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ABSTRACT The rising demand for natural antifouling agents has led to the search for
potential secondary metabolites from marine epiphytic bacteria. The objective of this study is to
isolate the epiphytic bacteria from various marine invertebrates and to screen for their antibacterial
activities against a list of fouling bacteria. In this study, the antibacterial activity of 91 epiphytic
bacteria were tested against 21 fouling bacteria. In the preliminary screening of the inhibition activity,
the fouling bacteria were cross-streaked with the epiphytic bacteria. Isolates with prominent inhibitory
activity (susceptible fouling bacteria > 40%) were subjected to fermentation for five days, and their
cell-free supernatants were extracted with ethyl acetate (1:1 v/v) to obtain the crude extracts. In the
secondary screening, the extracts were tested against fouling bacteria via the disc diffusion assay. At
2.00 mg/disc, 12 out of 30 extracts were effective against at least one fouling bacteria. Two most
outstanding antibacterial activities were demonstrated by isolates PD4.8 and PD4.9, which were
isolated from Caulerpa racemosa. Isolate PD4.8 was effective against five fouling bacteria with the
largest inhibition zone of 16.0 mm, whilst PD4.9 was effective against four fouling bacteria with the
largest inhibition zone of 15.0 mm. This study demonstrated a significant antibacterial activity of
epiphytic isolates PD4.8 and PD4.9 against the fouling bacteria, and should be further investigated for
production of antifouling compound.

ABSTRAK Peningkatan permintaan terhadap agen anti-penempelan semulajadi telah
membawa kepada pencarian metabolik sekunder yang berasal daripada bakteria laut. Objektif kajian
ini adalah untuk memencilkan bakteria epifit daripada pelbagai invertebrata laut dan untuk menguiji
aktiviti antibakteria mereka terhadap bakteria penempelan. Dalam kajian ini, akitiviti anti-bakteria
oleh 91 bakteria epifit yang dipencilkan daripada invertebrata laut diuji terhadap 21 bakteria
penempel. Dalam pemeriksaan awal aktiviti perencatan, bakteria penempel dicoretkan bersilang
dengan bakteria epifit. Pencilan dengan aktiviti perencatan yang menonjol (bakteria penempelan
terkesan > 40%) diteruskan dengan proses penapain selama lima hari, dan supernatan yang bebas dari
sel diekstrak dengan etil asetat (1:1 v/v) untuk mendapatkan ekstrak mentah. Dalam pemeriksaan
sekunder, ekstrak mentah diuji terhadap baketeria penempel melalui asai cakera penyebaran. Pada
kepekatan 2.00 mg/ml, 12 daripada 30 ekstrak didapati berkesan terhadap sekurang-kurangnya satu
bakteria penempel. Dua pencilan yang menunjukkan aktiviti perencatan paling ketara ialah pencilan
PD4.8 dan PD4.9 yang berasal daripada Caulerpa racemosa. Pencilan PD4.8 berkesan terhadap lima
bakteria penempelan dengan zon perencatan tertinggi 16.00 mm, manakala pencilan PD4.9 berkesan
terhadap empat bakteria penempel dengan zon perencatan tertinggi 15.00 mm. Kajian ini telah
mendedahkan aktiviti anti-bakteria yang ketara oleh pencilan epifit PD4.8 dan PDA4.9 terhadap
bakteria penempelan dan kajian harus diteruskan untuk memencilkan sebatian semulajadi dengan
aktiviti anti-penempelan.
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INTRODUCTION

Marine biofouling is defined as the
accumulation of living organisms on
submerged biotic and abiotic surfaces after
a period of time (Pereira et al., 2002). The
submerged surface is initially covered by
the conditioning layer of proteins and
polysaccharides that is rich in organic
materials. Planktonic bacteria will attach to
the surface and form biofilms. The mature
biofilm consists of complex structures of
bacteria, cyanobacteria, diatoms and
flagellates (Lappin-Scott & Costerton,
1989). The biofilm acts as stimulator and
sends cues that will attract larval
invertebrates of molluscs, seasquirts,
barnacles and macroalgae (Dobretsov et
al., 2009).

Biofouling has a significant impact
on the aquaculture industry, especially in a
tropical country like Malaysia. It damages
the equipment through abrasion, brittleness
and load increment. The fish culturists
have to clean, maintain, and replace
damaged nets regularly due to biofouling
(Lai et al., 1993; Madin et al., 2009). It
also reduces water flow, preventing proper
oxygen and waste exchange, and initiates
injuries  and diseases to  fish.
Enteromorpha sp. is one of the main
culprits besides the barnacles and mussels.
With sufficient light and high nutrient

concentrations that are released to the
surrounding waters, this ‘hair algae’ could
extensively grow on the nets and cages
(McCloskey, 2003). Their colonization on
the submerged surface starts with the
attachment of the zoospores and followed
by the irreversible adhesion of the flagella
and the growth of the thallus (Fletcher &
Callow, 1992).

The triorganotin (TBT) and copper
oxide (Cu,0) coatings are commonly used
in biofouling control. However, in 2008,
the International Maritime Organisation
(IMO) banned the use of TBT or other tin
containing substances because of the
toxicity effect to the non-target marine
organisms. The organotin compounds tend
to persist in the water, intoxicate the
marine lives and bio-accumulate in the
food chain (Iwata et al., 1995). Therefore,
an effective and environmental-friendly
antifouling agent is urgently needed to
overcome this problem. Sessile marine
invertebrates generally have the ability to
synthesize toxic secondary metabolites as
their defense mechanisms towards the
predators and biofouling organisms (Bazes
et al., 2006; Limna Mol et al., 2009). The
prevention mechanisms are also due to the
secondary metabolites produced by the
epiphytic bacteria that inhabit the surfaces
of the organisms and live symbiotically

together (Burgess et al., 2003; Jiang et al.,
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2011). In this study, we aim to investigate
the antifouling property of marine
epiphytic bacteria of some corals and
macroalgae against a number of fouling
bacteria isolated from the biofilm attached
on the heavily fouled fish net from an
aquaculture farm. Since the attachment of
fouling bacteria is among the first steps in
the process of biofouling formation, the
inhibition of these bacteria could play a

vital role in controlling biofouling.

MATERIALS AND METHODS

Isolation of epiphytic bacteria

Eleven  samples of  marine
organisms were handpicked from the
intertidal zones of Pulau Jerejak and Pulau
Kendi, Pulau Pinang and by SCUBA
diving in Port Dickson, Negeri Sembilan
through the semi-thin section viewed
under the microscope, and through
morphological analysis. (Table 1). All
samples were rinsed thoroughly with
sterile artificial seawater (ASW) prepared
by dissolving 40 g of sea salt (Sigma-
Aldrich) in IL of distilled water (dH ,0),
and aseptically cut into small pieces
(approx. 2 cm x 2 cm) using a sterile

scalpel. The surface of the hard corals was

swabbed with sterile cotton tip. The cotton
tips were placed into the tube containing
150 mL ASW and agitated at 150 rpm,
30°C for 24 hours. A volume of 100 pL of
ASW was inoculated on 50% and 100%
marine agar (MA) plates (supplemented
with 0.01% ketoconazole) (Devi et al.,
2010). The plates were incubated at 30°C
for 2-5 days. All individual colonies were
picked and repeatedly sub-cultured on new
MA plates. The epiphytic isolates were
denoted as EP.

Isolation of fouling bacteria

As described by Patel et al (2003),
the fouling bacteria were isolated by
directly swabbing the cotton tips on the
biofilm that covered the fish net from an
aquaculture farm that was in close vicinity
with the young Enteromorpha sp. The
cotton tips were placed into the tube
containing 150 mL sterile ASW and
agitated at 150 rpm, 30°C for 24 hours. A
volume of 100 pL of ASW was inoculated
on 50% and 100% marine agar (MA)
plates  (supplemented with  0.01%
ketoconazole). The plates were incubated
at 30°C for 2-5 days. Different individual

colonies were picked and repeatedly



Malaysian Journal of Science 36 (1): 17— 21 (2017)

Table 1. Locations and types of samples collected from Jerejak Island, Kendi Island and Port

Dickson.

Locations Macroalgae Corals
Jerejak Island Cladophora glomerata -
(5°19'12.35'N, 100°198.11"E) (PJ3)

Acantophora spicifera (PJ5)
Glacilaria edulis (PJ6)

Port Dickson
(5°13'58.51'N, 100°1045.95E)

Sargassum sp. (PD1)
Caulerpa sp. (PD7)
Caulerpa racemosa (PD4)

Galaxea sp. (PD3)
Silunaria sp. (PD2)
Sarcophytonsp. (PD5)
Seriatopora hystrix
(PD6)

Kendi Island
(2°32'11.13'N, 101°48 24.53"E).

Porites sp. (PK8)

sub-cultured on new MA plates. All
isolates were sub-cultured on the MA slant
and 15% glycerol stock and kept at 4 °C
and -20 °C, respectively. The fouling
bacteria were denoted as FB.

Preliminary screening of epiphytics
against fouling bacteria

All EP isolates were grown
overnight in 10 mL marine broth (MB) at
150 rpm and 30°C. Each stock culture was
diluted with sterile 0.9% saline solution to
give about 1.5 x 10% cfu/mL (McFarland
0.5). A sterile cotton tip was dipped into
the suspension and a single streak was
vertically drawn at the center of the MA
plate (7.0 cm length; 0.5 cm width). The
plates were incubated for 4 days at 30°C,
the FB (approx. 1.5 x 10°® cfu/mL) were

perpendicularly streaked at 3.0 cm (length)
and 0.5 cm (width) and 1.0 cm gap on the
same plate. A template of this marking was
drawn on a white paper and placed below
the plate to facilitate the streaking (Velhro-
Pereira & Kamat, 2011). The plate was re-
incubated for another 3 days at 30°C.
Positive results were measured by the
length of inhibition from the edge of the
vertical streak to the closest edge of the
first colony of the horizontal streak. The
Test was done in duplicate. In the first
replicate, EP isolates that showed greater
than or equal to 50% of fouling bacterial
inhibition (susceptible FB is > 10)
wereproceeded to the second replicate. The
EP isolates with inconsistence results were
classified as no inhibition (Hill et al.,
2009).
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Fermentation and Extraction

Firstly, the pre-culture of the
selected EP was prepared by inoculating
the freshly grown EP into 100 mL MB and
incubated at 150 rpm, 30°C for 24 hours.
The broth was diluted with fresh MB at an
optical density (ODggo) of 0.9-1.0 and 10
mL of it was transferred into 90 mL MB
and incubated at 150 rpm at 30 °C for 5
days (Bayva et al., 2011). After five days,
the cells and supernatant were separated by
centrifugation at 4000 rpm, 4°C for 30
minutes. The cell-free supernatant was
extracted with ethyl acetate (1:1 v/v) and
concentrated with the rotary evaporator.
Secondary screening via disc diffusion
assay

Stock cultures of freshly grown FB
were prepared in sterile 0.9% saline at
inoculum size of ~ 1 x 10° cells/mL. A
sterile cotton swab was dipped into the
stock and uniformly swabbed onto the
MA. The extracts were prepared at a
concentration of 50 mg/mL in 98.5%
methanol. An aliquot of 20 pL of each
extract was loaded onto the 6.0 mm sterile
discs and allowed to dry (Nor Afifah et al.,
2010). Copper omadine (20 pL of 0.1
mg/ml per disc) and 98.5% methanol (20
pL per disc) were used as positive and
negative controls, respectively. The discs

were placed on the seeded MA and
incubated at 30°C for 24 hours. Zones of
inhibition that appeared around the discs
were measured. The test was run in

duplicate.

RESULTS AND DISCUSSION

Isolation of epiphytic bacteria and
fouling bacteria

A total of 91 EPs and 21 FBs were
isolated from the eleven marine organism
samples and biofilm, respectively. The
number of isolates varied for each sample
(Table 2). The highest number of EP (15
isolates) was isolated from Caulerpa
racemosa (PD4), whilst the lowest number
of isolates (5 isolates each) was obtained
from Sargassum sp. (PD1) and Silunaria
sp. (PD2). Most of the isolates showed
colonies’  characteristics that  were
translucent and opaque in opacity; circular,
oval and irregular in form; flat and slightly
raise in elevation; entire and undulate in
margin; and shine or course surfaces.
Additionally, the dominant colours were
cream (92 isolates), followed by yellow
(11 isolates), orange (6 isolates), brown (1

isolate) and off-white (2 isolates).
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Table 2. The number of isolates from each sample

Samples

No. of isolates

PJ3 Cladophora glomerata
PJ5 Acantophora spicifera
PJ6 Glacilaria edulis

PD1 Sargassum sp.

PD2 Silunaria sp.

PD3 Galaxea sp.

PD4 Caulerpa racemosa
PD5 Sarcophyton sp.

PD6 Seriatopora hystrix
PD7 Caulerpa sp.

PK8 Porites sp.

Biofilm from fish net

12
10
8
5
5
8
16
3
10
6
8
21

In this study, different macroalgae,
soft and hard corals with clean surfaces
were selected as the source of epiphytic
bacteria, with the proposition that their
intact surfaces were maintained by their
host-associated bacteria. Some epiphytic
bacteria play the protective role to the host
by emitting inhibitory compounds to the
surrounding, preventing the attachment of
invaders and subsequent biofouling
(Radjasa et al., 2004; Marhaeni et al.,
2011). In addition, a random selection of
the macroorganism” sources from different
intertidal zones was carried out in order to
acquire various communities of epiphytic
bacteria, so that the best isolate with the
greatest antifouling activity could be

attained.

Preliminary screening

From the cross-streak assay, 55
isolates from the 91 EP were found to be
able to inhibit 10 or more FB (>50%).
During the second test, some of them
showed inconsistency in the inhibitory
activity. Therefore, we decided to select
the EPs that were capable of inhibiting 8 or
more FB (>40%) in both replicates before
proceeding to the secondary screening.
The percentage of EP that qualified this
requirement was 40.66% (37 EP). Figure 1
shows the number of EP that exhibited
>50% (replicate 1) and >40% (replicate 2)
of inhibitions when tested against the 21
FB. From the graph, all samples show
reduction in their inhibitory activity,
except for PJ6 that remain the same.
Epiphytic bacteria of PD2 and PD3 were
incapable of inhibiting the growth of eight
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or more than 8 FB (>40 %). The fuzzy and inhibitory effect secreted by the EP PD4.8.
indistinct FB colonies displayed by FB7 Meanwhile, no inhibitory activity was
and FB13 in Figure 2 (a) suggest that their produced by EP PDA4.9 against tested FB
growths were distorted due to the as illustrated in Figure 2 (b).

B> 50% inhibition

B> 40% inhibition

10
10 - 9 9

Number of Isolates

PJ3 PJ5 PJ6 PD1 PD2 PD3 PD4 PD5 PD6 PD7 PKS8

Samples

Figure 1. The number of epiphytic bacteria from each sample that showed > 50% of
inhibition (susceptible FB is > 10) and > 40% of inhibition (susceptible FB is > 8) against the
fouling bacteria.

Figure 2. The cross-streak results for two epiphytic bacteria against tested fouling bacteria.
Figure 2a shows the suscpetible fouling bacteria of FB3 and FB9 (circled areas) when acted
with isolate PD4.8 and Figure 2b shows the unaffected fouling bacteria when acted with
isolate PD4.9.
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The cross-streak assay
demonstrates the antagonistic interactions
between the epiphytic bacteria and fouling
bacteria. The repellent property of the
secondary metabolites of the epiphytic
bacteria is used to prevent the colonization
of other prokaryotes and eukaryotes
competitors (Rao et al., 2007). The 4-days
period allocated for the EP to grow was
adequate to release the chemoeffectors into
the agar media prior to encountering them
with the FB. These chemoeffectors would
produce negative chemotaxis that caused
the FB to move away along the
concentrations gradients of the
chemoeffectors. The differences in FB
susceptibility degrees towards the EP
might be due to the different secondary
metabolites they produced (Nithyanand et
al., 2010; Abu Sayem et al., 2011). Some
of them are capable of excreting diverse
secondary metabolites that lead to the
broad-spectrum  antimicrobial  activity
while others might produce narrow
spectrum and specific metabolites that are
active against a selected group of bacteria.
This theory is concurrent with the results
obtained in the present study that showed
variability in the number of susceptible FB
of different EP.

In the primary screening we only
selected the EP that was capable of

inhibiting 8 or more FB (>40%) before

proceeding to the secondary screening.
This is because, we hypothesized that each
of the isolated FB plays a role in the
subsequent attachment and germination of
Enteromorpha sp. zoospores and thalli,
and the more the number of FB that can be
inhibited indicates higher chances to
prevent the biofouling. In a natural
biofilm, the intra- and interspecies
interactions between the bacteria enhance
the settlement of invertebrates’ larvae and
spores (Rao et al., 2007; Qian et al., 2007).
It is also suggestive that higher bacterial
density will develop more nutrient-rich
biofilm which is more attractive to the
zoospores and larvae. This criteria is
supported by a finding that demonstrated
the number of Enteromorpha zoospores
that attached to the glass slides (initially
developed with biofilms) were in parallel
with the number of bacteria present in the
biofilm (Joint et al., 2000). The bacteria
used to develop the biofilm were isolated
from the sampling site for Enteromorpha
thalli, validating that those bacteria were
responsible to induce biofouling of
Enteromorpha sp. in the region. Therefore,
in this study only the EPs that showed
inhibition of more than 40% of the fouling
bacteria were continued with the
secondary screening as we aimed to search
for EP that could inhibit more FBs.
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Secondary screening

Thirty out of 36 isolates were
selected for secondary screening. The
remaining six isolates were uncultivable
prior to the test. Of the 30 extracts, 12 of
them displayed positive antibacterial
activities at 2.0 mg/disc. The size of
inhibition zones varied among the extracts
and FB. Table 3

antibacterial activity for the 30 extracts,

summarizes the

with the strongest antibacterial activity
demonstrated by the extract from C.
racemosa (PD4). Amongst the seven
isolates of PD4, isolate PD4.8 appeared as

the most potential t isolate with inhibition

of five out of nine tested FB, with size of
inhibition zones from 9.0 to 16.0 mm
(data not shown). The second significant
isolate was PD4.9 which inhibited four out
of ten tested fouling bacteria FB?, with
inhibition zones ranging from 8.5 to 15.0
mm. The extracts of PJ3, PJ5, PD5, PD7
and PK8 possessed no inhibitory activity
to any of the tested fouling bacteria. The
negative control (methanol) produced no
inhibition zone against all tested FB. All
FB were susceptible to the positive control
copper omadine (CO) at 0.002 mg/disc.
Figure 3 shows the inhibition zones

produced by one of the PD4 extracts.

Table 3. Antibacterial activity of ethyl acetate extracts of different epiphytic isolates against

fouling bacteria

Sample Isolates No. of FB No. of susceptible Range of inhibition zones
tested® FB (mm)
PJ3 PJ3.7 9 0 -
PJ3.8 11 0 -
PJ3.9 9 0 -
PJ3.12 11 0 -
PJ3.13 11 0 -
PJ5 PJ5.8 10 0 -
PJ6 PJ6.2 14 2 7.0-9.0
PJ6.7 11 1 8.0-9.0
PJ6.9 13 0 -
PJ6.10 10 1 8.0-9.0
PD1 PD1.2 11 1 Partial
PD4 PD4.6 16 2 8.0-9.0
PD4.7 10 1 partial
PD4.8 9 5 9.0-16.0
PD4.9 10 4 8.5-15.0
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PD4.12 9 1 13.0
PD4.13 18 0 -
PD5 PD55 8 0 -
PD6  PD6.3 13 0 -
PD6.4 13 0 -
PD6.5 15 1 10.0-12.0
PD6.7 11 0 -
PD6.9 16 2 partial
PD6.11 16 1 10.0-11.0
PD7 PD7.11 15 0 -
PK8  PK8.4 9 0 -
PK8.7 11 0 -
PK8.9 10 0 -
PK8.11 9 0 -
PK8.12 8 0 -
FB- fouling bacteria; no. of tested FB? based on the preliminary screening; - : indicates no

result.

Figure 3. The inhibition zones produced by the ethyl acetate extract of isolate PD4.8 against
fouling bacteria FB7 were displayed by the clear zones (1 and 2). The CO and C’ represent
the positive (copper omadine) and negative (methanol) controls, respectively.

10
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In the extraction process, only the
free-cell supernatant was extracted with
ethyl acetate to obtain the extracellular
compounds. This is the continuity from the
cross-streak test that proved the existence
and action of extracellular compounds
against the FB. Secondary metabolites
were originally produced within the
epiphytic cells and slowly excreted to the
ecosystem to execute their functions
(Armstrong et al., 2001). Many different
secondary metabolites with antimicrobial
property have also been isolated from
marine epiphytes (Kanagasabhapathy et
al., 2006; Nithyanand et al., 2010; Abu
Sayem et al., 2011).

The results also showed that some
extracts (PJ3, PJ5, PD5, PD7 and PKS8) did
not display any inhibitory activity against
the tested FBs. The loss of antimicrobial
activity might be due to the types of
compounds that exist in the supernatant,
which was also influenced by the types of
organic solvent used during the liquid-
liquid extraction method. Ethyl acetate was
selected for the extraction due to its
immiscibility and medium  polarity
properties, and also its capability to extract
the medium and non-polar compounds
from the supernatant (Khandhasamy &
2008). the

medium (solid or liquid) used to produce

Arunachalam, Secondly,

the bioactive compounds is also important.

11

During the primary screening, the EPs
were grown on solid medium. However,
the medium was changed to liquid form of
MB. Some EP might only be capable of
producing their secondary metabolites
when they are bound to the substratum. A
study has found that the surface-bound
bacteria that were grown as biofilm was
less the

significantly favored by

bacterivorous flagellate Rhynchomonas
nasuta as their food source, in comparison
to the planktonic bacteria (Matz et al.,
2008). The that the
surface-bound bacteria were active in

the

result indicated

discharging toxic compounds to
surroundings and became resistant to the
feeder.  Additionally, the secondary
metabolites might get lost in axenic culture
and sometimes could be restored by re-
infection with the FB invaders.

A number of studies have focused
on the antifouling activities of macroalgae
and sponges extracts against the green
fouling alga Enteromorpha sp. and Ulva
sp. (Cho et al., 2001; Hellio et al., 2002).
However, due to the inadequate supplies of
the natural sources together with financial
and production disadvantages, marine
microorganisms have been the new focus
of attention. The first advantage of using
microorganisms is it is a sustainable
source, and the production of the microbial

secondary metabolites can be reproduced
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in a large scale via fermentation. Secondly,
it has been suggested that marine microbes
are the producers of a rich number of
bioactive compounds due to their extreme
habitat (Debbab et al., 2010).
Diketopiperazines,
the epiphytic

Pseudoalteromonas  sp.

a compound
from bacteria
Isolated from
sponge, has been demonstrated to possess
antimicrobial activity against a wide range
of microbes (Martinez-Luis et al., 2011).
Additionally, the extract of a bacteria
isolated from the surface of nudibranch
Archidoris pseudoargus also revealed a
pronounced effect in inhibiting the fouling
2000). In

biofouling process, the initial attachment

bacteria (Armstrong et al.,

of fouling bacteria on the submerged
surface is followed with the development
of biofilm and attachment of algal
zoospores. Therefore, the results from this
study suggest that, the epiphytic isolates
the  antibiofilm

which possess

antibacterial property against fouling
bacteria could prevent the attachment of
algal zoospores. For instance, a highly
potential tambjamines compound and an
unknown purple pigment that were
isolated from P. tunicata (tunicate) and P.
(Ulva sp.),

displayed antifouling activity against the

ulva respectively  have

fouling bacteria, biofilm, algal spores, and

12

invertebrate larvae (Egan et al., 2001;
Franks et al., 2005).

In this study, the most active
epiphytic isolates which are PD4.8 and
PD4.9 were originated from the surface of
The
epiphytes of Caulerpa species have been
studied

macroalgae Caulerpa racemosa.

elsewhere  before, but no
significant results have been obtained. An
analysis on the bioactivities possessed by
different species of epiphytic bacteria
isolated from the green, red, and brown
macroalgae  from various references
showed that no record has been found
regarding the bioactivities of epiphytic
bacteria from the genus Caulerpa (EI Bour
et al., 2013). Likewise, a study on the
epiphytic bacteria and fungi associated
with C.

region also illustrated no specific result on

racemosa of Kenyan coastal
the antimicrobial activity against the
pathogenic microbes (Kaaria et al., 2015).
In a different work, the supernatant of the
epiphytic bacteria of C. racemosa from
Takalar Coast, South Sulawesi displayed
strong antibacterial and  antifungal
activities against pathogenic bacteria and
yeast (Sartini et al., 2012). However, the
study did not evaluate the organic extract
of the epiphytic bacteria, unlike the present
study that used ethyl acetate to extract the

secondary compounds.
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CONCLUSIONS

As for the conclusion, a total of 91
epiphytic bacteria were isolated from
eleven marine organisms with 37 of them
showing positive inhibitory activity
against the fouling bacteria, during the
preliminary screening. In the secondary
screening, 13 out of 37 ethyl acetate
extracts of the isolates exhibited
antimicrobial activities. Amongst them,
two highly potential epiphytes bacteria
which were PD4.8 and PDA4.9, isolated
from the surface of C. racemosa were
found to possess significant inhibitory
property against a number of fouling
bacteria. Further studies are required to
isolate, purify and identify the bioactive

compounds from the crude extracts.
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