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Abstract. Siallagan ZL, Kristianti T, Dwivany FM, Nugrahapraja H, Fretes CED, Fadli M, Trinugroho JP, Radjasa OK, Susanto RD. 
2023. Vertical profile of culturable bacteria from the Makassar Strait, Indonesia. Biodiversitas 24: 1356-1365. Indonesia's extensive 
maritime background is a rich biological and chemical diversity source. This diversity has become as source of unique chemical 
compounds with the potential for industrial development as enzymes, molecular probes, chemicals, pharmaceuticals, cosmetics, 
nutritional supplements, and agrochemicals. The present study aimed to analyze the community composition of culturable bacteria from 
three different layers of depth from Makassar Strait using high throughput DNA Illumina sequencing of 16S rRNA. Bioinformatic 
analysis has rendered 140336 high-quality sequences with an average of 124127 sequences per sample and a mean read length of 428 
bp. Results showed that Firmicutes and Proteobacteria were the two most abundant phyla. Taxonomic analysis showed that Firmicutes 
dominated all samples. Genus Streptomycetes and Psychrobacter occurred mainly in the culture from the surface layer. Species richness 

and diversity for the bacterial communities at 100 m were higher than those at 5 m and 200 m. PCA plot, NMDS plot, and UPGMA 
clustering demonstrated that the culturable bacterial community compositions of 100 and 200 ms were highly similar and distinct from 
those in 5 m. This research discovered microbes with potential as sources of marine natural products, including Streptomyces, 
Paenibacillus, Bacillus, Psychrobacter, Arthrobacter, Bradyrhizobium, Gemmatimonas, and Acidobacteria. 

Keywords: 16S rRNA gene, biodiversity, culturable bacteria, Firmicutes, Proteobacteria  

INTRODUCTION 

Microorganisms in seawater are diverse and abundant 

and play an essential role in ecosystems, including the 

marine environment. Marine microorganisms can 

remineralize particles in the water column and provide 

nutrients for microorganisms and seafloor organisms 

(Seymour 2014). Microorganisms such as marine bacteria 

have diverse metabolisms and participate in important 
biogeochemical metabolism and recycling of nutrients, 

including carbon, nitrogen, sulfur, phosphorus, iron, and 

other elements (Kapellos et al. 2022). Furthermore, by 

mediating chemical transformations, marine bacteria 

influence the nutrient composition and energy flow in the 

water and sediment (Ren et al. 2019). 

The diversity of marine bacteria is undoubtedly related 

to the physical and chemical conditions of the environment. 

Wang et al. 2016 reported that the driving factors that 

shape the composition and pattern of the vertical 

distribution of bacteria in the eastern Indian Ocean are 
closely related to physical, chemical, and biological 

properties. Previous research has shown that proteobacteria 

were predominant in the Atlantic Ocean (Schauer et al. 

2010), Arctic Ocean (Han et al. 2015), and Pacific Ocean 

(Suh et al. 2014), especially during the summer season. In 

contrast, Bacteroidetes become more abundant than 

Proteobacteria in the Pacific Ocean during winter (Suh et 

al. 2014). Bacteria can grow in various environments 

associated with marine organisms, such as algae, sponges, 

seagrass, and soft corals. The advantage for these 

organisms is that bacteria contribute to hosting defense by 

producing secondary metabolites in bioactive compounds. 
The identification of the metabolic potential of microbial 

communities from marine habitats has been chiefly 

investigated using various approaches. That includes 

metagenomic (Kennedy et al. 2008; Kodzius and Gojobori 

2015) and enhancing the cultivability of microorganisms. 

That is to study many things about the bioprospecting of 

marine microorganisms (Dionisi et al. 2012). 

The diversity of bacteria from the South Atlantic Ocean 

was studied by phylogenetic analysis of the 16S rRNA 

sequences finding eight classes, namely g-Proteobacteria, 

α-Proteobacteria, Actinobacteria, Actinomycetales, Bacilli, 
Flavobacteria, Opitutae and Sphingobacteria (Kai et al. 

2017). Metagenomics through sequence-based and 

function-based screening has led to the discovery and 

synthesis of many biologically significant compounds. For 

example, such as polyketide synthase, non-ribosomal 
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peptide synthetase, antibiotics, and biocatalysts (Mahapatra 

et al. 2019). Until now, a bacterial culture has been the 

main source in the search for raw materials for drugs, 

including antibiotics. Several groups of bacteria from 

marine ecosystems have been known as a source of 

antibiotic compounds, including the Firmicutes phylum 

(genera: Bacillus, Virgibacillus, Brevibacillus, Aneurinibacillus, 

Staphylococcus, Paenibacillus), Proteobacteria (genera: 

Microbulbifer, Salinivibrio, Pseudoalteromonas, Pseudomonas, 

Stenotrophomeroides and Pontibacter) (Al-Amoudi et al. 2016).  
Makassar strait is the main pathway of the Indonesian 

throughflow (ITF) from the Pacific to the Indian Ocean 

(Susanto et al. 2012; Gordon and Fine 1996). The presence 

of ITF affects the diversity of marine organisms in this 

strait. In addition, seasonal run-off from rivers, such as the 

Mahakam River in Kalimantan, into the Makassar strait can 

affect surface water salinity and nutrient levels in this strait 

(Rachman et al. 2021). These conditions can affect the 

community dynamics of marine organisms in the Makassar 

strait water column, including marine microorganisms. The 

aim of this paper was to investigate the diversity structure 
of cultivable marine bacteria in three different layers of 

depth from Makassar strait using high throughput DNA 

sequencing of the 16S rRNA gene. This research can 

provide new information about the diversity of bacteria and 

their vertical distribution in the Makassar Strait. 

MATERIALS AND METHODS 

Study area 

The research was carried out in the Makassar strait 

during the TRIUMPH expedition, using the research vessel 

Baruna Jaya VIII in December 2019 (North East Monsoon 

/ NEM). Seawater samples were collected from Station 
Balikpapan, with the coordinate of 10 44.439' South and 

1170 24.991' East (Figure 1). In addition, samples collected 

from three layers of depth (5 m, 100 m, and 200 m) and 

physical vertical profiles of seawater for oceanography 

analysis were also recorded from surface to 500 m. Station 

Balikpapan is located on the western side of Makassar 

Strait, on the edge of the North Makassar Basin, and on the 

northwestern side of Labani Channel, which has a 

maximum depth of 504 m.  

Procedures  

Sample collection and CTD measurement 

Seawater samples were collected using a Carousel 
Water Sampler type SBE 32 equipped with a CTD 

(Conductivity Temperature Depth) type SBE 911+ to 

measure the physical vertical profile of seawater (pressure, 

temperature, salinity, fluorescence, and dissolved oxygen 

(DO) concentration). CTD casts were conducted from the 

surface to 500 m depth. The recording interval was set to 

32 measurements/second, and the casting speed was kept at 

a maximum of 50 m/minute to minimize the noise during 

measurement. Onboard, 2-2.5 L of seawater from the water 

sample were filtered on 0.22 μm pore-size cellulose nitrate 

membrane filters. The filtrates were stored in sterile falcon 
tubes at -20°C.  

DNA extraction 

DNA extraction was carried out in the laboratory, 

starting with cutting the filter membrane into small pieces 

(1cm2), then put into a liquid Zobell medium and incubated 

in a shaker at 200 rpm for 3-4 days at 37°C. The total 

cultured bacteria were collected using a centrifuge at 

12,000 rpm for 2 minutes to obtain pellets. After that, total 

genomic DNAs were extracted from pellets, following the 

instruction of the Genomic Zymo BIOMICS DNA 

Miniprep Kit. DNA concentration and purity were monitored 
on 1% agarose gel. According to the concentration, DNA 

was diluted to 1 ng/μL using sterile water.  

 

 

Figure 1. Location of sampling site in the Makassar Strait, Indonesia 
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PCR amplification and sequencing 

In the process from DNA samples to final data, each 

step, such as sample test, PCR, Purification, library 

preparation, and sequencing, affected the quality and 

quantity of data. DNAs were amplified more than three 

times with universal bacterial primers 16S-341F (5’-

CCTAYGGGRBGCASCAG-3') and 16S-806R (5’-

GGACTACNNGGGTACTAAT-3') flanking the V3 and 

V4 regions of the 16S gene. The PCR reaction was carried 

out with Phusion® High-Fidelity PCR Master Mix (New 
England Biolabs). PCR was performed using a Peltier 

Thermal Cycler (Bio-Rad) with the following conditions: 

initial denaturation at 95°C for 2 mins; 35 cycles of 

denaturation at 95°C for 30 sec, annealing at 55°C for 30 

sec, extension at 72°C for 40 sec; final extension at 72°C 

for 7 mins. PCR products were then mixed with 1x loading 

buffer and subsequently subjected to gel electrophoresis on 

2% agarose. Samples with bright main strips between 

400bp-450bp were selected for further experiments. PCR 

products were mixed at equal density ratios. The composite 

PCR products were purified with Qiagen Gel Extraction 
Kit (Qiagen, Germany). The libraries generated with 

NEBNext® UltraTM DNA Library Prep Kit for Illumina 

and quantified via Qubit and qPCR were analyzed by the 

Illumina platform.  

Data analysis 

Paired-end reads (Raw PE) were merged using FLASH 

(V1.2.7) (Magoč and Salzberg 2011). Quality filtering on 

the raw tags was performed according to the Qiime 

(V1.7.0) quality-controlled process (Bokulich et al. 2013; 

Caporaso et al. 2010). The tags were compared with the 

reference database (SILVA database) using the UCHIME 
algorithm. First, the chimera sequences were removed then 

the Effective Tags were obtained (Haas et al. 2011). Then, 

Uparse v7.0.1090 software was used to analyze the 

effective tags of the sequences (Edgar 2013). Sequences 

with 97% similarity were grouped in the same OTUs. 

Representative sequences of each OTUs are further 

annotated. For each representative sequence, Qiime 

Version 1.7.0 (Altschul et al. 1990) in the Mothur method 

was performed against the SSUrRNA database of SILVA 

Database(Q. Wang et al. 2007) for species annotation at 

each taxonomic rank (Threshold:0.8~1) (Quast et al. 2013). 

Alpha diversity was calculated with QIIME (Version 1.7.0) 
and displayed with R software (Version 2.15.3). Beta 

diversity on both weighted and unweighted unifrac was 

calculated by QIIME software (Version 1.7.0). Data from 

CTD measurement will followed quality control (QC) 

methods adopted and modified from (Valcheva and 

Palazov 2010; Sea-Bird Scientific 2017) by using SBE 

Data Processing software provided by Sea Bird Electronic 

and depicted and analysis by using Ocean Data View 

Software.  

RESULTS AND DISCUSSION 

Sequencing statistics and diversity estimation 

Amplicon (16S rRNA) sequencing at three different 

depths obtained a total sequencing of 413,900 (Raw PE), 

with an average value of 137,967 (Table 1). Meanwhile, 

raw, clean, and effective tags had mean values of 124,127, 

118,355, and 106,071, respectively. The average length (nt) 

obtained at the three depths was the same as 428. The total 

number of OTUs (OTU = Operational Taxonomic Unit) 

was 2265 with an average value of 755, while the total 
number of OTUs was 11130 and unique OTUs 3710. The 

number of OTUs, abundance, and diversity at 100 m depths 

was relatively higher than the two other depths. In addition, 

coverage for all samples at three depths was not differed 

(99%). The vertical profile showed that the value of 

richness (Chao1) and diversity (Shannon Index H 'and 

Simpson) at 100 m was higher than the depths of 5 m and 

200 m. 

The OTUs number of samples showed that samples 

from 100 m had a higher tag unique than 5 m and 200 m 

(Figure 2). The 5 m level had the highest total and taxon 
tags compared to 100 m and 200 m. However, 5 m had the 

lowest unique tags. Based on the average relative 

abundance analysis at the phylum level, most sequences in 

the three groups samples were related to 10 phyla: 

Firmicutes, Proteobacteria, Acidobacteria, Actinobacteria, 

Chloroflexi, Gemmatimonadetes, Verrucomicrobia, 

Rokubacteria, Nitrospirae, and Bacteriodetes. The top three 

phyla in all samples were Firmicutes, Proteobacteria, and 

Acidobacteria. The Firmicutes phyla was the most abundant 

in all depths. The heatmap was drawn to check whether the 

samples with similar processing were clustered. Heatmaps 
can visualize the microbial composition of samples 

belonging to different water samples. According to the 

Taxonomic abundance cluster heatmap (Figure 3A), there 

were 35 genera of all samples. Streptomycetes and 

Psychrobacterium were the most abundant genera found at 

5 m; meanwhile, Paenibacillus, Bacillus, Candidatus 

Solibacter, Alphaproteobacteria, Acidobacter, and 

Haliangium were least abundant in the same depth. On the 

other hand, Gammaproteobacteria, Sphingomonas, Dongia, 

Steroidobacter, Pedomicrobium, Athrobacter, 

Mizugakiibacter, Reyranella, and Bryobacter were most 

abundant in water samples of 100 m. Acidobacteriia, 
Paenibacillus, Candidatus Udaeobacter, Anaerimyxobacter 

and Chloroflexi were most abundant in 200 m.  

The rarefaction curve and the rank abundance curve are 

shown in Figures 5A and 5B. When the rarefaction curve 

approaches a plateau, it indicates that the number of OTUs 

was sufficient to reveal the original bacterial community in 

each sample. Meanwhile, the rank abundance curve 

intuitively reflects the species richness in the sample and 

the uniformity distribution. The higher the species richness, 

the greater the range of the curve on the horizontal axis. 
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Table 1. Diversity estimation for water samples collected from three different depths in Station Balikpapan. 
 

Dept (m) 
*Raw 

PE 

No. of 

sequences 

Average 

length 

(nt) 

OTUs 
Observed 

species 

Diversity Richness Coverage 

Total Unique 
Shannon 

index 
Simpson Chao1 

Chao 

(%) 

5 140,336 112400 428 676 2046 619 1.842 0.49 656.133 0.999 
100 134,790 103120 428 824 5748 824 3.494 0.813 1062.467 0.998 
200 138,774 102693 428 765 3336 720 2.083 0.538 774.101 0.999 

Note: *Raw PE means the original PE reads off the computer 

 
 

 

 

 

Figure 2. Tags and OTUs number of each sample from three different depths in Station Balikpapan, Makassar Strait, Indonesia 
 
 
 

  
A B 

Figure 3. A. Taxonomic abundance cluster heatmap; B. Taxa relative abundance in the phylum. X-axis represents "samples name," and 
Y-axis represents "relative abundance." 
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Figure 4. Taxonomy tree of all samples. Different colors represent different taxonomic ranks. The size of the circles represents the 
relative abundance of species  
 

 
 

Microbial community structure  

Relative abundance (Figure 3B) was the percent 

composition of an organism of a particular kind close to the 
total number of organisms in the area. According to the 

taxonomic annotation results, the top 10 taxa of each 

sample or group at each taxonomic rank were selected to 

form the distribution histogram of the relative abundance of 

taxa. That is to visualize taxa with a higher relative 

abundance and proportion in different classification levels 

of each sample. Furthermore, it was observed that a total of 

ten phyla were obtained from the samples tested. 

Firmicutes was the most dominant phylum at all depths, 

followed by Proteobacteria, Acidobacteria, Actinobacteria, 

Chloroflexi, Gemmatimonadetes, Verrucomicrobia, 

Rokubacteria, Nitrospirae, Bacteroidetes. The phylum 
Firmicutes at each depth had an increased relative 

abundance value in contrast with the phylum 

Proteobacteria, Acidobacteria, which had a decreasing 

value, while the other phyla had almost the same 

abundance. The visualization shown by the UPGMA 

Cluster Tree also shows the same results (Figure 7C). 

Bryobacter, Candidatus, Basillus, Psychrobacter, 

Streptomyces, and Acidobacteria were the dominant genera 

appearing on all samples' taxonomic trees (Figure 4).  
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Venn diagrams were plotted to show the similarities 

among different microbial communities at different depths 

in the same strait region regarding the overlapping of 

OTUs. From the Venn diagram (Figure 6A), all three water 

depths had the same 440 OTUs. 5 m and 200 m depths had 

the same 32 OTUs, 100 m and 200 m depths had the same 

141 OTUs, while 5 m and 100 m had the same 106 OTUs. 

41 unique OTUs at 5 m depth, 137 unique OTUs at 100 m 

depth, and 107 unique OTUs at 200 m depth, which means 

the number of specific OTUs found at 100 m was higher 
than the others. The profile of microbial community 

structure between 100 m and 200 m depth had a similarity 

of about 60%, and the same values were found between 5 

m and 100 m depths. The similarity of bacterial community 

structure at 5 m and 200 m was about 54%. Although the 

bacterial community structure at the three water depths was 

similar, the results of the beta diversity heatmap showed 

that the bacterial community at the three water depths still 

had differences, but the value was not significantly 

different (Figure 6B). 

The taxonomic abundance cluster heatmap result is 

presented in Figure 3(A). The graph shows that the most 

common genus was Proteobacteria (16 genera), followed 

by Acidobacteria (7 genera), Actinobacteria (5 genera), 

Firmicutes (2 genera), Chloroflexi (1 genus), 
Gemmatimonadetes (3 genera), Verrucomicrobia (1 genus). 

Although Firmicutes was the most dominant phylum in all 

depths, the number of appearing genus levels was relatively 

less. 

 

 

 

  
A B 

 
Figure 5. (A) Species rarefaction curve (B) Rank abundance curve 
 

 

 

 

 
A B 

 

Figure 6. A. Venn diagram (each circle represents one sample or group); B. Beta diversity heatmap (each grid represents pairwise 
dissimilarity coefficient between pairwise samples) 
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PCA plot scores were based on the relative abundance 

of OTUs (Figure 7A). The more similar the community 

composition was among samples, the closer the distance of 

their corresponding data points on the PCA graph. PCA 

results showed that the composition of bacterial 

communities at depths of 5 m, 100 m, and 200 m differed. 

It's a non-linear model designed to represent the non-linear 

biological data structure better, aiming to overcome the 

flaws in methods based on linear models. The result of the 

NMDS analysis was based on OTUs. Each data point in the 
graph represents a sample (Figure 7B). Therefore, the 

distance between data points reflects the extent of 

variation. Samples belonging to the same group are in the 

same color. When the stress factor value is less than 0.2, 

it's considered that NMDS is reliable to some extent. 

Physical oceanographic condition 

The water mass dynamics at Station Balikpapan were 

influenced by the ITF water mass, which underwent a 

slight change due to the bathymetric structure and the 

interaction with the water mass of the Mahakam River. 

This bathymetry configuration makes the mass flow of ITF 
water on the west side deflected to the southeast to pass 

through the Labani Channel. Physical oceanography 

conditions (temperature, salinity, fluorescence, and 

dissolved oxygen concentration) at a depth of 5 m, 100 m, 

and 200 m can be observed in Figures 8A and 8B). In 

contrast, the water mass type can be observed in Figure 8C. 

Based on temperature data (Figure 8A blue line), the 

vertical layer can be divided into three layers, i.e., mixed 

layer (down to 43 m), thermocline layer (43 - 250 m), and 

deep layer (250 - seabed). The thickness of the mixed layer 

(based on temperature) is also supported by the vertical 
profile of dissolved oxygen concentration (DO) (Figure 8B 

black line). The DO concentration in the mixed layer was 

about 6.2 mg/L and decreased with depth, except at 120 - 

220 m. Decreasing DO concentration in the upper of 120 m 

was caused by the consumption of plankton (Fluor-max, 

0.79 mg/m3 at 50.73 m, Figure 8B green line) and fishes 

during night time (CTD measured at night in this station). 

While the increase of DO concentration in the water 

column was caused by the intrusion of North Pacific upper 

water that brings oxygen from the Pacific Ocean. Based on 

the vertical salinity profile (Figure 8A red line), low 

salinity (33.42 PSU) was found at the upper layer, where 
salinity maximum (S-Max, 34.64 PSU) was found at 137 

m, and deep salinity minimum (S-Min, 34.45 PSU) was 

found at 293 m. 

Based on the temperature and salinity (TS) diagram 

(Figure 8C), the surface layer is filled with fresh (33.5-

33.75 PSU) and warm (29-30.5°C) water. North Pacific 

Upper Water (NPU or NP, salinity maximum at 137 m) and 

North Pacific Intermediate Water (NPIW, salinity 

minimum at 293 m) were identified in the deeper layer. 

The core of NPU water (34.64 PSU, 19.48°C, and 24.61 

kg/m3) at 137 ms, with a key characteristic of salinity 
maximum representing a layer of ITF core. Furthermore, 

the core of NPIW (34.53 PSU, 10.65°C, and 24.41 kg/m3) 

at 293 m, with a key characteristic of salinity minimum at 

the deeper layer.  

Sample 1 was collected at 5 m depth. Freshwater filled 

this layer with a temperature of 29.17°C, a salinity of 33.47 

PSU, chlorophyll-a concentration of 0.36 mg/m3, and 

dissolved oxygen concentration of 6.31 mg/L. Sample 2 

was collected in the middle of the thermocline layer (100 

m). NP or NPU water affected this layer, with a 

temperature of 23.60°C, a salinity of 34.45 PSU, 

chlorophyll-a concentration of 0.32 mg/m3, and dissolved 
oxygen concentration of 4.92 mg/L. Sample 3 was 

collected at the bottom of the thermocline layer (200 m). 

NP or NPU water also affected this layer, with a 

temperature of 13.84°C and a salinity of 34.51 PSU, 

respectively chlorophyll-a concentration of 0.45 mg/m3, 

and dissolved oxygen concentration of 4.36 mg/L. 

Discussion 

The abundance of bacterial groups in the environment 

cannot be separated from the influence of the environment 

that supports it. Seawater bacteria can live as free-living or 

by association with certain particles. Bacterial life is 
influenced by current and wave, sunlight, nutrient 

conditions or the fertility of the waters, dissolved oxygen 

levels, temperature, pH, and salinity. The pressure factor 

underwater also affects the deeper water as the pressure 

increases. Results of the present study revealed that 

Firmicute was one of the most dominant phyla found at the 

three layers' depth. Firmicutes are gram-positive bacteria 

found at great depths in the water column and marine 

sediments (da Silva et al. 2013; Ludwig et al. 2009). 

Bacillus was the dominant genus from the Firmicutes group 

that appeared at all depths. The marine Bacillus strain 
group has been studied taxonomically and can produce 

biologically active compounds. That include; lipopeptides, 

polypeptides, macrolactones, fatty acids, polyketides, and 

isocoumarins (da Silva et al. 2013). Firmicutes were found 

to be more abundant at three different depths. That 

indicates it had a wider range of adaptations in the surface 

layer of water to the thermocline layer. One plausible 

reason is that members of the Firmicutes group are known 

to produce spores to survive in low-temperature and 

oligotrophic areas (Moreno-Letelier et al. 2011).  

Proteobacteria are the second most abundant phylum 

after Firmicutes. In contrast to Firmicutes, Proteobacteria 
were found to be low at three different depths. This is a 

cosmopolitan group with enormous diversity in the 

environment. Proteobacteria is abundant in seabed 

sediments (Cui et al. 2019; Yu et al. 2018) and ocean 

surface layers (Wang et al. 2016; Yin et al. 2013). Based on 

the result, Psychrobacter was the dominant genus in the 

surface layer, while Gammaproteobacteria, Sphingomonas, 

Dongia, Steriodobacter, Pedomicrobium, Acidobacter, 

Mizugakiibacter, Reyranella were present in the middle 

layer, and Anaeromyxobacter was present in the deepest 

layer. Psychrobacter is a genus of bacteria from the 
psychrotrophic group, which can live at a temperature of 

4°C to 20°C, and has also been found in the Makassar strait 

region (Radjasa et al. 2007). 
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Figure 7. A. PCA based on Weighted Unifrac distance, B. NMDS plot, C. UPGMA cluster tree 
 

 
  

  
 

A B C 

 
Figure 8. Vertical profile of seawater at Station Balikpapan from 0-500 ms depth. A. Temperature (°C) and Salinity (PSU), B. 
Fluorescence mg/m3 and Dissolved oxygen (mg/L), C. TS (Temperature and Salinity) diagram combined with Dissolved Oxygen 
concentration (colorbar) 
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The three depths of water sampling had similar 

characteristics in terms of penetration of light intensity. 

The biodiversity of microorganisms at this depth was still 

relatively high, supported by environmental conditions 

suitable for microorganisms. The biodiversity of bacteria 

was very dynamic because changes influence the 

characteristics of the physics and chemistry of seawater, 

such as upwelling and downwelling events in the water 

column. The unique area among these three depths was 100 

m because the highest bacterial diversity was found in this 
zone. This zone has unique characteristics because it has a 

mixing area of the upper and lower layers and forms a 

transitional area. There were significant temperature, 

salinity, turbidity, and dissolved oxygen changes. On the 

other hand, a remarkable bacterial biodiversity similarity 

was observed between 5 m and 200 m. 

The extreme variations of the marine environment, 

including pressure, salinity, temperature, and nutrients, 

allow marine microorganisms to develop unique 

biochemical and physiological competencies for survival. 

This potentially offers an abundance of secondary 
metabolites that may differ from the metabolites produced 

by terrestrial microorganisms. In general, microorganisms 

are used to make drugs today. Bacteria have important 

value and benefits for human life because of their ability to 

produce secondary metabolites that are used as raw 

materials to make drugs in pharmaceuticals, antibiotics, 

probiotics, and even producing enzymes. Based on the 

results, several genera of bacteria may be a good prospect 

for development in biotechnology, namely Streptomyces, 

Paenibacillus, Bacillus, Psychrobacter, Arthrobacter, 

Bradyrhizobium, Gemmatimonas, and Acidobacteria. 
Streptomyces is a genus of bacteria well known as a 

producer of antibiotic compounds (Manjusha et al. 2013; 

Tenebro et al. 2021), while Paenibacillus is known to have 

antifungal abilities (Santiago et al. 2016). Bacillus is 

known to be able to produce antifouling compounds 

(Ortega-Morales et al. 2008). Psychrobacter is known to 

have enzymatic activity in the form of lipases (Petrovskaya 

et al. 2021) and esterase (Amato and Christner 2009). 

Arthrobacter is known to have potential as a 

bioremediation agent (Bjerketorp et al. 2018). 

Bradyrhizobium is a biofertilizer because it can fix nitrogen 

(Purwani et al. 2021). Gemmatimonas is known to produce 
secondary metabolites, namely carotenoids (Takaichi et al. 

2010), and Acidobacteria are known as one of the genera 

of bacteria that produce exopolysaccharide (EPS) 

compounds (Costa et al. 2020). 

As a general summary, the vertical structural profile of 

the bacterial community at the three depths differed, but the 

dominant phylum that appeared at the three depths did not 

significantly differ. Firmicutes were the largest group at 

each depth, followed by Proteobacteria, Acidobacteria, 

Actinobacteria, Chloroflexi, Gemmatimonadetes, 

Verrucomicrobia, Rokubacteria, Nitrospirae, and 
Bacteroidetes. The profile of the bacterial community 

structure at a depth of 5 m differs from 100 m and 200 m 

depth; different environmental conditions may influence 

this at each depth. Based on the metagenomic data obtained 

from the present study, several genera of bacteria could be 

explored as sources of marine natural products, including 

Streptomyces, Paenibacillus, Bacillus, Psychrobacter, 

Arthrobacter, Bradyrhizobium, Gemmatimonas, Acidobacteria. 

It is necessary to conduct further studies on the 

bioprospection of secondary metabolites that each bacteria 

can produce. 
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