


MOLECULAR CHARACTERIZATION AND ANTIBACTERIAL POTENTIAL OF STREPTOMYCES SP. AGAINST AQUATIC BACTERIAL PATHOGENS

ABSTRACT
Actinomycetes were isolated from agricultural soil to explore their potential as plant growth promoters and bio-agents. Particularly Streptomyces sp. was targeted due to its known biocontrol capabilities and production of antimicrobial secondary metabolites, providing a sustainable alternative to chemical fertilizers and pesticides for improved soil fertility and pathogen control. The necessity of alternative antimicrobial agents against aquatic pathogens, the present study aimed to isolate, characterize and evaluate the antibacterial activity of Streptomyces sp. against important aquatic bacterial pathogens, Aeromonas hydrophila and Vibrio sp. Isolation was carried out using standard microbiological techniques, followed by morphological, biochemical and molecular identification using 16S rRNA sequencing. The antibacterial activity of the crude extract was evaluated using the agar well diffusion method and the Minimum Inhibitory Concentration (MIC) was determined. The results revealed significant dose-dependent antibacterial activity, with higher inhibition observed in Aeromonas hydrophila compared to Vibrio sp. These findings indicate that Streptomyces sp. is a promising source as a promising source of novel antibacterial agents for Aquaculture applications.
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1. INTRODUCTION 
Aquaculture has emerged as one of the fastest-growing sectors contributing to global food security, yet its sustainability is severely threatened by infectious diseases caused by aquatic bacterial pathogens. The intensification of fish and shellfish farming has led to increased outbreaks of diseases caused by pathogens such as Aeromonas hydrophila, Vibrio spp., and Pseudomonas spp., resulting in significant economic losses worldwide. The conventional use of antibiotics to control these infections has led to serious concerns, including the emergence of antibiotic-resistant bacteria, environmental contamination, and the accumulation of drug residues in aquatic products (Tan et al., 2016). Consequently, there is an urgent need to explore alternative, eco-friendly antimicrobial agents for sustainable aquaculture practices.
In recent years, microorganisms, particularly actinomycetes, have gained considerable attention as promising sources of novel bioactive compounds. Among them, the genus Streptomyces is well known for its remarkable ability to produce a wide range of secondary metabolites, including antibiotics, antifungals, antivirals, and anticancer compounds. It is estimated that more than two-thirds of naturally derived antibiotics are produced by Streptomyces species, highlighting their immense pharmaceutical and biotechnological importance. These Gram-positive, filamentous bacteria are widely distributed in terrestrial and aquatic environments, including soil, marine sediments, and freshwater ecosystems, where they play a crucial role in nutrient cycling and microbial interactions (Al-Ansari et al., 2019).
Soil microorganisms are considered a rich reservoir of bioactive compounds, among which actinomycetes have gained significant attention due to their remarkable metabolic diversity. Actinomycetes, especially those belonging to the genus Streptomyces, are well known for their ability to produce a wide range of secondary metabolites, including antibiotics, antifungals, antivirals, and antitumor compounds. It is estimated that more than two-thirds of naturally derived antibiotics used in clinical practice are produced by Streptomyces species, highlighting their immense pharmaceutical importance.
The significance of Streptomyces in aquaculture lies in their ability to inhibit pathogenic microorganisms through multiple mechanisms. These include the production of antibacterial compounds such as bacteriocins, siderophores, organic acids, and hydrogen peroxide, as well as competition for nutrients and ecological niches (Tan et al., 2016). Additionally, certain Streptomyces strains exhibit antibiofilm and anti-quorum sensing activities, which further enhance their effectiveness against pathogenic bacteria. Such multifaceted modes of action make them attractive candidates for biological control agents and probiotics in aquaculture systems.
Marine and freshwater-derived Streptomyces species have demonstrated strong antibacterial activity against a variety of aquatic pathogens. For instance, several studies have reported that Streptomyces isolates exhibit inhibitory effects against multidrug-resistant bacteria, including Pseudomonas aeruginosa, Klebsiella pneumoniae, and Enterococcus faecalis, indicating their broad-spectrum antimicrobial potential (Abdelaziz et al., 2025). Similarly, a newly identified strain, Streptomyces enissocaesilis L-82, showed significant antibacterial activity against fish pathogens such as Aeromonas hydrophila and improved the growth, immunity, and survival of fish, suggesting its potential application as a probiotic in aquaculture (Long et al., 2024). These findings highlight the dual role of Streptomyces as both antimicrobial producers and growth-promoting agents in aquatic organisms.
The exploration of Streptomyces diversity and their bioactive compounds has been greatly enhanced by advances in molecular characterization techniques. Traditional identification methods based on morphological and biochemical characteristics are often insufficient due to the high diversity and complexity of actinomycetes. Molecular approaches, particularly 16S rRNA gene sequencing, have become the gold standard for accurate identification and phylogenetic analysis of Streptomyces species. These techniques enable the precise classification of isolates and facilitate the discovery of novel strains with unique bioactive properties. Furthermore, genome mining and molecular profiling have revealed the presence of numerous biosynthetic gene clusters responsible for the production of secondary metabolites, many of which remain unexplored (Yang et al., 2025).
In the context of aquaculture, bacterial pathogens such as Aeromonas hydrophila and Vibrio species are among the most common causative agents of diseases in freshwater and marine organisms. These pathogens are responsible for infections such as haemorrhagic septicaemia, ulcerative diseases, and vibriosis, which lead to significant mortality rates and substantial economic losses in the aquaculture industry. The frequent use of antibiotics to control these infections has resulted in the development of multidrug-resistant strains, thereby reducing the effectiveness of conventional treatments and raising concerns about environmental and public health safety. Given these challenges, there is a growing interest in exploring alternative antimicrobial agents derived from natural microbial sources. In this regard, Streptomyces species isolated from diverse ecological niches have shown promising antibacterial potential against a variety of pathogenic microorganisms, including those affecting aquatic species.
Despite their promising potential, the application of Streptomyces in aquaculture is not without challenges. Factors such as strain variability, optimization of culture conditions, large-scale production, and regulatory concerns need to be addressed. Moreover, the ecological impact and safety of introducing these microorganisms into aquatic systems must be carefully evaluated. Nevertheless, ongoing research continues to uncover new strains and bioactive compounds, reinforcing the potential of Streptomyces as sustainable alternatives to conventional antibiotics. Previous study demonstrated Streptomyces species derived from soil provide a promising and sustainable source of novel antibacterial compounds (Mohite et al., 2025). Therefore, the present study aims to isolate and characterize Streptomyces species from soil samples and to evaluate their antibacterial activity against selected aquatic pathogens. This research is expected to contribute to the identification of potential bioactive strains that can be developed as effective and sustainable antimicrobial agents for aquaculture applications.

2. MATERIALS AND METHODS
2.1 Sample Collection
Soil samples were collected from agricultural fields, forest margins and grassland areas of the Kumbakonam region, Thanjavur District, Tamil Nadu, India. Soil samples were collected at a depth of 5–15 cm using sterile tools. Samples were transported to the laboratory and processed within 24 hours (Hassan et al., 2025).
2.2 Isolation of Actinomycetes
Serial dilution and spread plate techniques were used for isolation. Soil samples were plated on Starch Casein Agar supplemented with selective agents and incubated at 28°C for 7–14 days. Colonies with typical Streptomyces morphology were selected and purified.
2.3 Morphological and Biochemical Characterization
The isolate was characterized based on colony morphology, Gram staining and biochemical tests including catalase, starch hydrolysis, casein hydrolysis, gelatine liquefaction, nitrate reduction, urease, indole and citrate utilization tests.
2.4 Molecular Identification
Genomic DNA was extracted, and the 16S rRNA gene was amplified using universal primers. The PCR product was sequenced and analysed using BLAST to determine similarity with known species. The isolate was cultured in production medium under shaking conditions. The culture supernatant was extracted using ethyl acetate and the crude extract was concentrated.
2.5 ANTIVIBRIO ACTIVITY (Bauer et al., 1962)
2.6 DISC DIFFUSION METHOD
This method is sometimes referred to as the disc diffusion method or the agar diffusion method. All that needs to be done is place an antibiotic-impregnated filter disc over the surface of an agar plate and incubate it for 24 to 28 hours at 37 °C. The concentration falls as a function of the square of the diffusion distance when the substance diffuses into the agar from the filter paper. At the antibiotic is diluted at a specific distance from each disk, the antibiotic is diluted to the degree that its effects on microbial growth are known to remain longer. Growth inhibition zones show how effective a certain antibiotic. These zone of inhibition (ZOI's), which are evident as transparent areas surrounding the disk, are where the substances with antimicrobial activity spread. An antibiogram is the result of this experiment and a ruler can be used to measure the ZOI's diameter. Commercially available filter paper discs with a particular antibiotic at a predetermined concentration are used in the agar diffusion method. The foundation of an organism's sensitivity spectrum is the relative efficacy of various antibiotics. In addition to other pharmacological considerations, the data is used to select an antibiotic for treatment. It is important to note that the selection of chemotherapeutic drugs is not based solely on which drug produces the widest ZOI. This is because of the properties of the substances that restrict growth. The size of the zone can be influenced by a number of factors, including the antibiotic's diffusion velocity, concentration on the filter disc, organism susceptibility to the antibiotic, density or viscosity of the culture media, and the interaction between the antibiotic and the medium. Furthermore, a medication that has been shown to have a strong antibacterial effect could not be beneficial for treatment because it might also have a strong negative impact on the system it is meant to treat. A straightforward way for figuring out whether a drug has strong antibiotic effect is the disc diffusion method.
2.7 MINIMAL INHIBITORY CONCENTRATIONS (MIC)
The Minimum Inhibitory Concentration (MIC) was determined using the broth microdilution method. Serial dilutions of the crude extract were prepared and bacterial suspensions were added to each well. After incubation at 37°C for 24 h, the lowest concentration showing no visible growth was recorded as the MIC.
2.8 STATISTICAL ANALYSIS
All experiments were performed in triplicate and data were analysed using one-way ANOVA with significance at p < 0.05.
3. RESULTS AND DISCUSSION:
3.1 Isolation of Actinomycetes
Isolation of actinomycetes from terrestrial soil samples on starch casein agar medium. The population density of actinomycetes was between 10⁴ and 10⁶ CFU per gram dry soil, indicating that the habitats chosen were rich in microbial communities with potential for producing various secondary metabolites (Table 1). Previous studies (Mohite et al., 2025) have also described similar densities of soil actinomycetes from organic-rich terrestrial ecosystems. 
3.2 Morphological Characterization
Colony characteristics of the purified isolate were consistent with members of the genus Streptomyces. Colonies consisted of a powdery and chalky-looking texture with good aerial mycelia. The aerial mycelium was white to greyish in colour, while the substrate mycelium was yellowish-brown. Additionally, the isolate exhibited a characteristic earthy odour, which is believed to be a distinguishing characteristic of Streptomyces cultural growth due to the biosynthesis of some volatile compounds like geosmin. The morphological characteristics closely resemble those described for members of the genus Streptomyces.
3.3 Biochemical Characterization
The isolate was further characterised using biochemical tests to determine metabolic properties. As highlighted with respect to the various enzymatic tests in Table 2, the strain showed positive responses for most biochemical tests for most of them, which included catalase and substrate utilization interpretations. These biochemical traits are typical of the metabolic plasticity characteristic of Streptomyces species. The high metabolic capacity for various secondary metabolite biosynthesis is indicated by the ability of the isolate to use multiple carbon sources and to form extracellular enzymes. This has often been reported among antibiotic-producing actinomycetes from soil environments. (Table 2).
3.4 Molecular Identification Using 16S rRNA
Molecular identification was performed by sequencing the 16S rRNA gene using this widely accepted molecular marker for bacterial taxonomy, which revealed ≥98.7% similarity to sequences belonging to the genus Streptomyces when compared with the BLAST database. Phylogenetic analysis with the Neighbour-Joining method in MEGA version 11.0 and using 1000 bootstrap replications showed that the isolate grouped into a clade with reference Streptomyces strains, confirming its taxonomic position. The BLAST similarity results are shown in Table 3, and the corresponding phylogenetic tree is shown in (table 3).
3.5 Antibacterial Activity of Streptomyces Crude Extract
The crude extract from the Streptomyces isolate was tested for antibacterial activity against two important aquatic pathogens, Aeromonas hydrophila and Vibrio sp., using the agar well diffusion method. Distinct inhibition zones were formed by the extract, and those increased gradually with increasing concentrations (25 to 100 µg/mL), showing a clear dose-dependent antibacterial response. Table 4 shows the results of the measured inhibition zones for both pathogens. Earlier studies have also demonstrated the concentration-dependent antimicrobial effect of actinomycete-derived metabolites (Abdalmalk, 2025). The antibacterial activity of Streptomyces crude extract against some important fish pathogens, including Aeromonas hydrophila and Vibrio, was tested using the agar well diffusion method. The extract had a clear inhibition zone, which increased as the concentration gradually increased by 25 to 100 µg mL⁻¹. Table 4 illustrates the quantitative results for the antibacterial activity, and depicts a dose-dependent inhibition. The increase in inhibition zones with increasing extract concentration suggests that the bioactive compounds found in the extract exert their antibacterial properties in a dose-dependent fashion. This dose-dependent antimicrobial activity is a common characteristic trait for the secondary metabolites produced by soil actinomycetes (Abdalmalk, 2025). (Table 4) (fig 1).
One-way ANOVA statistical analysis confirmed significant differences (p < 0.05) between inhibition zones generated at varying concentrations, which confirmed the reliability and reproducibility of the antibacterial activity (Solomon et al., 2023). Susceptibility comparative analysis indicated that Aeromonas hydrophila was found to be more sensitive to crude extract compared with Vibrio sp. across all tested concentrations. The differential susceptibility of these bacterial groups may be due to structural and physiological differences between them. Notably, Vibrio species contain sophisticated structures of outer membranes and multidrug efflux pump systems that can actively expel antimicrobial compounds from bacterial cells (Pattapulavar et al., 2025).
3.6 Minimum Inhibitory Concentration (MIC)
Bacterial growth inhibition was detected visually after 24 hours of incubation using a resazurin-based broth microdilution assay to determine the Minimum Inhibitory Concentration (MIC) of the crude extract. As suggested by the agar diffusion assay (Balakrishnan et al., 2025), an effective antibacterial activity of the extract was also confirmed in vitro, using the plate count and vibrio-agar methods for quantifying bacteria. The secondary metabolite extraction was carried out with ethyl acetate after submerged fermentation. Production of metabolites maximized during the late exponential to early stationary growth phase, consistent with established growth-phase-dependent synthesis of secondary metabolites in members of the genus Streptomyces (Wijayanti et al., 2025)
Ethyl acetate was used as the extraction solvent since it has a medium polarity, and is selective and better able to retrieve a mixture of bioactive compounds (Nabila and Kannabiran, 2025), including polyketides, terpenoids and peptide-based antibiotics that are produced by Streptomyces. In conclusion, the results presented in this study confirmed the notable antimicrobial activity of Streptomyces isolates obtained from soil samples against aquatic bacterial pathogens. These findings highlight the need for research on soil microbial diversity as a source of alternative antibiotic compounds with clear importance in Aquaculture and biomedical applications.


Table 1: Actinomycete population in different soil samples from Kumbakonam region 
	Sampling Site
	Soil Type
	Actinomycete Population CFU g⁻¹ (dry soil) (Mean ± SD)

	Agricultural field
	Loamy soil
	(5.2 ± 0.4) × 10⁵

	Forest margin
	Organic-rich soil
	(8.6 ± 0.6) × 10⁵

	Undisturbed grassland
	Sandy loam
	(3.9 ± 0.3) × 10⁵



Table 2: Biochemical characteristics of Streptomyces isolate
	Test
	Observation
	Result

	Catalase test
	Bubble formation
	Positive

	Starch hydrolysis
	Clear zone after iodine
	Positive

	Casein hydrolysis
	Clear zone around colony
	Positive

	Gelatin hydrolysis
	Liquefaction
	Positive

	Nitrate reduction
	Red color
	Positive

	Urease test
	No pink color
	Negative

	Indole test
	No red ring
	Negative

	Citrate utilization
	Blue coloration
	Positive



Table 3: 16S rRNA gene sequence similarity
	Isolate
	Closest Species
	Similarity (%)

	S1
	Streptomyces albidoflavus
	98.7

	S2
	Streptomyces griseus
	98.4

	S3
	Streptomyces rochei
	98.1




Table 4: Antibacterial activity of Streptomyces crude extract
	Organism
	Concentration (µg/mL)
	Zone of Inhibition (mm) (Mean ± SD)

	Aeromonas hydrophila
	0
	-

	
	25
	9.0 ± 0.5

	
	50
	13.0 ± 0.6

	
	75
	17.0 ± 0.7

	
	100
	21.0 ± 0.8

	Vibrio sp.
	0
	-

	
	25
	7.0 ± 0.4

	
	50
	10.0 ± 0.5

	
	75
	14.0 ± 0.6

	
	100
	18.0 ± 0.7




Fig. 1: Antibacterial activity of Streptomyces crude extract

4. CONCLUSION
The present study successfully demonstrated the isolation, characterization, and antibacterial potential of soil-derived Streptomyces sp. against major aquatic pathogens, namely Aeromonas hydrophila and Vibrio sp. Morphological, biochemical and molecular identification through 16S rRNA sequencing confirmed the taxonomic placement of the isolate within the genus Streptomyces. The isolate exhibited typical characteristics, including well-developed aerial mycelium, enzymatic activity and high metabolic versatility, indicating its potential for secondary metabolite production. The antibacterial assays revealed a clear dose-dependent inhibitory effect of the crude extract, with Aeromonas hydrophila showing higher sensitivity compared to Vibrio sp. The Minimum Inhibitory Concentration (MIC) results further confirmed the effectiveness of the bioactive compounds produced by the isolate. Statistical analysis validated the significance and reproducibility of the observed antibacterial activity. These findings strongly support the potential of Streptomyces sp. as a valuable source of natural antimicrobial agents. In the context of increasing antibiotic resistance in Aquaculture, the use of actinomycete-derived compounds offers a promising and sustainable alternative to conventional antibiotics. The ability of Streptomyces to produce diverse bioactive metabolites, including polyketides and peptide-based antibiotics, highlights its importance in developing eco-friendly disease management strategies in fish farming systems. However, further studies are required to purify and characterize the active compounds, determine their mode of action, evaluate toxicity and safety and assess their effectiveness under in vivo conditions. Overall, this study contributes to the growing body of evidence supporting the exploration of soil microbial diversity for novel antibacterial agents with significant applications in Aquaculture and biomedical fields.
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