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ABSTRACT 
Actinomycetes are facultatively anaerobic, Gram-positive, filamentous, high guanine and cytosine-containing bacteria. Here, firstly, actinomycetes were isolated from alkalic and saline soils from Runn of Kutch (RoK), Gujarat, India which was further analyzed for their colony characteristics, morphological features, staining, and molecular and enzyme activity. The isolated strains were analyzed for melanin production, nitrate reductase, and antibiotic production. Moreover, the effect of pH, temperature, and nutrient media was observed on the isolated actinomycetes. About 6 different sites from Little Rann of Kutch and 4 sites from Great Rann of Kutch were selected for soil sampling and out of these a total of 26 actinomycetes were isolated, 13 isolates from Little Rann and 13 from Great Rann of Kutch. Out of 26, 16 isolates gave positive lipid hydrolysis test on tributyrin agar medium, while 10 isolates were not able to degrade tributyrin. Fifty percent of isolates showed the production of brown and dark brown melanin pigments. Out of 26 isolates, 18 isolates showed optimum growth at 30°C and the rest at 40°C. The range of pH for all the isolates was found similar from 7-9 with optimum pH of 8 (13 isolates) and 9 (13 isolates). Physiological characterization in the presence of a range of NaCl concentrations and pH showed the halophilic, alkaliphilic, and halotolerant nature of isolates. In the primary screening method, 26 isolates were screened against test organisms, of which 23 isolates exhibited antagonistic activity against at least one tested culture. All the isolates except LR-KAR-2, LR-KSA-1, and LR-KVD-1 exhibited antimicrobial activity against B. subtilis in the range of 6 to 40 mm inhibition zone. Positive anti-fungal activity against A. niger was noticed in nine actinomycetes isolates. Out of 26 isolates employed for the anti-MRSA potential, four isolates inhibited the growth of MRSA strains. Such investigations could prove to be a foundation for further research toward obtaining broad-spectrum antibiotics for antibiotic therapy.
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Introduction
Actinomycetes are a heterogeneous group of filamentous Gram-positive bacteria with high guanine and cytosine content (Takahashi and Nakashima 2018; AboElmaaty et al. 2022). In Greek “aktis” means (a ray) and “mykes” means (fungus) as these actinomycetes have some morphological resemblance to fungi (AboElmaaty et al. 2022; Nayaka et al. 2020; Subathra Devi et al. 2022). Actinomycetes can produce many useful secondary metabolites of commercial value. It is mainly prevalent in terrestrial and aquatic ecosystems where they play essential biological and ecological roles, especially in the degradation and recycling of substances, and generation of bioactive molecules (Subathra Devi et al. 2022). Actinomycetes are prolific producers of bioactive substances like antibiotics which are widely used in antimicrobial therapy. Among all the naturally derived compounds which are used as drugs nearly 70% alone are obtained as actinobacterial secondary metabolites (Manivasagan et al. 2014). To date, numerous antimicrobial compounds (Mondal, Thomas, and Amaresan 2023) have been isolated from actinomycetes like taromycin A (anti-MDR activity), (Breitling et al. 2021), retimycin A (cytotoxicity) (Sapkota et al. 2020), and tetrocarcins  (Motallebirad et al. 2023) have been isolated from actinobacteria. Antibiotic therapy proved to cure almost all infections with a reduction in death and disability occurrence (Uddin et al. 2021). In the last few decades, microbial infections have increased tremendously which has led to resistance to most of the available antibiotics due to misuse and overuse of the antibiotics (Mancuso et al. 2021). The evolution of drug-resistant microorganisms has led to the need for the development of novel compounds for better public health achievements. Besides this, multidrug resistance has led to the urgent need for new compounds having anti-biological activity from unexplored habitats (Muteeb et al. 2023).
Deserts are considered as an extreme environment due to scarce water, nutrient availability, temperature variation, UV rays, alkalinity, and salinity (Alsharif, Saad, and Hirt 2020). The desert ecological niche is highly saline and alkaline, which makes this habitat unique from a biodiversity point of view and the microorganisms residing in the highly saline environment have unique survival mechanisms that result in the development of very different microbial compositions and structures (S. Li et al. 2023). Microorganisms from this unique habitat exhibit distinctive physiological processes to adapt to this environment with the generation of secondary metabolites that have industrial and medicinal significance (Wani et al. 2022). The physiological demonstration of these defense abilities of desert microorganisms is in the form of bioactive metabolites, which could be a solution to fight against multi-drug resistant pathogenic bacteria (Sarma et al. 2023; Xie and Pathom-aree 2021).
One such unique and untapped hypersaline ecosystem is the Rann of Kutch (RoK), a saline desert present in Gujarat, India (Juyal 2014). In these ecosystems, there is enhanced evapotranspiration, and salt accumulation which becomes an important stress factor and high salinity reduces the water potential which may lead to a quick decline in growth rate affecting the native microbial community dynamics (M 2008). Hence, it becomes imperative to explore the actinomycetes diversity and their adaptations in extreme stress environments such as high salinity (P. Singh et al. 2021). The water of the Gulf of Kutch flows towards the flat surface of the RoK in monsoon when there are storm tides and wind forces, while it remains dry for the rest of the period (H. M. Patel et al. 2019). Therefore, this desert exhibits an intermediate level of disturbance so it is expected to harbor higher microbial diversity (Bhatt, Gohel, and Singh 2018b). The bacteria from this area were phylogenetically associated with those reported from the aquatic, hypersaline, and desert habitats, suggesting a diverse distribution pattern (Bhatt, Gohel, and Singh 2018a). The dynamic ecosystem and season in the Great RoK are due to the substantial geomorphic phenomenon caused by sea-level changes, variations in climate, and movements of tectonic plates over decades (Biswas, S. K., & Deshpande 1970).
Among all the genera, Streptomyces is the best-recognized genus to produce a wide range of secondary metabolites as bioactive molecules, including antimicrobial, anticancer, antiviral, anti-malarial, amino acids, enzymes, organic acids, pigments, insecticides, herbicides, and other metabolites. Streptomyces species contribute about 75% of the medically useful drugs (Miyadoh 1993). Among actinomycetes, Streptomyces sps are the frontrunner in the production of antibiotics. Still, many genera of actinomycetes are unexplored which could be a valuable source of bioactive metabolites. 
The cultivation-based approach was used to study the diversity in heterotrophic bacteria (Subrahmanyam et al. 2014) in which Firmicutes and Actinomycetes groups were dominant. In addition to this, the investigator also studied enzymatic profiling of the soil. In the study carried out by Patel et al., (R. Patel et al. 2015), they analyzed functional metagenomics and community metagenomics, including stress-responsive genes and the presence of commercial enzymes. A similar study of screening on functional capabilities of genes involved in the transport and metabolism of carbohydrates and protein, energy production, and conversion was reported by (P. Singh, Patel, and Madamwar 2017). A metagenomics-based approach to study the effect of alkalinity, nutrient availability, temperature, and the relationship between these extreme conditions affecting microbial diversity still needs to be explored. Bhatt et al., 2018 gave the 1st report on the diversity of haloalkaliphilic bacteria and their phylogenetic relationship in Little Rann of Kutch. The data showed that there are very few reports available on cultivable biodiversity, and many more taxonomic groups to be recovered to study the relationship between them, their strategy to adapt, and their role in biogeochemical cycles (Bhatt, Gohel, and Singh 2018a). The first report on the characterization and purification of the antimicrobial compound from halotolerant and alkaliphilic actinobacteria was given by Thumar et al., (Thumar, Dhulia, and Singh 2010). Endophytic PGPR has been reported from Little Rann of Kutch (M. V Patel and Patel 2014; Goswami et al. 2014). Moreover, the isolation of lipase from halophiles obtained from Little Rann of Kutch has been demonstrated by Mrugesh et al., (Mrugesh Khunt and Neepa Pandhi 2015). Patel et al., isolated cyanobacteria and further studied their diversity in mat samples from the hypersaline Runn of Kutch desert (H. M. Patel et al. 2019). Recently Padia et al., studied the fossils of the hypersaline desert and their implication in the identification of tidal inundation boundary from the RoK (Padia, Pandya, and Desai 2024).
To date, very little investigation has been carried out and information revealed about the microbial and actinomycetes diversity and geomicrobiological and biogeochemical capability of the flat salt basin of RoK. All the above studies have covered only a portion of the Runn of Kutch and hardly any attempt was made where sampling of Great and Little Runn of Kutch was done. Moreover, few studies reported on the antibiotic profiling of the isolated actinomycetes from this desert area. So, a study is required that may cover both Great and Little Runn of Kutch along with the microbial diversity among the antibiotic-producing halotolerant actinomycetes (Shu and Huang 2022; Prudence et al. 2020). 
The main aim of this investigation was to isolate the actinomycetes from the saline conditions of Rann of Kutch. Another objective was to perform screening, biochemical characterization, and molecular identification of actinomycetes from the desert environment. One more objective was antibiotic production and antimicrobial activity profiling of isolates. Such investigation will provide deeper insights into the alkali and saline environment with the actinomycetes species. This will also help in revealing new actinomycetes from the extreme environment with distinctive survival strategies, physiological mechanisms, or secondary metabolites.
[bookmark: _Toc11387814]Material and methods
Materials
Actinomycetes Isolation Agar (Raja and John 2017), ISP medium No 2 (Manikprabhu et al. 2016), casein-glycerol agar (Soltani Nejad, Khatami, and Shahidi Bonjar 2016), and ISP medium no 7 (Chauhan, Kumar, and Abraham 2013), cycloheximide, EzTaxon kit (Himedia, Mumbai, India); HiMedia antibiotic zone scale
Study area and sample collection 
The soil samples were collected from the Rann of Kutch (Gujarat, India), which lies between 22°55’N latitude and 69°05’E to 71°50’E longitudes. The Great RoK, along with the Little RoK is situated in the district of Kutch and comprises nearly 30,000 square kilometers (10,000 sq. mi) between the Gulf of Kutch and the mouth of the Indus River in southern Pakistan. Ten samples, differing in salinity levels were collected from the Rann of Kutch. About 6 different sites from Little Rann of Kutch: Amarapur, Dada nu Rann, Soil nearby Farasi Plant, Kung bet, Salt Pan, and Vadilal Dam while from Great RoK, 4 stations: Charanka Solar Park, Santalpur Adesar Bridge, Samkhiyali, and Adesar were selected for the study purpose. Samples were collected by scraping off approximately three cm of surface material with a spatula and taking a nearly 200 g sample at a depth of two inches. Solid salt crusts were removed before sampling and these samples were placed in sterile plastic bags, transferred to the laboratory, and stored in a refrigerator at 4°C. (Figure 1) shows the sampling site for the study.
[image: ]
Figure 1. Area showing sampling site: Kutch map.


[bookmark: _Toc11387825]

[bookmark: _Toc8821068]Physico-chemical characterization of soil samples 
Soil samples were crushed, thoroughly mixed, and sieved to get rid of large debris. One portion of each sample was used for physicochemical analysis and the second part was used for isolation purposes. The samples were dried at 45°C until they reached a constant weight before physicochemical analysis. Soil samples were characterized using pH and electrical conductivity.
[bookmark: _Toc8821069][bookmark: _Toc11387829]Enrichment and isolation of actinomycetes
[bookmark: _Toc8821070]The enrichment and isolation of the actinomycetes were done by the following procedure as shown in (Figure 2) (El-nakeeb and Lechevalier 1962)(Raja and John 2017)(Soltani Nejad, Khatami, and Shahidi Bonjar 2016). 
[image: ]
  Figure 2. Steps involved in the enrichment and isolation of actinomycetes.
[bookmark: _Toc11387830]Maintenance of isolates and preparation of glycerol stock
[bookmark: _Toc8821071]Pure cultures of isolates were preserved at 4°C on Starch Casein Agar (SCA) supplemented with 5 % NaCl (w/v) and pH 9.0 with the periodic transfer at regular intervals. Isolates were grown in starch casein broth for 4-5 days. After incubation, glycerol cultures were prepared by suspending the spores of isolates in 20 % glycerol (v/v) at -80°C for further study (Sapkota et al. 2020).
[bookmark: _Toc8821072][bookmark: _Toc11387831]Morphological and Cultural Characterization
Morphological characterization was studied on Glycerol Asparagine Agar (ISP medium no) and tyrosine agar medium as recommended by the International Streptomyces Project (Gottlieb 1966). Isolates were grown on for 5-7 days until mature spore mass produced and used to study the morphological cultural characteristics. 
[bookmark: _Toc8821073]Gram Staining and Colony Characteristics
Gram staining was performed to study cell morphology and spore. (Mondal and Thomas 2022) Following the incubation period, the well-isolated mature colony was selected to study the colony characters concerning their shape, size, margin, elevation, and texture. 
[bookmark: _Toc8821074]Aerial mass color & substrate mycelium color (reverse side pigments)
The color of the mature sporulating aerial mycelium was recorded as White, grey, red, green, blue, and violet color. The ability to produce characteristic pigments on the reverse side of the colony was recorded as pale yellow, olive, or yellowish brown and brown (Malviya et al. 2013; Naligama, Weerasinghe, and Halmillawewa 2022; Abdelrahman et al. 2022).
[bookmark: _Toc8821075]Melanin production
Presence of melanin pigments was studied on Tyrosine Agar Medium (ISP medium No-7). Isolates were grown on tyrosine agar medium for 7 days at 30 °C. After 5 days of incubation, browning of organic medium containing tyrosine was detected. Based on the different colors observed in the above-mentioned medium, the grouping of all 26 isolates was done (i.e., Greenish-brown, brownish-black, or distinct brown, pigment modified by other colors) on the medium (Rudrappa et al. 2022). 
[bookmark: _Toc8821076][bookmark: _Toc11387832]Physiological characterization
[bookmark: _Toc8821077][bookmark: _Toc423093907]Effect of Temperature on the growth of isolates
Isolates were grown at three different temperatures of 20 °C, 30°C, and 40°C in starch casein agar medium, and growth was observed after 7 days.
[bookmark: _Toc8821078]Effect of salt concentration on the growth of isolates
The effect of salt concentration on growth was studied by supplying the isolates with a range of NaCl concentrations of 0.0, 2.5, 5.0, and 10.0 (% w/v) on starch casein agar plates. After 7 days of incubation, the tolerance limits of actinomycetes to NaCl were determined and analyzed comparatively. Incubation was done as per the optimum temperature observed in the earlier study (Bukhari, Thomas, and Wong 2013).
[bookmark: _Toc423093908][bookmark: _Toc8821079]Effect of pH on the growth of isolates
[bookmark: _Toc423093909][bookmark: _Toc8821080]The influence of pH on growth was demonstrated by using starch casein agar plate having different pH from 5.0 to 9.0. The Acidic pH was adjusted with 5 % sterile CH3COOH solution, and the alkaline pH was adjusted with 20 % sterile Na2CO3 solution after separate autoclaving. After 7 days of incubation, the tolerance limits of isolates to pH were determined and analyzed comparatively (El Karkouri, Assou, and El Hassouni 2019a; Chukwuneme et al. 2020). 
Effect of growth conditions: normal, alkaline, saline, and saline + alkaline conditions on the growth of isolates 
Growth response was also investigated with the stress-supplemented condition i.e., alkaline, saline, and saline + alkaline. Four different combinations (depicted in Table 1) of pH and salt were used to study the haloalkaliphilic nature of the isolates. Control was kept without any stress.
[bookmark: _Toc10987162][bookmark: _Toc11008469][bookmark: _Toc11369284]Table 1. Combination of stress conditions.
	Condition
	pH
	NaCl (%, w/v)

	Normal
	7.0
	0.0

	Alkaline
	9.0
	0.0

	Saline
	7.0
	5.0

	Saline + alkaline
	9.0
	5.0



[bookmark: _Toc8821081][bookmark: _Toc11387833]Extracellular enzyme profiling
[bookmark: _Toc8821082]Gelatinase  
Screening for the extracellular production of the proteolytic enzyme, gelatinase was detected using gelatin as a substrate. The test cultures were inoculated in nutrient gelatin tubes and incubated at 28°C temperature for 5-7 days. After incubation, tubes were refrigerated and observed for the hardening of the gelatin (A. J. Salle 1943; Masi, Gemechu, and Tafesse 2021).
[bookmark: _Toc423093894][bookmark: _Toc8821083]Amylase 
The isolates were streaked on starch agar plates and incubated at 28 oC temperature for 5-7 days. After incubation, the plate was flooded with iodine solution. The area of the hydrolyzed zone around the colony was measured. The starch hydrolyzed zone surrounding the colony was observed (A. J. Salle 1943; Fatoki et al. 2023). 
[bookmark: _Toc8821084]Lipase 
Screening of extracellular lipase enzyme was determined by streaking the isolates on a tributyrin agar base supplemented with tributyrin as a substrate for the enzyme. The plates were incubated at 28°C for 5-7 days followed by observation of a clear zone surrounding the growth (A. J. Salle 1943; Nimkande, Sivanesan, and Bafana 2023).
[bookmark: _Toc8821085][bookmark: _Toc11387834]Screening for antagonistic substances
[bookmark: _Toc8821086]Primary screening
The primary screening of antibiotics was performed using the top agar method. Isolates were grown on starch casein agar (5.0 %, w/v, NaCl, pH 9.0) for seven days. After incubation, the top agar was mixed with the test culture overlaid on the base agar and incubated for 24 h. The zone of inhibition surrounding the actinobacterial colony was observed, and results were recorded in mm (Song et al. 2020; Murtaza et al. 2024; Trenozhnikova and Azizan 2018; El-Sayed, Alshammari, and Sharaf 2023). All the isolates were screened for their antimicrobial activity against MTCC strains obtained from the Microbial Type Culture Collection Center (MTCC), Chandigarh, India (Table 2).
[bookmark: _Toc10987163][bookmark: _Toc11008470][bookmark: _Toc11369285][bookmark: _Hlk163900629]Table 2. Test cultures used in antimicrobial studies.
	No
	Test organism
	MTCC code

	I
	Gram-positive bacteria

	1
	Bacillus subtilis
	441

	2
	Staphylococcus aureus
	737

	II
	Gram-negative bacteria
	

	3
	Escherichia coli
	1687

	4
	Pseudomonas aeruginosa
	1688

	III
	Fungi
	

	5
	Candida albicans
	183

	6
	Aspergillus niger
	1344

	IV
	MRSA strain
	

	7
	MRSA 2
	Lab isolates 


	8
	MRSA 7
	



[bookmark: _Toc8821087]Secondary screening
[bookmark: _Toc8821088]Isolates with positive antimicrobial activity against one or more test organisms in the top agar method were further checked for their antimicrobial potential using a well-diffusion technique (Perez, C., Pauli, M., & Bazerque 1990; Mir et al. 2021). Isolates were grown in starch casein broth supplemented with optimized NaCl and pH conditions. After five days of incubation at 28°C and 120 rpm on a shaker, the cell-free supernatant was used to check the antimicrobial activity. Test culture maintained at 0.5 McFarland standard (Sutton 2011) was spread with the aid of sterile cotton swabs on Mueller Hinton agar (MHA). A 6 mm diameter well was punched carefully with the help of a sterile cork borer and loaded with 100 μL of the cell-free supernatant. The plates were kept in the refrigerator for about 2 hours to allow the diffusion of antibiotics. The plates were incubated at 37°C for 24 h. The zone of inhibition (ZOI) was measured using the HiMedia Antibiotic Zone scale (V. Singh et al. 2016).
[bookmark: _Toc495580207][bookmark: _Toc495923421][bookmark: _Toc8821090][bookmark: _Toc11387836]Molecular identification
Based on the results of Nitrate reductase activity and antimicrobial activity of the strains, potent isolates were identified using 16S rRNA gene sequencing. A pure culture of strain grown on starch casein agar slant was sent to Chromous Biotech Pvt. Ltd., Bangalore, India for identification. 
[bookmark: _Toc8821091]Analysis of Sequence Data
The 16s rRNA sequence alignment was done manually with the available nucleotide sequence retrieved from EzTaxon (Kim et al. 2007). 
[bookmark: _Toc11387845]Results and Discussion
[bookmark: _Toc11387847]Study area
The RoK, a saline desert, is one of the unique and untapped hypersaline ecosystems located in Gujarat, India. It is one of the largest salt deserts in the world having a total area of 7,505 square kilometers which lies between 22°55’N latitude and 69°05’E to 71°50’E longitudes. It is divided into two different parts: Great Rann of Kutch (GRK) and Little Rann of Kutch (LRK) which also covers part of the most beautiful grassland of Asia called “Banni” (Pardeshi, Gajera, and Joshi 2010). The Great RoK is one of the largest saline marshlands in India (Juyal 2014). The Little Rann of Kutch has an ecosystem of the saline desert climate which inhabits unique flora and fauna (Bhatt, Gohel, and Singh 2018b). It is a large, dry surface of dark silt that converts into a coastal wetland after the rains (H. M. Patel et al. 2019). The RoK is a large ecotone encrusted with salt with average temperatures of nearly 44°C to 50°C during summer (M 2008). The Kutch is thought to have originated from marine transgression (Biswas, S. K., & Deshpande 1970) which is a mixture of saline, marshy, and coastal deserts having extremely saline soil and water. This distinctive environment makes the RoK a harbor for a unique and robust diversity of microorganisms. Cultivable as well as non-cultivable biodiversity (R. Patel et al. 2015; A. S. Pandit et al. 2014) has been reported from the saline desert of Kutch. The desert of Kutch is a rich source of novel microbial species having immense biotechnological potential. Production of IAA from endophytic bacteria isolated from Little Rann of Kutch (M. V Patel and Patel 2014). PGPR promotes the growth of Arachis hypogea isolated from the saline desert of Kutch (Goswami et al. 2014). Actinomycetes with a wide variety of secondary metabolites, such as enzymes (Mrugesh Khunt and Neepa Pandhi 2015), antibiotics (Thumar et al., 2010), and immune suppressors are isolated from the saline desert of Kutch. The pH and electrical conductivity (EC) were checked in all 10 collected soil samples which is provided in Table 3. 
[bookmark: _Toc10987164][bookmark: _Toc11008471][bookmark: _Toc11369286]Table 3. Physical and chemical assessment of soil.
	No
	Area of Kutch
	Location
	Site Code
	pH
	EC mS/cm

	1
	Great RoK
	Charanka Solar Park
	GR-CHA
	7.93
	80.40

	2
	
	Santalpur-Adesar Bridge
	GR-SAB
	7.27
	67.14

	3
	
	Samakhiyali
	GR-SAM
	7.92
	89.20

	4
	
	Adesar
	GR-ADE
	7.82
	72.22

	5
	Little Rann of Kutch
	Kung bet
	LR-KKB
	7.81
	78.30

	6
	
	Dada nu ran
	LR-KDR
	7.89
	65.30

	7
	
	Farsi plant
	LR-KFR
	7.71
	69.41

	8
	
	Vadilal dam
	LR-KVD
	7.65
	76.23

	9
	
	Salt pan
	LR-KSA
	7.82
	82.33

	10
	
	Amarapur
	LR-KAR
	7.81
	70.20



Soil pH is the measurement of the acidity or alkalinity in the soil that may affect soil nutrient chemistry and microbiological flora. The pH of the soil ranged from 7.27 to 7.93 with the highest in Charanka Solar Park and Samkhiyali locations while others were having moderately alkaline conditions. Analysis of pH revealed the alkaline nature of the soil having different levels of alkalinity. The alkaline nature of the saline desert of the Kutch has been reported by (Aanal S. Pandit et al. 2015). The highly alkaline pH of the saline lake in the Gobi Desert region was detected by (Bayanmunkh et al. 2017). On the contrary, (S. Patel, Jinal, and Amaresan 2017) reported the neutral nature of the rhizospheric soil from a desert zone of Kutch.
Salinity level influences the microbial composition in the soil (A. S. Pandit et al. 2014; Narayan et al. 2018). The salinity of the soil samples was estimated using EC because electrical conductivity and salinity are positively correlated. The EC of the samples ranged from 65.30 mS/cm in Dada nu Rann to 89.20 mS/cm in Samkhiyali. (Aanal S. Pandit et al. 2015) has reported the EC of the saline desert of Kutch in different locations from 68.5 mS/cm to 513.3 mS/cm. Results of EC revealed the saline nature of the selected habitat. The ions responsible for the salinization are Na+, K+, Ca2+, Mg2+, and Cl-. The high rate of evaporation and low annual rainfall lead to the accumulation of these salts resulting in salinization which is the characteristic of the tropical desert area. Salinity level also affects the microbial physiological processes thereby showing the presence of unique secondary metabolites (Bhatt, Gohel, and Singh 2018a). On the contrary, Saker et al., (2015) have stated that the degree of salinity in the selected habitat does not always correlate with the salt resistance pattern of the isolates.
From the soil analysis report, soil samples can be categorized under saline and alkaline conditions. As the study aimed to explore the haloalkaliphilic/halotolerant actinomycetes, soil samples selected for the study were appropriate for isolation purposes. Soil samples with the extremity of salt and pH are a good source of the actinomycetes having unique bioactive potential. The antagonistic property of halophilic actinomycetes from saline soil has been reported by Meklat et al., (Meklat et al. 2011). The antitumor compound from Streptomyces griseoincarnatus CTF15 has been recovered by Sajid et al., (Sajid, Shaaban, and Hasnain 2011).
[bookmark: _Toc11387848]Isolation of actinobacteria from the soil sample
Isolation of actinomycetes from ten different locations of Little and Great RoK was carried out using the enrichment culture technique (Sapkota et al. 2020). Four locations from Great Rann and six locations from Little Rann of Kutch were selected for isolation which was carried out in starch casein agar medium. Isolation resulted in the growth of ninety-two isolates from Little and Great RoK. The isolates that appeared identical concerning the color of aerial mycelium, substrate mycelium, and texture were eliminated. A total of twenty-six morphologically distinct isolates (Table 4) were obtained from both areas with an equal number of isolates from each area. Several researchers have reported the utilization of SCA for the isolation of actinomycetes from different habitats (Kumar et al. 2014; Shaik et al. 2017; El Karkouri, Assou, and El Hassouni 2019b). 
[bookmark: _Toc10987165][bookmark: _Toc11008472][bookmark: _Toc11369287][bookmark: _Hlk163900834]Table 4. Isolation of actinomycetes from diverse ecological niches of Little and Great RoK.
	Area of Kutch
	Location
	Latitude
	Longitude
	Site Code
	Isolate

	Great RoK
	Charanka Solar Park
	23.8952° N
	71.2261° E
	GR-CHA
	GR-CHA-1

	
	
	
	
	
	GR-CHA-2

	
	
	
	
	
	GR-CHA-3

	
	
	
	
	
	GR-CHA-4

	
	
	
	
	
	GR-CHA-5

	
	
	
	
	
	GR-CHA-6

	
	
	
	
	
	GR-CHA-7

	
	Santalpur Adesar 
Bridge
	23.6713° N
	71.0733° E
	GR-SAB
	GR-SAB-1

	
	Samakhiyali
	23.3032° N
	70.5057° E
	GR-SAM
	GR-SAM-1

	
	
	
	
	
	GR-SAM-2

	
	Adesar
	23.5581° N
	70.9814° E
	GR-ADE
	GR-ADE-1

	
	
	
	
	
	GR-ADE-2

	
	
	
	
	
	GR-ADE-3

	Little Rann of Kutch
	Kung bet
	
	
	LR-KKB
	LR-KKB-1

	
	
	
	
	
	LR-KKB-2

	
	
	
	
	
	LR-KKB-3

	
	
	
	
	
	LR-KKB-4

	
	
	
	
	
	LR-KKB-5

	
	Dada nu ran
	
	
	LR-KDR
	LR-KDR-1

	
	
	
	
	
	LR-KDR-2

	
	
	
	
	
	LR-KDR-3

	
	Farsi plant
	
	
	LR-KFR
	LR-KFR-1

	
	Vadilal dam
	
	
	LR-KVD
	LR-KVD-1

	
	Salt pan
	
	
	LR-KSA
	LR-KSA-1

	
	Amarapur
	
	
	LR-KAR
	LR-KAR-1

	
	
	
	
	
	LR-KAR-2



The highest isolates were obtained from the location selected from Great Rann-GR-CHA (Charanka Solar Park) followed by 5 isolates from LR-KKB and 4 isolates from GR-ADE and LR-KDR, 2 isolates from LR-KAR and GR-SAM and 1 isolate from GR-SAB, LR-KFR, LR-KVD, and LR-KSA. Actinomycetes have been extensively reported from different ecosystems such as marine (Sarkar and Suthindhiran 2022), soil (Ahmad et al. 2017; Khirennas et al. 2023), freshwater (Zothanpuia et al. 2018; Salehghamari et al. 2023), mangroves (Biswas et al. 2017; Sangkanu et al. 2017; Meena et al. 2023; Palla et al. 2018b) and as endophytes (Tanvir et al. 2016; Gnanasekaran et al. 2023) from plants. However, actinomycetes from saline and unexplored habitats attracted the interest of researchers because of their applications in the medical and biotechnological fields (Jagannathan et al. 2021; Sharma, Kikani, and Singh 2021). Kutch desert represents one of such niches studied for microbial diversity from various saline regions. 

[image: ]
[bookmark: _Toc11369248]Figure 3. Distribution of isolates in different locations
Different locations of Little and Great RoK are explored for the biodiversity among microbes (Subrahmanyam et al. 2014; Aanal S. Pandit et al. 2015; Bhatt, Gohel, and Singh 2018a; P. Singh et al. 2021; H. M. Patel et al. 2019; Padia, Pandya, and Desai 2024). However, there are scanty reports available on the isolation of actinomycetes, and previously, the isolation of haloalkaliphilic Streptomyces aburaviensis has been reported by Thumar et al., (Thumar, Dhulia, and Singh 2010). Moreover, the isolation of antimicrobial compounds from halophilic fungi has been studied in this region (Prasad 2016). However, exploitation in context with the biotechnological potential of isolates requires much attention.
Cultural and morphological characterization of isolates
Morphology has an important role in distinguishing actinomycetes from the total actinomycetes group. Cultural and morphological characteristics were studied using colony characters, Gram reaction, the presence of melanin pigments, and the appearance of the substrate and aerial mycelium according to International Streptomyces Project (ISP) procedures (Gottlieb 1966). Colony morphology and the presence of pigments showed the diversity among the isolates (Table 5). Gram staining was performed from seven days old sporulated growth on glycerol asparagine agar, ISP medium no-5. All the isolates obtained were found to be Gram-positive. Further confirmation was done by using the KOH string test.
Primary diversification of microorganisms can be studied using colony morphology. Colony characters were studied on Glycerol asparagine agar. Most of the isolates grew within 3-5 days followed by sporulation in 5-7 days. 20% of isolates were slow growers and distinct colonies appeared after three days of incubation. The majority of isolates shared common features of round and irregular-shaped colonies having flat and convex types of elevations. The size was categorized as big and small. Appearances of the colony were entire, erose, filiform, curled, and undulate. The texture of the colonies varied from powdery, and cottony to velvety. Similarly,  (Bhatt, Gohel, and Singh 2018a) have reported the colony morphology as a tool for the primary diversification of halophilic actinomycetes isolates.
Aerial mycelial color is an important taxonomic criterion for the grouping of actinomycetes (van Bergeijk et al. 2020). Among the twenty-six isolates, fourteen produced white/off-white color and twelve exhibited grey-colored aerial mass. Substrate mycelia of different colors from pale yellow to brown and dark brown were observed.
Melanin production is also a key feature in the cultural characterization of actinomycetes (Gupta, Imchen, and Kumavath 2022). Browning of the organic media containing tyrosine (tyrosine agar medium) showed melanin production in isolates. Fifty percent of isolates (13) showed the production of brown and dark brown melanin pigments. 

[bookmark: _Toc10987166][bookmark: _Toc11008473][bookmark: _Toc11369288][bookmark: _Hlk163900975]Table 5. Cultural and morphological characterization of isolates.
	No
	Code
	Shape
	Size
	Elevation
	Margin
	Texture
	Melanin Pigment
	Aerial
 mass color
	Substrate mycelium color
	Gram Reaction
	KOH string test

	1
	GR-ADE-1
	Round
	Big
	Flat
	Entire
	
	-
	Grey
	Yellow
	Gram +Ve
	Negative

	2
	GR-ADE-2
	Irregular
	Big
	Flat
	Entire
	
	-
	White
	Brown
	Gram +Ve
	Negative

	3
	GR-ADE-3
	Oval
	Big
	Convex
	Undulate
	
	Brown
	Grey
	Pale Yellow
	Gram +Ve
	Negative

	4
	GR-CHA-1
	Irregular
	Big
	Convex
	Curled
	
	Dark brown
	White
	Brown
	Gram +Ve
	Negative

	5
	GR-CHA-2
	Round
	Small
	Convex
	Filiform
	
	-
	Grey
	Yellow
	Gram +Ve
	Negative

	6
	GR-CHA-3
	Irregular
	Small
	Flat
	Filiform
	
	Brown
	Pinkish grey
	Dark Brown
	Gram +Ve
	Negative

	7
	GR-CHA-4
	Irregular
	Big
	Convex
	Entire
	
	Dark brown
	White
	Pale Yellow
	Gram +Ve
	Negative

	8
	GR-CHA-5
	Irregular
	Big
	Flat
	Curled
	
	-
	White
	Pale Yellow
	Gram +Ve
	Negative

	9
	GR-CHA-6
	Round
	Big
	Convex
	Entire
	
	Brown
	Grey
	Pale Yellow
	Gram +Ve
	Negative

	10
	GR-CHA-7
	Irregular
	Big
	Convex
	Entire
	
	-
	Grey
	Brown
	Gram +Ve
	Negative

	11
	GR-SAB-1
	Irregular
	Big
	Flat
	Curled
	
	Brown
	White
	Brown
	Gram +Ve
	Negative

	12
	GR-SAM-1
	Irregular
	Big
	Convex
	Entire
	
	Dark brown
	White
	Pale Yellow
	Gram +Ve
	Negative

	13
	GR-SAM-2
	Irregular
	Big
	Convex
	Filiform
	
	-
	White
	Pale Yellow
	Gram +Ve
	Negative

	14
	LR-KAR-1
	Round
	Small
	Flat
	Entire
	
	Dark brown
	White
	Light brown
	Gram +Ve
	Negative

	15
	LR-KAR-2
	Round
	Small
	Flat
	Filiform
	
	Brown
	Grey
	Brown
	Gram +Ve
	Negative

	16
	LR-KDR-1
	Irregular
	Big
	Flat
	Erose
	
	Dark brown
	Grey
	Brown
	Gram +Ve
	Negative

	17
	LR-KDR-2
	Round
	Small
	Flat
	Filiform
	
	Brown
	Grey
	Brown
	Gram +Ve
	Negative

	18
	LR-KDR-3
	Round
	small
	Convex
	Entire
	
	-
	White
	Yellow
	Gram +Ve
	Negative

	19
	LR-KFR-1
	Irregular
	Small
	Flat
	Entire
	
	-
	White
	Pale Yellow
	Gram +Ve
	Negative

	20
	LR-KKB-1
	Round
	Big
	Flat
	Entire
	
	-
	Grey
	Light brown
	Gram +Ve
	Negative

	21
	LR-KKB-2
	Irregular
	Big
	Flat
	Entire
	
	Dark brown
	Grey
	Brown to black
	Gram +Ve
	Negative

	22
	LR-KKB-3
	Round
	Small
	Convex
	Entire
	
	Dark brown
	White
	Dark Brown
	Gram +Ve
	Negative

	23
	LR-KKB-4
	Round
	Small
	Convex
	Erose
	
	-
	Grey
	Brown
	Gram +Ve
	Negative

	24
	LR-KKB-5
	Round
	Small
	Convex
	Entire
	
	Dark brown
	White
	Dark Brown
	Gram +Ve
	Negative

	25
	LR-KSA-1
	Round
	Big
	Convex
	Entire
	
	-
	Grey
	Yellow
	Gram +Ve
	Negative

	26
	LR-KVD-1
	Irregular
	small
	Flat
	Erose
	
	-
	White
	Yellow
	Gram +Ve
	Negative





Cultural and morphological characteristics indicate that all the isolate belongs to the taxonomic group actinomycetes. Moreover, primary identification at the genus level using spore chain morphology and chemical composition like cell wall sugars (Mary P. Lechevalier and Hubert Lechevalier 1988) and the presence of diaminopimelic acid (Mary P. Lechevalier and Hubert Lechevalier 1970) are conventional approaches used by the researchers.
[bookmark: _Toc11387849]Physiological characterization of isolates
Assessment of the physiological adaptability of the desert isolates in terms of pH, temperature, and salt concentration exhibited a noticeable variation in the tolerance level. The ability to withstand extreme conditions suggests the possibility of getting novel and robust bioactive and industrially important compounds from the actinomycetes. Physiological characterization was done using three parameters pH (5.0, 6.0, 7.0, 8.0, 9.0), Temperature (20°C, 30°C, 40°C), and NaCl (0.0, 2.5, 5.0, 7.5, 10.0 % w/v) concentration (Table 4-4). 
Influence of temperature on the growth of bacteria
[bookmark: _Hlk162715615]The growth of the isolates was evaluated at three different temperatures. It was noticed that all the isolates were able to grow between 20 to 40°C. Out of 26, 18 isolates showed optimum growth at 30°C while 8 isolates showed optimum growth temperature of 40°C. According to the growth profile at a different temperature, isolates can be categorized as mesophilic in nature.  
Influence of pH on the growth of bacteria
[bookmark: _Hlk162715586]The range of pH for all the isolates was found similar from 7-9 with optimum pH of 8 (13 isolates) and 9 (13 isolates). The results show the alkalotolerant nature of the isolates as growth was observed from neutral to alkaline pH of the medium (V. Singh et al. 2016). Similarly, an actinobacterium from desert soil in Egypt, Citricoccus alkalitolerans, was recognized as alkalotolerant and its optimum growth occurs at pH 8.0–9.0 (W. J. Li et al. 2005). Relatively, high tolerance to pH was observed in the novel alkaliphilic bacterium Nesterenkonia rhizosphaerae isolated from a saline alkaline desert by (Wang et al. 2014). 

[bookmark: _Toc10987167][bookmark: _Toc11008474][bookmark: _Toc11369289]

[bookmark: _Hlk163901335]Table 6. Physiological characterization of Isolates.
	No
	Code
	Range of Temp (°C)
	Temp. Optima (°C)
	Range
of pH
	pH Optima
	Range of NaCl conc. (% w/v)
	Salt Optima
(% w/v)
	Normal
	Alkaline
	Saline
	Saline+
Alkaline

	1
	GR-ADE-1
	20 to 40
	40
	7 to 9
	9
	0 to 2.5
	0
	++
	++++
	-
	-

	2
	GR-ADE-2
	20 to 40
	30
	7 to 9
	9
	0 to 2.5
	0
	++
	++++
	-
	-

	3
	GR-ADE-3
	20 to 40
	30
	7 to 9
	9
	0 to 2.5
	0
	++
	++++
	-
	-

	4
	GR-CHA-1
	20 to 40
	30
	7 to 9
	8
	0 to 7.5
	5
	+
	++
	++
	++++

	5
	GR-CHA-2
	20 to 40
	40
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	6
	GR-CHA-3
	20 to 40
	40
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	7
	GR-CHA-4
	20 to 40
	30
	7 to 9
	8
	0 to 7.5
	5
	+
	++
	++
	++++

	8
	GR-CHA-5
	20 to 40
	40
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	9
	GR-CHA-6
	20 to 40
	40
	7 to 9
	8
	0 to 7.5
	5
	+
	++
	++
	++++

	10
	GR-CHA-7
	20 to 40
	30
	7 to 9
	8
	0 to 7.5
	5
	+
	++
	++
	++++

	11
	GR-SAB-1
	20 to 40
	40
	7 to 9
	9
	0 to 7.5
	2.5
	++
	++++
	++
	++

	12
	GR-SAM-1
	20 to 40
	30
	7 to 9
	8
	0 to 2.5
	2.5
	++
	++++
	++
	++

	13
	GR-SAM-2
	20 to 40
	30
	7 to 9
	9
	0 to 2.5
	0
	++
	++++
	-
	-

	14
	LR-KAR-1
	20 to 40
	30
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	15
	LR-KAR-2
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	5
	++++
	++++
	+++
	+++

	16
	LR-KDR-1
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	2.5
	++
	++++
	++
	++

	17
	LR-KDR-2
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	2.5
	++
	++++
	++
	++

	18
	LR-KDR-3
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	5
	++++
	++++
	+++
	+++

	19
	LR-KFR-1
	20 to 40
	30
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	20
	LR-KKB-1
	20 to 40
	40
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	21
	LR-KKB-2
	20 to 40
	30
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	22
	LR-KKB-3
	20 to 40
	40
	7 to 9
	8
	0 to 10
	5
	++
	++
	++++
	++++

	23
	LR-KKB-4
	20 to 50
	30
	7 to 9
	9
	0 to 7.5
	2.5
	++
	++++
	++
	++

	24
	LR-KKB-5
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	2.5
	++
	++++
	++
	++

	25
	LR-KSA-1
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	2.5
	++
	+++
	+++
	++++

	26
	LR-KVD-1
	20 to 40
	30
	7 to 9
	9
	0 to 7.5
	5
	+
	++++
	++++
	+++


Poor: +; Moderate: ++; Good: +++; Excellent: ++++ No growth: -

Influence of NaCl concentration on the growth of bacteria
According to the degree of their salt requirement: slight halophiles grow optimally at 0.2–0.85M (1–5%) sodium chloride (NaCl); moderate halophiles grow optimally at 0.85–3.4M (5–20%) NaCl; and extreme halophiles grow optimally at 3.4–5.1M (20–30%) NaCl. In contrast, halophiles grow optimally in less than 0.2M NaCl conditions. Halotolerant organisms can grow either in high salinity or in its absence. Many non-halophiles and halotolerant microorganisms can grow over a wide range of salt concentrations, with the requirement or tolerance for salts occasionally dependent on environmental and/or nutritional factors (DasSarma and DasSarma 2017; Dutta and Bandopadhyay 2022).
Depending on the salt tolerance profile isolates were classified under halotolerant and slight halophiles. Though they are less exciting at first glance than the extreme halophiles the moderately halophilic bacteria, and halotolerant microorganisms in general, pose quite sufficiently interesting questions, especially those implied by their ability to grow over wide ranges of solute concentrations (Kushner 1978; Rathakrishnan and Gopalan 2022a). 
Isolates from Adesar (GR-ADE-1, GR-ADE-2, GR-ADE-3) and isolate GR-SAM-2 showed halotolerant nature with 0% w/v optimum salt concentration and growth up to 2.5% w/v salt concentration. Similarly, a novel halotolerant Streptomyces xinjiangensis sp. was isolated from the Lop Nur region (Cheng et al. 2016) in China and required optimum salt concentration from 0 to 2.5 % NaCl (w/v). 
All the remaining isolates were classified under slight halophiles as they grew optimally between 5-10 % w/v NaCl concentration. The results are in agreement with the haloalkaliphilic actinobacterium isolated from the saline desert of Kutch which requires 5-10% NaCl concentration for its growth (Thumar, Dhulia, and Singh 2010). Various types of soil samples (terrestrial, saline, and hypersaline) have yielded several novel isolates and the most distinct feature of these isolates was their NaCl requirement (Hamedi, Mohammadipanah, and Ventosa 2013; Negacz et al. 2022; Rathakrishnan and Gopalan 2022b).
Several new taxa (species and genera) of halophilic actinobacteria have been reported (Meklat et al. 2015; Cheng et al. 2016; R. Zhang et al. 2017). Halophilic actinomycetes have unique biological and chemical resistance systems such as pH tolerance and salt tolerance present one of the main resources for the detection of novel metabolites, biosurfactants, and commercially important enzymes with diverse applications (Arasu, Esmail, and Al-Dhabi 2016; Rathinam et al. 2023). The exploration of extreme ecosystems especially arid and saline habitats led to the detection of many bioactive compounds (R. Zhang et al. 2017; Souagui et al. 2017). 
[bookmark: _Toc11387850]Enzymatic characterization of isolates
Isolates were detected for the presence of extracellular enzymes namely amylase, gelatinase, and lipase (Table 7). 
[bookmark: _Toc10987168][bookmark: _Toc11008475][bookmark: _Toc11369290][bookmark: _Hlk163901404]Table 7. Enzymatic Characterization of Isolates.
	No
	Code
	Lipase
	Protease
	Amylase

	1
	GR-ADE-1
	-
	+
	+

	2
	GR-ADE-2
	+
	+
	+

	3
	GR-ADE-3
	+
	+
	+

	4
	GR-CHA-1
	+
	+
	+

	5
	GR-CHA-2
	-
	+
	+

	6
	GR-CHA-3
	+
	+
	+

	7
	GR-CHA-4
	+
	+
	-

	8
	GR-CHA-5
	+
	+
	+

	9
	GR-CHA-6
	-
	+
	+

	10
	GR-CHA-7
	-
	+
	+

	11
	GR-SAB-1
	+
	+
	+

	12
	GR-SAM-1
	+
	+
	+

	13
	GR-SAM-2
	+
	+
	-

	14
	LR-KAR-1
	-
	+
	+

	15
	LR-KAR-2
	-
	+
	+

	16
	LR-KDR-1
	+
	+
	+

	17
	LR-KDR-2
	-
	+
	+

	18
	LR-KDR-3
	+
	+
	+

	19
	LR-KFR-1
	+
	+
	+

	20
	LR-KKB-1
	+
	+
	+

	21
	LR-KKB-2
	-
	+
	+

	22
	LR-KKB-3
	+
	+
	+

	23
	LR-KKB-4
	+
	+
	+

	24
	LR-KKB-5
	+
	+
	+

	25
	LR-KSA-1
	-
	-
	+

	26
	LR-KVD-1
	-
	+
	+



All the isolates were able to utilize starch except GR-CHA-4 and GR-SAM-2 which indicated the ability of the isolates to produce amylase enzyme. Except for LR-KSA-1, all other isolates gave gelatin test positive. Out of 26, 16 isolates gave positive lipid hydrolysis test on tributyrin agar medium, while 10 isolates were not able to degrade tributyrin. 
Previously Agamy et al., also reported the isolation of four marine actinomycetes namely Streptomyces griseorubens, S. rochei, S. parvus, and Streptomyces sp., on SCA, where the highest hydrolytic halo zone was 24 mm for the S. rochei. Further α-amylase was isolated and purified and was active at pH 6 and 65°C. Besides this, it was reported to have a thermal stability of 70°C for 40 minutes (Al-Agamy et al. 2021).
Dezfully et al., isolated Streptomyces flavogriseus, strain ACTK2 from the soil samples of the Karnataka region, India, and found that the particular strain could liquefy the gelatine (Khandan D and G.R. 2015). 
[bookmark: _Toc11387851]Screening for the presence of antagonistic substances
Actinomycetes have contributed a lot to the pharmaceutical industries with a range of bioactive metabolites. They are excellent elaborators of pharmaceutical products and are well known for finding novel biologically active secondary metabolites (Goodfellow and Fiedler 2010). 
Preliminary screening for antimicrobial activity
[bookmark: _Hlk162715845]In the primary screening method, 26 isolates were screened against test organisms, of which 23 isolates showed antagonistic activity against at least one tested culture. 
Secondary screening for the antibacterial activity
[bookmark: _Hlk162715918]All the isolates except LR-KAR-2, LR-KSA-1, and LR-KVD-1 exhibited antimicrobial activity against B. subtilis in the range of 6 to 40 mm inhibition zone (Figure 4a). Maximum activity was observed in GR-ADE-1 followed by LR-KDR-2 (28 mm). Isolate GR-SAM-2 showed minimum activity (6 mm). Out of twenty-six isolates positive activity against S. aureus was found in twenty-two isolates and no inhibition was observed in four isolates (Figure 4b). Maximum activity of 26 mm was observed in GR-ADE-1 and LR-KDR-2 followed by LR-KDR-1 and GR-CHA-5 (25 mm). Minimum activity (6 mm) was observed in the LR-KAR-1 isolate. Out of 26, thirteen isolates inhibited the growth of P. aeruginosa while remaining isolates failed to show activity against P. aeruginosa. The highest activity was recorded in GR-ADE-1 (18 mm) (Figure 4c). For E. coli, out of twenty-six, sixteen isolates were able to show inhibitory action in the range of 2-40 mm diameters (Figure 4d). The highest inhibitory action was displayed by GR-ADE-1 (30 mm) followed by LR-KDR-2 and GR-SAB-1 (16 mm). Maximum antibacterial activity against all the bacteria was observed in GR-ADE-1 [B. subtilis and E. coli (40 mm) followed by S. aureus (26 mm) and P. aeruginosa (18 mm).
[image: ]
[bookmark: _Toc11369252]Figure 4. Screening for antibacterial activity against a) B. subtilis MTCC 441, b) S. aureus MTCC 737, c) P. aeruginosa MTCC 1688, and d) E. coli MTCC 1687.
Screening of actinomycetes compounds for the anti-fungal activity	
[bookmark: _Hlk162715963]Positive anti-fungal activity against A. niger was noticed in nine actinomycetes isolates (Figure 5a). Maximum activity was displayed by GR-CHA-4 (16 mm) while minimum activity was observed in LR-KFR-1 (6 mm). GR-CHA-4 showed the highest inhibitory action (18 mm) against C. albicans followed by LR-KKB-4 and GR-CHA-5 (13 mm) (Figure 5b).
[image: ]
[bookmark: _Toc11369254]Figure 5. Screening for antimicrobial activity against a) A. niger MTCC 1344, and 
C. albicans MTCC 183.
Earlier several actinomycetes peptides have been used as antifungal agents against A. niger and C. albicans. Chitinase was isolated from the marine Streptomyces DA11 which showed potential antifungal activity against A. niger, C. albicans (Han et al. 2009). Further marine actinomycetes M045 (Cladothrix actinomycetes) were used for the extraction of Chandrananimycin A which was further applied for the antifungal activity against Mucor miehei (Maskey et al. 2003). A peptide called polyoxin D was extracted from the Streptomyces cacaoi and exhibited antifungal activity against C. albicans, and Cryptococcus neoformans (Becker et al. 1983). Hector et al., extracted Nikkomycin Z (MW: 495.4) from the Streptomyces tendae and used them against Glomus and Aspergillus fumigatus (Hector, Zimmer, and Pappagianis 1990). 
Screening for the anti-MRSA activity  
[bookmark: _Hlk162715987]MRSA strains isolated from the clinical samples were used over here. Out of 26 isolates employed for the anti-MRSA potential, four isolates inhibited the growth of MRSA strains (Figure 6). Isolate GR-ADE-1 inhibited the growth of both the MRSA strains with a ZOI of 30 mm and 11 mm against MRSA-2 and MRSA-7 respectively. Isolate LR-KKB-4 inhibited the growth of MRSA-2 and MRSA-7 with zone inhibition of 10 mm and 8 mm respectively. GR-CHA-4 and GR-CHA-6 showed activity against MRSA 7. Isolate GR-ADE-1, LR-KKB-4, GR-CHA-4, and GR-CHA-6 were found to have broad-spectrum activity against tested organisms. However, GR-ADE-1 with maximum inhibition of all the tested organisms was the most potent among all.
[image: ]
[bookmark: _Toc11369255]Figure 6. Screening for antimicrobial activity against MRSA.
In recent years, the discovery of novel compounds against drug-resistant pathogens has become a difficult task; therefore, it is important to target unexplored/less-explored environments such as marine or desert soil. Literature review shows the exploitation of desert areas for the isolation of novel isolates having potent antimicrobial activity (Saker et al. 2015; R. Zhang et al. 2017). Anti-MRSA metabolites have been reported from saline desert isolates by (Selvameenal, Radhakrishnan, and Balagurunathan 2009; Tiwari et al. 2015). Recently, inhibition of the staphyloxanthin-based anti-MRSA activity from Streptomyces has been demonstrated (Charousová et al. 2018). Many species of actinomycetes particularly those belonging to the genus Streptomyces (Abdel Azeiz et al., 2016; Al-Askar et al., 2015; Atta, Dabour, & Desoukey, 2009; Palla et al., 2018; Souagui et al., 2017; Yandigeri et al., 2015)., 2017; Yandigeri et al., 2015).
Streptomyces smyrnaeus UKAQ_23 was isolated from Saudi Arabia (mangrove sediment), and showed strong antimicrobial potential against MRSA and other Gram-positive bacteria (GPB). It was found that the isolated species produced the highest amount (561.3 ± 0.3 mg/kg fermented agar) of actinomycin X2 and actinomycin D in modified ISP-4 agar under specific conditions. The former antimicrobial compound exhibited a higher antimicrobial activity in comparison to the latter and the actinomycins mixture when tested against MRSA and non-MRSA GPB. The measurement of the antimicrobial activity was done at a concentration of 5 µg/disc. The minimum inhibitory concentration (MIC) of actinomycin X2 for non-MRSA bacteria, ranged from 1.56 to 12.5 µg/mL, while for MRSA it ranged from ranged from 3.125 to 12.5 µg/mL. The MIC activity indicated that the MRSA needed slightly higher concentrations to inhibit the growth (Qureshi et al. 2021). 
[bookmark: _Toc11387852]Screening for nitrate reductase activity
[bookmark: _Toc10987169][bookmark: _Toc11008476]All the isolates were screened for the presence of nitrate reductase enzyme which aids in the synthesis of Nanoparticles via biological route. Of the 26 isolates, 14 isolates gave positive nitrate reductase tests from Little and Great RoK (Table 8). These results are in agreement with the authors who used the above screening protocol for the biosynthesis of metal nanoparticles (Narasimha 2013; Kundu et al. 2014). The exact mechanism for the biosynthesis has not been established but nitrate reductase is known to be involved in the bioreduction of metal ions to metal nanoparticles. 
[bookmark: _Toc11369291][bookmark: _Hlk163901665]Table 8. Screening for nitrate reductase activity.
	No
	New code
	Nitrate reductase

	1
	GR-ADE-1
	Positive

	2
	GR-ADE-2
	Positive

	3
	GR-ADE-3
	Positive

	4
	GR-CHA-1
	Negative

	5
	GR-CHA-2
	Positive

	6
	GR-CHA-3
	Negative

	7
	GR-CHA-4
	Positive

	8
	GR-CHA-5
	Positive

	9
	GR-CHA-6
	Negative

	10
	GR-CHA-7
	Positive

	11
	GR-SAB-1
	Positive

	12
	GR-SAM-1
	Negative

	13
	GR-SAM-2
	Negative

	14
	LR-KAR-1
	Negative

	15
	LR-KAR-2
	Negative

	16
	LR-KDR-1
	Negative

	17
	LR-KDR-2
	Negative

	18
	LR-KDR-3
	Positive

	19
	LR-KFR-1
	Positive

	20
	LR-KKB-1
	Negative

	21
	LR-KKB-2
	Positive

	22
	LR-KKB-3
	Positive

	23
	LR-KKB-4
	Positive

	24
	LR-KKB-5
	Negative

	25
	LR-KSA-1
	Negative

	26
	LR-KVD-1
	Positive



Many investigators have used the nitrate reductase-based screening procedure for the successful production of metal NPs from different prokaryotic organisms (Narasimha 2013; Kundu et al. 2014; Saminathan 2015).
[bookmark: _Toc11387853]Molecular identification
Based on the nitrate reductase and antimicrobial screening, three isolates i.e., GR-ADE-1, GR-CHA-4, and LR-KKB-4 were selected for molecular identification (Figure 9).

[bookmark: _Toc11008477][bookmark: _Toc11369292][bookmark: _Hlk163901702]Table 9. Identification of isolates using EzTaxon database.
	Isolate code
	Top three suggested in EzTaxon database
	Selected identification
	Hit strain name
	Similarity (%)

	LR-KKB-4
	Streptomyces rochei
	Streptomyces rochei
	NRRL B-2410(T)
	98.62

	
	Streptomyces vinaceusdrappus
	
	NRRL 2363(T)
	98.62

	
	Streptomyces enissocaesilis
	
	NRRL B-16365(T)
	98.62

	GR-ADE-1
	Nocardiopsis alba
	N. alba
	DSM 43377(T)
	99.60

	
	N. lucentensis
	
	DSM 44048(T)
	99.60

	
	N. dassonvillei
	
	DSM 43111(T)
	99.33

	GR-CHA-4
	Streptomyces tendae
	S. tendae
	ATCC 19812(T)
	98.46

	
	Streptomyces violaceorubidus
	
	LMG 20319(T)
	98.46

	
	Streptomyces gougerotii
	
	NBRC 3198(T)
	98.46



The isolates Streptomyces rochei, Nocardiopsis alba, and Streptomyces alba are well-documented for their anti-bacterial, anti-fungal, anti-MRSA, anti-cancer, and NPs-producing abilities. Streptomyces rochei isolated from marine habitat was found to produce silver nanoparticles with anti-bacterial and anti-cancer activity (P.Selvakumar et al. 2012; Abd-Elnaby et al. 2016). Bioactive compounds such as Terpenoid and Lankacidin were reported by S. Rochei (Pazhanimurugan et al. 2016; Arakawa et al. 2005). Further, the anti-fungal and anti-bacterial activity was reported from the S. rochei (N.G. Reddy 2011). Nocardiopsis alba isolated from marine environments has also been reported for the production of novel bioactive metabolites such as Isomethoxyneihumicin and diketopiperazine (cytotoxic activity) (Fukuda et al. 2017; Q. Zhang et al. 2013). Moreover, the haloalkaliphilic strain of Nocardiopsis alba was found to produce alkaline protease (Thakrar and Singh 2019). Tylosin and nikkomycin-like compounds have been reported from Streptomyces tendae (Veelken and Pape 1982).
Conclusion
The exploration of actinomycetes diversity in the saline and alkalic soils of the Runn of Kutch was successfully observed which revealed a fascinating insight into their unique characteristics and potential applications. Through rigorous sampling and isolation efforts from 10 different soil samples, 26 distinct actinomycete strains 13 each from Little and Great RoK, each exhibiting diverse characteristics reflective of their halophilic, alkaliphilic, and halotolerant nature. Out of 26 actinomycetes isolates, for nitrate reductase 14 were positive, for lipid hydrolysis test 16 isolates were positive on tributyrin agar medium, 13 isolates produced brown and dark brown melanin pigments. The optimum temperature was 30°C, for 18 isolates and 40°C for 8 isolates whereas the pH for all the isolates was in the range of 7-9 with optimum pH of 8 (13 isolates) and 9 (13 isolates). Out of 26 isolates, 23 isolates showed antagonistic activity against at least one tested culture. Isolate GR-ADE-1, LR-KKB-4, GR-CHA-4, and GR-CHA-6 were found to have broad-spectrum activity against all the tested microorganisms. However, GR-ADE-1 with maximum inhibition against all the tested microorganisms was the most potent among all isolates. Out of 26 isolates employed for the anti-MRSA potential, four isolates inhibited the growth of MRSA strains. Positive anti-fungal activity against A. niger was noticed in nine actinomycetes isolates. Based on the EzTaxon database GR-ADE-1 was identified as Nocardiopsis alba, GR-CHA-4 as Streptomyces tendae, and LR-KKB-4 as Streptomyces rochei. Such investigation underlines the significance of exploring unique ecological niches, such as the Runn of Kutch, in the search for novel antimicrobial agents. It also helps in understanding the interaction between the environment and the microorganism and accordingly adaptation to them. The continued investigation of the antibiotics produced by the actinomycetes holds immense promise for the discovery of next-generation antibiotics with broader efficacy and reduced side effects.
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