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Abstract. Asagabaldan MA, Bedoux G, Bourgougnon N, Kristiana R, Ayuningrum D, Sabdono A, Trianto A, Radjasa OK. 2019. Bacterial 
isolates from bryozoan Pleurocodonellina sp.: Diversity and antimicrobial potential against pathogenic bacteria. Biodiversitas 20: 
2528-2535.  There is an urgent need to discover new compounds with antibacterial activity, which can be developed into lead structures 
for the treatment of human disease caused by multidrug-resistant (MDR) bacteria. In this study, we focussed on bryozoan-associated 
bacteria to screen them toward antibacterial activities, since the microbiome of these organisms can still be regarded as under-
investigated. Most of the few publications about bryozoan-associated bacteria focused on taxonomy and the potential as producers of 
antibacterial natural products were neglected. Four specimens of bryozoan Pleurocodonellina sp. were collected from Teluk Awur, 
Jepara in Java Sea, Indonesia. Therefrom, 56 bacterial strains were isolated, and 17 displayed antibacterial activities against MDR 

bacteria Pseudomonas aruginosa, Klebsiella pneumoniae, Acinetobacter baumannii, Enterobacter cloacae, and methicillin-resistant 
Staphylococcus aureus (MRSA). Taxonomic identification of the bacteria by 16S rRNA gene sequencing revealed them belonging to the 
genera Virgibacillus, Pseudoalteromonas, Halomonas, and Bacillus. Most interestingly, the genus Virgibacillus was dominantly 
obtained from the Pleurocodonellina sp. specimens, i.e., 12 active isolates. Nevertheless, the best activities against MDR bacteria (both 
Gram-positive and Gram-negative) were contributed to isolates showing >99% identity to Pseudoalteromonas. The results further 
suggest adding the genus Virgibacillus as bacteria associated with bryozoan, since to the best of our knowledge there were no reports of 
this genus isolated from bryozoan. 

INTRODUCTION 

Human diseases that are caused by bacterial infections 

become a thorough concern for medical management 

because they are difficult to control with antibiotics 

(Guiton et al. 2010). These pathogenic bacteria have the 

ability to resist up to three or more classes of antibiotics 

(multidrug-resistant) or even to resist all classes of 

antibiotics (pan drug-resistant). Hence, they can adapt and 

outgrow in their environment with the presence of 

antibiotics (Lister et al. 2009). Center for Disease Control 

and Prevention (CDC) has reported there are several 

problematic multidrug-resistant bacteria encountered today 
such as Extended-spectrum beta-lactamases (ESBL) 

Escherichia coli, MDR Acinetobacter baumannii, 

Pseudomonas aeruginosa, and Klebsiella pneumoniae 

represent the gram-negative bacteria and methicillin-

resistant Staphylococcus aureus (MRSA), vancomycin-

resistant Enterococcus spp. and MDR Streptococcus 

pneumoniae for the gram-positive bacteria (Sabuda et al. 

2008; CDC 2013). Both of them have serious health threats 

in many hospitals because of the significant risks. 

Moreover, other studies reported that there is a connection 

between the presence of multi-drug-resistant pathogenic 

bacteria and the diseases that are caused by them, made 

increasing morbidity and mortality, higher hospital costs, 

and increasing length of hospital stay (Kerr and Snelling 

2009; Mauldin et al. 2010; Tumbarello et al. 2011). This 

urgent matter makes scientists have been charged to find 

new antibiotics to overcome the pathogenic bacteria that 

have the multidrug-resistant ability. 

Marine organisms include sponges, corals, algae, 

tunicates, and others have attracted the attention of many 

scientists for the last decades due to their bioactive 
compounds (Sharp et al. 2007). Marine organisms as 

natural resources produce diverse potential bioactive 

compounds and some of them are highly effective against 

human pathogens (Thakur et al. 2005; Blunt et al. 2010, 

2015). In spite of sponges and cnidarians are the highest 

contributors for the compounds used in pharmaceuticals 

and drug developments, there is one of marine organisms 

that is not well noticed for its bioactive compounds as 

future potential for drugs. The less-noticed organism comes 
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from the bryozoan whereas it contributes only 1% of all 

marine natural products (Blunt et al. 2010).  

Bryozoans characterized as sessile colonial and mostly 

found in marine environment, though, some of them can be 

found in freshwater environment. The body consists of a 

polyp, protected by a gelatinous or calcareous box termed a 

zooid and many zooids assembly to form the colony. 

Bryozoan is filter-feeders and the food is collected via 

lophophore (ciliated tentacles). Reproduction occurs 

sexually (dispersive larval stage), or by asexual (fission of 
colony fragments). They settle on surfaces either living 

things or non-living hard substrates. Marine bryozoans can 

adapt and grow on other micro-organisms, such as mussels, 

algae, and corals (Ryland 2005). Recently, bryozoans 

become a part of natural resources that contribute to the 

discovery of new bioactive compounds. Nevertheless, most 

of the bryozoan studies concern about the fossil-revealed 

(Heindl et al. 2010). Sharp et al. (2007) reported that about 

200 chemical structures of bryozoan metabolites have been 

discovered from 1980 to 2006 including terpenes, peptide, 

macrolides, alkaloids, etc. In fact, even though there are 
more than 8000 species of bryozoans have been recorded 

(Ryland 2005; Massard and Geimer 2008), only 32 species 

had been reported producing bioactive compounds. These 

reports showed that the exploration and investigation of 

natural products from bryozoan group are scarce. The 

complexity of bryozoan taxonomic could be the main 

reason for the low diversity of bryozoan species. Only 

bryozoan species characterized by their large form, which 

make them easy to recognize and are abundant, has been 

extensively studied regarding their bioactive compound. 

Bryostatin is one of the most promising bioactive 
compounds coming from bryozoan Bugula neritina, can 

inhibit the performance of leukemia cancer cells. The 

isolated and purified of bryostatins called as bryostatin 1 

and 2 have been known for their anti-leukemic properties 

and another cytotoxicity (Pettit et al. 1982; Lopanik et al. 

2004; Yu et al. 2015). Nevertheless, it needs a substantial 

amount of biomass to obtain the target compound, for 

example, 13 tons of B. neritina was required to obtain 13 g 

of bryostatin 1 (Schaufelberger et al. 1991). 

Several studies reported that many natural products 

from marine macroorganisms are resemblance to their 

associated microbial (bacteria, fungi, etc.) and these 
associated microbial could be the real producers of those 

compounds (Anthoni et al. 1990; Peters et al. 2002; König 

et al. 2006). Davidson et al. (2001) have reported that the 

true producer of bryostatin compounds from B. neritina 

was the microbial symbiont ‘‘Candidatus Endobugula 

sertula’’. Another report regarding alkaloids from bryozoan 

Amathia wilsoni, amathamide, has shown that associated 

bacteria became a microbial origin of that compound 

(Walls et al. 1995). Those reports become one of promising 

way to overcome the over-exploitation of bryozoan 

materials. Nevertheless, studies on the bryozoan-associated 
bacteria are still scarce. The latest report has published that 

bacteria associated with marine bryozoan, Membranipora 

membranacea have a potential antibacterial activity 

(Heindl et al. 2012). 

The study of bryozoan in Indonesia is not as 

comprehensive as other marine organisms and is still 

scarcely exist. The latest research of bryozoan in Indonesia 

was about the diversity of bryozoan by fossil approaches 

(Di Martino et al. 2015; Di Martino and Taylor 2015, 

2018). In this study, four specimens of bryozoan 

Pleurocodonellina sp. were collected from the Java Sea. 

More than 50 associated bacteria were successfully 

cultivated and their antibacterial activities were assessed. 

Isolates showing antibacterial potential were 
phylogenetically classified by 16S rRNA gene sequencing.  

MATERIALS AND METHODS 

Sample collection of bryozoans Pleurocodonellina sp. 

Sampling times and sites in the Java Sea were chosen at 

Teluk Awur, Jepara, Central Java, Indonesia as follows: 19 

September 2017, 06°36'59.20"S, 110°38'19.60"E; sampling 

depth 2 m (Pleurocodonellina I) and 21 September 2017, 

06°37'00.46"S, 110°38'20.73"E; 1,5 m (Pleurocodonellina 

II) (Figure 1). Samples were collected by snorkeling. The 

collected bryozoans were put into sterile plastic bags 

underwater to avoid contact with air, stored in local 
seawater, and brought to the laboratory under the cooler-

box (4oC) for further treatment. 

Scanning electron microscopy (SEM) of bryozoan 

surfaces 

Pleurocodonellina sp. samples were fixed with 3% 

(v/v) glutaraldehyde in phosphate buffer saline (PBS). 

Bryozoan materials were washed with PBS three times 

before further preparations. Samples were dehydrated with 

gradient ethanol series (30%, 50%, 70%, 90%, and 100%; 

v/v) and sputter-coated with gold film of approximately 11-

15 nm thickness (Edwards SC06). Samples were examined 
with scanning electron microscope at 15-20 KV (Jeol JSM-

6460LV, JEOL, USA) and pictures were stored digitally 

and processed using JSM Software (JEOL, USA). 

Isolation of bryozoan associated bacteria 

Samples were processed under aseptic conditions as 

follows: 1 gr of bryozoans were rinsed with sterile 

seawater, macerated with sterile micro-pestle and 

homogenized with 1 mL sterile natural seawater at room 

temperature (RT, 24 ± 2oC). The homogenized samples 

were serially diluted and spread (30 µL) on minimal media, 

contained 0.25% (w/v) of peptone (Oxoid), 0.05% (w/v) of 

yeast extract (Oxoid), and 1.5% (w/v) of agar (Oxoid), 
dissolved in sterile natural seawater and incubated at room 

temperature (RT, 24 ± 2oC) up to 1 week. Colonies were 

picked and purified by making streak plates based on the 

morphological features (Madigan et al. 2015). The strains 

of associated bacteria were named with the initials of 

bryozoan from which they were isolated. Colonies with 

different morphological characteristics were picked up and 

transferred onto freshly prepared media containing the 

same ingredients as before until pure cultures were 

obtained. 
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Figure 1. Map of the study areas in the Java Sea, central Indonesian Archipelago. 1-3, study localities on the island of Java indicated by 

black circles at increasing scales. Bryozoans were collected at two sampling sites (black dots) in Teluk Awur (4) 
 
 

Screening for antibacterial activities against MDR 

bacteria 

Pure cultures were inoculated approximately 1 cm2 

(small dots) on minimal media in triplicate. After growing 

(depend on the growth rate this was usually 1 - 7 days) the 
plates were covered with Nutrient soft agar (0.3% (w/v) 

nutrient broth, 1% (w/v) NaCl and 0.7% (w/v) agar) 

containing one of the indicator strains with concentration 

was 0,5 McFarland. Following strains were used for 

antibacterial testing: multi-drug resistant (MDR) 

Pseudomonas aeruginosa (Pa), Klebsiella pneumoniae 

(Kp), Acinetobacter baumannii (Ab), and Enterobacter 

cloacae (Ec) for Gram-negative and methicilin-resistant 

Staphylococcus aureus (MRSA) for Gram-positive that 

were obtained from the Medical Microbiology Laboratory 

of Dr. Kariadi Central Hospitals, Semarang, Central Java, 
Indonesia. The plates were incubated at optimum 

temperature for bacterial growth (37 ± 2℃) for 24h. The 

antibacterial activity of MDR bacteria was defined by the 

presence of clear zones around the bacteria isolates. Levels 

of activity (without isolates) were categorized as follows: 

no effect (-), 0-1 mm (+), 1-3 mm (++), 3-7 mm (+++) and 

7-15 mm (++++). 

16S rRNA gene sequence-based identification of active 

bacteria  

The molecular-based works were carried out at 

Laboratory of Tropical Marine Biotechnology, Diponegoro 
University, Semarang, Indonesia. Genomic DNA was 

extracted using Chelex 100-based methods (Ayuningrum et 

al. 2017) and purified from the pure culture of potential 

bacteria for PCR. The primer pair 27f (5′-

AGAGTTTGATCCTGGCTCAG-3′) and 1492r (5′-

GGTTACCTTGTTACGACTT-3′) were used for 

amplification of the 16S rDNA sequences (Lane, 1991). 

The PCR reactions were conducted as follows: initial 

denaturation at 95℃ for 3 min, 30 cycles of amplification 

(each cycle consisting of denaturation at 94℃   for 1 min, 

annealing at 55℃   for 1 min, and extension at 72℃  for 1 

min). A final extension was performed at 72℃   for 7 min. 

The PCR products were verified by agarose (1%) gel 

electrophoresis and the digital images were obtained using 

UVI Doc HD5 (UVITEC Cambridge). The PCR product 

purifications, as well as sequencing, were undertaken at the 

Molecular Biology Laboratory, Agency for the Assessment 

and Application Technology (BPPT), Jakarta, Indonesia. 

Results were compared with other sequences in the NCBI 

prokaryotes database using BLAST. The phylogenetic tree 

of sequence results was constructed by the maximum-

likelihood analysis and bootstrap values were also 

performed using the program MEGA 7.0 (Tamura et al. 
2007). The 16S rRNA gene sequences were submitted to 

the NCBI gene bank databases with the accession numbers 

MN096861 to MN096879.  

RESULTS AND DISCUSSION 

Sample collection of bryozoans Pleurocodonellina sp. 

Encrusting bryozoans Pleurocodonellina sp., were 

collected from the Teluk Awur, Jepara, were identified by 

morphology (morpho-species). The characteristics of this 

genus are distinguished by the shape of the orificial sinus; 

the shape and orientation of the avicularia; and the number 

of pores on the ovicell. This species has calcified frontal 
shield. Primary orifice was subcircular in outline, wider 

than long. The sinus made U-shaped, subrounded in shape, 

flanked by two sharp condyles with serrated tips. Most 

autozooids have a single adventitious avicularium placed 

proximolateral to orifice and directed proximally. Ovicell 

of this species was prominent, globular, and wider than 

long, with the pores was approximately 38-43. 

Each site obtained a different number of colony (Table 

1). They strongly-attached on mussels and rocks, patched 

up to a diameter 20 mm (Figure 2). 
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Scanning electron microscopy (SEM) of bryozoan 

surfaces 

Zooids (up to thousands) may pattern-form one colony 

of the Pleurocodonellina sp. and each zooid has a single 

orifice with avicularia as features (Figure 3A). Some of the 

membrane (operculum) that covers the orifice broke open 

due to sample preparation. Bacteria could be found on the 

surfaces of the samples but not all the parts of the colony 

are covered. Bacteria colonization were detected on the 

lateral part of the avicularia. In contrast, avicularia that 
active part of colony was apparently not colonized by any 

microorganisms (Figure 3B). Bacteria covered the zooid 

(arrows) but lack of bacteria colonization on the orifice (or) 

and avicularia (av) parts (Figure 3C). The proximal part of 

avicularia showed a little colonization of bacteria while the 

distal part was not colonized (Figure 3D). 

Isolation of bryozoan-associated bacteria and 

antibacterial activities 

The total of 56 strains was selected for isolation of pure 

cultures according to colony morphology and color from 

each dilution series and two sampling sites (Table 1). 
Approximately 30% (17 isolates) of the total isolates 

showed inhibitory activities against MDR bacteria, at least 

one indicator strain (Table 2). MDR bacteria Pa was 

inhibited by 59%, Kp by 12%, Ab by 18%, Ec by 53%, and 

MRSA by 48% of all active isolates. Among these active 

strains, five isolates (30%) displayed inhibition both Gram-

negative and Gram-positive MDR bacteria. The highest 

counts of active bacteria were belonged to the Virgibacillus 

genera, since 12 out of 17 isolates (70%) displayed 

antibiotic activities (Table 2). 

Twelve isolates of Virgibacillus-related isolates 

demonstrated inhibition of all MDR bacteria with different 

activities. On the other hand, Bacillus-related isolates 

TAB02-17 and TAB05-15 only suppressed growth of 

Gram-negative bacteria except for MDR Kp. Antibacterial 

test of Halomonas-related isolates between TAB03-4 and 

TAB06-5 displayed inhibition of both MDR E. cloacae and 

MRSA. Those each isolates have different host and 
location but same antibacterial activities. 

Interestingly, only Pseudoalteromonas-related isolate 

TAB03-6 exclusively inhibited the growth of majority of 

MDR bacteria with the highest zone of inhibition. P. 

piscicida isolates TAB03-6 displayed the highest inhibition 

of MDR P. aeruginosa and MRSA and also inhibited the 

growth of MDR Kp and Ec with lower activities.  

16S rDNA sequence-based phylogenetic analysis of 

bioactive bacteria 

A total of 17 strains with antibacterial activity against 

MDR bacteria were classified phylogenetically (Figure 4). 
The majority of the active isolates belonged to 

Virgibacillus genera (70%). The following genera of active 

bacteria belonged to Bacillus (12%), Halomonas (12%) and 

Pseudoalteromonas (6%). The genus Virgibacillus was 

being isolated from all four bryozoan samples. 

Interestingly, three different isolates (Virgibacillus, 

Pseudoalteromonas, Halomonas) were only obtained from 

bryozoan Pleurocodonellina sp. samples TAB03. 
 
 

 
 

Figure 2. Pictures of bryozoan Pleurocodonellina sp. (A) Samples attached on the surface of mussels (arrow); and on rocks, making one 
of pattern-form colony (B). Scale bars: (A) 10 mm; (B) scale: 5 mm 

 

 
Table 1. Classification of sampling sites and number of bacteria isolated from bryozoan Pleurocodonellina sp. 
 

Sampling date Sampling site Number of colony(s) Sample ID Number of isolated bacteria 

2017-09-19 
(Pleurocodonellina I) 

06°36'59.20"S 
110°38'19.60"E 

3 
TAB02 
TAB03 
TAB05 

17 
10 
15 

2017-09-21 
(Pleurocodonellina II) 

06°37'00.46"S 
110°38'20.73"E 

1 TAB06 14 

Total 56 

A B 
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Table 2. 16S rDNA-based sequence similarity (BLAST) and antibacterial activities of isolates 
 

Isolates Nearest phylogenetic neighbor 
Base-

pairs 

Similarity 

(%) 

Accession 

Number 

anti-MDR activity(a,b) 

Pa Kp Ab Ec MRSA 

TAB02-3 Virgibacillus salarius SA-Vb1 1437 98.9 MN096872 - - - ++ - 
TAB02-8 Virgibacillus salarius SA-Vb1 1416 99.7 MN096873 + - + - ++ 
TAB02-10 Virgibacillus salarius SA-Vb1 1051 97.4 MN096870 ++ - - - - 
TAB02-13 Virgibacillus salarius 123 1450 96.5 MN096871 + - - - + 

TAB02-17 Bacillus stratosphericus 41KF2a 1420 99.9 MN096861 + - - + - 
TAB03-1 Virgibacillus salarius SA-Vb1 1437 99.6 MN096862 ++ - - + - 
TAB03-4 Halomonas axialensis Althf1 1403 99.6 MN096863 - - - + + 
TAB03-6 Pseudoalteromonas piscicida NBRC 103038 1385 99.7 MN096877 +++ + - ++ +++ 
TAB03-10 Virgibacillus salarius SA-Vb1 628 94.8 MN096864 - - - - ++ 
TAB05-2 Virgibacillus salarius SA-Vb1 1439 99.7 MN096865 + - - ++ - 
TAB05-6 Virgibacillus salarius SA-Vb1 1450 99.6 MN096876 ++ - - - - 
TAB05-8 Virgibacillus salarius SA-Vb1 1065 99.9 MN096866 - - - - ++ 

TAB05-15 Bacillus paramycoides MCCC 1A04098 1411 98.2 MN096867 - - + + - 
TAB06-5 Halomonas axialensis Althf1 1403 99.7 MN096869 - - - + + 
TAB06-7 Virgibacillus marismortui 123 1434 98.8 MN096875 + - + - - 
TAB06-13 Virgibacillus salarius SA-Vb1 1450 99.7 MN096868 + + - - - 
TAB06-14 Virgibacillus marismortui 123 968 99.9 MN096874 - - - ++ - 

Note: a MDR, Multidrug resistant bacteria; Pa, Pseudomonas aeruginosa; Kp, Klebsiella pneumoniae; Ab, Acinetobacter baumannii; Ec, 
Enterbacter cloacae; MRSA, Methicilin-resistant Staphylococcus aureus. b Inhibition zone for antibacterial activity: -, no effect; +, 0-
1mm; ++, 1-3mm; +++, 3-7mm; ++++, 7-12mm 

 
 

 
 

Figure 3. Electron micrograph of colony Pleurocodonellina sp. isolate TAB03-6. A. autozooids of the colony Pleurocodonellina sp. 
with orifice (or) and avicularia (av) that were covered by operculum, B. Avicularia are covered by operculum, showed lack of bacteria 

colonization and bacteria were shown on the lateral part of avicularia, C. Single zooid with the presence of bacterial colonization on the 
surface of colony that is marked by red arrows, D. Close-up of bacteria colonization on the proximal part of avicularia. Scale bar: A = 
100 μm; B = 35 μm; C = 100 μm; D = 5 μm 

C D 

A B 
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Figure 4. Neighbor-joining tree constructed with Tamura-Nei model from 16S rRNA gene sequences showing the phylogenetic 
relationships of strains from this study to closely related species and some other selected strains. Non-parametric bootstrapping analysis 
(1000 datasets) was conducted 
 
 
 
 

Discussion 

In this study, four colonies of species 

Pleurocodonellina sp. were found in intertidal zones (depth 

1-3 m). From what is known of other tropical regions 

(Almeida et al. 2015; Almeida et al. 2017; Almeida et al. 

2018), it is likely that the majority of the hard-shore and 

coral-associated intertidal zones of the Java Sea would 

have many more bryozoan species including genus 

Pleurocodonellina. The study of potential bacteria isolated 

from bryozoans is not as comprehensive as for other 

marine organisms such as sponges (Asagabaldan et al. 
2017), corals (Sibero et al. 2019) and ascidians 

(Ayuningrum et al. 2019) in the Java Sea; indeed, no 

information exists. Teluk Awur is located in the central 

Java Sea, the latter presenting a wide variety of associated 

rich organismal communities. The discovery of four 

bryozoan colonies in present study is indicative of the new 

source of potential-bacteria hosts to be expected when 

shallow coastal areas are more fully explored. 

As far as we know, among the specimens collected in 

this study, they had not been examined previously for 

bacterial coverage. Therefore, scanning electron 

microscopic studies were firstly conducted with this 

bryozoan species sampled from the Java Sea. In 

comparison with the study of bryozoan surfaces, the 

bryozoans Pleurocodonellina sp., which were collected in 

Teluk Awur, displayed a thin microbial coverage, whereas 

the surface of bryozoan Cryptosula pallasiana, 

Schizobrachiella sanguinea, and Schizotheca serratimargo, 

which were collected from Mediterranean Sea, displayed a 

bacterial biofilm (Heindl et al. 2010). Some reports from 

Nogales et al. (2011) and Crain et al. (2008) analyzed that 

the effect of anthropogenic activities on microbial 

communities is complex, it could be addictive, synergistic, 
or antagonistic. These effects could impair the bryozoans 

fitness, therefore affecting colonization on their surfaces.  

In this study, members of the genera Virgibacillus, 

Halomonas, Bacillus, and Pseudoalteromonas were found 

to be associated with bryozoan Pleurocodonellina sp. and 

all type strains related of the genera validly described 

species originates from marine habitats. Previous studies on 

bacteria associated with the bryozoans showed similar 

results (Pukall et al. 2001; Heindl et al. 2010; 2012), which 

is genus Pseudoalteromonas was predominantly obtained, 

whereas only one strain P. piscicida TAB03-6 has been 

isolated in this study. On the other hand, bacterial isolates 
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from bryozoan Membranipora membranacea were also 

found genus Halomonas (Heindl et al. 2012), which was 

similar to our results. Genus Bacillus was also dominantly 

associated with bryozoan Flustra foliacea (Heindl et al. 

2010). Genus Virgibacillus, which is the most abundant 

genus in this study, is firstly added as bacteria associated 

with bryozoan, since there are no records from previous 

studies. All 12 strains of Virgibacillus-related isolates in 

this study were also validly marine origin bacteria. 

Compared to this results, the genus Virgibacillus is 
commonly associated in other marine organisms in Java 

Sea such as; corals (Kristiana et al. 2017; Ayuningrum et 

al. 2017) and ascidians (Ayuningrum et al. 2019).  

The antibacterial activities of practically all active 

isolates (30%) were directed against infectious MDR 

bacteria. Only five isolates displayed inhibitory effect on 

both Gram-positive and Gram-negative bacteria. These 

antagonistic interactions between marine bacteria and 

infectious human bacteria might be an important aspect in 

discovering new source of pharmaceutical agents. In the 

previous study, Ayuningrum et al. (2019) isolated similar 
bacteria (Virgibacillus, Pseudoalteromonas, Bacillus, and 

Halomonas comprising 56% of all isolates) from ascidians 

and tested them against different human pathogen bacteria 

(B. cereus, B. megaterium, E. coli, ESBL, and Micrococcus 

luteus). In this case, the authors discovered compound 

isatin that isolated from genus Pseudoalteromonas, since 

their best activities against all indicator organisms, which 

was similar to our results. Comparable studies of marine 

bacteria from Indonesia sites also showed strain-specific 

antibacterial patterns against MDR bacteria, which were 

isolated from nudibranch (Kristiana et al. 2019). 
Marine microorganisms play a major role among the 

producers of natural products from marine sources (Blunt 

et al. 2010). Moreover, all bacterial genera related to those 

found in this study were reported as antimicrobial agents. 

Such products have been reported, such as marine 

Pseudoalteromonas (Bowmann 2007; Offret et al. 2016), 

Halomonas (Bitzer et al. 2006), Bacillus (Mondol et al. 

2013; Mohan et al. 2016), and Virgibacillus (Arunachalam 

et al. 2013). Since antibacterial features had been published 

for all members of related genera from this study, the 

diversity of active bacteria found may not be surprising. 

Nevertheless, the production of secondary metabolites 
could differ at the strain level, but need to be studied by 

further experiments. 

In conclusion, the bacteria able to colonize bryozoan 

Pleurocodonelina sp, affiliated to the genera Virgibacillus, 

Pseudoalteromonas, Halomonas, and Bacillus. Our 

preliminary data has demonstrated that bryozoan provides a 

rich source of bacteria with antimicrobial activities against 

MDR bacteria. Our study also added the genus 

Virgibacillus as bacteria associated with bryozoan, since 

there were no reports of this genus isolated from bryozoan. 

These results may lead to further investigations of 
discovering the potential bacteria and interactions between 

macro- and microorganisms since the study of associated 

bacteria in bryozoan are still scarce. 
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