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Abstract. Anjani DO, Losung ECC, Sabdono A, Sedjati S. 2025. Antibacterial activity of Gorgonian-associated actinomycetes against 

diabetic foot pathogens. Biodiversitas 26: 4157-4166. Diabetic foot infection is a condition affecting the lower extremities that occurs in 

at least 15% of all diabetes patients. The treatment of diabetic foot infection has become increasingly challenging due to the risk of 

infection by microorganisms around the wound. The presence of antibiotic-resistant pathogenic bacteria further aggravates this condition. 

Therefore, the discovery of new sources of antibiotics is urgently needed. The aim of this study was to explore the antibacterial activity 

of actinomycetes, particularly those associated with marine gorgonians, to better understand their potential in the treatment of diabetic 

foot infection. Gorgonian samples were collected from Karimunjawa Waters, Indonesia. Antibacterial activity was screened using agar 

plug method against Escherichia coli, Staphylococcus aureus, Enterococcus sp., and Proteus sp.. The selected isolates were then 

identified through Gram staining and molecular identification. The NRPS, PKS-I, and PKS-II genes were detected through the PCR 

method. The results showed that 12 out of 45 isolates (26.7%) exhibited antibacterial activity against DFI pathogenic bacteria, with four 

isolates producing inhibition zone greater than 5 mm. The strongest antibacterial activity was exhibited by isolate UR.19.4 and EA.6.5.2 

against S. aureus and E. coli with inhibition zones greater than 13 mm. Molecular identification revealed that UR.19.4 and EA.6.5.2 

isolates had the closest similarity to Streptomyces griseobrunneus (99.76%) and Streptomyces zhaozhouensis (99.69%), respectively. 

The NRPS gene was detected in both S. griseobrunneus (UR.19.4 isolate) and S. zhaozhouensis (EA.6.5.2 isolate), while the PKS-II 

gene was detected only in S. griseobrunneus (UR.19.4 isolate). Therefore, these findings highlight the potential of actinomycetes 

isolated from Gorgonian as a promising antimicrobial source for treating diabetic foot infections. 
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INTRODUCTION 

Diabetic Foot Infection (DFI) is an infection affecting 

the lower extremities' skin, tissues, and bones, leading to 

severe infections in diabetic patients (Ramirez-Acuña et al. 

2019). The global prevalence of DFI is approximately 6.3%, 

making it the leading cause of lower extremity amputation 

worldwide (Zhang et al. 2017). This complication is 

experienced by 15%-25% of diabetes patients across the 

world. The lifetime risk of diabetic foot is 19% to 34% 

with recurrence rates of 65% at 3-5 years, leading to 20% 

incidence of lifetime lower-extremity amputation and a 5-

year mortality rate of 50-70% (McDermott et al. 2023). 

The treatment of DFI is complicated by several risk factors, 

including neuropathy, Peripheral Arterial Disease (PAD), 

immune system disorders, and infections in open wounds 

(Ramirez-Acuña et al. 2019). Wounds disrupt the skin's 

protective barrier, exposing underlying tissues to microbial 

colonization, aggravating tissue damage, and hindering 

wound healing (Olid et al. 2015). Abu-El-Azayem et al. 

(2024) reported that the most commonly isolated 

pathogenic bacteria in DFI include Klebsiella spp. (24%), 

Pseudomonas spp. (16%), Staphylococcus aureus (13.5%), 

Escherichia coli (12%), Proteus vulgaris (8.5%), and 

Enterococcus spp. (3.4%). This issue is further complicated 

by Antimicrobial Resistance (AMR), as many antibiotics 

are becoming ineffective against these pathogens. 

Escherichia coli, Staphylococcus aureus, and Enterococcus 

faecalis isolated from diabetic foot wounds have shown 

high resistance to five commonly used antibiotics (Moya-

Salazar et al. 2023). Continuous efforts to discover new 

antibiotics are essential to addressing this challenge. 

Gorgonians, also known as "sea fans", belong to the 

family Gorgoniidae, order Alcyonacea, subclass Anthozoa, 

and phylum Cnidaria (Sabdono et al. 2022a). These soft 

corals are capable of producing a diverse array of bioactive 

compounds as a defense mechanism against predators 

(Izzati et al. 2021). Gorgonians have been reported to contain 

terpenoids, steroids, and alkaloids, exhibiting various 

biological activities, including anti-inflammatory, anticancer, 

analgesic, antiviral, antibacterial, and antifouling properties 

(Kelutur et al. 2021). Additionally, these soft corals have 

been shown to produce enzyme inhibitors with potential 

pharmaceutical applications (Córdova-Isaza et al. 2023). 

However, the biosynthesis of bioactive compounds from 

gorgonians faces significant challenges due to the limited 

availability of the organisms, while substantial amounts of 

material are required for extraction. The bacteria associated 

with gorogonians offer a promising alternative to overcome 

this limitation. Unlike their host organisms, these bacteria 
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can be easily cultivated and are also capable of producing 

various high-quality bioactive compounds (Sabdono et al. 

2022b). 

Actinomycetes are Gram-positive, filamentous, 

heterotrophic, and saprophytic bacteria known for their 

ability to produce a wide variety of important secondary 

metabolites, making them a valuable source of new bioactive 

compounds (De Simeis and Serra 2021). Actinomycetes are 

the most common bacterial source of bioactive compounds, 

with 182 new compounds reported from this group in 2022 

alone (Carroll et al. 2024). Marine actinomycetes, particularly 

those associated with invertebrates such as sponges and 

corals, have been reported to produce various bioactive 

compounds with unique chemical structures, including 

antibiotics, anticancer agents, and immunosuppressants 

(Worsley et al. 2023). The harsh and competitive marine 

environment drives these microorganisms to develop potent 

bioactive compounds for survival, making them highly 

promising for pharmaceutical applications. 

Previous studies have reported the antibacterial 

potential of actinomycetes isolated from sponges, marine 

sediments, and stony corals (Liu et al. 2019; Mondal and 

Thomas 2022; Sibero et al. 2023). However, actinomycetes 

associated with gorgonian corals remain largely underexplored 

despite their potential to produce novel bioactive compounds 

(Kelutur et al. 2021). To date, research on Gorgonian-

associated bacteria has mainly centered on microbial 

diversity, with relatively few studies assessing their 

antimicrobial potential against human pathogens. The aim 

of this study was to explore the antibacterial activity of 

actinomycetes, particularly those associated with Gorgonian, 

to better understand their potential in supporting the 

treatment of diabetic foot infection.  

MATERIALS AND METHODS 

Sample collection sites 

The Gorgonian samples used in this study were 

collected from Karimunjawa Island, Jepara, Central Java, 

Indonesia. The sampling locations included Gelean Island 

(05°52'56.0" S 110°21'29.5" E), Sambangan Island 

(05°50'27.8" S 110°34'54.8" E), Seruni Island (05°51'13.3" 

S 110°34'36.8" E), and Burung Island (05°53'27.9" S 

110°20'46.2" E) as shown in Figure 1. The permit to access 

the sampling location and collect specimens was acquired 

from the Karimunjawa National Park Authority, with 

permit No. 1769/T.34/TU/SIMAKSI/07/2024. The sampling 

method was purposive sampling, targeting soft coral 

invertebrates from the Gorgonian group. Sample collection 

was conducted through SCUBA diving at a depth of 15-28 

meters. Each Gorgonian specimen was assigned a unique 

code based on its collection site, such as EA (Gelean 

Island), BA (Sambangan Island), ER (Seruni Island), and 

UR (Burung Island). Environmental parameters measured 

included pH, temperature, Dissolved Oxygen (DO), and 

salinity. The collected organisms were placed in Falcon 

tubes and stored in a cool box before being isolated in the 

laboratory. 

 

 

 

 
 

Figure 1. The sampling location in Karimunjawa, Jepara, Central Java, Indonesia 
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Isolation and purification  

The samples were crushed using a mortar and pestle, 

followed by serial dilution with a dilution range of 10-1-10-5. 

Actinomycete bacteria were isolated from the sample 

organisms using the spread plate method on Actinomycetes 

Isolation Agar (AIA) media, HiMedia (de Oliveira et al. 

2024). The isolation plates were incubated at room 

temperature for 7-21 days. The grown isolates were then 

purified using the four-quadrant streak method until pure 

colonies were obtained. 

Antibacterial screening 

The antibacterial assay was performed using the agar 

plug method based on Yi et al. (2023). The pathogens used 

in the assay included bacteria commonly found in diabetic 

foot ulcers, namely Proteus sp., Enterococcus sp., 

Staphylococcus aureus, and Escherichia coli. The pathogenic 

bacteria were inoculated into Nutrient Broth and agitated 

for 24 hours, then diluted to a density equivalent to 0.5 

McFarland standard, with a turbidity of 1.5 × 108 CFU/mL. 

The bacterial suspension was then spread onto the Mueller-

Hinton Agar (MHA) surface using a cotton swab. 

Actinomycetes isolates previously grown on an AIA 

medium were perforated using the base of a blue tip to 

form agar plugs, which were then placed onto the surface 

of the MHA plates inoculated with the test pathogens. 

Chloramphenicol (30 μg/disk) was used as a positive 

control by dripping it on a blank paper disc. Agar plugs 

from sterile MHA medium were used as a negative control. 

The petri dishes were incubated at 30°C, and observations 

were made at 24 and 48 hours. The assay was conducted in 

triplicate. Antibacterial activity was indicated by a clear 

inhibition zone surrounding the agar plug. The diameter of 

the Zone of Inhibition (ZOI) was measured as a 

quantitative indicator of the antibacterial activity exhibited 

by the isolates (Ulusu and Bilgic 2024; Ulusu and Ulusu 

2024). 

Gram-staining microscopic identification 

Microscopic identification was performed using Gram 

staining following the method of Saryono et al. (2019). A 

pure actinomycetes isolate was inoculated onto a 

previously sterilized glass slide. The slide was sequentially 

treated with crystal violet, iodine, decolorizer, and safranin, 

each for one minute. The prepared slide was then observed 

under a microscope. 

DNA extraction 

DNA isolation from Actinomycetes isolates was 

performed using the Presto™ Mini gDNA Bacteria Kit 

(Geneaid Ltd., Taiwan) following the method described by 

Nurliana et al. (2022). Pure bacterial isolates were 

inoculated into 1.5 mL microtube containing Buffer Gram+ 

(200 µL) and lysozyme (0.8 mg/200 µL), followed by 

homogenization. The sample was incubated at 37°C for 30 

minutes. Proteinase K (20 µL) was added, and the mixture 

was incubated at 60°C for 10 minutes. The cell lysis 

process involved the addition of Buffer GT (200 µL), 

homogenization for 10 seconds, and incubation at 70°C for 

10 minutes. For DNA binding, absolute ethanol (200 µL) 

was added, followed by homogenization. The solution was 

then transferred to a new microtube fitted with a GD 

Column and centrifuged at 14,000-16,000 rpm for 2 minutes, 

after which the supernatant was discarded. The GD 

Column was then placed into a fresh 2 mL microtube. The 

washing process involved adding Buffer W1 (400 µL) 

followed by centrifugation at 14,000-16,000 rpm for 3 

minutes, then discarding the supernatant. Next, 600 µL of 

Wash Buffer containing ethanol was added, and the 

solution was centrifuged at 14,000-16,000 rpm for 30 

seconds before discarding the supernatant. The GD Column 

was transferred to a new 2 mL tube, and 100 µL of 

preheated Elution Buffer (70°C) was added. The solution 

was incubated at room temperature (27-29°C) for 3-5 

minutes, followed by centrifugation at 14,000-16,000 rpm 

for 1 minute and the extracted DNA was stored at -20°C.  

Amplification of 16S rRNA gene using PCR and DNA 

sequencing 

PCR amplification was performed using the primers 

27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-

TACGGCTACCTTGTTACGACTT-3'). The final PCR reaction 

volume was 25 µL, consisting of the following components: 

1 µL Primer 27F (10 µM), 1 µL Primer 1492R (10 µM), 

12.5 µL My Taq Green Mix, 9.5 µL ddH2O, and 1 µL 

DNA template. The thermal cycler conditions were set as 

follows: pre-denaturation at 95°C for 1 minute; 35 cycles, 

denaturation at 95°C for 15 seconds, annealing at 55°C for 

30 seconds, extension at 72°C for 45 seconds and post-

extension at 72°C for 3 minutes. Electrophoresis was 

conducted using a 1% agarose gel at 100 V for 30 minutes. 

The resulting PCR products were submitted to PT Genetika 

Science, Indonesia for DNA sequencing. The obtained 

sequence data were analyzed and compared to the NCBI 

database using BLAST feature. A phylogenetic tree was 

subsequently constructed using MEGA 11. 

Biosynthetic gene clusters of NRPS, PKS-I, and PKS-II 

detection 

Detection of NRPS, PKS-I, and PKS-II genes was 

performed through PCR amplification using the following 

primers: A2gamForward (5′-

AAGGCNGGCGSBGCSTAYSTGCC-3') and A3gamReverse 

(5’-TTGGGBIKBCCGGTSGINCCSGAGGTG-3’) primers for 

NRPS, KS-F (5’-TSGCSTGCTTGGAYGCSATC-3’) and KS-

R (5'-TGGAANCCGCCGAABCCGCT-3’) primers for PKS-I, 

IIPF6 (5’-TSGCSTGCTTCGAYGCSATC-3’) and IIPR6 (5’-

TGGAANCCGCCGAABCCGCT-3’) primers for PKS-II. The 

final PCR reaction volume was 25 µL, consisting of 1 µL 

Primer Forward (10 µM), 1 µL Primer Reverse (10 µM), 

12.5 µL My Taq Green Mix, 9.5 µL DDH2O, and 1 µL 

DNA template. The Thermal Cycler conditions were set as 

follows: pre-denaturation at 95°C for 1 minute; 30 cycles, 

denaturation at 95°C for 1 minute, annealing at 58.4°C 

(NRPS) and 59.4°C (PKS-I and PKS-II) for 1 minute, 

extension at 72°C for 1 minute, and post-extension at 72°C 

for 3 minutes. 
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Statistical analysis 

All experiments were performed in triplicate to ensure 

statistical reliability. The data were presented as the mean 

diameter of the inhibition zone±Standard Deviation (SD). 

Kruskal-Wallis test (non-parametric One-Way Analysis of 

Variance (ANOVA)) was conducted using SPSS to evaluate 

significant differences in the mean of the inhibition zones 

among the isolates. 

RESULTS AND DISCUSSION 

Isolation of actinomycetes 

A total of five Gorgonian hosts were obtained from the 

sampling locations. The hosts were identified through their 

morphological characteristics. Morphological identification 

showed that the hosts were Ellisella sp., Viminella sp., 

Astrogorgia sp., Junceella sp., and Siphonogorgia. The 

waters of Karimunjawa are known as a habitat for various 

species of hard corals, soft corals, echinoderms, and other 

invertebrates (Sabdono et al. 2022c; Sibero et al. 2023; 

Hendrawati et al. 2024). Sabdono et al. (2022a) reported 

the presence of soft corals belonging to the gorgonian 

group in these waters, including the genera Viminella sp., 

Ellisella sp., Antipathes sp., Melithaea sp., Astrogorgia sp., 

and Junceella sp.. In another study by Sabdono et al. 

(2022c), at least 12 genera of Gorgonians were identified in 

the same waters, belonging to five families, namely 

Ellisellidae, Plexauridae, Melithaeidae, Acanthogorgidae, 

and Isididae. The diversity of Gorgonian species in the 

Karimunjawa waters is presumed to be due to the relatively 

uncontaminated and protected water quality (Sabdono et al. 

2022c). 

A total of 45 actinomycetes isolates were successfully 

obtained from various Gorgonian hosts in Karimunjawa. 

Previous studies have reported that Gorgonian corals host a 

wide range of microorganisms (van de Water et al. 2017; 

Sabdono et al. 2022b). This was further supported by 

Sabdono et al. (2022a), who found that bacterial isolates 

from Gorgonian corals belonged to the phyla Proteobacteria, 

Actinobacteria, and Firmicutes. Similar results were reported 

by Larasati et al. (2023), in which bacteria associated with 

Plexaura sp. were dominated by Bacillus sp., Virgibacillus 

sp., and Nitrareductor sp. The interaction between corals 

and their associated bacterial communities, encompassing 

both intracellular and extracellular associations, plays a 

crucial role in coral health and survival. These coral-

associated bacteria contribute significantly to various 

metabolic processes, including carbon, nitrogen, and sulfur 

cycling, and are also implicated in the protection of the host 

from pathogenic organisms (Maire et al. 2021). Previous 

studies have identified genes within these bacterial 

communities that are involved in key functional pathways, 

such as nitrification, denitrification, Dimethylsulfoniopropionate 

(DMSP) transformation, and the biosynthesis of fixed 

carbon and amino acids, all of which potentially benefit the 

coral host (Li et al. 2022). In turn, the coral provides 

essential nutrients and a favorable ecological niche for the 

bacterial symbionts (Alsharif et al. 2023). This mutualistic 

relationship is believed to enhance coral defense mechanisms 

through physiological adaptation and the induction of 

secondary metabolite production. 

Antibacterial activity 

The results of antibacterial activity screening showed 

that 12 (26.7% of the total) isolates out of 45 exhibited 

antibacterial activity against pathogenic bacteria commonly 

found in diabetic foot infections. The number of active 

isolates can be seen in Table 1, while the antibacterial 

activity is presented in Table 2. Isolates exhibiting 

antibacterial activity were predominantly derived from the 

hosts Ellisella sp. (5 isolates) and Viminella sp. (4 isolates). 

In contrast, only one isolate with antibacterial activity was 

obtained from each of the hosts Astrogorgia sp., Junceella 

sp., and Siphonogorgia sp. This finding suggests a potential 

correlation between host species and the biosynthetic 

capabilities of their associated microbiota. 

Previous studies have found that certain marine host 

organisms harbor more diverse and metabolically active 

microbial communities compared to other hosts (Srinivasan 

et al. 2021). Differences in bioactive compounds in 

microbial communities among hosts can be caused by the 

differences in microbial diversity, host-specific biochemical 

characteristics, and ecological conditions such as habitat 

and symbiotic interactions (Tincu and Taylor 2004; 

Petersen et al. 2020; Sabdono et al. 2022a). Sabdono et al. 

(2022a) reported that microbial diversity differs among 

gorgonian hosts, resulting in varying antibacterial activity 

of the associated isolates. This is further supported by 

findings that marine actinobacteria produce various levels 

of secondary metabolites depending on the symbiotic 

relationship and environmental niches (Jagannathan et al. 

2021; Ngamcharungchit et al. 2023). The predominance of 

active isolates from Ellisella sp. and Viminella sp. suggests 

that these gorgonian corals offer favorable microenvironment 

for bioactive compound-producing microorganisms. 
 

 

 

 
 

Figure 2. Total of Gorgonian-associated actinomycetes isolates from 

each host 
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The limited antibacterial activity observed (26.7%) can 

be attributed to various factors, including environmental 

conditions, isolation source, methodology, genetic diversity, 

and target pathogen bacteria (Ahmed et al. 2020; Mondal 

and Thomas 2022; Gitari et al. 2023; Ulusu et al. 2024). A 

similar percentage of antibacterial activity of bacteria isolated 

from Karimunjawa waters was observed in multiple studies, 

ranging from 14%-20% (Sabdono et al. 2022a, 2022b; 

Larasati et al. 2023; Hendrawati et al. 2024). Furthermore, 

Nurhikmayani et al. (2019) explained that the inactivity of 

bacterial isolates does not necessarily mean they do not 

exhibit antibacterial activity, however, it can also be due to 

the inability of antibacterial compounds to diffuse in an 

agar medium. A total of 6 (50%) isolates exhibited 

antibacterial activity against more than one pathogenic 

bacterium, while the remaining 6 (50%) showed activity 

against only one type of pathogenic bacterium. Among 

these, four isolates demonstrated significant antibacterial 

activity, being active against more than one pathogenic 

bacterium with an inhibition zone >5 mm. No antibacterial 

activity was detected against the pathogen Proteus sp. 

among the four selected isolates. The antibacterial activity 

of the potentially selected isolates can be seen in Table 3. 

According to Davis and Stout (1971), antibacterial 

activity is categorized based on the inhibition zone diameter 

into four groups: weak (<5 mm), moderate (5-10 mm), 

strong (11-20 mm), and very strong (>20 mm). A zone of 

inhibition indicates that the microorganism cannot multiply 

around the isolate-grown plug, thus resulting in a clear 

zone around the plug (Ulusu 2024). Based on this 

classification, the antibacterial activity of the four potential 

isolates ranged from moderate to strong. Notably, isolates 

UR.19.4 and EA.6.5.2 exhibited the most promising 

antibacterial activity, with inhibition zones >5 mm and 

activity against three pathogenic bacteria. The results of 

variance in antibacterial activity between isolates against 

different pathogens showed a significant difference (p-

value<0.05, at a 95% confidence level). This indicates that 

the antibacterial activity of the isolates differs significantly 

from each other when tested against the different pathogens. 

Previous studies have highlighted the potential of marine 

invertebrate-associated bacteria as antibacterial agents 

(Anteneh et al. 2021; Majithiya and Gohel 2022; Wijaya et 

al. 2022).  

Gorgonian-associated bacteria have been recorded to 
exhibit antibacterial activity against urinary tract infections 

and nosocomial pathogens (Wizendro et al. 2022; Larasati 

et al. 2023). Sabdono et al. (2022a) reported that 
actinomycetes from the genus Streptomyces have been 

identified as Gorgonian-associated bacteria with 
antibacterial activity against E. coli. In another study, 

Zhang et al. (2013) reported that several Streptomyces sp. 

isolated from gorgonian corals exhibited antibacterial 
activity against Bacillus subtilis, E. coli, Vibrio alginolyticus, 

Pseudoalteromonas piscicida, and Micrococcus luteus with 

varying degrees of strength, from weak to strong. This 
shows that bacteria associated with gorgonian, particularly 

Streptomyces, exhibit great antibacterial activity against 
various pathogens. In line with previous findings, the 

present study demonstrates comparable results, wherein the 

antibacterial activity varied among isolates depending on 
the target pathogens and environmental conditions 

influencing the secondary metabolite production. 
Marine-derived Streptomyces species are recognized as 

prolific producers of bioactive secondary metabolites, 

including polyketides, alkaloids, macrolactams, peptides, 
and other structurally diverse compounds with potent 

antibacterial properties (Zhao et al. 2024; Zhu et al. 2024; 

Pan et al. 2025). These metabolites have demonstrated 
varying degrees of antibacterial activity against human 

pathogenic bacteria, with reported Minimum Inhibitory 
Concentrations (MIC) ranging from as low as 1 µg/mL to 

500 µg/mL, making them promising candidates for 

antibiotic development (Pan et al. 2025). Majithiya and 
Gohel (2022) reported that actinomycetes could produce a 

wide range of complex biopolymers, including 
polysaccharides, extracellular and intracellular enzymes, 

antibiotics, inhibitors, and various metabolic products. 
 

 

Table 1. Total active gorgonian-associated actinomycetes isolates 

 

Hosts Ʃ Isolates Ʃ Active isolates Percentage (%) 

Astrogorgia sp. 3 1 33.3 

Ellisella sp. 18 5 27.8 

Viminella sp. 16 4 25.0 

Junceella sp. 5 1 20.0 

Siphonogorgia sp. 3 1 33.3 

Total 45 12 26.7 

 

 

Table 2. Antibacterial activity of Gorgonian-associated actinomycetes isolates 

 

Hosts Isolates code Escherichia coli Staphylococcus aureus Proteus sp. Enterococcus sp. 

Astrogorgia sp. UR.14.6 - - - + 

Ellisella sp. UR.19.4 + + - + 

Ellisella sp. UR.19.1 + + - + 

Ellisella sp. EA.9.1 - + - + 

Viminella sp. EA.12.1.5 + + - - 

Junceella sp. EA.13.1.1 - + - + 

Ellisella sp. EA.17.1.8 - + - - 

Siphonogorgia sp. EA.6.5.2 + + - + 

Viminella sp. EA.6.5.1 + - - + 

Viminella sp. EA.7.3 - + - - 

Ellisella sp. EA.9.2 - + - - 

Viminella sp. ER.12.4 - + - - 

Note: +: Presence of antibacterial activity, -: Absence of antibacterial activity 
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Table 3. Inhibition zone of selected active isolates 

 

Isolates code 

Diameter of inhibition zone (mm) 

Escherichia coli* Staphylococcus aureus* Proteus sp. Enterococcus sp.* 

24h 48h 24h 48h 24h 48h 24h 48h 

UR.19.4 13.55±0.35a 13.15±0.07a 13.15±0.92a 13.00±1.27a 0.00±00 0.00±00 7.90±1.27b 5.90±0.71b 

EA.13.1.1 0.00±00 0.00±00 7.69±0.21b 7.94±0.07b 0.00±00 0.00±00 0.00±00 6.70±0.7b 

EA.6.5.1. 5.88±0.88b 5.70±0.81b 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 10.15±1.33a 

EA.6.5.2. 7.65±0.49b 7.65±0.64b 9.24±0.91b 9.28±0.59b 0.00±00 0.00±00 6.65±0.21b 6.40±0.01b 

Control (+) 24.35±0.92a 23.5±0.71a 21.55±0.78a 18.05±1.06a 21.15±0.35a 20.2±0.42a 26.95±1.20a 28.1±3.82a 

Control (-) 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 0.00±00 

Note: Values show the average diameter of the inhibition zone±standard deviation. Chloramphenicol (30 µg/disc) was used as control 

(+). *: p-value<0.05, a: Strong antibacterial activity, b: Moderate antibacterial activity 

 

 

 

   
 

Figure 4. Antibacterial activity of isolates UR.19.4, EA.13.1.1, EA.6.5.1, and EA.6.5.2 against: A. Staphylococcus aureus, B. Escherichia 

coli, and C. Enterococcus sp. 

 

 

 

 
 

Figure 3. Bar graph representing antibacterial activity of the four 

selected isolates at the end of the study (48 hours) 

 

 

Gram staining and 16s rRNA identification 

Molecular identification results showed that out of four 

potential isolates, only two had the closest similarity to 

actinomycete bacteria. Isolates UR.19.4 and EA.6.5.2 had 

the closest similarity to Streptomyces griseobrunneus 

(99.76%) and Streptomyces zhaozhouensis (99.69%), 

respectively, while isolates EA.13.1.1 and EA.6.5.1 had the 

closest similarity to Bacillus sp. and Bacillus paramycoides 

(100% each). The phylogenetic tree constructed (Figure 6) 

showed that isolate UR.19.4 is closely related to S. 

griseobrunneus strain S1, while isolate EA.6.5.2. is closely 
related to S. zhaozhouensis strain RFCAC01D. Microscopic 

observation results are presented in Table 4, while the 

molecular identification results of the selected isolates are 

presented in Table 5. Previous studies have reported that S. 

zhaozhouensis has been isolated from marine sediments 

and sponges (Lacret et al. 2014; Dhaneesha et al. 2019; 

Heo et al. 2023). Several studies have also identified 

Streptomyces strains from marine environments that exhibit 

high sequence similarity and close phylogenetic relationships 

with S. griseobrunneus. Hong et al. (2009) reported that 

isolates 219820 and 219808, isolated from mangrove 

sediments, exhibited high sequence identity (>97%) with S. 

griseobrunneus NBRC 12775. Similarly, another study 

identified isolate MNM-1400 from marine sediment as a 

marine Streptomyces with high sequence similarity to 

several Streptomyces species, including S. griseobrunneus 

(percent identification of 99%) (Gozari et al. 2016).  

The microscopic morphological observation further 

supports the molecular identification result in this study. 

Isolates UR.19.4 and isolate EA.6.5.2, identified as 

members of the phylum Actinobacteria, exhibited a 

branched filamentous morphology, while the two other 

A B C 
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isolates, belonging to the genus Bacillus sp., displayed a 

rod-shaped (Bacillus) morphology. Members of the 

Streptomyces genus are typically characterized by their 

purple staining in Gram tests and by their filamentous, 

branching structures that resemble fungal hyphae. These 

structures often develop into long chains of spores, which 

are another characteristic feature of the genus (Ambarwati 

et al. 2023). These morphological features align with the 

findings of Malviya et al. (2013) who reported that under 

the microscope, actinomycetes, such as Streptomyces sp. 

and Nocardiopsis sp. were observed to be Gram-positive 

bacteria with branched filaments.  

The presence of Bacillus sp. and Bacillus paramycoides 

from the potential isolates suggests the diverse microbial 

ecology associated with gorgonian and the variability of the 

Bacillus sp. colony. Devi et al. (2019) reported that diverse 

Bacillus species thrive in marine environments and could 

produce compounds that demonstrate antibacterial activity. 

The growth of Bacillus sp. upon isolation, even when 

targeting actinomycetes, has also been reported in other 

studies due to the wide range of Bacillus colony morphology 

depending on the growth medium used; some colonies 

resemble actinomycetes characteristics until further 

identification using 16s rRNA sequencing (Duraipandiyan 

et al. 2010; Daquioag and Penuliar 2021). The results in 

this study revealed that Bacillus sp. and Bacillus 

paramycoides exhibited inhibitory effects against S. aureus, 

E. coli, and Enterococcus sp. Sabdono et al. (2022a) 

reported that various Bacillus species exhibiting antimicrobial 

activity were found in Karimunjawa waters. 

Biosynthetic gene cluster of NRPS, PKS-I, and PKS-II 

detection 

The gene detection results indicated that Streptomyces 

griseobrunneus possessed both NRPS and PKS-II genes, 

while Streptomyces zhaozhouensis only possessed the 

NRPS gene. The PKS-I gene was not detected in any of the 

isolates. The gene detection results are presented in Table 6 

and Figure 7. The presence of NRPS and PKS-II genes 

could explain the antibacterial activity observed in these 

isolates, as these gene clusters are known to drive the 

biosynthesis of diverse secondary metabolites with 

antimicrobial, anticancer, and antitumor properties (Gong 

et al. 2018). Yim et al. (2014) reported that the majority of 

antibiotics produced by Actinomycetes are associated with 

NRPS biosynthetic pathways. The presence of NRPS, 

PKS-I, and PKS-II genes has been previously detected in 

actinomycetes isolated from mangrove soils, corals, and 

nudibranchs (Gong et al. 2018; Sabdono et al. 2022b; 

Wizendro et al. 2022). 
 

 

 

Table 4. Microscopic observations of selected isolates 

 

Hosts Isolates code Shape Microscopic view 

Ellisella sp. UR.19.4 Branched 

filaments, 

Gram 

positive 

 

Junceella sp. EA.13.1.1 Rod 

shape, 

Gram 

positive 

 

Viminella sp. EA.6.5.1 Rod 

shape, 

Gram 

positive 

 

Siphonogorgia 

sp. 

EA.6.5.2. Branched 

filaments, 

Gram 

positive 

 

 

 

    
 

Figure 5. Colony morphology isolates of: A. UR.19.4, B. EA.13.1.1, C. EA.6.5.2, and D. EA.6.5.1 

A B C D 
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Table 5. Molecular identification of selected isolates by 16s rRNA gene 

 

Hosts Isolates code Closest similarity Percentage identify Query cover Accession no. 

Ellisella sp. UR.19.4 Streptomyces griseobrunneus 99.76% 100% PV563089 

Siphonogorgia sp. EA.6.5.2 Streptomyces zhaozhouensis 99.69% 100% PV563088 

Junceella sp. EA.13.1.1 Bacillus sp. 100% 99.29% PV563087 

Viminella sp. EA.6.5.1. Bacillus paramycoides 100% 99.93% PV563090 

 

 

Table 6. Detection of NRPS, PKS-I, and PKS-II genes 

 

Isolates code NRPS PKS-I PKS-II 

UR.19.4 + - + 

EA.6.5.2 + - - 

EA.13.1.1 - - - 

EA.6.5.1 - - - 

Note: +: Detected, -: Non-detected 

 

 

 
 

Figure 6. Phylogenetic tree of gorgonian-associated actinomycetes 

and bacteria. Treponema pallidum was used as an outer group. 

Bootstrap 1000 replication in MEGA 11 was used to construct the 

phylogenetic tree 

 

 

 
 

Figure 7. Detection of NRPS, PKS-I, and PKS-II gene in isolate: 

1. EA.13.1.1, 2. EA.6.5.1, 3. EA.6.5.2, 4. UR.19.4 with DNA 

Ladder 100 bp (M) as marker in 1% agarose gel 

In conclusion, this study identified S. griseobrunneus 

(UR.19.4) and S. zaozhouensis (EA.6.5.2) as Gorgonian-

associated actinomycetes exhibiting antibacterial activity 

against E. coli, S. aureus, and Enterococcus sp. The 

detection of NRPS genes in both isolates and PKS-II genes 

in UR.19.4 indicates their biosynthetic potential for 

producing antimicrobial secondary metabolites. This study 

demonstrated the potential of actinomycetes associated 

with marine gorgonian as a promising antimicrobial source 

against diabetic foot pathogens. Further studies should be 

conducted focusing on compound extraction, metabolite 

profiling, and Minimum Inhibitory Concentration (MIC) 

determination for therapeutic application. 
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