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Abstract. Rante H, Alam G, Usmar, Zahra S, Kurniawati A, Ali A. 2022. Antimicrobial activity of Streptomyces spp. sponge-associated 
isolated from Samalona Island of South Sulawesi, Indonesia. Biodiversitas 23: 1392-1398. The resistance case of infectious diseases 
increases annually, while the necessity of antibiotics as a drug choice for therapy most important is needed. One of the efforts to 
overcome these problems is an investigation of new antibiotic sources, namely marine organisms. Actinomycetes are microbes well 
known as more antibiotic-producing than fungi and bacteria. This study aims to the identification of marine actinomycetes isolated from 
sponge samples in Samalona Island, South Sulawesi, Indonesia. The antimicrobial activity was evaluated against multi-drug resistant 
(MDR) Staphylococcus aureus, Escherichia coli, and Candida albicans. Isolation was carried out using SCA (Starch Casein Agar) 
medium by the pour plate method. The selected isolates were designated as SML10h and SML10a. The isolates SML 10h and SML 10a 

were recovered from sponges Haliclona sp. and Aplysina sp., respectively. The production of antimicrobial substances was performed 
by fermentation of isolates in SNB (Starch Nitrate Broth) medium for 14 days. The antimicrobial activity was shown by the ethyl acetate 
extract with 2 mg/20 μL concentration against all test microbes. Phylogenetic analysis of the 16S rRNA gene sequences revealed that 
the similarity of SML 10a was most closely related to Streptomyces geysiriensis (98%). 
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INTRODUCTION 

Indonesia is a well-known country as the largest 

archipelago in the world, located in the tropics with the 

highest marine organism biodiversity (mega biodiversity) 

(Rintelen et al. 2017). In recent years, the potential of 

marine biota as a source of the new bioactive compound 

has been widely studied, although not as much as on 
terrestrial biota. The long history of evolution in marine 

organisms causing ability to develop their adaptability 

through the formation of very high molecular diversity. 

Varying of compounds structure with various bioactivity 

was found from this biota such as antibacterial, antifungal, 

antiviral, anti-plasmodium and soon (Imhoff et al. 2011; 

Blunt et al. 2013). Among various marine biota, sponges 

are the organisms producing the most bioactive substance 

(Shreadah et al. 2008). 

As reported, sponges are the largest source of bioactive 

compounds, producing most of the new metabolites than 

other marine organisms. Therefore, almost 30% of all-
natural marine compounds are recovered from this 

organism (Brinkmann et al. 2017). Interestingly, these 

organisms harbor a wide variety of microorganisms which 

reach 60% of the total sponge biomass (Wilkinson 1980). 

In recent decades, the association between sponges and 

microorganisms has been most interesting research topic. 

This is due to the abundant production of chemically 

diverse secondary metabolites, which in nature serve as 

functional compounds required by marine sponge hosts. 

The production of bioactive natural substances by 

microorganisms is an important strategy to get various 
biologically active natural products in large quantities 

through selected microorganisms. Bioactive natural 

products from marine bacteria associated with sponges are 

the potential sources to be investigated to find new 

antibiotics in an effort to eradicate human microbial 

pathogens (Anand et al. 2012). 

Natural products were found from various sources 

(including microorganisms, animals, and plants) could be 

used as drugs to overcome conventional medicine failure 

(Law et al. 2020; Sorokina and Steinbeck 2020). The 

ability of microorganisms to produce bioactive compounds 

on a large scale for overcoming the limitations of medicinal 
compounds by harvesting in large quantities of culture 

(Molinski et al. 2009). Marine microorganisms are the 

main sources for the discovery of bioactive compounds, an 

effort to provide new compounds both in terms of structure 

and bioactivity (Stien 2020). Among marine 
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microorganisms, actinomycetes are producers of bioactive 

compounds widely known different biological activities 

such as antitumor, antibiotic, immunosuppressive, 

antioxidant, antiviral, and enzyme inhibitory properties 

(Dharmaraj 2010). 

Actinomycetes strains showed genetic potential to 

produce 10-20 secondary metabolites (Janardhan et al. 

2014). Actinomycetes are highly considered antibiotic 

producers. Currently, approximately 70% of available 

antibiotics are isolated from actinomycetes (Almalki 2020). 
The purpose of this study was to investigate actinomycetes 

isolated from the sponge Haliclona fascigera recovered 

from Spermonde Island, South Sulawesi, and evaluate their 

antibacterial activity against multi-drug resistant (MDR) 

Escherichia coli and Staphylococcus aureus. 

MATERIALS AND METHODS 

Sample collection 

The sponge samples Haliclona sp. and Aplysina sp. 

were collected from Spermonde Archipelago, especially 

Samalona island South Sulawesi, Indonesia. The sponges 

were taken at a depth of 7-10 m below the sea level, with 
coordinates 05º.7'.20.28" (S) and 119º.20'.22.48" (E).  

Isolation of actinomycetes  

The sponge samples were washed with seawater, then 

the samples were cut 1 cm2 aseptically. Samples were 

soaked in alcohol 70% for 5 minutes, then transferred in 

bottles containing sterile water and shaken gently. The 

samples were crushed in a sterile mortar until make pastel. 

The samples were heated at 70°C for 30 minutes, then 

diluted by decimal serial dilution. 

A total of 1 mL of the final diluted sample was spread 

onto the SCA (Starch Casein Agar) media in a petri dish. 
The samples were incubated at room temperature for 21 

days. The actinomycetes colony was streaked into a new 

SCA medium until obtained a purified colony. The purified 

colony was transferred to the ISP2 (International 

Streptomyces Project) slank medium for future 

investigation. 

Antagonistic test of actinomycetes 

The actinomycetes isolates were cultured in ISP2 agar 

media, then the agar block of cultures was cut by using a 

stainless steel cork borer. Test microorganisms were 

inoculated in a petri dish onto the NA and PDA for bacteria 

and fungi, respectively. The agar blocks were put on the 
surface of the media were culturing test microorganisms m. 

The inhibition zone was observed surrounding the 

actinomycetes agar block after incubation at 37°C for 24 h 

was measured. 

Fermentation and extraction  

The active isolates were cultured in a 250 mL 

Erlenmeyer flask, which contained 100 mL of SNB (Starch 

Nitrate Broth) at room temperature for 3 days. After that, 

the seed cultures were transferred into 500 mL Erlenmeyer 

containing 100 mL SNB (pH 7.4). Fermentation was 

carried out at room temperature for 11 days in a shaken at 

150 rpm. After the fermentation period was achieved, 

fermentation liquid was filtered to separate with biomass. 

The fermented liquid was extracted 2 times with ethyl 

acetate (1: 1 v/v) in a separating funnel. The ethyl acetate 

phase was evaporated to find extract then stored in a 

desiccator for use in subsequent tests. 

Antibacterial activity  

The antimicrobial activity of ethyl acetate extracts was 

evaluated using agar diffusion methods with a 
concentration of 2 mg/20 μL. A total of 20 µL of the test 

extract solution was dripped on 6 mm in diameter of the 

paper disk. The solvent was evaporated, then the paper disk 

was placed on the surface of the NA and PDA plate media 

after inoculating test bacteria and fungi, respectively. An 

inhibitory zone was observed around the paper disks, the 

diameter of the inhibition zone was measured. 

Morphological and physiological characterization 

Actinomycetes isolates were characterized 

morphologically and physiologically according to the ISP 

(International Streptomyces Project) (Shirling and Gottlieb 
1966) procedure. Isolate Actinomycetes showed the highest 

antibacterial activity was characterized morphologically by 

using the culture slide method. The isolate was grown on 

SNA plate medium at room temperature for 7 days, then 

sterile slide glass was placed on the medium with a 45° 

slope around the microbial colony. After the strain mycelia 

grew on the surface of the object-glass, the spore chain was 

observed under a microscope at 400x magnification. 

Subsequently, the strain was characterized the 

physiological based on the utilization of Carbon (C) and 

Nitrogen (N) sources. 

Molecular characterization of actinomycetes isolates 

using the 16S-rRNA gene 

Preparation of DNA 

Isolation of DNA was carried out by using Song et al. 

(2004) method. One milliliter of 7-day-old actinomycetes 

culture was pipetted into a micro sterile tube, centrifuged at 

13,000 rpm for 5 minutes, and then discarded the 

supernatant. The pellets were washed with TE (Tris EDTA) 

400 μL, centrifuged at 13,000 rpm for 5 minutes, re-

suspended with 400 μL buffer SET (75 mM NaCl). The 

pellet was incubated on water bath 37°C for 1 hour, 

homogenized by inversion every 15 minutes, then added 50 
μL SDS 10%, 20 μL protease and RNA-ase 50 μL, 

incubated at 65°C in the water bath for 2 hours. After 

incubation periods were achieved, pellets were added 167 

μL NaCl 5 M. Approximately 400 μL of cold chloroform 

was added, then incubated at room temperature for 30 

minutes, inverted every 10 minutes, then centrifuged at 

13,000 rpm (10 minutes). The aqueous phase was 

transferred into a new tube, added isopropanol or 2-

propanol 1x volume of the supernatant, was homogenized 

carefully, stored at -20°C (overnight), and then allowed 

until the room temperature achieve and centrifuged 13,000 
rpm (5 minutes). The supernatant was removed, added with 

100 µL of 70% ethanol and then homogenized, the ethanol 
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is removed and the pellet was dried. The pellets were 

dissolved in TE 25 μL. The purity of the DNA solution was 

checked by using a spectrophotometer at λ 260 and λ 280 

nm, the amount of DNA measured at λ 260 nm. 

Amplification of 16S rDNA sequences and phylogenetic 

tree analysis 

16S rDNA gene sequenced by using the PCR method 

with DNA polymerase and primers 27f (5'AGAGTTTGAT 

CCTGGCTCAG-3') and 1492r (5'GGTTACCTTGTTA 

CGACTT-3'). The thermal conditions of the cycle as 
follows; denaturation of target DNA at 98°C for 3 minutes 

followed by 30 cycles at 94°C for 1 minute, primary 

annealing at 54°C for 1 minute, and primary extension at 

72°C for 5 minutes and then cooled at 4°C. PCR 

amplification was detected using agarose electrophoresis 

gel and visualized by UV fluorescence after staining with 

ethidium bromide. The PCR products obtained were 

subsequently sequenced. The sequence was compared with 

genomes from the gene-bank database and the phylogenetic 

tree was constructed by using NCBI BLAST 

(www.ncbi.nih.gov/.) program. 

RESULTS AND DISCUSSION 

Location 

 The location of the research area in Spermonde 

Archipelago. It consists of a group of islands located in the 

Southwest of Sulawesi Island, Indonesia. There are 

approximately 130 islands that are included in the 

Spermonde Archipelago, one of which is Samalona Island 

as a sampling site. (Figure 1). 

Actinomycetes isolate 

In this study, the sponge samples were pretreated by 

heat-shock at 70°C for 30 minutes to kill the non-spore 

forming bacteria, whereas the nystatin was amended to the 

SCA medium to suppress mold growth. The actinomycetes 

were recovered from 2 sponge genera, namely Haliclona 

sp. and Aplysina sp. (Figure 2). The ability of isolate was 

grown on the isolation medium after about 2 to 3 weeks of 
incubation periods. As reported by Kamjam et al. (2017), 

the actinomycetes strain isolated from marine sediments 

achieved an incubation period of 3 weeks at room 

temperature, while Zhang et al. (2015) required an 

incubation period of 2-4 weeks at 28°C. Therefore, the 

supplemented of nystatin and heat sock pretreated are the 

most important procedure that aims to suppress the growth 

of unwanted bacteria and fungi (Ulanova and Goo 2015). 

The number  of isolates was recovered by using Starch 

Nitrate agar with seawater shows that the medium most 

suitable for isolation of marine actinomycetes. This result 
was correlated with a study conducted by Rante et al. 2017, 

the Starch Nitrate, Starch-Casein, and Glycerol glycine 

media are the most suitable media to isolate actinomycetes 

bacteria. Based on the result, there are two selected 

actinomycetes recovered from Haliclona sp. and Aplysina 

sp. sponge, and the isolates were designated as SML10h 

and SML 10a, respectively. 

 
 

 
 
Figure 1. Samalona Island of Spermonde Archipelago, South Sulawesi Province, Indonesia (Haya 2017) 
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Figure 2. Sample sponge. A. Haliclona sp.; B. Aplysina sp. 
 

  
 
Figure 3. Morphological colony of Actinomycetes isolated from 
sponges of (A) Haliclona sp. and (B) Aplysina sp. was grown on 
SCA media after incubated for 7 days at room temperature 
 

 
Table 1. Antagonistic test of actinomycetes isolates against the 
growth of test microbes 
 

Actinomycetes 

isolates 

Microbial test growth 

Staphylococcus 

aureus MDR 

Escherichia 

coli MDR 

Candida 

albicans 

SML 10h + + + 
SML 10a + + + 

Note: (+): Clear zone formed 
 

Table 2. The antimicrobial activity of ethyl acetate extract of 
actinomycetes isolates against test microorganisms  
 

Isolates 

Microbial test growth (mm) 

Staphylococcus 

aureus MDR 

Escherichia 

coli MDR 

Candida 

albicans 

SML 10h 10.07 9.97 8.66 
SML 10a 12.42 16.03 9.71 

 
 

 

The antagonistic activity was showed actinomycetes 

inhibit the growth of test microorganisms. The antagonist 

test purpose is to find early data about the potential of the 

isolates before continuing to lab-scale production of 

metabolites by fermentation (Table 1).  

Fermentation of actinomycetes isolates 

Antibacterial compounds were produced by using SN 
broth media. The ability of isolates to produce metabolite 

was affected by the fermentation media components such 

as carbon, nitrogen and minerals. The carbon and nitrogen 

sources of SNB media from soluble starch and KNO3, 

respectively. The minerals are derived from magnesium, 

sodium, iron, potassium, which is a component of SNB 

media. The metabolic rate of carbon sources affects the 

formation of biomass and metabolites. Thus the use of 

carbon-nitrogen sources is one of the main factors to 

increase the secondary metabolites produce (Kim et al. 2021). 

The antimicrobial activity of ethyl acetate extract was 

shown to inhibit all of the test microorganisms growth 

(Table 2). It is correlated with an antagonistic activity 

described previously, however, the ethanol extract does not 

inhibit all of the test microorganisms. It may be related to 

the polarity of active substances. The active substances of 

the extract are more non-polar than polar, so the ethyl 

acetate solvent is most suitable to dissolve the active 
substances, on the contrary with ethanol. In conclusion, the 

ethyl acetate extract could be grouped as a broad spectrum 

metabolite activity because it can inhibit both Gram-

positive or Gram-negative and fungi. 

Characterization of morphology and ornament of 

isolate spore chain producing antibacterial compounds 

Morphological characteristics of isolates were observed 

of colonies grown on SNA (Starch Nitrate Agar) medium. 

The spore chain ornaments by using slide culture were 

observed under a microscopic at 100x magnification 

(Figure 4 and 5). 
 
 
 

  
 
Figure 4. Morphological characteristics of SML 10a isolates. A. appearance of isolate colonies grown on SNA medium; B. Open spiral 
spore chain formation at 40x magnification; C. spore chain formation at 100x magnification 

A B A B 

A B C 



 BIODIVERSITAS  23 (3): 1392-1398, March 2022 

 

1396 

Although the isolates are similar of colony appearances, 

however the fundamental difference was shown in the 

formation of strike spore chain of SML 10h isolate, while 

SML 10a spore chains are open spiral. 

The SML 10a isolate showed long and branched 

hyphae, and in certain hyphae showed a spiral shape, 

whereas SML 10h is in the form of a spiral biverticilus 

(BIV-S) which is a spiral shape, but the branching is rather 

dense than the main chain, which is characterized by its 

hairy, grayish-white color, and is wart-shaped and shows 
long and branched hyphae. The results of these 

observations indicate that SML 10a isolate and SML 10h 

isolate belongs to the genus Streptomyces.  

According to Li et al. (2016), characteristics of the 

genus Streptomyces are produced distinctive aerial 

mycelium, which slowly forms spiral characteristics. 

Morphology of spore chains can be classified as straight, 

flexible, or spiral, while the surface of spores can be 

divided into smooth, warty, thorny, or hairy. Several 

methods to identify Streptomyces such as colonies type and 

mycelia spore chain. Streptomyces is common of dry and 
small colonies with a diameter of 1-10 mm. Furthermore, it 

can be identified by color grouping specific media. For 

example, the Oatmeal Agar (ISP-3) media, Streptomyces, 

produce a variety of different colors in both vegetative 

mycelium and aerial mycelium. 

Physiological and biochemical characterization 

In addition to the morphological characteristics, the 

physiological and biochemical characteristics are 

considered most important for characterizing microbial 

isolate. Biochemical and physiological analyses include 

selected isolates' ability to utilize various carbon and 
nitrogen sources available to support their growth (Table 2). 

Molecular characterization of actinobacteria isolates 

using the 16S-rRNA gene 

16S rRNA molecular analysis of selected isolates was 

carried out by gene sequencing and phylogenetic tree 

analysis. Blast-n purpose to find out the relationship between 

the reference strains. The results of the 16S rRNA gene 

analysis with reference strains were constructed phylogenetic 

trees (Figure 7). BLAST results show the isolated SML 10a 

highest similarity with Streptomyces geysiriensis (98%) 

illustrated in phylogenetic tree reconstruction. 

Table 3. The ability of selected actinomycetes isolates, S10a and 
S10h strains to utilize various carbon and nitrogen sources 

 

Biochemical Test 
Isolate codes 

SML 10a SML 10h 

C Source Test   
D-Glucose (Control +) ++ ++ 
Sucrose ++ ++ 

Sorbitol + + 
Mio-inositol  + + 
Dulsitol  + ++ 
D- Manitol + + 
Starch  ++ ++ 
Dextrose + ++ 
   

N Source Test 

ISP-2 (Control +) ++ ++ 
L-valine + ++ 
L-asparagine + + 
L-Tyrosine + + 
(NH4)2SO4 + + 
Isoleucine  + ++ 
Urea + ± 
KNO3 ++ + 

Glycine 
Cysteine  

++ 
+ 

++ 
- 

Note: +: growth; -: not growth 

 

 

 

 
 

Figure 6. Agarose gel electrophoresis result of the 16S rRNA 
PCR of Actinomycetes SML 10a 

 
 

  
 
Figure 5. Morphological characteristics of SML 10h isolate. A. Appearance of the colony grown on SNA medium; B. Biverticillus 
spiral spore chain formation (BIV-S) at 40x magnification; C. Spore chain formation at 100x magnification 

A B C 
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Table 4. Data from the BLAST Alignment program results 
 

 
 

 
 
Figure 7. Analysis of the phylogenetic tree of Actinomycetes isolates of SML 10a based on the 16S-rRNA gene  
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In conclusion, the SML 10a and SML 10h 

actinomycetes were isolated from a sponge at Samalona 

Island, South Sulawesi, Indonesia are inhibit all the test 

microorganisms. The ethyl acetate extract of SML 10a 

inhibits S. aureus, E. coli, and C. albicans at a 

concentration 2 mg/20μL. The phylogenetic tree of the 

isolate is most closely related to Streptomyces geysiriensis 

(similarity 98 %). 
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