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ABSTRACT

The antifouling activity of bioactive compounds from marine sponge Acanthella elongata (Dendy) and five species
of bacterial biofilm were studied. Larvae of Balanus amphitrite (Cyprids and nauplii) were used to monitor the
settlement inhibition and the extent to which inhibition was due to toxicity. The crude extract and partially purified
fractions of A.elongata showed significant inhibition over the settlement individually, and with the interaction of
bacterial species. No bacterial film stimulated the barnacle settlement. The high but variable levels of antifouling
activity in combination with less amount of toxicity showed the potential of these metabolites in environmentally-
friendly antifouling preparations.
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INTRODUCTION 1998) have been isolated from a wide range of
sessile marine organisms including gorgonians,
Any natural or man-made substrates in the maringponges, bryozoans, ascidians, algae and sea
environment are quickly subject to biofouling,grasses (Davis et al. 1989; Clare 1996). The
which is due to different species of micro anddevelopment of coatings based on the natural
macro organisms (Railkin 2004). Biofouling products from marine organisms (de Nys et al.
causes serious problems for marine industries ark®95; Rittschof 2000) is a promising alternative to
navies around the world (Yebra et al. 2004)the present antifouling technologies, particularly
Marine biofouling is a complex assemblage ofsince the TBT based, and possibly other metal
organisms on artificial structures comprisingbased paints are banned in the global market.
micro- as well as macro- foulers and often it haSome marine organisms such as corals, algae,
been reported that micro-fouling facilitates macrosponges, and ascidians have been shown to
fouling process (Callow and Callow 200New produce antifouling substances which in nature
environmental regulations have put restrictions omaintain them free from undesirable encrusting
the use of antifouling biocides in the industrialorganisms (Hentschel et al. 2001; Dobretsov and
formulations (Di Landa et al. 2006). NaturalQian 2002; Harder et al. 2003). The biochemical
products with antifouling activity (or NPAs, Clare mechanisms that sponges have developed as a
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chemical defense for the growth inhibition oftherefore, they may be wuseful for the
epiphytic micro and macro organisms mightbiotechnological development of an
comprise a potential alternative for the preventiofienvironmentally- friendly” protection against the
of biofouling. In this regard, sessile, soft batlie marine biofouling (Clare et al. 1992; Armstrong et
marine organisms maintaining a clean surfacal. 2000).

were identified as possible sources of naturdh the present study, an attempt has been made to
product antifoulants (NPAs). Sponges, with theiinvestigate the antifouling potential of marine
rich chemical defense mechanisms are one of ttgpongeA. elongata and bacterial film interaction
most studied organisms for the isolation of NPAsgainst the settlement of cyprid larvae Bf
(Thakur and Anil 2000). Sponges and Octocoralamphitrite.

contain a wealth of secondary metabolites

(Faulkner 1995; Tilvi et al. 2004). Natural

products and their synthetic analogs exhibitingfATERIALS AND METHODS

anaesthetic, repellent and settlement inhibition

properties, but non-toxic to theé non-targeisqartion and extraction of marine sponge
organisms, are preferred as pot'ential an'gifou!inq—he marine spongécanthella elongata (Dendy)
agents (Omae 2003). Possible antifouling, ¢ cojlected from the Tuticorin harbor, South
properties of the compounds isolated from the,qi coast of India. Methanol and Methylene
sponge was first recognized by Bakus et alohgrige extract of the sponge was prepared as
(1983). Further studies in this direction haveyeqcriped by Rittschof et al. (1986). The organic
revealed tremendous antifouling potential of SOm@, .ot \was” fractionated by the gradient vacuum

of the bioactive metabolites inherent in_ theliquid chromatography (VLC) on silica gel. The
sponges (Clare 1996; Omae 2003; Fusetani 2004itterent solvent systems used were: Hexane:

Chambers et al. 2006). Notable among them ig&horoform 31 Hexane: Chloroform 1:1
polymeric alkylpyridinium salts (Poly-APS), & chjoroform 100 ml, Chloroform: Ethyl acetate

non-toxic NPA from the spong®&eniera saral 1.7 Ethy| acetate 100 ml, Methanal 100 ml.
%%';;ar et al. 1998; Fusetane 2004; Turk et alcolumn ‘was packed in scintillation flask with

_ _ ilica gel normal phase 10 micron = 4 micron.
Aggregates of micro organisms adhered t0 €aGR,\mn was activated with 50- 75 ml hexane: 50
other and / or to surfaces with a distinctive

X < ~Y*ml of the first solvent was added before the crude
architecture can be referred to as biofilm. Bmfil

_ : extract was poured on to the column and pulled it
develops rapidly on immersed substrate (Wahlyoun on to the silica gel by vacuum. Eight

198|9 ) and h?jve been rehpor'tedfto mEuence thﬁ%actions were obtained and pooled to 1-3 fractions
settlement and metamorphosis of a wide range Qi increasing numbers, indicating the increased
marine invertebrate larvae (Wieczorek and Tod

i - _ ‘ﬂ)olarity of the fraction.
1998). Bacteria (biofilm) can play an important

role in controlling the growth of micro-and Collection and rearing of barnacle cyprid
macroalgae. It has been reported that somg;, e

bacteria in the genefdavobacterium, Cytophaga,  garnaclesB.amphitrite Darwin wascollected from

Alteromonas Pseudomonas and  Tyticorin (Gulf of Mannar, South east coast of
Pseudoalteromonas and their excretion products ngia) - Adult barnacles released the first stage

are capable of inhibiting the growth of diatoms

. ) ; auplii and the positively phototrophic nauplii
and microalgae which are common in harrm:u(/‘lvere collected in the filtered and sterilized sea

phytoplankton blooms (Lee et al. 2000; Burgess fater containing antibiotics. The young nauplii
al. 2003). were fed daily with microalgaeDunaliella

Biofilm can enhance (Kirchman et al. 1982; Lalertjglecta andNitzschia sp. at a density of 30,000
and Qian 2001) or inhibit larval settlement of.q)is/mi. The rearing vessels were kept in 28° C
marine invertebrates (Rodriguez et al. 1993; Egag. 4 15:9h (L: D) photoperiod.

et al. 2000; 2001; Dobrestove and Qian 2002).
Chemical compounds produced by the bacterigememem Assay

and diatoms, as well as biofilms of live miCro-garacie setlement assays were undertaken using

organisms can lead to the disruption of biofilm,o method by Rittschof et al. (1985). Briefly
formation and / or prevention of the epibiosis, ané ' ' ’
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Falcon 50x 9 mm plastic polystyrene dishes werdishes in which incubation had occurred were
filled with 5.0ml of filtered sea water at salinitfy  rinsed with filtered sea water and filled with 5.0
33-35 ppt into which 3-day old cyprid were addedml of fresh filtered and sterilized sea water, used
The test compounds were added in various) settlement assays. The poly styrene dishes were
concentrations. Controls were represented by tho$idled with the extracts and VLC purified fractions
dishes in which no test compounds were addedt the concentrations of EfLvalues. The cyprid
After incubation at 28° C for 9 h, the dishes werdarvae (100-150) were placed in three replicate
examined under the dissecting microscope tdishes composed of films of five different bacteria
determine if there was any mortality. The larvaespecies, viz.,Aeromonas sp., Alcaligenes sp.,
were then killed with few drops of 10% formalin Flavobacterium sp., Pseudomonas sp., andVibrio
and attached and unattached larvae were countegp., and incubated for 24 h at 28° C and 15:9h
Settlement data were expressed as the percentdjeD) photoperiod. Percent settlement rate was
of the larvae attached to the bottom of the distcalculated.
Effective concentration (B values were then
calculated.

RESULTS
Naupliar toxicity assay
For the toxicity studies, static bioassay wasCyprid Settlement Inhibition Assay
conducted under the laboratory conditions. Thirtyrhe crude methylene chloride extract @f
newly hatched nauplii were introduced in to theelongata and three VLC fractions significantly
polystyrene dishes containing test compounds athibited the cyprid larval settlement (t-test F3&®.
various concentrations. One control and six tesgith four degrees of freedom) than the control.
concentrations with triplicates were maintainedThe EG, value of the crude extract (0.13 mg/ml)
After 24 h, dead nauplii were counted and mediawas lower than all the fractions (Fig.1). VLC
lethal concentration (L&) values were calculated. fraction 1 showed Eg& value of 1.01 mg/ml

(Fig.2) and VLC fraction 3 showed E{value of
Preparation of Bacterial biofilm and Settlement  0.99mg/ml (Fig.4) which significantly inhibited
assay the larval settlement. At higher concentration
Single species bacterial films were prepared byl10mg/ml), the crude extract and all the three VLC
incubating the bacterial strains (Avelin Mary et al fractions of A eongata strongly inhibited the
1993) in Zobell's Marine Broth (Difco2216). larval settlement (Fig.1, 2, 3,and 4).
Incubation solutions were transferred and the
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Figure 1 - Barnacle settlement assay on methylene chloritta@ofA.elongata at different
concentrations.
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Figure 2 - Barnacle settlement assay onVLCJ1Aaf ongata at different concentrations.
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Figure 3 - Barnacle settlement assay onVLC2Aaflongata at different concentrations.
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Figure 4 - Barnacle settlement assay onVLC3Aoflongata at different concentrations.

Naupliar Toxicity Assay fractions showed 100% mortality of nauplii at
The VLC fraction 2 (LGy:0.014 mg/ml) was less higher concentrations (10mg/ml). At lower
toxic to nauplii of B. amphitrite than the crude concentration (0.0001mg/ml), all the fractions and
extract and other fractions (Table 1). Except VLCcrude extract showed less mortality rate.

fraction 2, the crude extract and other VLC

Table1 - Evaluation of anti-settlement and toxicity of crusldract and VLC fractions @&t. elongata on larvalB.
amphitrite.

S. No Compounds of A.elongata ECsy mg/mi LC s5omg/mi
1 Methylene chloride extract (Crude) 0.13 0.005
2 VLC Fraction 1 (Hexane : Chloroform soluble fian) 1.01 0.004
3 VLC Fraction 2 (Chloroform : Ethyl acetate soklfdaction) 1.24 0.014
4 VLC Fraction 3 (Ethyl acetate : Methanol solufvition) 0.99 0.007
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Interaction of bacterial film and compounds of  sp. on larval settlement (Table 2). With the VLC
A. elongata on cyprid settlement fraction 3 of A. elongata, all the five species of
The crude extract along wittAeromonas sp  bacteria strongly inhibited the larval settlement
(3.68%) was highly potent in inhibiting the when compared to the extract and other fractions.
settlement of cyprid larvae (p<0.001 with fourAlcaligenes sp., with crude extract and three
degrees of freedom). Films ofit¥io sp. (21.34%) fractions showed less inhibition rate than other
and Pseudomonas sp. (35.44%) showed inhibitory bacterial species.

activity thanAlcaligenes sp. and Flavobacterium

Table 2 - Settlement assay on bacterial film with crude estteand VLC fractions of. elongate.

Bacterial - speciesand Per cent settlement

S. No.

control M ethylene Chloride VLC 1of VLC2of VLC3of

Extract of A.elongata A.e€elongata A.elongata A. elongata

1 Sea water control 84.18 84.18 84.18 84.18

2 Broth control 46.67 46.67 46.67 46.67

3 Aeromonas sp. 3.68 28.41 38.07 10.49

4 Flavobacterium sp. 45.05 44.29 53.08 30.24

5 Pseudomonas sp. 35.44 38.82 43.84 31.05

6 Vibrio sp. 21.34 33.72 45.29 20.01

7 Alcaligenes sp. 50.41 52.07 63.39 47.37

DISCUSSION (Margaret et al. 1990). The crude extract of

Leptogorgia virgulata proved to be effective in the

Biofouling is one of the most serious problems théield at inhibitory settlement of fouling organisms
marine domain currently faces. It has beedRittschof et al. 1985). Low molecular weight
estimated that the growth of marine foulingsubstances from the extract Rénilla reniformis
Organisms costs the Sh|pp|ng and other marin@hibited the settlement of larva. amphitrite.
industries over $6.5 Billion per year (Bhaduray effhe substances were similar . amphitrite

al. 2004). Many marine sponges, as well as othé@ttachment inhibitors fronieptogorgia virgulata
benthic organisms, are relatively free of settlemer(Rittschof et al., 1988). In agreement with above
by fouling organisms (Steinberg et al. 2002) due t§creening strategies, the crude extract and pyrtial
the production of biogenic compounds. Thereforepurified VLC fraction 3 ofA. elongata were potent
the isolation and production of these naturalnhibitory for the settlement of barnacle cyprid
products from marine organisms could be used fdarvae.

the prevention of biofouling. Bacteria can play an important role in controlling
The antifouling strategy oh. elongata was tested the growth of micro and macro foulers. In the
in the laboratory on larval settlement. The assayresent studyAeromonas sp. (3.69%) andvibrio
were performed on the crude extract of sponge, &9- (21.34%) coated surface along with the crude
well as in chromatographically separated fractiong£xtract and fractions of. elongata significantly
The crude methylene chloride extract (g@.13 inhibited cyprid larval attachment than polystyrene
mg/ml) and partially purified VLC3 (E&0.99 control (84.18%). The crude extracts normally
mg/ml) were highly potent in inhibiting the larval used in these experiments could change the texture
settlement than other VLC fractions. At higherof the surface film (Williams 1964). The VLC
concentration (10 mg/ml), the settlement rate waffaction 3 of A. elongata with Aeromonas sp.
decreased. VLC fraction 2 (E£1.24 mg/ml) (10.49%) and Vibrio sp. (20.00%) were
showed good anti-settlement activity and at |0V§|gn|flcantly different from the sterilized sea wat
concentrations, it was less toxic to barnacle karvacontrol and broth control (p<0.001 with four
with a LG, value of 0.014 mg/ml. degrees of freedom).

Ethyl acetate extracts and purified fractions offhe present analysis clearly indicated that
Lissodendoryx isodictyalis inhibited the settlement methylene chloride extract and partially purified
of cyprid larvae of barnacleB. amphitrite fractions ofA. elongata along with single species
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bacterial film consistently inhibited barnacleecologically damaging toxic chemicals
larval settlement than the inhibition of crudeincorporated into paints to prevent the fouling.
extract and VLC fractions oA. elongata alone.

Different bacterial film showed different

settlement response and these data suggested tA8BREVIATIONS

along with the crude extract and fractions, the

species composition of bacterial film were alsaypA, natural product with antifouling activity;:
important in the larval attachment responsep cycle, light dark cycleECs, the concentration
Previous investigators (Maki et al.1988; 1990pf the antifouling compound causing settlement
1992; Holmstrom et al. 1992; Avelin Mary et a||nh|b|t|0n of 50% experimenta| organismcso,
1993) also observed the responséoémphitrite  the concentration of the antifouling compound

larvae to bacterial films supports the suggestioBausing death of 50% of experimental organisms.
that bacteria are used as settlement cue. Avelin

Mary et al. (1993) tested the effects of the filohs

individual bacterial strains and found that allREEFERENCES

Vibrio films and most other bacterial isolates were
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