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Abstract. In Indonesia, bacterial infections are a serious concern,
exacerbated by antibiotic resistance from bacterial mutations. To combat
this, discovering novel antibacterial compounds from natural sources is vital.
Marine sediments, especially, represent a rich, underexplored reservoir for
such compounds. Sanur Beach is a popular tourist area with diverse marine
life; however, few studies have explored the diversity of marine bacteria in
its sediment. This research employed a multi-faceted approach to investigate
bacterial isolates from Sanur Beach marine sediments. Bacteria were
initially isolated using ISP-2, Actinomycetes Isolation Agar, and Starch-M
Protein Agar. Antibacterial activity was screened via the agar block method
against Staphylococcus aureus ATCC 25923, Streptococcus mutans FNCC
0405, Escherichia coli ATCC 25922, and Klebsiella pneumoniae ATCC
700603. Finally, 16S rRNA gene sequencing identified the isolate with the
highest activity. Nine of ten isolates demonstrated antibacterial activity
against at least one test bacterium. Isolate -4 showed the largest inhibition
zones: 16.28+0.73 mm (S. aureus), 19.37+0.23 mm (S. mutans), 19.79+0.06
mm (E. coli), and 14.92+0.85 mm (K. pneumoniae). Analysis of thel6S
rRNA gene sequence identified isolate I-4 as phylogenetically related to
Streptomyces sp. VEL 17. This finding underscores the valuable
antibacterial potential of marine-associated bacteria for synthesizing
antibiotic compounds.

1 Introduction

The emergence of bacterial infections, coupled with the alarming rise of antibiotic resistance,
represents a critical and escalating global health challenge. Antibiotic resistance, defined by
bacteria's ability to survive and proliferate despite antimicrobial agents, primarily stems from
the pervasive overuse and mismanagement of antibiotics in both clinical and agricultural
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settings. The World Health Organization has unequivocally recognized this phenomenon as
a public health crisis, underscoring the urgent need to address factors contributing to
antibiotic-resistant bacteria (ARB) [1].

Bacterial mechanisms for acquiring resistance are multifaceted. They may obtain
resistance genes through horizontal gene transfer or develop new mutations that confer
survival advantages in the presence of antibiotics. Furthermore, environments such as
wastewater and agricultural settings serve as significant reservoirs for resistant bacteria and
their genetic material, thereby facilitating the spread of ARB into human populations [2].
This environmental persistence profoundly complicates efforts to manage and control the
dissemination of resistance.

The rise of antibiotic-resistant infections necessitates a paradigm shift toward exploring
marine sources for novel antibacterial agents. As traditional antibiotics face diminishing
efficacy against evolving pathogens, the search for new drug candidates from underexplored
sources like marine microorganisms becomes paramount. This urgency is amplified by the
realization that many potential compounds from marine microorganisms remain unassessed
for their antibacterial capabilities [3]. Given their vastness and biochemical richness, marine
ecosystems are uniquely positioned to provide a wealth of new antimicrobial agents to
address the pressing global challenge of antibiotic resistance [4].

The imperative to search for novel antibacterial producers from marine bacteria, rather
than focusing solely on terrestrial samples, is driven by several compelling factors. First, the
marine environment, a vastly underexplored realm compared to terrestrial ecosystems,
represents an immense trove of microbial diversity. This diversity is crucial, as many marine
organisms have adapted to extreme conditions, leading to the production of unique
metabolites with potent antibacterial properties. Marine bacteria, evolving in high-stress
environments, often synthesize secondary metabolites that differ significantly from those
produced by land-based counterparts due to their unique evolutionary adaptations and
ecological niches [3, 4].

Considering the vast and unique potential of marine ecosystems as sources for novel
antibacterial agents, Bali presents a particularly intriguing location for such exploration. This
world-renowned tourist destination is celebrated not only for its natural beauty and rich
cultural heritage but also for its abundant natural potential, including diverse microbial life
[5]. Despite its recognized potential, exploration of Bali's marine bacterial wealth remains
largely underexplored. Sanur beach, a popular natural tourist site, possesses significant
natural resources, particularly actinobacteria. However, no specific research has yet
investigated the marine bacterial community within its marine sediments. Given the critical
importance of antibacterials for health, discovering potent natural antibacterial compounds
from this unique environment is essential to address the negative impacts associated with
synthetic alternatives.

2 Material and methods

2.1. Sampling

Sampling was conducted at Matahari Terbit Beach, Sanur Kauh Village, Sanur, Denpasar
City, Bali Province (8°40'15.68" S, 115°15'42.93" E). At low tide, 20 grams of marine
sediment were collected at a depth of 10 cm using a sterilized shovel. Sample was
immediately transferred to a sterile 50 mL falcon tube, tightly sealed with parafilm, and
stored in an icebox with an ice pack. Sample was transported to the Laboratory of
Agriculture, Faculty of Agriculture, Warmadewa University, Denpasar, Bali for further
analysis.
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2.2. Bacterial isolation and cultivation

Initially, a 1-gram marine sediment sample from the sampling location underwent pre-
treatment. This involved drying the sample in a laminar airflow for 16 hours, followed by
heating in an oven at 60°C for four hours. This pre-treatment aimed to eliminate other bacteria
present in the sediment. The pre-treated sediment samples were then transferred to 50 mL
falcon tubes, to which 5 mL of sterile artificial seawater was added. The resulting suspension
was homogenized using a vortex. A 1 mL aliquot of the homogenized marine sediment
suspension was serially diluted in 9 mL of sterile artificial seawater, creating dilutions from
107 to 1073, From the 1073 to 107° dilutions, 200 uL was spread onto prepared growth media.
Three distinct media were used for actinobacteria isolation: ISP-2 (4 g/L yeast extract, 10 g/L
malt extract, 4 g/L dextrose, 20 g/L bacto agar), Actinomycetes Isolation Agar (Himedia),
and Starch M Protein Agar (Himedia). To mimic the osmotic pressure of seawater, ISP-2
media and Actinomycetes Isolation Agar were dissolved in artificial seawater (33 g/L). All
three-agar media were sterilized in an autoclave at 1 atm and 121°C for 15 minutes. Before
pouring into Petri dishes, each agar medium was supplemented with nystatin (25 pg/mL) and
nalidixic acid (10 pg/mL) to prevent growth of fungi and Gram-negative bacteria,
respectively. Each Petri dish containing the agar medium and sample was wrapped with
parafilm to prevent contamination and incubated at 28°C. Bacterial observations, including
colony counting, were performed every three days for two weeks.

2.3. Morphological characterization

From each growth medium, colonies displaying unique macroscopic morphologies were
selected for identification based on colony morphology code and Gram staining.

2.4. Antibacterial screening

Agar block method was employed to assesses the antimicrobial activity of each bacterial
isolates from marine sediments against test bacteria namely Streptococcus mutans FNCC
0405, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC 25923, and
Escherichia coli ATCC 25922. Initially, all test bacteria were first refreshed in LB liquid
medium, then aseptically streaked onto LB agar. Concurrently, pure bacterial isolates that
had been grown on ISP-2 agar for 10 days, were cut into 1x1 cm agar blocks using a sterile
scalpel. These blocks were then aseptically transferred to Petri dishes containing the streaked
test bacteria. After co-incubation at 37°C for two days, marine bacterial isolates
demonstrating inhibitory activity showed a clear zone of inhibition around the agar block,
resulting from the diffusion of active compounds. The diameter zone of inhibition was
precisely measured using a digital calliper as a direct quantitative measure of the isolate's
antibacterial activity. A larger diameter unequivocally indicated a greater inhibitory effect
against the target bacteria.

2.5. Molecular analysis

The bacterial isolate exhibiting the most potent antibacterial activity was selected for
molecular characterization. For DNA isolation, cell mass was propagated in 1.5 mL of ISP-
2 broth. Genomic DNA was then extracted using a commercial Bacteria DNA Preparation
Kit (Jena Bioscience, Germany). The extracted DNA served as template for Polymerase
Chain Reaction (PCR) targeting the 16S rRNA gene fragment, following established
protocols and PCR cycling parameters[6]. Amplified PCR products were subsequently
analysed via 1% agarose gel electrophoresis, stained with SYBR Safe, and visualized under
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UV light using a GelDoc system. Finally, the confirmed PCR product was subjected to
Sanger sequencing. Sequencing results were analysed using nucleotide BLAST (BLASTn)
against the NCBI database. A phylogenetic tree was then constructed using MEGA X
(https://www.megasoftware.net/software).

3 Results

Ten bacterial isolates with different morphological characteristics were obtained from marine
sediments collected at Matahari Terbit Beach, using three different agar media: ISP-2,
Actinomycetes Isolation Agar, and Starch M Protein Agar. Morphological identification was
performed based on the Colony Morphology Code (CMC) criteria, which considers the
shape, surface, colour, and elevation of each bacterial colony. A summary of the
morphological observations for each bacterial isolate is presented in Table 1.

Table 1. Morphological characteristics of bacterial isolates

Isolate Agar . Gram
Code Medium Shape Surface Colour Elevation Type
I-1 ISP-2 1 (Circular) 3 (Dull) 4 (Yellow) 1 (Flat) +

3 (Raised/
. 2,4 (Rough .
I-2 ISP-2 1 (Circular) and Wrinkled) 2 (Turbid) Bcl(l)llifl }(I))n +
I-3 ISP-2 2 (Irregular) 2 (Rough) 4 (Yellow) 2 (Raised) +
2,4 (Rough
1-4 ISP-2 2 (Irregular) and Wrinkled) 4 (Yellow) 1 (Flat) +
I-5 ISP-2 1 (Circular) 3 (Dull) (Trans3lucent) 2 (Raised) +
A-1 AIA 2 (Irregular) 2 (Rough) 4 (Yellow) 1 (Flat) +
A-2 AlA 2 (Irregular) 2 (Rough) 2 (Turbid) 2 (Raised) +
A-3 ATA 1 (Circular) 3 (Dull) (Trans?iucent) 1 (Flat) +
3
A-4 AlA (Filamentous) 3 (Dull) 4 (Yellow) 1 (Flat) +
Starch-M .
SM-1 Protein 2 (Irregular) 3 (Dull) 2 (Turbid) 1 (Flat) +

Gram staining revealed that all isolates were Gram-positive bacteria (Figure 1), exhibiting
morphological characteristics typical of actinobacteria (Figure 2). On agar plates, these
actinobacteria displayed predominantly irregular or circular colony shapes with wrinkled,
pigmented surfaces. Microscopic examination further confirmed their actinobacterial nature
by revealing the presence of spore-like structures, similar to those found in fungi.
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Fig. 1. Microscopic appearance of ten candidate actinobacteria isolates after Gram staining. A. Isolate
1-1, B. Isolate 1-2, C. Isolate 1-3, D. Isolate I-4, E. Isolate I-5, F. Isolate A-1, G. Isolate A-2, H. Isolate
A-3, 1. Isolate A-4, J. Isolate SM-1.

Fig. 2. Colony morphology of candidate actinobacteria isolates from Matahari Terbit beach marine
sediments grown on agar media

The agar block method revealed that the ten isolates exhibited varying degrees of
antimicrobial activity against different test bacteria. Nine isolates (I-1, I-2, I-3, I-4, I-5, A-2,
A-3, A-4, SM-1) showed activity against S. aureus ATCC 25923 (Table 2). Five isolates (I-
2, 1-3, I-4, I-5, A-4) demonstrated activity against S. mutans FNCC 0405. Only isolate A-1
showed no inhibitory activity against any of the four test bacteria.

Table 2. Diameter zone of inhibition (mm+SD) of bacterial isolates against bacterial test

N Isolate | S. aureus ATCC S. mutans E. coli ATCC K. pneumoniae
0 Code 25923 FNCC 0405 25922 ATCC 700603
1 I-1 8.06 6.9 0+0 0+0 12.52+1.01
2 1-2 12.29 +1.47 18.04 £0.32 19.78 £0.20 12.20 £0.36
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3 I-3 13.99 £ 0.31 19.57+1.12 13.46 £2.23 15.45+1.29
4 1-4 16.28 +0.73 19.37+0.23 19.79 £ 0.06 14.92 +0.85
5 I-5 1532+ 1.13 21.17+£0.70 19.82 +1.22 10.66 +0.41
6 A-1 0+0 0+0 0+0 0+0
7 A-2 11.66 = 1.029 0+0 0+0 0+0
8 A-3 11.50 £ 1.44 0+0 1291 +1.74 14.66 +0.74
9 A-4 15.73 £0.95 16.02 +£0.99 19.16 £0.19 1048 £0.11
10 SM-1 12.57 +£0.49 0+0 0+0 0+0

Based on the pre-screening results presented in Table 2, isolate I-4 exhibited the highest
inhibitory activity against S. aureus ATCC 25923, with a mean inhibition zone diameter of
16.28 + 0.73 mm. Isolate I-5 showed the strongest inhibition against S. mutans FNCC 0405,
producing a zone diameter of 21.17 £ 0.70 mm. For E. coli ATCC 25922, isolate I-4 again
demonstrated the strongest inhibitory effect, with a diameter of 19.79 = 0.06 mm (Figure 3).
Lastly, isolate I-3 was most effective against K. pneumoniae ATCC 700603, yielding an
inhibition zone of 15.45 + 1.29 mm.

Fig. 3. Agar block assay observations of Isolate I-4 against test bacteria. A. S. aureus ATCC 25923, B.
K. pneumoniae FNCC 0405, C. E. coli ATCC 25922, and D. S. mutans ATCC 700603.

Isolate I-4 is a bacterial isolate exhibiting actinobacteria-like characteristics with the highest
observed antibacterial activity. Specifically, isolate I-4 possesses the morphological features
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of a Gram-positive bacterium with coccus-shaped cells and the presence of hyphae (Figure
4). Isolate I-4 formed colonies with an irregular, rough, and dull surface, appearing powdery
and adhering firmly to the medium (Figure 5). As seen from the top, the colony surface
(Figure SA) exhibited a greyish-yellow pigmentation. When viewed from the back of the
plate, the submerged colony showed a light greenish-yellow pigmentation (Figure 5B).
Considering these observations, isolate [-4 was selected for further molecular
characterization as the most promising actinobacterial candidate. This decision was based on
its ability to inhibit the growth of all four test bacteria, consistently demonstrating the largest
inhibition zone among all suspected actinobacterial isolates.
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Fig. 4. Gram staining result of isolate I-4.

Fig. 5. Morphology of isolate I-4 on ISP-2 agar medium. Image A shows substrate mycelium, and
Image B shows aerial mycelium.

Table 3 illustrates the alignment of the 16S rRNA gene sequence from Isolate 1-4 with
existing data in the NCBI database. The top ten results from this BLAST sequence alignment
indicate that isolate 1-4 is closely related to the species Streptomyces sp. VEL17.

Table 3. Molecular Identification of Isolate I-4 Based on 16S rRNA Gene BLASTn Analysis.

Accession uer Percentage Max
Query g E-value

Description . .
p number cover % | identity % score
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Streptomyces sp. VEL17 gene
for 16S ribosomal RNA, partial | AB914463.2 99 99.72 0.0 2614
sequence

Streptomyces sp. MAH25 gene
for 16S ribosomal RNA, partial | AB899157.1 99 99.44 0.0 2595
sequence

Streptomyces indiaensis strain
IF 5 16S ribosomal RNA gene, FJ951435.1 99 99.37 0.0 2586
partial sequence

Streptomyces sp. VEL27 gene
for 16S ribosomal RNA, partial | AB909959.1 99 99.65 0.0 2584
sequence

Streptomyces sp. VITTKGB
16S ribosomal gene, partial | GU358071.1 99 99.30 0.0 2580
sequence

Streptomyces exfoliatus strain
MMA1033 16S ribosomal RNA | KY580807.1 99 98.74 0.0 2531
gene, partial sequence
Streptomyces sp. UrEPI1S 16S
ribosomal RNA gene, partial | MH553633.1 99 98.47 0.0 2516
sequence

Streptomyces sp. TIR12 16S
ribosomal RNA, partial | AB899158.1 99 98.13 0.0 2505
sequence

Streptomyces sp. HmuEPI22
gene for 16S ribosomal RNA | MH553624.1 99 97.78 0.0 2473
gene, partial sequence
Streptomyces exfoliatus strain
A156716S ribosomal RNA | MHS547398.1 99 99.21 0.0 2460
gene, partial sequence

4 Discussion

The initial phase of this study successfully yielded ten bacterial isolates from various
selective agar media. These isolates displayed a wide array of colony morphologies, which
were meticulously documented on agar plates. Crucially, all isolates were confirmed as
Gram-positive bacteria through detailed staining. This combination of diverse morphology
and Gram-positive nature, particularly when coupled with the observation of spore-like
structures under the microscope, strongly suggested the presence of a rich and varied
actinobacterial population within these marine sediments. Actinobacteria are globally
renowned for their remarkable capacity to produce a vast array of diverse secondary
metabolites, including many compounds with significant pharmaceutical applications [7].
This inherent biosynthetic prowess positions marine sediments as an invaluable frontier in
the ongoing global search for novel bioactive compounds.

The primary aim of this research was to screen candidate actinobacteria isolates obtained
from marine sediments of Sanur's Matahari Terbit Beach for antibacterial activity. Among
the ten isolates, isolate A-1 did not produce any zone of inhibition, indicating a complete
absence of antibacterial activity against the tested bacteria. The varying antibacterial
activities, as observed through different inhibition zones, are likely dependent on the
secondary metabolites produced by each bacterial isolate. Generally, production of secondary
metabolite is highly influenced by culture conditions and the environment [8]. Therefore, it
is likely that the nutrient composition of the LB agar medium used for the antibacterial
activity test was not optimal for the actinobacteria isolate's growth. This suboptimal
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environment might have prevented the bacterial isolate from synthesizing its secondary
metabolites. Furthermore, the composition of antibacterial compounds produced by
Actinobacteria varies depending on their specific type [8]. In this study, we could not
determine the exact factor that caused isolate A-1 to show no antibacterial activity against
any of the four tested bacteria. It is possible that isolate A-1 does not produce antibacterial
compounds at all, but instead synthesizes other types of secondary metabolites, such as
antifungal, antioxidant, or other beneficial compounds.

All nine presumed actinobacterial isolates were more effective at inhibiting the growth of
Gram-positive bacteria (S. aureus ATCC 25923 and S. mutans FNCC 0405) compared to
Gram-negative bacteria (E. coli ATCC 25922 and K. pneumoniae ATCC 700603). This
finding aligns with previous research, which also demonstrated that actinobacteria isolated
from marine ecosystems exhibit better antibacterial activity against Gram-positive bacteria
[9]. Generally, Gram-negative bacteria possess a more robust defence system against
antibacterial compounds than Gram-positive bacteria[10]. This difference is attributed to the
distinct components of their cell walls. In addition to peptidoglycan, Gram-negative bacteria
have an outer membrane composed of lipopolysaccharides that covers 90% of the cell
surface. This outer membrane acts as an additional protective system, making it difficult for
lipophilic substances to penetrate [9].

A substantial number of these strains exhibited potent antibacterial activity, specifically
against common human pathogens like S. aureus and S. mutans. This broad-spectrum activity
is a pivotal finding, as it directly indicates the capability of compounds derived from these
marine bacteria to combat a wide range of bacterial infections, addressing an urgent need in
public health. Among these promising candidates, isolate I-4 stood out significantly. It
demonstrated exceptionally robust inhibitory effects against multiple test bacteria, effectively
targeting both Gram-positive pathogens like S. aureus and medically important Gram-
negative pathogens such as E. coli and K. pneumoniae. This broad-spectrum efficacy is a key
indicator of isolate [-4's high promise as a subject for further investigation into its therapeutic
applications. Furthermore, its specific morphological traits, including coccus-shaped cells
with distinct hyphae and unique colony pigmentation, provided additional compelling
evidence supporting its initial classification as an actinobacterium.

Marine Streptomyces have garnered significant attention in the field of antimicrobial
compound discovery due to their prolific capacity to synthesize a diverse range of bioactive
secondary metabolites [6]. Recent studies indicate that Streptomyces strains derived from
marine environments produce unique chemical structures effective against various
pathogens, including those resistant to conventional treatments [4, 11]. The genetic
backgrounds of marine Streptomyces also support their antibiotic-producing capabilities. For
instance, a comparative genomics analysis revealed that many marine strains possess unique
bioactive gene clusters adapted to the marine environment [12, 13]. Previous research also
identified a marine Streptomyces strain that capable of producing angucyclinone antibiotics,
indicating that marine-derived Streptomyces can contribute significantly to the discovery of
new classes of antibiotics [14, 15]. These findings collectively underscore the immense
untapped potential of marine actinobacteria from this specific environment as a vital source
for discovering novel antibacterial compounds, which is crucial in the ongoing global effort
to combat antimicrobial resistance.

Conclusion

Overall, this research has successfully isolated ten Gram-positive bacterial strains exhibiting
actinobacteria-like morphology from marine sediments of Sanur's Matahari Terbit Beach, in
Bali, Indonesia. Among these, Isolate -4 demonstrated the most potent antibacterial activity,
yielding significant inhibition zones against bacterial test. Molecular identification further
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revealed that isolate I-4 shares a 99.72% sequence similarity with Streptomyces sp. VEL17,
highlighting its potential as a source of novel antibacterial compounds.

Moving forward, the primary focus should be on the comprehensive characterization of

the antibacterial compounds produced by the isolate I-4. Future research directions include:
isolation and purification of the active compounds, followed by their structural elucidation
using advanced analytical techniques. Investigating the mechanism of action of these
compounds against target pathogens will also be critical. Furthermore, optimizing
fermentation conditions to enhance the yield of bioactive metabolites and exploring the
potential for other therapeutic properties, such as antiviral, antifungal, or anticancer activities,
would be valuable next steps. Finally, genome sequencing of the isolate I-4 could provide
deeper insights into its biosynthetic gene clusters, paving the way for targeted genetic
manipulation to potentially enhance compound production or discover new derivatives.
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