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ABSTRACT  

Marine sponges have been the potential source of bioactive compounds 

with potent antimicrobial properties. Sponge associated microbes 

significantly provide the route of biosynthesis of some of these compounds. 

In this work, a total of 100 bacterial colonies were screened from a marine 

sponge from Class Demospongiae, which has been collected from 

Merambong Island, the state of Johor, Malaysia. In disk diffusion assay, 

only 2 out of 100 isolates; namely C40 and C52, were able to demonstrate 

active inhibitions against selected human pathogens (Pseudomonas 

aeruginosa, Escherichia coli, Bacillus subtilis, except for Staphylococcus 

aureus). Isolates C40 and C52 were characterized to be Gram negative 

short rods, non-spore formers and catalase positive. Unlike the majority of 

other isolates from sponge which were Gram positive rods, Isolate C40 and 

C52 are Gram negative rods which grew in yellow pigmented colonies. 

Genotypic characterization using 16S ribosomal RNA sequencing were 

carried out on each isolate (accession number for C40 and C52 is 

MT645493 and MT645494, respectively). The 16S ribosomal RNA 

sequences revealed that these strains belonged to genus Pseudoalteromonas 

sp. with 97-98% similarities. Inhibitions studies showed that this sponge 

associated microorganisms potentially produce anti-microbial compounds 

useful for biotechnologies.  
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I. INTRODUCTION 

Microorganisms have been the prime sources to derive 

natural products which were developed as commercial 

products destined for human healthcare and agricultural uses. 

With the advent of new ‘omics’ technologies based on 

structural bioinformatics, metabolomics or gene expression, 

the new field of microbial genome mining propels further the 

applications in natural product discovery and development 

[1]. Despite of these advancements, the emergence of 

antibiotic resistant microorganisms has made the quest to find 

novel biologically active compound a never ending research 

endeavor [2]. Even though the terrestrial plants and 

microorganisms have been the significant contributors to 

natural product discovery, these sources are still limited as 

they are not easy to propagate or readily available. 

As an alternative to terrestrial sources, researchers have 

been resorting to marine as an interesting source for bioactive 

compounds. Marine sources are believed to offer 

substantially different microbial communities from that of 

terrestrial environment. Marine invertebrates have been the 

largest contributors to marine bioactive compound 

production and these compounds have shown high incidence 

of cytotoxicity [3]. There are more than 15,000 marine natural 

compounds being isolated and studied, about one third of 

these are derived from Sponges (Phylum Porifera). 

Evolutionarily, sponges are ancient metazoans (multicellular) 

that can normally be found abundant in tropical oceans, but 

they can also dwell the temperate oceans as well as the 

freshwater. Sponges harbour large and diverse population of 

bacteria in their matrix tissues and this account to 

approximately 40% of their biomass. Sponges are considered 

as holobiont, a recent concept of describing complex 

organism relying on the tight association between the host 

and microbiota that inhabit it [4]. The symbiotic interactions 

between sponges and microbiome will facilitate host for 

nutrient acquisition, structural stabilization of the sponge 

skeleton, metabolism and processing of waste, and 

production of secondary metabolite [5]. 

It was discovered that bioactive compounds from sponges 

are actually synthesized in pathways involving 

microorganisms, or completely produced by the 

microorganisms themselves. The diversity of sponges, and 

microbiota they harbour have inspired many works targeting 

various compounds with biotechnological potentials. 

Malaysia is a mega biodiversity country and it was 
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surrounded largely by oceans. Several studies have been 

carried out to isolate diverse microorganisms from various 

types of sponges collected from Malaysian waters, or nearby 

regions. In Malaysia, various types of sponges were recently 

sampled; and the sponge associated microbes were studied 

for useful products or enzymes. These include rare 

Actinomycetes (Tioman island) [6]; polysaccharides 

producing Theonella sp. (Bidong island) [7]; pigmented 

bacterium (Tinggi Island) [8]; several cultivable bacterium 

(Bidong Island) [9]; and Streptomyces (Andaman sea) [10]; 

haloalkanoic acid degrading Bacillus aryabhattai [11]; and 

moderately halophilic lipase producing bacterium (Pahang 

coast) [12]. The potential of sponge associated microbes in 

bioprospecting of bioactive compound have been described 

[13], [14]. Recently, a metagenomic approach was also used 

to profile microbial diversity in sponge collected from 

Bidong and Redang islands in Terengganu [15]. This work is 

to highlight on the isolation and characterization of yellow 

pigmented bacteria which were isolated from a sponge 

sample (Class Demospongiae) collected from Merambong 

Island, an island located at Tebrau straits, Johor. These 

isolates were subjected to bacterial inhibition studies against 

selected human pathogens. This sponge associated microbes 

produce useful antimicrobial agents which have 

biotechnological potential. 

 

II. MATERIALS AND METHODS 

A. Sample collection and bacterial strains 

The marine sponge sample was collected from Pulau 

Merambong (Merambong Island) which is situated in Johor, 

Malaysia (1.3153° N, 103.6102° E, see Fig 1). The sponge 

was collected by a team of SCUBA divers from Institute of 

Oceanography (INOCEM), International Islamic University 

Malaysia. Sponge sample was immediately transported and 

stored at -20 °C before extraction. Sponge was thawed, cut 

into small pieces using sterile blade. About 100g of sponge 

tissues was suspended in 100mL sterilized sea water and 

homogenized. The extract was diluted up to 10-1-10-3 and 

about 100 μL from each extract dilution was spread on 

Marine agar (MA) 2216 (55.1 gL-1, Difco), followed by 

incubation at 25 °C for 48 hours. Single colonies that formed 

were selected and sub-cultured again into the MA. 

 

 
Fig. 1. Location of Merambong island, the State of Johor in Peninsular 

Malaysia. 

 

B. Colony and morphology characterizations 

Colonies that formed were analyzed for their appearances, 

optical property, pigmentation, texture, form, elevation and 

margin. Gram staining, spore staining, motility, catalase tests 

were carried out using standard protocol as carried out 

elsewhere [16]. 

C. Disk diffusion methods 

Four indicator bacterium; Pseudomonas aeruginosa 

(ATCC 14028), Escherichia coli (ATCC 35218), Bacillus 

subtilis (ATCC 14579), Staphylococcus aureus (ATCC 

25923) were previously purchased from American Culture 

Collection Centre (ATCC) and maintained at Kulliyah of 

Science collection. The strains were cultivated at 35 °C for 24 

hours in 10 mL Nutrient broth (NB) until reaching 1-2 x108 

CFUml-1. About 100 μL of the broth were spread evenly onto 

Nutrient agar (NA) plates, incubated until bacterial lawn 

formation which were used in subsequent disk diffusion tests. 

Antagonistic tests were carried out using disk diffusion 

methods [17]. The bacterial strains were inoculated into 10 

mL Marine broth (Difco) until turbidity reached at 0.5 

McFarland standard. About 10 μL of the cell suspension was 

dispensed onto sterile paper disc. The disc was left to dry and 

the procedure was repeated 5 times until a total of 50 μL broth 

samples were dispensed. The impregnated discs were placed 

firmly onto the surface of NA agar plate with lawn of 

indicator bacterium and this was incubated at 25 °C for 48 

hours. The Marine broth was used as negative control, and 

antibiotic (Gentamycin, 25.0 μgmL-1), as positive control. 

The diameter of the zone of inhibition that formed 

surrounding the disc was measured (in mm). 

D. Genotypic characterization 

The genomic DNA was extracted from selected bacterial 

strains using GF-1 Bacterial DNA extraction kit (Vivantis) 

according to manufacturer protocols. The DNA samples were 

then used as template for PCR amplification of 16S rRNA 

gene using a pair of universal primer (forward: 5’ – AGA 

GTT TGA TCC TGG CTC AG – 3’ and reverse 5’ – CCG 

TCA ATT CCT TTG AGT TT- 3’) [18]. Each PCR reaction 

mixture in 50 μL volumes was added with 2 μL (50-100 ng) 

DNA sample, 1.5 of each primer and 25 μl of 2x Master mix 

(Promega). Amplifications cycle (Mastercycler, Germany) 

was set as follows: Initial denaturation (94 °C, 2 min) 

followed by 30 cycles of denaturation (94 °C, 50 s); annealing 

(44 °C, 50 s); and extension (72 °C, 1.5 min); followed by a 

final extension (72 °C, 3.5 min and hold at 4 °C). The PCR 

products were purified using PCR purification kit (GeneJet, 

Fermentas). The DNA bands was analyzed using 1% agarose 

gel electrophoresis, stained with Ethidium bromide 

(0.5 g/mL) and visualized using gel documenter (Alpha 

Imager 2200). The genomic DNA samples were sent to 

sequencing agency (Apical Scientific, Sdn. Bhd) and 

generated sequences were cleaned and analyzed using 

BLASTN search at http://www.ncbi.nlm.nih.gov. The 

phylogram was constructed based on Neighbour-joining 

methods (NGphylogey.fr) using an online tool available at 

https://ngphylogeny.fr/. At NCBI Genbank, each deposited 

sequence was assigned with an accession number MT645493 

and MT645494 (for C40 and C52 respectively). 
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III. RESULTS AND DISCUSSION 

In this work, about 100 colonies were successfully sub-

cultured from the sponge sample and studied. Gram staining 

results showed that the majority of the isolates (94%) are 

gram positive bacterium (Table 1). None of the Gram positive 

sample showed inhibition on the indicator bacterium used. 

However, 2 out of 6 Gram negative isolates were able to show 

inhibitions and these two isolates; C40 and C52, were 

selected for further studies. Generally, Isolate C40 and C52 

appeared as Gram negative rods which are catalase positive 

and non-spore forming microbes. The colonies morphology 

and characteristic exhibited by these strains were shown on 

Table 2. Biochemical and morphological data were compared 

with genotypic data of which the rRNA sequencing result (see 

discussion later) had identified these isolates belonged to 

Pseudoalteromonas sp. The colony morphologies or 

characteristics such as yellow to red colour, either translucent 

or opaque optical property, circular shape, convex elevation 

with entire margin are common features displayed by 

Pseudoaltermononas species [19], [20], [21]. Nevertheless, 

some variations were still being reported indicating that 

different Pesudoalteromonas species may not show similar 

colony appearances. 

 
TABLE 1: MORPHOLOGICAL DISTRIBUTION OF MICROBIAL ISOLATES FROM 

SPONGE AND INHIBITORY PROPERTIES 

Gram Staining 

Properties 

Positive (Purple) Negative (Pink) 

94 6 

Shapes 
Rods Cocci Rods Cocci 

10 84 3 3 

Inhibition - - 2 - 

 
TABLE 2: COLONIES CHARACTERISTIC, STAINING, MORPHOLOGIES AND 

BIOCHEMICAL TESTS 

Observations 
Isolates 

C40 C52 

Colonies   
Pigmentation Yellow Yellow 

Optical properties Translucent Opaque 

Texture Smooth Smooth 
Form Circular Circular 

Elevation Convex Pulvinate 

Margin Entire Entire 
Morphologies   

Gram staining Negative Negative 

Shape Rods Rods 
Catalase + + 

Spore - - 

 

Based on results shown in Table 3, studies using disk 

diffusion method showed that Isolates C40 and C52 showed 

varying inhibitions against indicator strains. Isolate C40 was 

able to inhibit Gram negative Escherichia coli and Gram 

positive Bacillus subtilis, but not against gram negative 

Pseudomonas aeruginosa or Gram positive Staphylococcus 

aureus (Fig. 2). In contrast, Isolate C52 showed antagonisms 

against Gram positive Bacillus subtilis and Gram negative 

Pseudomonas aeruginosa. 

TABLE 3: INHIBITORY ACTIVITIES OF ISOLATE C40 AND C52 AGAINST 

SELECTED INDICATOR STRAINS 

Indicator 
bacterium 

Inhibition zone (±0.1 mm) 

Positive 

control 
(Gentamycin) 

Negative 

control 
(Marine broth) 

Isolate 

C40 

Isolate 

C52 

Escherichia coli 24.0 N/A 13.0 N/A 

Bacillus subtilis 28.0 N/A 15.0 10.0 

Staphylococcus 

aureus 
24.0 N/A N/A N/A 

Pseudomonas 
aeruginosa 

22.0 N/A N/A 15.0 

N/A – no activity 

 

 
Fig. 2. Examples of inhibitory activities of isolates C40 and C52 against 

indicator strains using disk diffusion methods. Upper panel: Inhibition 
activities (arrow) of sample C40 against a) B. subtilis; and b) E. coli. Lower 

panel: Inhibitory activities (arrows) of C52 against a) P. aeruginosa; and d) 

B. subtilis. All other disks were corresponded to other isolates. 

 

Ability to exhibit inhibitions against both Gram positive 

and negative strains implied that these isolates showed broad 

spectrum inhibition and different types of metabolites could 

have been produced by these organisms. Pseudoalteromonas 

species are known to produce diverse antimicrobial 

metabolites which can potentially be harnessed for future 

antimicrobial agents [22]. These metabolites include 

alkaloids or peptides, polyketides, terpenoids and bacteriocin 

like substance (BLIS). In view of the rise and concern in 

antibiotic resistance among human pathogen, these 

metabolites should be considered and studied for potential 

antimicrobial agents. 

The 16S ribosomal RNA were successfully amplified from 

both DNA sample form C40 and C52 samples, and the Fig. 3 

shows the amplified product of size ~1.5 kb visualized using 

1% agrose gel electrophoresis. Based on 16S ribosomal RNA 

sequencing, both C40 and C52 strains have high similarity (at 

least 98%) with several Pseudoalteromonas species (e.g. P. 

tetraodonis and P. issachenkonji). An example of a hit list 

generated from similarity searches using BLASTN was 

shown in Table 4 for isolate C40 (list for C52 are similar, not 

shown). Since their similarities are just below 98.7%, these 

isolates can only be identified up genus level, and they are 

referred to as Pseudoalteromonas sp. Fig. 4 shows a 
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phylogenetic tree was constructed containing the 16S rRNA 

sequences of Isolate C40 and C52 with other related 

Pseudoalteromonas species from the hit list. Isolates C40 and 

C52 present in a branch that radiates together with strains P. 

issachenkonii and P. tetraodonis. There is another sister 

branch that clusters P. spiralis, P. elyakovii, P. haloplanktis, 

P. nigrifacien, P. antarctica and P. espejiama. All of these 

branches together with P. mariniglutinosa are clustered 

within a bigger clade which is split from many other 

Pseudoalteromonas members. In this tree, a strain 

Shewanella japonica which is the furthest distant member, 

forms an outgroup. 

 
Fig 3. Agarose gel (1%) electrophoresis showing the amplified bands of 

sizes 1.5 kb corresponding to the 16S ribosomal RNA gene for both 

isolates; C40 and C52. Lane M is standard 1kb ladder marker and other 

lanes are labelled with isolates C40 and C52. 
 

 
Fig 4. A Phylogram generated using Neigbour-joining methods to 

indicate the relative position of two Pseudalteromonas sp. strains C50 and 

C52 isolated from marine sponges at Merambong Island, with other 

Pseudoalteromonas strains. 

The 16S ribosomal RNA were successfully amplified from 

both DNA sample form C40 and C52 samples, and the Figure 

3 shows the amplified product of size ~1.5 kb visualized 

using 1% agrose gel electrophoresis. Based on 16S ribosomal 

RNA sequencing, both C40 and C52 strains have high 

similarity (at least 98%) with several Pseudoalteromonas 

species (e.g. P. tetraodonis and P. issachenkonii). An 

example of a hit list generated from similarity searches using 

BLASTN was shown in Table 4 for isolate C40 (list for C52 

are similar, not shown). Since their similarities are just below 

98.7%, these isolates can only be identified up genus level, 

and they are referred to as Pseudoalteromonas sp. Fig. 4 

shows a phylogenetic tree was constructed containing the 16S 

rRNA sequences of Isolate C40 and C52 with other related 

Pseudoalteromonas species from the hit list. Isolates C40 and 

C52 present in a branch that radiates together with strains P. 

issachenkonii and P. tetraodonis. There is another sister 

branch that clusters P. spiralis, P. elyakovii, P. haloplanktis, 

P. nigrifacien, P. antarctica and P. espejiana. All of these 

branches together with P. mariniglutinosa are clustered 

within a bigger clade which is split from many other 

Pseudoalteromonas members. In this tree, a strain 

Shewanella japonica which is the furthest distant member, 

forms an outgroup. 

The genus Pseudoalteromonas belongs to the class 

Gammaproteobacteria which is ubiquitously heterotrophic 

bacterium common in the marine ecosystem [23]. 

Pseudoalteromonas was formerly grouped under genus 

Alteromonas, but later taxonomic revision following the 

availability of phylogenetic data has re-grouped them into a 

new genus Agricola [24]. Due to their characteristic biofilm 

formation and anti-fouling properties, Pseudoalteromonas 

has received many attentions in ecology [25]. Ability to 

produce wide varieties of bioactive compounds has also 

gathered interest in them for natural product source [23]. 

Members from this genus can then be divided nicely into two 

groups; i.e., non-pigmented and pigmented species. The 

pigmented species are more diverse and normally produce 

bioactive compounds, and the non-pigmented species is 

however less so. Since, both isolates C40 and C52 have the 

properties of Gram negative pigment producing 

Pseudoalteromonas species, the future prospect of these two 

strains should further be explored for biotechnology product. 
 

 

 
 

TABLE 4: SIMILARITY HIT LIST GENERATED FROM NCBI BLASTN SEARCH FOR C52 16S RRNA GENE SEQUENCE 

Strains 
Accession 
Number 

Percentage 
identity (%) 

E-value Score 

Pseudoalteromonas issachenkonii strain KMM 3549 16S NR_025139.1 98.4 0 2248 

Pseudoalteromonas tetraodonis GFC strain IAM 14160 NR_041787.1 98.4 0 2246 

Pseudoalteromonas spiralis strain Te-2-2 NR_114801.1 98.4 0 2241 

Pseudoalteromonas elyakovii strain KMM 162 NR_028722.1 98.2 0 2230 

Pseudoalteromonas espejiana strain 261 NR_029285.1 98.2 0 2200 

Pseudoalteromonas mariniglutinosa strain KMM 3635 NR_028992.1 97.4 0 2128 

Psychrosphaera aestuarii strain PSC101 NR_133832.1 90.7 0 1690 

Shewanella loihica strain PV-4 NR_074815.1 91.2 0 1674 
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IV. CONCLUSION 

In this work, two strains of marine bacteria from 

Pseudoalteromonas sp. have successfully been isolated from 

a sponge tissues of Class Demospongiae, which was 

previously collected near Merambong Island, Johor, 

Malaysia. These yellow pigmented strains exhibited all the 

common characteristics of Pseudoalteromonas species which 

have also been reported from other marine sponges or other 

marine organisms and ecosystems. These strains 

demonstrated antagonisms against several human pathogens, 

both from Gram positive and negative bacterium. These 

antimicrobial properties of these strains should be explored 

further for future or novel bioactive compounds. 
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