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ABSTRACT: Skin diseases are common in tropical countries due to microbial pathogens. The use 
of antibiotics is one of the efforts to treat skin diseases. However, the misuse and overuse of 
antibiotics can stimulate the emergence of multi-drug resistance (MDR) pathogens. This study 
focused on obtaining gorgonian-associated bacteria with antimicrobial activity against Cutibacterium 
acnes, Staphylococcus epidermidis, Malassezia furfur, and Candida albicans. This research 
procedure includes sampling, isolation, and purification of bacteria, antimicrobial test with agar plug 
method, morphological characterization, and molecular identification. The study results showed that 
one isolate of gorgonian-associated bacteria Alcyonium sp. from Seruni Island, Karimunjawa has 
antimicrobial activity against Cutibacterium acnes, Staphylococcus epidermidis, and Candida 
albicans. The results of molecular identification showed that isolate SE.4.2 had a similarity of 98.96% 
with Pseudoalteromonas shioyasakiensis. 
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INTRODUCTION 
 

The human skin is the first body part that contacts the environment. The skin has an important 
role as the protector of the underlying body tissues. Human skin is the part of the body that covers 
the entire body and is the first tissue in contact with the environment, including with pathogenic 
microbes, making it susceptible to skin diseases. Skin diseases are common in tropical countries 
such as Indonesia and can be caused by microbial pathogens, temperature, lack of awareness, and 
bad sanitation. Skin diseases tend not to be fatal, so their presence is often ignored, but if left 
untreated, they will spread and be difficult to treat (Pardiansyah, 2015; Sahala et al., 2016; Sundari 
et al., 2018).  

Skin microflora is microorganisms living on the skin of multicellular organisms such as humans 
with commensal symbiosis. However, if the balance between the skin and microflora is disturbed, the 
microflora can cause skin diseases (Byrd et al., 2018; Resende and Carvalho, 2019). One skin 
disease often found is acne caused by infection with Cutibacterium acnes and Staphylococcus 
epidermidis. Acne is the eighth most common skin disease globally and affects about 10% of the 
world's population. Both C. acnes and S. epidermidis are microflora found in skin and mucus tissue 
(McLaughlin et al., 2019; Nakase et al., 2014). Other skin diseases can be caused by yeast infections, 
such as Malassezia furfur and Candida albicans. Yeast infection by Malassezia furfur is the general 
cause of dandruff, while Candida albicans cause a red rash (Kashem and Kaplan, 2016; Vest and 
Krauland, 2021). The use of antibiotics is one of the efforts to treat skin diseases. However, the 
problem is the emergence of pathogenic bacteria and fungi resistant to antibiotics, resulting in the 
emergence of multi-drug resistance (MDR) pathogens (Lim et al., 2018; Magiorakos et al., 2012). 
Therefore, an alternative antimicrobial that can overcome the multidrug resistance (MDR) pathogen 
is needed.  

A total of 5.9% of marine natural compounds found in Indonesia have antibacterial activity. 
15.8% of marine natural products that produce bioactive compounds are from phylum Cnidaria. Coral 
is a marine biota known for its potential for antimicrobial activities (Hanif et al., 2019). Octocorals such 
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as sea pens, soft corals, and gorgonians live in symbiosis with other organisms such as 
Symbiodiniaceae, coralloid, fungi, Archaea, and bacteria. Corals defend themselves by excreting 
metabolites, and bacteria play a significant role in coral survival (McCauley et al., 2020). This 
metabolite may contain an antimicrobial compound. However, determining the antimicrobial activity 
of gorgonian coral compounds will require large numbers of coral, so it can damage the coral reef 
ecosystem. The steps can be done to examine the activity of bacteria associated with gorgonian 
corals. Gorgonian Alcyonium is known to have potential metabolites that have active compounds 
(Abdel-Lateff et al., 2019). Therefore, this study focused on obtaining antimicrobial compounds from 
gorgonian-associated bacteria in Karimunjawa waters. 
 
MATERIAL AND METHODS 
 

Gorgonian was sampled from Seruni Island waters by diving between 10-25 m depth (Figure 1). 
Oceanographic parameters include temperature, salinity, visibility, current, pH, and dissolved 
oxygen. The sample was documented and put inside a ziplock bag before storing it inside a cool box 
(Kristiana et al., 2017; Wijaya et al., 2021). Gorgonian was then identified according to Fabricius and 
Alderslade (2001). Isolation was carried out using the serial dilution method (10-1, 10-2) and 
inoculated on Zobell Agar (ZA) and Humic Acid Agar (HAA). The sample was then incubated at room 
temperature. Single colonies with different morphology were purified on Zobell Agar (ZA) and 
Actinomycetes Isolation Agar (AIA) using the streak method (Ayuningrum et al., 2020; Kristiana et 
al., 2020). Screening of antimicrobial activities was carried out using the agar plug method. Each 
was grown on Zobell Agar (ZA) and Actinomycetes Isolation Agar (AIA) using the full streak method 
and incubated for 3-7 days to reach maximum growth. Pathogenic microbes were cultured 24 hours 
before screening on Mueller Hinton Agar (MHA) for Cutibacterium acnes and Staphylococcus 
epidermidis, while Candida albicans and Malassezia furfur were cultured on Potato Dextrose Agar (PDA).  

Antimicrobial activity was measured by observing a clear zone around the isolate (Balouiri et 
al., 2016; Sibero et al., 2019). Identification of bacterial morphology was carried out by macroscopic 
observation. Morphological characterization was carried out by observing the shape, margin, 
elevation, size, and color of bacterial colonies growing on agar media (Sousa et al., 2015). Molecular 
identification was carried out following Zymo Quick DNA Miniprep Kit for DNA extraction. Bacterial 
identification was carried out using a 16S rRNA gene sequence. Amplification was performed using 
27F and 1492R primers (Ayuningrum et al., 2017). This primer is used because the 16S region is 
found in prokaryotes and has a long evolutionary process (Srinivasan et al., 2015). The sequence 
was then identified based on NCBI BLAST. The isolate sequence and several sequences with close 
similarity were then analyzed for the phylogeny tree using MEGA X. Neighbor-joining method was 
used for phylogeny tree construction with bootstrap addition (Ayuningrum et al., 2019). 
 
RESULTS AND DISCUSSION 
 

Gorgonian samples were obtained from Seruni Island, Karimunjawa, Java Sea. Environmental 
parameter such as pH, temperature, salinity, dissolved oxygen, current, and visibility was measured 
and shown in Table 1. The results show that the parameters are suitable for living coral optimally. 
The results of temperature measurements show the number 29.53°C, where the optimal temperature 
for corals to grow is a temperature of 23-30°C, h; however, corals can grow at the lowest temperature  
 
Table 1. Environmental Parameters 
 

Sampling 
Locations 

Samples 
Code 

Environmental Parameters 

pH 
Temperature 

(°C) 
Salinity 

(‰) 
DO 

(mg/L) 
Current 
(m/s) 

Visibility  
(m) 

Seruni 
Island 

SE.4 8,24 29,53 34,25 7,93 0,1 >4 
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Figure 1. Sampling Location Site 
 

 
 

Figure 2. Alcyonium sp. from Seruni Island 
 
 

of 18°C and the highest temperature of 35°C. The measured salinity shows the25‰, where the ideal 
salinity for optimal living corals is at 30-35‰ (Dahuri, 2003). Gorgonian sampling results were 
identified based on their morphology. The gorgonian sample used was purplish-brown in h a thick 
branched cylindrical shape with a height of ±5.8 cm (Figure 2). Gorgonian species Alcyonium sp. 
was found in the intertidal zone under hard corals. Each polyp has eight tiny tentacles called 
pinnates, which contain stinging cells. Alcyonium sp. has thick branches resembling fingers (digitate) 
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(Van Ofwegen et al., 2007). Based on Fabricius and Alderslade (2001),  the sample was presumed 
to be a gorgonian with the genus Alcyonium sp. This Gorgonian belongs to the phylum Cnidaria, 
Octocorallia, Alcyonacea and is widely distributed throughout the world's waters, and is an important 
component of coral reef ecosystems, especially in the Indo-Pacific region. There are 35 genera of 
these soft corals distributed in 15% of the area. Isolation of gorgonian-associated bacteria was 
carried out on two types of media, Zobell Agar (ZA) and Actinomycetes Isolation Agar (AIA) with the 
aim to obtain more diverse species of gorgonian-associated bacteria in each media. The number of 
isolates obtained on each ZA and AIA media was four colonies, with a total of eight colonies. It is 
suspected that the nutrients possessed by the two media are not optimal for growing association 
bacteria from gorgonians. Another type of media that can be used at the bacterial isolation stage is 
Humic Vitamin Agar (HVA), which is one of the enrichment media commonly used to isolate 
actinomycetes bacteria (Krishanti et al., 2018). In addition, the addition of CaCO3 to the media can 
be used to increase the growth of actinomycetes (Al-Ansari et al., 2020). Research conducted by 
Matsuyama et al. (2013) used a medium with 1-3% NaCl, a temperature of 28-30°C, and a pH of 
6.5-8.0 to optimize the growth of bacteria isolated from marine sediments.The method used to test 
the antibacterial activity in this study is the agar plug method. This method is intended to obtain 
bacterial isolates that have antimicrobial compounds which are characterized by the presence of an 
inhibitory zone or clear zone around the agar plug (Balouri et al., 2016; Sibero et al., 2019). SE.4.2 
was incubated for 3x24 hours with the aim that the isolate had achieved stationary growth. During 
its growth in the incubation phase, bacterial isolates were thought to produce secondary metabolites 
that diffused in the agar. Agar containing these secondary metabolites will then diffuse into the test 
medium, inhibiting the growth of pathogens and producing a clear zone. The antimicrobial assay was 
conducted against Cutibacterium acnes, Staphylococcus epidermidis, Candida albicans, and Malassezia 
furfur. The result of the antimicrobial assay using the agar plug method can be seen in Table 2. 

The isolate SE.4.2 was found to be active against the test pathogenic bacteria which were 
gram-positive bacteria. This is presumably due to the presence of lipopolysaccharide which 
predominates in compiling the cell wall structure of gram-negative bacteria in isolate SE.4.2. These 
lipopolysaccharides are hydrophobic, making their cell walls impermeable to lipophilic solutes. 
Meanwhile, gram-positive bacteria do not have lipopolysaccharides, making their cell walls 
susceptible to metabolites (Singh et al., 2016). The antimicrobial test did not get the results of 
antimicrobial activity against the pathogen Malassezia furfur. Generally, M. furfur can be treated 
using ketoconazole, which is an antifungal medication. However, recent studies have shown the 
emergence of M.  furfur strains that have resistance to these antifungals (Park et al., 2020). This 
resistance is thought to be the cause of the isolates of gorgonian association bacteria Alcyonium sp. 
in this study did not have antimicrobial activity against M. furfur. Other isolates that showed no activity 
is suspected to have no microbial activity against skin pathogens, but the secondary metabolites 
produced can fight other disease pathogens. 

 
Table 2. Antimicrobial Activity of Gorgonian Associated Bacteria 
 

Sampling 
Locations 

Total 
Isolate 

Active 
Isolate 

Medium Code 
Isolate 

C. 
acnes 

S. 
epidermidis 

C. 
albicans 

M. 
furfur 

Seruni 
Island 

8 1(12,5%) Zobell 
SE.4.1 - - - - 

    SE.4.2 - - - - 
    SE.4.3 - - - - 
    SE.4.4 - - - - 
   AIA SE.4.1 - - - - 
    SE.4.2 + + + - 
    SE.4.3 - - - - 
    SE.4.4 - - - - 

Description: (+) : presence of clear zone; (-) : absence of clear zone 
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The morphology of the SE.4.2 isolate was known by macroscopic observation. Morphological 
characterization was carried out by observing the shape, margin, elevation, size, and color of 
bacterial colonies growing on agar media. Morphological observations were made on agar media 
because the shape of bacterial colonies could be observed more clearly than in liquid media. 
Observations were carried out when the bacteria were pure and reached the stationary phase to 
ensure that the bacterial colonies grew completely (Sousa et al., 2015). The results of the colony 
morphology characterization were shown in Table 3. 

According to Van Teeseling et al. (2017), the morphology of bacteria is very diverse. This form 
affects biological functions such as nutrient acquisition, motility, dispersion, stress resistance, and 
interactions with other organisms. The characteristics of bacteria generally do not change but can 
be influenced by environmental conditions. Azman et al. (2018) stated that there are microorganisms 
that produce pigments as secondary metabolites for protection against ultraviolet radiation, oxidants, 
extreme temperatures, and drying. Pigments can also act as antimicrobials against other bacteria. 

The 16S rRNA gene is used for the identification of bacteria at the species level because it can 
differentiate between closely related bacterial species. This is because the 16S rRNA gene is found 
in prokaryotes with specific variables so it is used as a taxonomic classification (Jo et al., 2017; Wang 
et al., 2015). The results of the identification of isolates using the BLAST database showed that 
isolate SE.4.2 had a homology level with Pseudoalteromonas shioyasakiensis of 98.96% (Table 4). 
The similarity of the sequences of all isolates with the comparison sequence of more than 97% 
indicates that the isolates can be identified as the same species (Stackebrandt and Goebel, 1995).  

Previous research by Matsuyama et al. (2013) stated that P. shioyasakiensis was isolated from 
marine sediments. The strain is a gram-negative, motile, rod-shaped, facultative aerobic or 
anaerobic bacterium, non-denitrifying, having ubiquinone-8 as the main respiratory quinone and 
requiring Na+ to grow. 

Previous research by Matsuyama et al. (2013) stated that P. shioyasakiensis was isolated from 
marine sediments. The strain is a gram-negative, motile, rod-shaped, facultative aerobic or 
anaerobic bacterium, non-denitrifying, having ubiquinone-8 as the main respiratory quinone and 
requiring Na+ to grow. Bacteria from the genus Pseudoalteromonas are widely distributed in nature 
and can adapt to marine environments such as coastal waters, open and deep waters, and 
sediments (Ivanova et al., 2014; Matsuyama et al., 2013). Pseudoalteromonas genera is often found 
associated with other organisms such as corals, sponges, molluscs, fish, tunicates, even in seawater 
 
Table 3. Morphology Characterization 
 

Morphological Characterization 
Isolate Code 

SE.4.2 

Color Cream 
Shapes Circular 
Margin Entire 
Elevation Convex 
Size Small 
Aerial hyphae color - 
Substrate hyphae color - 

 
 
Table 4. Molecular Identification of Active Isolate from Gorgonian Associated Bacteria 
 

Isolate Code Closets Similarity 
Percentage 
Identify 

Query 
Cover 

Accession 
Accepted 
Accession 

SE.4.2 
Pseudoalteromonas 
shioyasakiensis 

98.96% 100% NR_125458.1 OM108135 
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Figure 3. Phylogenetic-tree of Gorgonian-associated bacteria with antipathogen properties. 

 
and sea ice. Several species of Pseudoalteromonas produce primary and secondary metabolites, 
including antibiotics, exopolymers, hydrolytic enzymes, and pigments. The study also found 
antifouling, antibiofilm, antibacterial, antifungal, algicide activities from the genus Pseudoalteromonas 
against pathogens (Atencio et al., 2018; Supardy et al., 2018; Wu et al., 2017).The results of the 
phylogenetic tree construction at Figure 3 showed that the isolate SE.4.2 was still in the same group 
as Pseudoalteromonas shioyasakiensis because it had a similarity of 98.96%. Based on the results 
of the phylogenetic tree, the SE.4.2 sequence has a close relationship with Pseudoalteromonas 
shioyasakiensis, which means that in 1000 repetitions of the phylogenetic tree reconstruction, the 
SE.4.2 sequence has a 99% genetic relationship. Number 0.010 in Figure 2 means nucleotides per 
site in alignment, which shows the size of the genetic distance scale between species. So in 100 
base pairs, there is 1 different nucleotide. Algicola sagamiensis was used in comparison as an 
outgroup species because it has a taxonomic genus level difference from the isolates used. Algicola 
sagamiensis is in separate roots from other isolates because it does not have similarities in the 
structure of the nucleotide base sequence with other sequences. 
 
CONCLUSION 
 

The SE.4.2 isolate has antimicrobial activity against Staphylococcus epidermidis, Cutibacterium 
acnes, and Candida albicans. Molecular identification showed that SE.4.2 isolate is closely related to 
Pseudoalteromonas shioyasakiensis.  
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