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ABSTRACT 

Sponges are the subject of interesting antibiotic development studies because the sponges form associations 

with various microbes and are rich in bioactive compounds. Bacteria associated with sponges are able to 

produce bioactive compounds, which have the potential to be antimicrobial such as, antibacterial, antifungal 

and antiviral. Antifungal compounds are bioactive compounds that have the ability to inhibit the growth of 

pathogenic fungi of Candida albicans. This fungal is an opportunistic pathogen fungi that can cause 

candidiasis. This study aimed to examine the antifungal activity of bacteria associated Aplysina sp. sponge 

from Enggano Island, North Bengkulu, Indonesia against Candida albicans. Antagonistic tests were carried 

out in three stages, by using isolates, pellets and supernatants respectively. The antagonistic assay results 

showed that four isolates were able to inhibit the growth of the fungus Candida albicans in Vitro, i.e APD3, 

APD10, APD11 and APD15. The highest inhibitory activity was resulted by APD10 isolate with a clear zone 

area of 14.9 mm in culture, 14,0 mm in pellets and 15.1 mm in supernatants. The morphological, Gram 

staining and biochemical characterization showed that the four isolates had a close relationship with the genus 

of Bacillus. 
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1. INTRODUCTION 

Infectious diseases caused by fungi are 

commonly found in Indonesia, one of which is candidiasis. 

Candidiasis is caused by the fungus Candida 

albicans or Candida sp. which can attack various parts or 

tissues of the body such as the skin, mucous membranes, 

mouth, digestive tract, respiratory tract, vagina, and nails 

and cause acute or subacute infections [1].  

One of the preventions of candidiasis by giving 

antifungal. Antifungal are substances that can interfere 

with the growth and metabolism of fungi. The ideal 

antifungal material must be to kill fungi (fungicide) and 

inhibit fungal growth (fungistatic) [2]. 

The marine ecosystem comprises the richest 

source of biologically active compounds from marine 

organisms such as marine animals, including invertebrates, 

marine plants, and marine microbes. The marine sponges 

are the filter feeder, sessile organism, and they harbor a 

rich source of microbes with their body system, and 30% 

biomass of the sponge tissue has 1010 microbial load. 

Based on the microbial abundance, they are categorized 

into low microbial abundance (LMA 105 -106 ), and the 

high microbial abundance (HMA 108 -1010) [3]. 

Marine natural products with a range of 

biotechnological importance have been isolated from 

sponges, corals, tunicates, mollusks, algae, bryozoans, and 

associated microorganisms [4]. Marine invertebrates 

harbor a higher abundance of symbiotic microorganisms 

than in seawater environment [5] ; [3]. These symbiotic 

microorganisms are producers of a diverse range of 

bioactive compounds especially important for drug 

discovery. Symbiotic microbial communities also play an 

important role in the chemical defense of their host sponge 

against different predators. This strategy of symbiotic 

microbes plays a key role in the survival of sponge in the 

marine ecosystem [6]. In recent years, many bioactive 

secondary metabolites were identified from sponges and 
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more than 300 new and novel bioactive compounds were 

discovered from a single phylum Porifera and subjected to 

preclinical and clinical trials [7]. The dominant phyla as a 

producer of bioactive compounds are Actinobacteria, 

Cyanobacteria, Proteobacteria, Firmicutes and 

Bacteroidetes in different species of marine sponges i.e 

Haliclona, Petrosia, Theonella, Dysidea, Xestospongia, 

Callyspongia, Halichondria, Aplysina, Xestospongia, and 

Sarcophyton sp. [8]. 

Microbial communities producing bioactive 

compounds either live symbiotically or attach transiently 

with the host. To unravel the interaction of sponge and 

symbiotic microbial communities, it is important to 

characterize and identify them from marine sponges. Many 

previous studies including culture-dependent, and 

independent techniques were used to identify bacterial 

communities associated with host sponges, and now more 

than 39 different phyla have been identified from marine 

sponges [9]. Several studies have been -performed to 

isolate and screen bacteria from marine sponges for the 

production of bioactive metabolites [10]. 

Porifera (sponge) is one of the primitive animals 

that live permanently (sedentary) and is a non-selective 

filter feeder (filtering what is there) [11]. Sea sponges are 

sessile organisms that play an essential role in coral reef 

ecosystems and have close associations with various 

microbes. Microorganisms associated with sponges can 

reach a density of 109 cells per cm3 what accounts for 35% 

of the total biomass of sponge tissue. it has led to a high 

diversity of bacteria associated with sponges [12] ; [13]. 

Research on sponges associated with microbes 

more done and interest for scientists to research it in 

recently, mostly sponges that produce various active 

compounds of secondary metabolites. Bioactive 

compounds from sponges can be used as antibacterial, 

anti-fungal, anti-tumor, and anticancer properties [12]. 

Microbes associated with sponges have great 

potential that it requires efforts to explore further the 

benefits that can obtain from these sponges, one of which 

is by selecting the ability of microbes associated with 

sponges to inhibit the growth of pathogenic fungi. This 

study was conducted to test the antifungal activity of 

bacteria isolates associated with sponge Aplysina sp. 

collected from Enggano Island against Candida albicans. 

Based on research conducted by [14] that Aplysina sp. has 

antibacterial and antifungal compounds tested against 

pathogenic bacteria and yeast. 

Enggano Island is one of the outer islands in 

Indonesia that has a high diversity of marine biota, one of 

them are sponges. Sponge is a group of multicellular 

animals, has characteristic porous body, and invertebrate 

organisms are useful in producing bioactive compounds. 

Bacteria associated with sponges can be an alternative 

source of new bioactive compounds, especially 

antimicrobial [14].  

 

 

2. MATERIALS AND METHODS 

2.1 Materials of Research 

Materials used in this research are Petri dishes, 

Erlenmeyer flask, beaker glass, measuring cylinder, 

Bunsen burner, inoculation loop, pipette, micropipette, 

centrifuge, Laminar Air Flow (LAF), autoclave, sterile 

filter paper discs, hot plate, Sea Water Complete (SWC), 

Potato Dextrose Broth (PDB), Potato Dextrose Agar 

(PDA), Tryptic Soy Agar (TSA), Tryptic Soy Broth 

(TSB), Candida albicans isolates. 

2.2 Purification of Candida albicans  

The isolated of Candida albicans were 

subcultured onto sterile PDA and incubated at 37 oC for 

2x24 hours. 

2.3 Screening of Bacteria for antifungal activity 

1 ml of microbial liquid culture to be inhibited 

(24 hours old) was put onto 100 ml of TSA media and 

poured into a sterile petri dish. Then, bacterial isolates 

from sponges were spotted on the surface of the media and 

incubated at 37 oC for 24 hours. The antifungal compound 

produced is indicated by the presence of a clear zone 

around the bacterial colony [15]. 

The bacterial isolates were cultured in a liquid 

medium, then 1 ml of culture was centrifuged (10,000 

rpm, 15 minutes) to separate the pellets and the 

supernatural.  20 µl of pellet and supernatant suspension 

(separately) dropped on paper discs (allowed to stand for 

10-15 minutes). Then, it was put onto the medium and 

incubated at 37 oC for 24 hours.  The diameter of zone 

inhibition of antimicrobial compound and  activity index 

calculated by the formula: 

DZI= Diameter of zone inhibition – Diameter of colony  

AI= Diameter of zone inhibition – Diameter of colony 

               Diameter of colony. 

 

2.4 Identification of Bacterial Isolates-Associated 

with Sponges Aplysina sp. 

The characteristics of the isolates that produce 

bioactive compounds are indicated by the formation of a 

clear zone around isolate. Then, isolates that have potential 

to produce bioactive compounds as antifungal agents were 

characterized morphologically through gram staining, as 

well as biochemical tests consisting of carbohydrate tests 

(glucose, sucrose, maltose and lactose), citrate tests, 

catalase tests, urea tests, and motility tests. 
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3. RESULT AND DISCUSSION  

3.1 Screening of Bacteria Producing Anti-fungal  

Screening of bacteria producing antifungal 

compounds was carried out using Candida albicans as the 

target fungus. Candida albicans can live as a saprophyte 

(saprobe) without causing abnormalities in various organs 

of the human and animal bodies. Susceptible factors can 

cause Candida albicans to turn into a pathogen and cause 

a disease called candidiasis [1]. For example, oral 

candidiasis (thrush), vaginal candidiasis (vaginitis), 

systemic skin candidiasis [16]. 

The results from previous screening showed that 

16 isolates of bacteria were isolated [14]. Four bacterial 

isolates could produced antifungal compounds. The results 

of the antifungal compound are characterized by the clear 

zone forming around the bacterial isolates scratches or 

around the disc paper (Figure 1). The bacterial isolates that 

produce antifungal compounds can inhibit or kill the target 

microbes. Microbes produce bioactive metabolites, which 

is believed to have a mutualistic symbiotic relationship 

with sponges, microbes produce metabolites that can 

protect sponges from disease-causing microbes [17]. The 

bioactive compounds produced from each isolate seen in 

the table below. 

Table 1. The microbial activity resulted from bacterial screening associated with the sponge Aplysina sp.  

No Test Isolate 
Isolate  

Code 

Isolated 

culture 
Supernatant  Pellet  

Antimicrobe activity 

(inhibition zone) 

1 

Candida 

albicans 

APD3 6,1 7,2 7 Moderate 

2 APD10 14,9 14 14 Strong   

3 APD11 12,8 12,8 12,8 Strong  

4 APD15 14,4  13,2 13 Strong 

Classification zone of inhibition (ZOI) in four intensities corresponding to ZOI diameters: >20 mm, very strong; 10-20 mm, strong; 5-
10 mm, moderate; and <5 mm, no response [18]. 

The antagonist test of bacteria associated with the 

sponge Aplysina sp. against the pathogenic fungus, 

Candida albicans show each bacterium has a different 

ability to produce bioactive compounds that are 

characterized by differences in the size of the clear zones 

produced. As can be seen from the four isolates, APD10 

isolate had great activity because it produced clear zones 

with 14.9 mm, 14 mm, and 14 mm. Then followed by 

APD15 isolates clear-zone sizes with 14.4 mm, 13 mm, 

and 13.2 mm, APD11 isolates clear-zone sizes with 12.8 

mm, 12.8 mm, and 12.8 mm, and APD3 isolates zone size 

clear with 6.1 mm, 7 mm and 7.2 mm.  

The difference in the area of the inhibition zone 

of each isolate is thought to be due to the diversity of 

bioactive compounds possessed by each isolate as well as 

the resistance ability of each type of bacteria. The 

bioactive compounds produced are secondary metabolites 

as an effort for self-defense in competing with other 

microbes in obtaining nutrients [19]. The production of 

bioactive compounds is also influenced by several factors, 

namely nutrient supply, oxygenation, temperature, and pH 

[20]. 

 

Figure 1. The clear zone produced by bacteria associated with the sponge Aplysina sp. as an antifungal; A = Clear zone from 

APD10 isolate culture, B = Clear zone from APD10 isolate pellets, and C = clear zone from APD15 supernatant. 

A B C 
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The formation of a clear zone around the isolates 

showed inhibitory activity against the growth of the tested 

microbes from bioactive compounds produced by bacterial 

isolates. From the observations, four isolates showed clear 

zones around their colonies, namely isolates APD3, 

APD10, APD11, and APD15, with different clear zone 

areas. According to [21], the inhibitory activity of the 

tested microbes can be influenced by the age of the 

microbes. If the microbes used are still young (stationary), 

it will be easier to denature the cell membrane proteins and 

cause the development of colony growth to be smaller. 

Meanwhile, microbes that are old (exponential) will be 

more susceptible to other compounds that can damage 

their cell walls. This vulnerability causes microbial growth 

to be unhindered. 

3.2 Identification of Potential Bacterial Isolates-

Associated with Sponges Aplysina sp. 

The morphological characterization of potential 

bacterial isolates was carried out with two observations, 

with macroscopic and microscopic. Macroscopic 

observations were made by looking at the morphological 

characters and biochemical components of the colony of 

potential isolates and microscopic observations were made 

with Gram stain. Gram staining is performed to 

differentiate two groups of bacteria, namely Gram-positive 

bacteria, and Gram-negative bacteria. Gram-positive 

staining is indicated by a purple result, while Gram-

negative bacteria show a red result. The difference in the 

response of bacteria to the Gram stain mechanism is based 

on the structure and chemical components of the bacterial 

cell wall. According to [22], Gram-positive bacteria have 

thicker cell walls with the main component consisting of 

peptidoglycan and having a single cell membrane. 

Whereas Gram-negative bacteria have a thinner cell wall 

consisting of two layers of membranes. The inner 

membrane consists of peptidoglycan while the outer 

membrane consists of lipopolysaccharides and 

lipoproteins. 

The results of the Gram stain observations in 

Figure 2 show that four isolates have the same shape and 

arrangement, they have a bacillus shape with diplobacyl 

cell arrangement. 

 

 

Figure 2.   Gram staining used a Binocular Microscope with a magnification of 1000x on the isolates: A = APD3, B = 

APD10, C = APD11 and APD15. 

The results of the biochemical reaction test of bacterial isolates-associated with the sponge Aplysina sp. shown in Table 2. 

 

Table 2. Morphological and biochemical characterization of potential isolates. 

No 
Sample 

Code 

Observation of bacterial morphology 

Margin 
Texture 

 

Form 

 

Elevation 

 

Color 

 

1 

2 

3 

4 

APD3 Entire Smooth Circular Raised White 

APD10 Entire Smooth Ireguler Flat White 

APD11 Entire Smooth Ireguler Flat White 

APD15 Entire Concentric Pinpoint Flat White 

Sample 

Code 

Biochemical Test 

Aerobic/A.F 
C Si Mo U 

Carbohydrate Fermentation Test 

G M L S 

APD3 + - + - - + + + Aerobic 

APD10 + - + - + + - + Aerobic 

APD11 + + + - + + + + Aerobic 

APD15 + - + - + + + + Aerobic 

Note: C = Catalase test; Si = Citrate test; Mo = Motility test; U = Urea test; G =Glucose test, M = Maltose test,  

L = Lactose test, S = Sucrose test  

A B C D 
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Based on the results of biochemical tests in Table 

2, it is evident that each bacterium has different 

physiological properties. This can be seen from the ability 

of each of these bacteria to use and decipher existing 

molecules. Characteristics of bacterial isolates-associated 

with sponge Aplysina sp, which was carried out 

morphologically with identification strips that had been 

identified using Bergey's Manual of Determinative 

Bacteriology (1994), showing four isolates were Bacillus, 

characterized by rod-shaped cells, Gram-positive stain, 

and positive catalase-test. According to [22], the genus 

Bacillus has interesting physiological properties because 

each type has different abilities, including (1) able to 

degrade organic compounds such as protein, starch, 

cellulose, hydrocarbons, and agar, (2) able to produce 

antibiotics; (3) play a role in nitrification and, 

denitrification; (4) nitrogen fixers; (7) is 

chemolithotrophic, aerobic or anaerobic, acidophilic, 

psychrophile, or thermophilic. 

4. CONCLUSION 

Antifungal compounds from bacteria-associated 

with the sponge Aplysina sp. against Candida albicans 

found in four isolates with the code APD3, APD10, 

APD11, and APD15. Of the four isolates that had 

inhibitory activity, namely the APD10 isolate with a strong 

inhibition zone diameter. Four potential isolates are 

closely related to the genus Bacillus. 
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