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*Corresponding authors: gintung_p @yahoo.com Article history: Received 15 Oktober 
2012, Received in revised form 7 Maret 2013, Accepted 8 Maret 2013ABSTRACT
Sponges are simple multicellular animals that produced many pharmaceutical secondary
metabolites. Some sponge‐associated bacteria are proven to produce the same
metabolites as their host, giving an opportunity to mass produce the potential
metabolites. The aim of this research was to analyze the diversity of sponge‐associated
bacteria and to identify the host sponge. Samples were collected from Seribu Islands
National Park. Partial identification of sponges were conducted by molecular technique
with the mitochondrial cytochrome oxidase subunit 1 (CO1) as the target area. The
diversity of sponge‐associated bacteria was determined by Terminal Restriction
Fragment Length Polymorphism (T‐RFLP) method. Result showed that sponges PS‐17‐12
has similarity with Petrosia sp., while PS‐26‐12 and PS‐38‐12 has similarity with
Xestospongia muta. From the 3 sponge samples, 85 species of bacteria was obtained
which can be classified into 9 phylums and 1 uncultured bacteria/environment sample.
Some of the sponge‐associated bacteria identified were known as a potential producer of
metabolites with antibiotic activity. Keywords: sponge, bacterial diversity, T-RFLP
ABSTRAK Spons merupakan hewan multiseluler sederhana yang dapat memproduksi
metabolit sekunder yang berpotensi sebagai senyawa farmasetika. Bakteri yang
berasosiasi dengan spons diketahui juga menghasilkan metabolit yang sama, hal ini
memberikan harapan untuk memproduksi secara masal metabolit potensial tersebut.
Tujuan dari penelitian ini adalah untuk mengidentifikasi spons dan menganalisis
keanekaragaman bakteri yang berasosiasi dengan spons. Sampel yang digunakan dalam
penelitian ini diambil dari Taman Nasional Kepulauan Seribu. Identifikasi parsial spons
dilakukan menggunakan teknik molekular dengan target daerah mitochondrial
cytochrome oxidase subunit 1 (CO1) dan analisis keanekaragaman bakteri dengan
metode Terminal Restriction Fragment Length Polymorphism (T‐RFLP). Hasil penelitian
menunjukkan bahwa spons PS‐17‐12; memiliki kemiripan dengan Petrosia sp.,
sementara PS‐ 26‐12 dan PS‐38‐12 mirip dengan Xestospongia muta. Dari 3 sampel
diperoleh 85 spesies bakteri dan dapat diklasifikasikan ke dalam 9 phylum dan 1
uncultured bacteria/ sampel lingkungan. Beberapa bakteri yang berasosiasi dengan
spons dari Taman Nasional Kepulauan Seribu ini diketahui mempunyai potensi
menghasilkan metabolit dengan aktivitas antibiotik. Kata Kunci: spons,
keanekaragaman bakteri, T-RFLP Permalink/DOI:
http://dx.doi.org/10.15578/squalen.v8i1. 80 INTRODUCTION Sponges are simple
multicellular animals that are well known to producing more than 6000 secondary
metabolites (Thomas et al., 2010). They produce the largest members of bioactive
compound among the phylum Coelenterata, Tunicate and Bryozoans, many of them
have pharmaceutical potency (Kijjoa & Sawangwong, 2004; Thakur & Muller, 2004). As
filter‐ feeding organisms, sponges obtaining food by pumping large amounts of water
through their cores and channels, so bacteria, single‐ cell algae and other food particles
were filtered and many bacteria were inhabit and associated in their bodies (Taylor et
al., 2007). Identification of sponges is difficult, because sponges are morphologically
indistinguishable, even with spicules identification. In addition, this technique is also
difficult to see the relationship among species or evolutionary process, especially for
taxa with small amounts species such as Halichondria. The utilization of additional
characters, such as DNA barcodes and taxonomic system with a DNA sequence might
provide an opportunity to understanding the evolutionary factors that shape species
distributions in space and time (Worheide et al., 2007). Furthermore, DNA barcoding
has been established as an aid to increase the speed of sponge identification. Some
areas or fragment DNA can be used for targeting DNA barcodes such as rDNA ITS, 18S
rDNA, the C2D2 region of the 28S rDNA and fragment mtDNA cytochrome oxidase
subunit 1 (CO1). Fragment CO1 is used for almost all current (eukaryotic) barcoding
initiatives which have 650 nucleotides. This mitochondrial fragmen has highly conserved
COI‐barcoding primers and easy to amplify DNA of sponge, the sequence displays
sufficient variability in most bilaterian species. DNA barcoding date base has been set up
for fragment COI at www.spongebarcoding.org (Worheide et al., 2007; Vargas et al.,
2012; Gazave et al., 2013) Many studies on microorganisms associated with sponges
have been conducted using both culture‐ dependent and culture‐independent
techniques. It was reported that sponges could contain bacteria up to 40% of the
sponge volume (Wilkinson, 1978 in Thiel et al., 2006), helping the sponge removing
waste and producing chemical defenses (Taylor et al., 2007). Associated bacteria has
also been reported to produce the same metabolites with their host, opening an
opportunity to mass produce potential active metabolites (Haygood et al., 1999). Study
on the diversity of sponges associated bacteria and its ecological aspect is important to
obtain initial data on metabolites discovery from sponges. Culture‐independent
techniques have more advantages than culture‐dependent to describe the bacterial
diversity in the environment, one of them is T‐RFLP that has been widely used to
characterize the diversity of bacteria, fungi and functional gene (Tan et al., 2003;
Genney et al., 2006; Hullar et al., 2006). Low price and able to analyze hundreds of
samples per day are several advantages of this technique (Zhang et al., 2008). Several
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studies have been conducted about sponges in Seribu Islands National Park, ranging
from diversity (De Voogd & Cleary, 2008), transplantation of sponges (Suparno et al.,
2012), isolation of potential antitumor metabolites (Fajarningsih et al., 2006), isolation
of protease inhibitor (Nurhayati et al., 2004), isolation of associated fungi from sponge
(Fajarningsih et al., 2012). Study on bacterial diversity associated with Aaptos sp. has
also been conducted (Chasanah et al., 2013) but study on bacteria diversity associated
with from Petrosia sp. and Xestospongia sp. has not been conducted. The aim of this
research was to analyze the diversity of bacteria community associated with three 
sponges that collected from Seribu Islands National Parks by T‐RFLP technique and
identification of the host sponge by molecular technique. MATERIALS AND METHOD
Sample Collection and Preparation Sponges samples were collected from Seribu Islands
National Park waters from 5, 9 and 15 m depth, with sample code of PS‐17‐12; PS‐38‐12
and PS‐26‐ 12. About + 5 g of samples from 3 points of each depth were taken and
stored in sterile bottle and stored at ‐20°C until being processed in laboratory for
analysis. DNA Extraction DNA extraction was conducted using Dneasy blood & tissue kit
(Qiagen). For spons identification, DNA extraction was conducted without pre‐treatment
following methods of Dneasy blood & tissue kit (Qiagen) procedure, whereas for
bacterial diversity DNA was extracted using destruction and centrifugation pretreatment
(Bewley et al., 1996). Total samples of + 0.1 g was needed for spons identifications,
whereas for bacterial diversity analysis, it required + 5 g of sponge samples. DNA
extraction for T‐RFLP was done following the Dneasy blood & tissue kit (Qiagen)
procedure. About 5 g of spons were blended until homogen and centrifuged at 200 x g
for 2 minutes at room temperature. Thesupernatant was transferred into new sterile
microtubes and centrifuged at 400 x g for 2 minutes. Then the supernatant was
transferred into a microtube and centrifuged at 10,000 x g for 5 min. Pellet from the
last centrifugation was used for next procedure following Dneasy blood & tissue kit
(Qiagen) procedure. DNA was visualized on 1% agarose in 1 x TBE buffer, which was 
visualized with SYBR ‐gold (Invitrogen). Identification of Sponge Identification of sponge
was conducted based on molecular technique following Meyer et al. (2005) and Rot et
al. (2006). Target area was the mitochondrial cytochrome oxidase subunit 1 (CO1) with
a length of 640 base pairs (bp) and extended to + 1,200 bp (http:/
/www.spongebarcoding.org/). PCR was performed using 2 pairs of primers as shown in
Table 1. Table 1. Primers used for sponges identification No Primers sequence Re fe re
nce 1 dgLCO1490: GGT CAA CAA ATC ATA AAG AYA TYG G Meyer et al. (2005)
dgHCO2198:TAA ACT TCA GGG TGA CCA AAR AAY CA 2 COX1‐R1: TGT TGR GGG AAA
AAR GTT AAA TTCOX1‐D2: AAT ACT GCT TTT TTT GAT CCT GCC GG Rot et al. (2006)
Sequencing analysis was conducted in 1st Base Laboratory Singapore. Sequencing
results were then analyzed by BioEdit Sequence Alignmen Editor 7.2.3 program for
homology of sequencing results and Basic Local Alignment Search Tool (BLAST)
program at http://blast.ncbi.nlm.nih.gov/. for similarity with species in data base.
Bacterial Diversity of Sponges 16S rDNA Gene Amplification 16S‐rRNA gene was
amplified using primers 27 F‐ FAM (5 ‐CAGGCCTAACACATG CAAGTC‐3 ), which was
labeled with the phosphoramiditefluorochrome 5‐ carboxyfluorescein (FAM) and 1387R
(5‐ GGGCGGAGTGTACAAGGC ‐3 ) (Marchesi et al., 1998). 25 ?l master mix was made
with the following composition: 12.5 ?l Go taq green Master Mix 2x (Promega); 1 ?l
forward primer; 1 ?l reverse primer; 9.5 H2O; and 1 ?l template. PCR was performed at
95 °C for 3 min, 30 cycles of 95 °C for 60 sec, 55°C for 60 sec, and 72°C for 90 sec,
followed by final extension 72 °C for 20 min. PCR products were visualized on1%
agarose gel in 1 x TBE buffer.T-RFLP Analysis PCR products with fluorescent label were
single digested with 3 restriction enzymes Msp1, Rsa1 and Cfo1. Digest reaction was
consisted of 16 ?l of PCR products, 2 ?l restriction enzymes and 2 ?l of 10x restriction
buffer and the mixture was incubated at 37°C overnight. Fragment was analysis was
conducted in 1st Base Laboratory Singapore. Fragment sizes were analyzed using
FragSort ver.5.0 software with database from Microbial Community Analysis (http://
mica.ibest.uidaho.edu/) (Shyu et al., 2007). RESULTS AND DISCUSSION Partial
Identification of Sponges Sponges are multicelluler organism that highly diverse,
abundant in almost every aquatic and important members of coral reef ecosystems (Van
Soest, 1989; McClintock et al., 2005; Lesser, 2006). Identification of many sponges
species is difficult, because they have similar morphology characters, even with spicules
identification. Additional of DNA sequences information (DNA barcodes) are suggested to
complete the identification (Worheide et al., 2007). In this study, the sponges
identification was conducted with molecular technique (DNA barcodes). Morphologically
all samples were similar, i.e the surface color is maroon and cream in the inside (Figure
1). Analyzed with BioEdit, sequencing results from two pairs of primer (COX1‐R1, COX1‐
D2 and dgLCO1490, dgHCO2198) showed that samples PS‐ 17‐12 and PS‐26‐12 had
100% homolog, on the other hand PS‐38‐12 had homology of 87.46% and 90.94%
respectively with others. This indicated that in molecular level, samplesPS‐17‐12 and PS‐
26‐12 were the same species and PS‐38‐12 was different with others. This result was
also confirmed by the BLAST analysis (Table 2). Table 2 showed that PS‐17‐12 and PS‐
26‐12 had similarity with Petrosia sp. and PS‐38‐12 with Xestospongia muta. The
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presence of length alignment from Petrosia sp. (43 and 44%) was smaller than
Xestospongia muta (93 and 97%). This was presumably because the fragment from
primers dgLCO1490 and dgHCO2198 were not yet available in data base. It was also
reported by Montalvo & Hill (2011) when identifying X. testudinaria, the CO1 fragments
was not avaliable in the database. The use of molecular techniques for sponge 
identification is still limited, therefore some sequence did not exist in database.
However the use of these techniques are continuing to grow. Petrosia sp. and
Xestospongia muta are the same group belonging to Petrosiidae family
(http://www.spongeguide.org). This family have characteristics as massive, vase‐
shaped or volcano‐ shaped sponges, sometimes encrusting, bulbous, and less commonly
branching growth forms, stony, and brittle (Hooper & Van Soest, 2002). De Voogd &
Cleary (2008) reported that Xestospongia and Petrosia sp. have been found in Seribu
Island. Figure 1. Sponge samples used in this research. Table 2. Result of BLAST
analysis of Sponge No Samples Identification Homology (%) Length alignment (%)
Access Code 1 PS‐17‐12 2 PS‐26‐12 3 PS‐38‐12 Petrosia sp. Xestospongia muta Petrosia
sp. Xestospongia muta Xestospongia muta Petrosia sp. 100 44 JN242217.1 90 97
HQ452958.1 100 43 JN242217.1 90 93 HQ452958.1 99 97 HQ452958.1 100 44
JN242218.1 Diversity of Sponge-Associated BaCteria Analysis of 16S gene is a common
tool for studying phylogenetic, identification and assessing the diversity of bacteria. This
gene having a size of 1,500 base pair (bp), can be found in all types bacteria, does not
change, so that it can be used for evolution analysis (Case et al., 2007). Some
techniques that are based on the 16S gene are denaturing gradient gel electrophoresis
(DGGE) or temperature gradient gel electrophoresis (TGGE), single strand conformation
polymorphism (SSCP), restriction fragment length polymorphism (RFLP) or amplified
ribosomal DNA restriction analysis (ARDRA) and terminal restriction fragment length
polymorphism (T‐RFLP) which was used in this study (Liu et al., 1997; Muyzer &
Samalla, 1999; Kirk et al., 2004). The result of DNA extraction and amplification of
16S gene of uncultured bacterial genes associated with sponges were presented in
Figure 2. Figure 2 showed that DNA extraction and amplification of 16S was succesfully
conducted resulting in clear bands (inside box) and no band for the negative control
(line 4) . The size of DNA is above (a) (b) Figure 2. Result of DNA extraction (a) and
amplification of 16S gene (b) (Exp. M: GeneRuler 1 kb Plus DNA Ladder (Fermentas); 1
: PS‐17‐12; 2: PS‐38‐12; 3 : PS‐26‐12 and 4 : negative control). Figure 3. Electrogram
graph of TRFLP analysis from samples PS‐17‐12; 2 : PS‐26‐12; 3 : PS‐38‐12 restricted
with Msp1, Rsa1 and Cfo1. (A) (B) (C) Figure 4. Percentage of bacterial communities
found associated with. (A): PS‐17‐12; (B): PS‐38‐12; (C): PS‐26‐12. 20,000 bp and 16S
gene was approximately + 1,300 bp. The size of DNA from extraction in agarose is
usually above the marker because the actual size of DNA genome is bigger than the
marker. According to Vetrovsky & Baldrian (2013) the size of bacterial genome ranged
from 0.93 Mbp to over 5.6 Mbp. The size of 16S gene from PCR was depending on the
primer used. In this research, 27F and 1387R primer were used (the number is
sequence from Escherichia coli), so the size of PCR product should be around ‐+ 1,300
bp (reduction of 1387 and 27). T‐RFLP analysis produced electrogram graph, consisting
of X and Y axes. The X showed the size of the fragment (base pair) and the Y was the
intensity of luminescence (Figure 3). The result of TRFLP was then analyzed using
Fragsort 5.0 program, and Microbial Community Analysis (MICA) database in 
http://mica.ibest. uidaho.edu/ (Shyu et al., 2007).The highest bacterial community was
obtained from sponge PS‐38‐12 which had total number of 201 bacteria, followed by
PS‐17‐12 and PS‐26‐12 with 172 and 96 numbers of bacteria, respectively. From the
total numbers of bacteria (469) obtained, 85 species bacteria are environment samples
could be classified into 9 phylum and 1 uncultured bacteria/ environment sample
(Figure 4). There were Bacteroidates, Proteobacteria, Firmicutes, Spirochaetes,
Deferribacteres, Chlamydiae, Planctomycetes, Chloroflexi, Actinobacteria and uncultured
bacteria. Uncultured bacteria were dominated in all samples with more than 45% and
then followed by Bacteroidates, Proteobacteria, and Actinobacteria. These phyla are
commonly found associated with sponges (Li et al., 2006). The abundance of these 
bacteria in the sponges is related to its role in the carbon cycle of the ocean for organic
compounds degradation (Bauer et al., 2006). The higher organic compounds in marine
environment stimulated the abundance of bacterial communities that used organic
compounds as nutrients for growth. From partial identification result, samples PS‐17‐ 12
and PS‐26‐12 were from the same sponges, i.e Petrosia sp., however the diversity of the
bacteria associated with both samples was different . PS‐17‐ 12 had more diverse
bacterial community than that of PS‐26‐12, not only in number but also inphylum. These
differences could be caused by their environmental condition. PS‐17‐12 has been
harvested from depth 5 m while PS‐26‐12 was from 15 m. White et al. (2012) reported
that Axinella corrugata had several bacterial taxa communities that distinct when
observed in different seasons sampling. Montalvo & Hill (2011) reported that
communities bacteria in two species Xestospongia (Xestospongia muta and X.
testudinaria) taken from two different ocean were slightly different and the dominated
bacteria are Chloroflexi, Acidobacteria, and Actinobacteria. In this research, group of
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Chloroflexi was also found in sponge Petrosia sp. Spirochaetes only found in PS‐26‐12
taken from 15 m. This is because of this phylum was known as anaerob facultative can
live either in the presence or absence of oxygen. Therefore, the presence of this
bacterial communities can be related with the oxygen content in waters (Canale‐Parola,
1977, 1984 inHoover et al., 2003). Environmental conditions (spatial and temporal) can
affect bacterial community in sponges. The results showed that the same sponges
might have different bacterial community. Xestospongia sp. has been reported as a
bioactive compounds producer such as xestospongin, sterols, renieramycin (Darumas et
al., 2007), and menzamines, aaptamines (Thomas et al., 2010) which posseses anti‐
cancer, anti‐microbial and cytotoxic activity (Nakamura, 2005). Meanwhile, these
secondary metabolites are also obtained from microbes associated with sponges.
Triclosan and lutoside that have antibacterial activities have been extracted from
Micrococcus luteus (Actinobacteria), which was isolated from Xestospongia sp. (Bultel‐
Ponce et al., 1998). Fungus from Xestospongia sp. and Petrosia sp. also produce
secondary metabolite that have antibacterial, antifungal and melanin inhibitor activities
(Thomas et al., 2010). In their research, Actinomadura oligospora that had antibiotic
activity, has been detected; while the presence of Capnocytophaga sp. was reported to
have beta‐ lactamase enzyme (Mertz & Yao, 1986; Foweraker, et al., 1990).
Proteobacteria, Bacteroidetes, Firmicutes and Actinobacteria were also found and
dominated in all samples. These phylum produce secondary metabolites that have
antimicrobial activity, antiangiogenic and cytotoxic (Thakur et al. 2005). CONCLUSION
Sponges PS‐17‐12 and PS‐26‐12 were identified as Petrosia sp while PS‐38‐12 had 
similarity with Xestospongia muta. From the total numbers of bacteria associated with
those sponges (469), 85 species bacteria were including as environment at samples
could be classified into 9 phylum and 1 uncultured bacteria/ environment sample, were
are Bacteroidates, Proteobacteria, Firmicutes, Spirochaetes, Deferribacteres,
Chlamydiae, Planctomycetes, Chloroflexi, Actinobacteria and Uncultured bacteria. Each
sample has little different of bacteria community with others. PS‐38‐12 has the highest
community followed by PS‐17‐12 and PS‐26‐ 12. Some these sponges‐associated
bacteria were well known to have potential in producing metabolites with antibiotic
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