antagonistic
activity against plant pathogens are useful in biocontrol. The metabolic processes of these bacteria are
therefore an excellent subject for research. The main objective of this study was to isolate and screen
indigenous halophilic actinomycetes producing antimicrobial EPSs from the rhizosphere soils of Salt
Lake in Qom Province, Iran.

Materials and methods:

Soil samples were collected from the rhizosphere of plants under sterile conditions. The initial isolation of
actinobacterial strains was carried out using a specific ISP2 medium with salt concentrations of 5%, 10%,
15%, 20% and 25%. During the initial screening, EPS-producing strains were selected based on
macroscopic (appearance of slimy colonies) and microscopic examination. Brain heart infusion liquid
medium containing 2% sucrose was used for EPS production and incubation was carried out in a shaker
incubator with shaking at 200 rpm at 28-30 °C for 9 days. The antimicrobial activity of EPS against
pathogenic strains including Staphylococcus aureus ATCC 10690, Escherichia coli ATCC 10708,
Salmonella typhimurium ATCC 10707, and Bacillus subtilis ATCC 1080 was evaluated using the agar
well diffusion method. The minimum inhibitory concentration and minimum bactericidal concentration
values were determined using a 96-well microplate method. The structure of the selected EPS isolates
was investigated by Fourier transform infrared spectroscopy (FTIR), high performance liquid
chromatography (HPLC), and ultraviolet-visible (UV-Vis) spectrophotometry, and their thermal stability
was evaluated by thermogravimetric analysis (TGA). In addition, for the initial identification of the
isolated strains, their morphological, physiological and biochemical characteristics were evaluated. This
evaluation included catalase, oxidase, sugar fermentation, starch hydrolysis, urease, gelatin, casein and
Tween hydrolysis, as well as nitrate reduction, motility, DNase activity and indole and melanin
production. The isolate with the highest EPS yield and antimicrobial activity was selected for molecular
identification using the 16S rRNA gene. Molecular identification analysis was performed according to
standard methods using universal primers.
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Discussion of Results & Conclusions

In the present study, 30 indigenous moderately halophilic actinomycete strains were isolated. Initial
screening showed that two isolates were able to produce EPS with antimicrobial properties. The highest
inhibition zone diameters resulting from the antimicrobial activity of EPS from the selected isolate, at a
concentration of 2% and volume of 200 ul against B. subtilis, E. coli, S. typhimurium and S. aureus were
20, 18, 15 and 15 ml, respectively. FTIR results indicated the presence of hydroxyl groups in the structure
of EPS from the selected isolate. HPLC analysis confirmed a heteropolysaccharide structure composed of
six different monomers: rhamnose, mannose, glucose, fructose, galactose and arabinose. UV-Vis analysis
at a wavelength of 267 nm confirmed the presence of carboxyl, carbonyl, amine and ester functional
groups. TGA showed that the EPS under investigation had an acceptable thermal stability. Phylogenetic
analysis of the target isolates confirmed that the indigenous strain isolated with 100% similarity belonged
to the genus Streptomyces. The findings of this study reveal that indigenous halophilic actinomycetes
isolated from the rhizosphere soils of Qom Salt Lake could serve as a significant source for the
production of safe microbial EPS with strong antimicrobial properties and diverse biotechnological
applications, especially in the food and pharmaceutical industries.
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