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General introduction 
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General Introduction 

In densely populated marine environments, space is often a limiting factor in 

the growth of epibenthic communities (Jackson and Buss 1975). When free 

space is not available, one organism (epibiont) grows on the other (basibiont). 

This process is defined as epibiosis. Adaptation to epibiosis by basibionts 

arises from three ways: tolerance, avoidance and defence (Wahl 1989). Many 

sessile marine organisms such as sponges, corals, bryozoans, holothurians 

and ascidians keep an essentially clean body surface in the face of 

competition for space by epibionts (Davis et al. 1989; Wahl 1989; Clare at al. 

1992). In these organisms, epibiont overgrowth is controlled by employing 

either one or a combination of ecological, physical and chemical defence 

mechanism (Wahl et al. 1994). These factors include grazing (Caron 1987), 

sloughing (Barthel and Wohlfahrt 1989), surface tension and energy (Backer 

and Wahl 1991), wettability (Dexter et al. 1975), pH (Sieburth 1968) and 

production of bioactive metabolites (Wahl and Banaigs 1991; Slattery et al. 

1995). The role of bioactive metabolites in epibiotic chemical defence has 

been highlighted in several cases (Bakus et al. 1986; Davis at al. 1989; Paul 

1992). Studies unravelling the epibiotic chemical defence of marine organisms 

can provide insight to the development of novel ecofriendly antifouling 

compounds and strategies. 

The term biofouling refers to attachment of marine organisms on man-made 

structures and devices submerged in the sea. This phenomenon in the marine 

environment is a sequential process, beginning with microfouling and 

culminating with macrofouling. The adverse effects of biofouling and 
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economic penalties to the marine industries are well known. Micro as well as 

macrofouling on ship hull increases frictional drag and fuel consumption 

(Haderlie 1984). Fouling of the condenser tubes of power plants affects the 

heat transfer efficiency (Haderlie 1984). Fouling of sonar domes and naval 

acoustic devices results in their malfunctioning (Ganti 1987). Offshore oil 

platforms and Ocean Thermal Energy Conversion (OTEC) plants are also 

adversely affected in various ways by the biofouling (Corpe 1979; Mitcheal 

and Bensen 1980). In addition to the above, fouling is also known to cause 

destruction of metallic surfaces by accelerating the corrosion rate (Edyvean et 

al. 1988). 

Several attempts are being made to control the biofouling with application of 

physical, chemical as well as biological measures, but it is achieved to the 

greater extent with the use of antifouling paint coatings. Advances in polymer 

chemistry in early 70's, a new generation of self-polishing copolymer 

antifouling paints, in which organotins are the biocides, came in to existence. 

The effective life achieved through this self-polishing copolymer paint is 

around five years. However the use of such toxic biocides have environmental 

concerns. Excessive leaching rate of these biocides cause abnormality in 

non-target organisms such as shell malformation in bivalves, depletion of 

oyster population, imposex in gastropods etc. (Kona-Ya 1991; Vishwakiran 

and Anil 1999). Tributyftin (TBT) has been described as the most toxic 

substance ever to be deliberately introduced in to the marine environment by 

man (Goldberg 1986). In general, the use of such toxins in marine 

environment poses a real threat to the marine biota (Vrijhof 1985). For this 
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reason restrictions are imposed on the use of these compounds by some 

countries (Clare 1995). 

Environmental concerns about the use of toxic antifoulants increased interest 

in the development of non-toxic alternatives (Clare 1995; Clare 1996). In this 

context, the investigation on epibiotic chemical defence of marine organisms 

in the control of biofouling holds great promise. Efforts in these areas have 

proved that the wide range of marine organisms such as bacteria, algae, 

sponges, gorgonians, bryozoans and ascidians are a potential source of 

antifouling metabolites (Clare et al. 1992; Clare 1996; Davis et al. 1989; Wagh 

et al. 1997 and references cited therein). 

In India considerable research work has been carried out on the 

biodeterioration of material in marine environment (Karande 1968; Menon et 

al. 1977; Wagh and Anil 1983; Nair 1984; Sawant 1985; Anil 1986; 

Venugopalan 1987; Nagbhushanam and Alam 1988; Raveendran 1988; Nair 

et al. 1988; Anil and Wagh 1988; Bhosle 1993; Santhakumaran 1994a,b; 

Karande 1999; Yennawar et al. 1999; Vishwakiran et al. 2001). Efforts have 

also been made to explore natural product antifoulants as an alternative for 

toxic antifouling paints (Sawant and Wagh 1994; Avelin et al. 1994; Rao and 

Rao 1994; Sawant et al. 1995; Sawant 1996; Wilsanand 1999a,b). 

Though several studies have been made to evaluate the epibiotic chemical 

defence of marine organisms, there were some constraints in these 

investigations. For example, these investigations were carried out either in 
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laboratory against one or two groups of epibionts or in the field (Davis 1991; 

Wahl et al. 1994; Slattery et al. 1995; Henirkson and Pawlik 1995, 1998). 

Some of the laboratory bioassays with extracts of marine organisms were 

carried out against invertebrate's larvae by adsorbing it on assay surfaces and 

placing the larvae in a small quantity of static water in an assay well. Such 

type of assay conditions, do not exist in nature (Henrikson and Pawlik 1998). 

The use of such limited types of test organisms and unrealistic assay 

conditions may restrict the scope of the study of epibiotic chemical defence in 

marine organisms, which experience a wide range of epibionts in nature. In 

this regard, evaluation of metabolites obtained from marine organisms against 

broad spectrum of epibionts, both in the laboratory and in the field, provides a 

better insight to epibiotic chemical defence. 

It is important to note that the intensity of epibiosis vary with changes in the 

environment and one can also expect changes in the mechanism by which 

these organisms would defend themselves from epibiosis. This highlights the 

importance of temporal evaluation in the defence capacity of the organisms. 

Identification of the origin of chemical defence based on bioactive metabolites 

is complicated, as some marine invertebrates host wide ranges of bacteria. As 

example in some sponge species, bacteria contribute up to 60% of the total 

biomass (Wilkinson 1978 a, b, c) and in some investigations they have been 

reported to produce bioactive metabolites similar to their host (Unson at al. 

1994; Elyakov et al. 1991; Thakur and Anil 2000). In such cases, the origin of 

chemical defence, whether the host organism an/or its associated bacteria 
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produce these metabolites are a subject of scientific debate. In several 

studies bioactive metabolites have been isolated from microorganims 

associated with their invertebrate hosts (Okami 1986; Gill-Tumes and Fenical 

1992; Fenical and Jensen 1993). As an example, surfacetin-like 

depsipeptides were originally isolated from the marine sponge. However, it 

was shown later that the bacterium Bacillus pumilus, which is associated with 

the sponge, produces these compounds (Kalinovakaya et al. 1995). In India, 

the survey conducted by Vanajakumar (1976) indicated that nearly 75% of 

streptomyctes isolates obtained from marine molluscs produced a variety of 

antibiotics (Chandramohan 1998). In a recent study, several isolates of 

Streptomycetes from fish, shellfish and sediments of Veli estuarine lake along 

Kerala coast (India) have been reported to possess antibiotic and L-

aspraginase (Dhevendran and Annie 1999). In view of this, it is important to 

understand the role of associated bacteria in the production of bioactive 

metabolites and the importance of their association with the invertebrate host. 

Antimicrobial activity of an organism has been corroborated with reduced 

surface macroepibiosis (McCaffery and Enden 1985; Thomposn et al. 1985; 

Amade et al. 1987; Becerro et al. 1994). However, the investigations to 

explore the relationship between antimicrobial activity and antifouling activity 

are lacking. In this context, studies to elucidate the effectiveness of extract 

against microorganisms in the laboratory and further evaluation of same 

extract against macroorganism(s) in the laboratory and in the field will give 

better understanding. 

1 
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Aims and Objectives 

The aim of the present investigation was to elucidate the pathways of epibiotic 

chemical defence of marine sponge and ascidian in order to explore their 

potential to develop natural antifouling compounds or strategy. Sponges and 

ascidians have drawn attention in the search of bioactive metabolites. 

Sponges are known to be rich in trapezoids and steroids that are thought to 

function in antipredation, space competition and control of epibiosis (Bakus et 

al. 1986). Ascidians are also a rich source of bioactive metabolites, the major 

ecological function of which is defence against predators (Stoecker 1980b; 

young and Bringham 1987; Paul et al. 1990; McClintock et al. 1991; Vervoort 

et al. 1998) and epibionts (Stoecker 1978; 1980a; Davis and Wright 1989; 

Davis 1991; Wahl et al. 1994). Sponges which are at the lower end of animal 

kingdom (porifera), have simple cellular grade of construction without true 

tissues, whereas, ascidians which are more evolved (urochordata), have 

advanced cellular construction with true tissues. A comparison of ebibiotic 

chemical defence chemical defence of these two phylogenetically distant 

organisms would indicate possible evolutionary trends in the defence 

mechanism. Investigations were carried out to elucidate the pathways of 

epibiotic chemical defence of sponge and ascidian through laboratory and 

field assays. To begin with, studies were undertaken with the sponge Incina 

fusca and a colonial ascidian Didemnum pasammathodes to address the 

following questions. 

• Whether these organisms change their epibiotic chemical defence 

according to the threat perceived? 
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• Whether the surface-associated bacteria have a role in host 

epibacterial defence? 

• Whether the epibacterial defence is useful in the control of macro 

epibiosis? 

Subsequently the following question was addressed with another species of 

sponge Suberites domuncula by developing its primary cell culture in the 

laboratory at University of Mainz, Germany. 

• Whether the epibiotic chemical defence originates from the sponge 

and/or its associated bacteria? 



Chapter II 
Epibiotic chemical defence of the 

marine sponge Ironic fusca (Carter) 
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2.1. Introduction 

Sponges are the simplest, primitive, multicellular animals, lacking true tissues 

and organs. They are very efficient filter feeders. It has been estimated that a 

sponge specimen of 1 Kg. weight may filter -24000 liters water d -1  (Althoff et 

al. 1998). Approximately 10,000 species of sponges have been described, 

most of which live in marine waters. They inhabit every type of marine 

environment, from polar seas to temperate and tropical waters (Reiswig 

1973). 

Sponges show an amazing variety of shapes, sizes and colours but the 

organization of their body is simple. Epithelial cells (pinacocytes) line the outer 

surface and internal system of openings, channels and chambers, through 

which water is pumped continuously by flagellated cells called choanocytes 

(Osinga et al. 1999). This water current supplies food particles and oxygen 

and removes metabolic waste products. The major part of sponge biomass 

consists of a gelatinous matrix containing free-floating, non-differentiated 

cells. This part of the sponge body is called mesohyle. The mesohyle also 

contains the skeletal elements of the sponge body: spicules (needle-like 

structures, made of either silicon or calcium carbonate) and spongin 

(collagenous fibers) (Osinga et al. 1999). Digestion in sponge is intracellular 

which occurs in vacuoles of individual cell. They lack nervous system. 

Sponges show both sexual and asexual type of reproduction (Greene 1998). 

The ecological implication of sponges has been enhanced by the discovery of 

their significance in the production of novel secondary metabolites with 

therapeutic potential (Pomponi et al. 1998). Sponges have long been a focus 
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of attention in search of bioactive metabolites. More than 6000 bioactive 

metabolites have been explored from marine sources, a large proportion of 

which originates from sponges (Sarma et al. 1993; Proksch 1994; Faulkner 

2000). 

Though a variety of bioactive metabolites have been explored from sponge, 

only in the last decade, research has been directed on the ecological 

functions of these metabolites (Pawlik 1993). There are evidences 

documenting the role of sponge metabolites in chemical defence against 

predators (Pawlik et al. 1995; Chanas et al. 1996; Engel and Pawlik 2000) 

and epibionts (Amade et al. 1982; Thompson et al. 1985; Goto et al. 1992, 

1993; Thakur and Anil 2000). Several studies show that sponges are rich in 

terpenoids and steroids which are thought to function in antipredation, space 

competition and control of epibiont overgrowth (Bakus et al. 1986). 

Inhibition of bacterial growth has been one of the methods used to test the 

degree of toxicity of bioactive metabolites (Sharma and Burkholder 1967; 

Bergquist and Bedford 1978; Minale 1978; McCaffery and Enden 1985; 

Amade et al. 1982). In recent years considerable work has been done on the 

antibacterial potential of sponges (Amade et al. 1982; Thompson et al. 1985; 

McCaffery and Enden 1985; Amade at al. 1987; Parulekar and Shirvoiker, 

1991; Becerro at al. 1994; Padmakumar et al. 1994; Unabia et a/. 1997; 

Newbold et al. 1999; Thakur and Anil 2000). Regional and/or seasonal 

differences in the production of these metabolites have also been reported 

(Bergquist and Bedford 1978; Green et al. 1985). However, it has not been 

demonstrated conclusively that the antibacterial activity displayed in the 
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laboratory bioassays has a role in controlling the bacterial epibiosis in nature. 

In addition to antibacterial activities, some sponge species have been 

investigated for antimicroalgal properties (Mokashe et al. 1994, Wilsanand et 

al. 1999a,b). 

Various laboratory bioassays have shown that marine sponges contain some 

bioactive metabolites, which are capable of inhibiting invertebrate larval 

settlement (Sears et al. 1990; Goto et al. 1992; 1993). Ethyl acetate extract of 

marine sponge Lissodendoryx isodictyalis was reported to inhibit settlement of 

barnacle larvae (Sears et al. 1990). Furanoterpene and furospongollide, 

isolated from sponge Phyllospongia papyracea, also effectively inhibited the 

larval settlement of barnacle, Ba!anus amphitrite. In another set of experiment 

it has been reported that sponges use fatty acids in their epibiotic defence 

(Goto et al. 1992). Sponge metabolites have also been tested in field and 

found to be effective against variety of invertebrates and algae (Sarma et aL 

1991; Henrikson and Pawlik 1995,1998). 

The role of sponge associated bacteria in the production of bioactive 

metabolites in sponges was evaluated using several strains of Vibrio 

associated with the sponge, Dysidea sp. and it was found that these bacteria 

are able to synthesize cytotoxic as well as antibacterial tetrabromodiphenyl 

ethers (Elyakov et al. 1991). Certain amino acids diketopiperazines are also 

isolated from sponge-associated bacterium Micrococcus sp. (Stierle et 

a/.1988). Surfactin like depsipeptides, which were earlier isolated from marine 

sponge were later shown to be produced by the bacterium Bacilus pumilus 

associated with the sponge (Kalinovaskaya et al. 1995). While studying the 
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Phylum: 

Class: 

Order: 
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Genus: 
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role of associated microorganisms in epibiotic defence, Ubiquinone-8 a 

barnacle (Balanus amphitrite) settlement inhibitor was isolated from the 

culture broth of Alteromonas sp. associated with the sponge, Halichondria 

okadar (Clare 1996). 

The sponge under present investigation lrcinia fusca (Carter) (Plate 2.1) 

belongs to class Demospongiae and order Keratosa. Class Demospongiae 

represents sponges having siliceous skeleton. 

A brief summary of available information regarding the sponge fauna of India 

is given by Thomas (1996). The sponge lrcinia fusca grows like a wall 

(lamellar growth form) in the intertidal rocky habitats. lnspite of the severe 

competition for space by epibionts in the intertidal region, this species remains 

free from macro-epibionts. In order to understand this phenomenon, the 

epibiotic chemical defence of I. fusca was explored through laboratory and 

field assays. 

2.2. Materials and Methods 

2.2.1. Collection of specimens 

Specimens of the marine sponge, I. fusca , were collected from intertidal rock 

pools (Plate. 2.2) at Ratnagiri (Map 2.1), located along the central west coast 
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of India (16° 59.5' N, 73° 16.5' E) during May'97, October'97, January'98, 

May'98, October'98 and January'99. 

177N 

1T 1'N 

17'N 

16'59'N 
73'15'E 	 7316E 	73'17'E 

Map 2.1 Sampling location 

Plate 2.2 Collection locality (rock pools in intertidal region) 

2.2.2. Enumeration, isolation, culture and identification of sponge 
surface-associated bacteria (SAB) 

A method described by Wahl et al. (1994) was adopted to enumerate and 

isolate the sponge surface associated bacteria. Three specimens were 

collected along with surrounding seawater, placed separately in glass beakers 
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and brought to the field laboratory, in an hour's time. Once in the laboratory, 

the specimens were separately placed in sterile beakers with sterile seawater, 

which was changed four to five times in order to remove free bacteria in water 

and on the surface of the specimens. A small area of each specimen (1cm 2) 

was softly swabbed with a sterile cotton tip applicator, by placing a sterile 

plastic film having 1cm2  hole, on the specimen surface. The applicator tip was 

placed in a tube containing 10m1 of sterile seawater, the contents of the tube 

were vigorously mixed and thereafter serially diluted to 1:5 dilutions. From 

these dilutions, three replicates of 100p1 were plated on Zobell Marine Agar 

(Himedia Laboratories, India, Prod. No. M384) plates. Bacterial colonies on 

the plates were counted after 24h of incubation at 30 °C. The density of 

bacteria is expressed in terms of number of colony forming units (CFU) cm -2 

 for each sample. After isolation, bacteria were purified and purified strains 

were cultured on Zobell marine agar slants. The sponge surface-associated 

bacteria were further identified to the family and/or genus, using Bergey's 

Manual of Determinative Bacteriology (Buchanan and Gibbons 1984). 

2.2.3. Enumeration, isolation and culture of vicinity fouling bacteria 
(SVFB) 

Fouling bacteria were isolated from microfilm developed over aluminium, fiber 

glass and cupronickel panels exposed for 48h in the immediate vicinity of 

sponge. After 48h of exposure, panels were brought back to field laboratory 

and placed in sterile beakers with sterile seawater, which was changed four to 

five times in order to remove free bacteria in water and on the surface of the 

panels. The microfilm developed on the panels surface was scrapped using 

sterile tooth brush in 100m1 sterile seawater. This water was vigorously 
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vortex-mixed and further serially diluted to 1:5 dilutions. From these dilutions, 

three replicates of 100p1 were plated on Zobell marine Agar (Himedia 

Laboratories, India, product number M384) plates. Bacterial colonies on the 

plates were counted after 24h of incubation at 30 °C. The density of bacteria is 

expressed in terms of number of colony forming units (CFU) cm -2  for each 

panel. After isolation bacteria were purified and cultured on Zobell marine 

agar slants. These sponge vicinity fouling bacteria (SVFB), obtained from 

different panels were used for antibacterial assays. These bacteria 

represented the fouling bacterial types in the vicinity of the sponge and it is 

assumed that they are also capable of colonizing sponge surface. 

2.2.4. Isolation, culture and identification of common fouling bacteria 
(CFB) 

As vicinity fouling bacteria (SVFB) varied from season to season, seven 

common fouling bacterial (CFB) strains were chosen for antibacterial assay in 

order to evaluate the temporal variation in the activity of extracts and fractions 

collected during different months. CFB were isolated from microfilms 

developed over fiberglass, cupronickel, copper and aluminium panels 

exposed for 24h at Dona-Paula bay, Goa (west coast of India 15° 27.5' N, 73° 

48' E). They were purified and cultured on Zobell marine agar slants and used 

in antibacterial assays. These fouling bacteria were characterized to their 

respective family and/or genus, using Bergeys Manual of Determinative 

Bacteriology (Buchanan and Gibbons 1984). 

2.2.5. Preparation of sponge crude extracts 

After collection, sponge specimens were rinsed with seawater, pooled, 

weighed (2.51<g), and placed in 3L methanol (Qualigens AR grade) and 
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brought to the laboratory. After two days, the extract was decanted and 

collected. The extraction was repeated three times, using same quantity of 

fresh methanol. These extracts were pooled, filtered and concentrated under 

reduced pressure using a rotary evaporator. A flowchart of the extraction 

procedure and bioassay protocol is given in Figure 2.1. 

Fig. 2.1 Flowchart of extraction, fractionation, laboratory and field assays of the extracts 
(SAB-sponge surface associated bacteria; SVFB—sponge vicinity fouling bacteria; CFB-
common fouling bacteria; AC-Amphora coffaeformis; ND-Navicula delicatula, BA-Balanus 
amphitrite) 

2.2.6. Fractionation of crude extracts 

The crude methanol extracts collected during May'97 (1SMM), October'97 

(ISOM), January'98 (1SJM), May'98 (2SMM), October'98 (2SOM) and 

January'99 (2SJM) were serially fractionated using non-polar to polar solvents 

(Qualigens AR grade). These crude extracts were successively fractionated 

with petroleum ether, chloroform and ethyl acetate. The remaining dark brown 

colored residues were aqueous fractions. All these fractions were stored in a 



16 
refrigerator below 5°C until further use. The details of the abbreviations used 

are given in Table 2.1. 

Table 2.1 Abbreviations for sponge crude extracts and their fractions collected in May'97, 
October'97, January'98, May'98, October'98 and January'99 

Extract/Fraction May'97 Oct'97 Jan'98 May'98 Oct'98 Jan'99 

Crude methanol extract 1 SMM 1 SOM 1 SJM 2SMM 2SOM 2SJM 

Petroleum ether fraction 1 SMP 1 SOP 1 SJP 2SMP 2SOP 2SJP 

Chloroform fraction 1 SMC 1 SOC 1 SJC 2SMC 2SOC 2SJC 

Ethyl acetate fraction 1 SME 1 SC E 1 SJE 2SME 2SCE 2SJE 

Aqueous fraction 1 SMA 1S0A 1 SJA 2SMA 2SOA 2SJA 

2.2.7. Extraction of sponge surface-associated bacteria (SAB) 

The bacteria obtained from sponge surface during different collections were 

extracted in n-butanol following the method of Elyakov et al. (1996). Pure 

bacterial strains were inoculated into the conical flasks (1 L capacity) with 

500m1 cultural broth, composition of which is given in Appendix I. Flasks were 

then placed on a shaker (100rpm, 30°C, 3 days). After three days of 

incubation, bacterial cultures (500m1) were mixed with 150m1 of n-butanol and 

the mixtures were kept at 40 °C for 24h. Then the mixtures were stirred for 20 

minutes, centrifuged and butanol layer was evaporated at 40-45°C. Dry 

residues were stored below 5°C until further use. 

2.2.8. Antibacterial assays 

A) Sponge crude extracts and fractions Antibacterial activity of the sponge 

crude extracts and their fractions, collected during different periods was tested 

against SAB, SVFB and CFB using paper disc diffusion method. 

Paper disc diffusion method Extracts were applied to sterile paper discs 

(6mm diameter) at a concentration of 50014 disc'. The solvent 

was allowed to evaporate from the discs before they were 
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placed in agar plates seeded with test bacterial strains. The assay was carried 

out in triplicates for each extract/fraction. Solvent control discs were prepared 

in the same manner and were never observed to inhibit bacterial growth. The 

diameter of inhibition zone was measured in mm after incubation at 30°C for 

24h. Results are presented in the form of diameter of inhibition zone (total 

diameter of inhibition zone minus diameter of disc) and percentage inhibition 

of bacterial isolates (number of bacteria inhibited / total number of bacteria 

tested in the assay x 100). 

B) Sponge surface-associated bacteria (SAB) Antibacterial activity of 

sponge-surface associated bacteria collected during different periods was 

tested against SAB, SVFB and CFB, using well diffusion method (Elyakov et 

al. 1996) and agar plug method (Hentschel et al. 2001). 

Well diffusion method Wells of 1cm diameter were made on agar plates and 

these plates were swabbed with test bacterial isolates. The 

Wells in the agar plates were subsequently filled with 100p1 

SAB extract (500pg well -1 ), previously dissolved in sterile 

distilled water. This dose was chosen in order to keep similar concentration of 

extracts from sponge and its associated bacteria. Controls were run, by 

putting sterile distilled water into the wells. Assays were carried out in 

triplicates. The diameter of inhibition zone surrounding each well was 

measured after 24h of incubation at 30°C. Results are presented in the form 

of diameter of inhibition zone (total diameter of inhibition zone minus diameter 

of well) and percentage inhibition of bacterial isolates (number of bacteria 

inhibited / total number of bacteria tested in the assay x 100). 
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Agar plug method In agar plug method, the bacterial cultures (150p1) were 

grown overnight as a lawn on Zobell marine agar. Plugs of 10mm 

in diameter were stanced out with a corkborer and placed with 

the bacterial side down on agar plates, which had been seeded with a 

stationary phase culture of the test bacterial strains. Agar plugs without 

bacteria were used as controls. Assays were carried out in triplicates. The 

diameter of the inhibition zone surrounding the agar plugs was measured after 

24h of incubation at 30 °C. Results are presented in the form of diameter of 

inhibition zone (total diameter of inhibition zone minus diameter of plug) and 

percentage inhibition of bacterial isolates (number of bacteria inhibited / total 

number of bacteria tested in the assay x 100). 

2.2.9. Phylogenitic analysis of SAB having antibacterial activity 

Out of five SAB isolates, having antibacterial activity (Table 2.2) JSP2.98 and 

MSP2.98 could not grow on agar plates after repeated sub culture. Hence, 

only MSP2.97, OSP5.98 and JSP2.99 were screened for phylogenetic 

analysis. 

A) PCR amplification PCR amplification, cloning, sequencing and 

phylogenetic analysis of three sponge surface-associated bacteria (MSP2.97, 

OSP5.98 and JSP2.99) was carried out, following the method of Hentschel et 

a/. (2001). DNA was extracted from three stationary phase cultures using 

standard phenol-chloroform extraction procedure. PCR amplification was 

performed in a total volume of 50p1 containing the appropriate reaction buffer 

and reagents, 4U of DAP polymerase (Goldstar, Eurogentec, Seraing, 
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Belgium) and the universal primers 27f and 1385 or 1493r, corresponding to 

Escherichia coil 16S rDNA numbering. 

B) Cloning, sequencing and phylogenetic analysis The PCR amplification 

product was purified using the Geneclean kit (Bio 101, Vista, CA, USA). The 

recovered fragment was sequenced on a LiCor 4200 automated sequencer 

using the M13 universal and M13 reverse sequencing primers. The obtained 

sequences were aligned using the ABI prism Auto assembler v. 2.1 software 

(Perkin Elmer, Foster City, CA, USA) and entered into the BLAST and ARB 

16S rDNA sequence database. 

2.2.10. Individual variation in the antibacterial activity 

Six specimens of sponge (Ircinia fusca) were collected in May'99 from 

intertidal rock pools at Ratnagiri along the central west coast of India 

(16°59.5'N, 73°16.5'E). The collected sponge specimens were rinsed with 

seawater, weighed (sponge 100g. each) and extracted separately with 

methanol (AR grade). The extracts were filtered and concentrated to dryness 

under reduced pressure using rotary evaporator. The antibacterial activity of 

the extract obtained from individual sponge specimen was tested against 

common fouling bacteria by using standard paper disc method, as described 

above (concentration 500pg disc -1 ). Results are presented in the form of 

diameter of inhibition zone (total diameter of inhibition zone minus diameter of 

disc) and percentage inhibition of bacterial isolates (number of bacteria 

inhibited / total number of bacteria tested in the assay x 100). 

2.2.11. Assay against potentially fouling diatoms 

The sponge crude extracts and their fractions collected during different 

periods were tested for diatom settlement activity against Amphora 
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coffaeformis and Navicula delicatula, which are common in the microfouling 

film in this region. The fouling diatoms (A. coffaeformis and N. delicatula) were 

isolated from a microfilm developed over glass panels, exposed to marine 

environment. The isolated diatoms were maintained in uni-algal culture in f/2 

medium (Guillard and Ryther 1962) (composition of f/2 medium is given in 

Appendix II). 

The assay was carried out in polystyrene multiwells (Coming # 25810, 5m1 

volume) at a constant temperature of 20 ± 1 °C in an incubator with 12:12h 

light and dark cycle. The crude extracts and their fractions were reconstituted 

in ethanol at a rate of 10mg in 20m1 of solvent and were assayed at different 

concentrations viz. 25, 50, 75, 100, 200, 300, 400, 500, 600, 700 and 80014 

well-1  (n=4 for each concentration). The desired concentrations were achieved 

by introducing reconstituted extracts/fractions in multiwells in different 

quantities. In order to evaporate the solvent contained of the extract/fraction, 

multiwells were kept under sterile condition in a laminar flow chamber for 3-

4h. Solvent (ethanol) controls were also assayed simultaneously. The assay 

wells were inoculated with -104  diatoms cells m1 4  of sterile filtered seawater 

enriched with f/2 medium at a salinity of 30%o. Cells adhered to the bottom of 

the well were quantified through light microscopy as number of diatom cells 

mm 2. In each of these assay conditions the enumeration of diatom cells was 

carried out at an interval of 24h. After 96h of incubation period, Ec50 (effective 

concentration required for 50% settlement inhibition of diatom cells) was 

estimated using a probit analysis programme (Reddy et al. 1992). 
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2.2.12. Balanus amphitrite larval settlement assays 

The larval settlement assays were carried out with the sponge crude extracts 

collected during different periods against B. amphitrite larvae by using a 

method described by Rittschof et al. (1984). As the sponge extract collected 

during January'99 was found to be effective, both in the laboratory and field 

conditions, different polarity fractions of this extract were also assayed for 

larval settlement assay in order to locate the active compound(s). 

B. amphitrite larvae were mass reared in 2L glass beaker at 35%o salinity. 

Chaetoceros calcitrans, a diatom at 1.5 X 105  cells mr1  was used as a feed 

organism and was replenished every day while changing the water. After 5-6 

days, the metamorphosed cyprids from the rearing beakers were siphoned 

out and stored in the refrigerator at 5°C prior to the settlement assay. Two-

day-old cyprids were used for the settlement assay. The assay was carried 

out using polystyrene multiwells (Coming # 25820, 2ml volume) in an 

incubator at a temperature of 28±1 °C. The crude sponge extracts were 

assayed for larval settlement assay at six (25, 50, 75, 100, 150 and 20014 

wee) different concentrations (n=5 for each concentration). The extract was 

reconstituted by dissolving it in methanol, at a rate of 1mg mr l . In order to 

achieve above mentioned concentrations of the extract, different volumes of 

reconstituted extract were drawn with the help of micropipette and transferred 

to the multiwells and methanol content of the extract was allowed to 

evaporate. After evaporation of methanol, 2ml of filtered seawater (34%o 

salinity) along with 8-10 cyprids were introduced into each well. The sponge 

crude extracts and methanol control were assayed simultaneously. The 
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metamorphosed cyprids were counted after 24h and the settlement inhibition 

was calculated in terms of Ec50 (effective concentration required for 50% 

settlement inhibition of barnacle larvae) using a probit analysis programme 

(Reddy et al. 1992). 

2.2.13. Antifouling activity of sponge extracts in the field 

The sponge crude extracts were field tested for antifouling activity in two 

different sets. A flow chart of collection and field-testing of sponge extracts is 

given in figure 2.2. In set I, extracts collected in January'99, March'99, 

September'99, November'99 and January'2000 were tested immediately after 

Collection 

rnomth 

Alternate month testing (set I) 	Simultaneous month testing (set II) 

Fig. 2.2 Flow chart of field testing of extracts for antifouling activity 
collection. Whereas the extract collected in May'99 was tested in October'99, 

as it was practically not feasible to do field testing during the south-west 

monsoon period from June to September. In set II, the extracts collected 

during these months were tested cumulatively in January'2000. The 

antifouling activity of sponge crude extracts was tested in the field at a natural 

concentration using a method described by Henrikson and Pawlik (1995, 

1998). The advantages of this method over other field-testing methods are 
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highlighted in Figure 2.3. After every collection, six, 50m1 aliquots of fresh 

tissue were chopped into 1cm 3  pieces and frozen overnight. Frozen tissues 

were lyophilized and extracted for 24h in 1:1 dichloromethane:methanol. The 

tissues were then extracted for a second time in methanol for 24h. The 

extracts were then combined and concentrated to dryness under reduced 

pressure, using rotary evaporator. 

  

Traditional way 

  

     

• Collection of organisms 
• Extraction in organic solvent 
• Mixing of extract with paint having 

binder 
• Coating on test material 

     

 

• High concentration of 
extract - not relevant 
to nature 

• Oily extract - alters 
surface wettability 

• High extract 
concentration - paint 
looses adhesivity 

• Diffusion rate - high 

 

     

Limitations 

Fig.2.3 Traditional way (Sarma et al. 1991) and modified way (Henrikson and Pawlik 1995; 
1998) of field testing 

PhytagelTM  (Sigma chemical company, product No. P8169) was used as a 
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binder. Gels were made by adding 1.63g of Phytagel TM  to 50m1 distilled water. 

The amount of tissue used for extraction and the amount of gel made were 

volumetrically equivalent, so that each gel would have natural concentration of 

sponge metabolites. The extract was mixed with the binder and used as a 

sheet for field trials. Six replicates of extract treated gels and control gels 

(containing methanol but no extracts) were field tested in this experiment 

(Plate 2.3). 

Plate 2.3 Test surface (a) Control gels (b) Extract treated gels ready for exposure 

Both the sets of gel were exposed to the marine environment at 1 meter 

below low tide level by hanging from the jetty at Dona Paula bay, Goa (15° 

27.5' N, 73° 48' E) (Plate 2.4). The gels were retrieved after four weeks of 

exposure. 

■ 
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Plate 2.4 Dona Paula jetty 

After retrieval, the extract treated as well as control gels were observed under 

dissecting microscope in order to evaluate the percentage coverage of fouling 

organisms (barnacle, bryozoa, hydroid and algae) in cm 2. As described by 

Henrikson and Pawlik (1998), the settlement of invertebrates and algae was 

measured as percentage coverage on the front and back sides of each gel 

using a dot-grid estimate method (Foster et al. 1991; Meese and Tomich 

1992). The outline of gel was traced onto a transparent plastic sheet and the 

area within was marked in a dot-grid with all points 1cm apart. The plastic 

sheet was then fitted over both sides of each gel and the numbers of points 

with organisms underneath were recorded. Percentage coverage was then 

calculated by dividing recorded points minus total number of points. In 

addition to the percentage coverage, the total number of individuals 

(barnacles) and colonies (bryozoans) cm 2  were also recorded. As the total 

number of barnacles and bryozoans was very less, their density is expressed 

in No dm 2. The percentage coverage of barnacles, bryozoans, hydroids and 

algae on extract treated gels relative to the percentage coverage on control 

gels was also calculated and this data was used for 1-ANOVA. 
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2.2.14. Chemical analysis 

The non-polar petroleum ether fraction was the reservoir of active metabolites 

during increased bacterial threat in warm months. The petroleum ether 

fractions of May'97, October'97, May'98 and October'98 were chemically 

analysed by using Fourier Transform Infrared Spectroscopy (FTIR). FTIR 

spectras were recorded on Shimadzu FTIR-820 1 PC, using KBr technique. 

2.2.15. Statistical analysis 

Variation in epibacterial density over the sponge surface (SAB) during six 

different collection periods (log transformed values) was subjected to 1- 

ANOVA with equal sample size whereas the variation in the SVFB density in 

the water column during different collections (log transformed values) was 

subjected to 2-ANOVA without replicates (parameters tested- panels and 

seasons). In order to evaluate the temporal variation in the antibacterial 

activity of crude extract and fractions, 2-ANOVA without replicates was run 

separately for each extract/fraction collected during different periods 

(parameters tested- bacteria and seasons). The individual variation was also 

assessed using 2-ANOVA without replicates (parameters tested extracts from 

different colonies and bacteria). 3-ANOVA without replicates was used to 

evaluate variations in the Ec.50 obtained in anti-diatom activity (parameters 

tested- diatom species, seasons and extracts). In order to study the seasonal 

variations in the antifouling activity of extracts against barnacles and 

bryozoans in the field, 1-ANOVA with equal sample size was carried out. 

Whereas, the seasonal variation in the settlement of hydroids and algae on 

extract treated and control gels was evaluated using 2-ANOVA without 

replicates (Sokal and Rohlf 1981). 
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2.3. Results 

2.3.1. Viable bacterial count of SAB and SVFB 

The average number of colony forming bacteria on the sponge surface (SAB) 

was maximum during warm months (May'97, May'98 and October'98) and it 

was minimum during cool months (January'98 and January'99) (Fig. 2.4 CFU 

cm -2  is given in the form of log transformed values). The application of 1-

ANOVA showed the temporal variation in the SAB density to be significant. 

(Details of the ANOVA analysis — df - 4, SS — 116.40, MS — 29.10, Fs — 4.45, 

p ... 0.001). 

May97 Jan118 MaY98 ocf98 Jan'99 

Collection months 

Fig 2.4 Density of sponge vicinity fouling bacteria (SVFB) 
and sponge associated bacteria (SAB) in different collection 
periods ((AL-aluminium, FG-fiberglass, CN-cupro-nickel 
CFU-colony forming unit) 

The density of bacterial colonization on different types of panels (which were 

immersed in the vicinity of the sponge) also followed a similar trend (Fig 2.4). 

The temporal variation in the density of vicinity fouling bacteria (SVFB) in the 

water column was found to be significant (Table 2.2). 
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Table 2.2 2-ANOVA of temporal variations in the density of sponge vicinity fouling bacteria 
(SVFB) (df-degree of freedom, SS-sum of the squares, MS-mean of the squares, Fs-Fisher 
constant, ns-non significant, *ps0.001) 

df SS MS Fs 
Panel 2 0.1419 0.0709 1.2 ns 

Season 4 29.648 7.4122 126.0* 
Error 8 0.4705 0.0588 
Total 14 30.26 

2.3.2. Sponge surface-associated bacteria (SAB) 

Morphological characteristics of sponge associated bacteria (SAB) are give in 

Table 2.3. 

Table 2.3 Morphological characteristics of sponge associated bacteria (SAB). (Bacterial 
isolates shown in colour exhibited antibacterial activity against fouling bacteria - results 
resented in Table 2.27 
Isolate Cell 

morphology 
Pigmentation Motility Gram 

staining 
Genus 

May'97 

MSP1.97 Rods peach motile - Pseudomonas sp. 
MSP2.97 Rods cream motile + Bacillus sp. 
MSP3.97 Rods cream motile - Pseudomonas sp. 
January'98 

JSP1.98 Rods orange Motile - Enterobacteriaceae 
JSP2.98 Cocci cream non- 

motile 
+ Micrococcus sp. 

JSP3.98 Rods cream motile - Vibrio sp. 
JSP4.98 Cocci yellow non-motile + Staphylococcus sp. 

Staphylococcus sp. JSP5.98 Cocci orange non-motile + 
JSP6.98 Rods yellow non-motile - Flavobacterium sp. 
May'98 

MSP1.98 Cocci cream non-motile + Micrococcus sp. 
MSP2.98 Rods cream motile + Bacillus sp. 
MSP3.98 Rods cream motile - Pseudomonas sp. 
MSP4.98 Cocci cream non-motile + Micrococcus sp. 
MSP5.98 Rods orange motile - Enterobacteriaceae 
October'98 

OSP1.98 Cocci cream non-motile + Micrococcus sp. 
OSP2.98 Cocci cream non-motile + Micrococcus sp. 
OSP3.98 Cocci yellow non-motile + Staphylococcus sp. 
OSP4.98 Rods cream motile - Vibrio sp. 
OSP5.98 Rods cream motile + Bacillus sp. 
January'99 

JSP1.99 Cocci cream non-motile + Micrococcus sp. 
JSP2.99 Rods cream motile + Bacillus sp. 
JSP3.99 Rods cream motile - Pseudomonas sp. 
JSP4.99 Cocci cream non-motile + Micmcoccus sp. 
JSP5.99 Rods orange motile - Enterobacteriaceae 
JSP6.99 Rods cream motile + Bacillus sp. 

(In Oct'97 SAB could not be sampled) 
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Three bacterial isolates were obtained during May'97 (MSP1.97-MSP3.97), 

six isolates (JSP1.98-JSP6.98) during January'98, five isolates (MSP1.98- 

MSP5.98) during May'98, five isolates (OSP1.98-0SP5.98) during October'98 

and six isolates (JSP1.99-JSP6.99) during January'99. 

2.3.3. Sponge vicinity fouling bacteria (SVFB) 

The numbers of SVFB isolates obtained during different collection periods are 

given in Table 2.4. In May'97 11 isolates, January'98 11 isolates, May'98 12 

isolates, October'98 16 isolates and January'99 16 isolates were obtained 

from microfilm developed over different panels, immersed in the vicinity of 

sponge. 

Table 2.4 Number of sponge vicinity fouling bacterial (SVFB) isolates obtained from 
microfilms developed over different panels immersed in the immediate vicinity of the saonoe. 

Source May'97 Jan'98 May'98 Oct'98 Jan'99 
Aluminium panel 3 4 3 3 6 

Fiberglass panel 3 2 5 8 5 
Cupronickel panel 5 5 4 5 5 
Total 11 11 12 16 16 

(In Oct'97 SVFB could not be sampled) 

2.3.4. Common fouling bacteria (CFB) 

Seven common fouling bacterial isolates were obtained from microfilm 

developed over different panels immersed in the marine environment. They 

belonged to family Enterobacteriaceae, Vibrio sp., Moraxella sp., Aeromonas 

sp., Pseudomonas sp., Micrococcus sp. and Cytophaga sp. (Table 2.5). 

Table 2 5 Common fouling bacteria (CFB) used in antibacterial assays. 
No. Source Bacteria 
1 Fiber glass Panel Enterobacteriaceae 
2 Fiber glass Panel Vibrio sp. 
3 Cupronickel panel Moraxella sp. 
4 Cupronickel panel Aeromonas sp. 
5 Fiber glass Panel Pseudomonas sp. 
6 Copper Panel Micrococcus sp. 
7 Aluminium Panel Cytophaga sp. 
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2.3.5. Antibacterial activity of sponge crude extracts and fractions 

A) Against SAB The results in terms of diameter of inhibition zone are 

presented in Tables 2.6-2.10, whereas, the results in terms of percentage 

bacterial inhibition are presented in Figure 2.5. The antibacterial activity of 

sponge crude extracts and fractions against its associated bacteria (SAB) of 

respective collection months showed that, in May'97, January'98, October'98 

and January'99 some of the SAB isolates were sensitive, whereas in May'98, 

they were resistant to the sponge metabolites. It was observed that the growth 

of Bacillus sp. (MSP2.97, MSP2.98 and JSP2.99) was promoted by sponge 

crude extracts as well as their fractions of respective collection months 

(Tables 2.6-2.10). 

Table 2.6 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in May'97 against sponge surface-associated bacteria (SAB). (For 
abbreviations of SAB please refer to Table 2.3) 

Bacterial 
isolate 

Crude 
extract 

Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl acetate 
fraction 

Aqueous 
fraction 

MSP1.97 - 4 1 1 - 
MSP2.97 4P 2P 2P 1P 2P 
MSP3.97 - - - - - 

P- growth promotion 

Table 2.7 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in January'98 against sponge surface-associated bacteria (SAB). (For 
abbreviations of SAB please refer to Table 2.3) 

Bacterial 
isolate 

Crude 
extract 

Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl acetate 
fraction 

Aqueous 
fraction 

JSP1.98 4 - - 8 2 
JSP2.98 - - - - - 
JSP3.98 5 - - 7 3 
JSP4.98 1 - 2 2 - 
JSP5.98 - - - - - 
JSP6.98 3 - - 10 4 

Table 2.8 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in May'98' against sponge surface-associated bacteria (SAB). (For 
abbreviations of SAB please refer to Table 2.3) 

Bacterial 
isolate 

Crude 
extract 

Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl acetate 
fraction 

Aqueous 
fraction 

MSP1.98 - - - - - 
MSP2.98 1P 1P 1P 2P 1P 
MSP3.98 - - - - - 
MSP4.98 - - - - - 
MSP5.98 - - - - - 

P- growth promotion 
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Table 2.9 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in October'98' against sponge surface-associated bacteria (SAB). (For 
abbreviations of SAB please refer to Table 2.3) 

Bacterial 
isolate 

Crude 
extract 

Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl acetate 
fraction 

Aqueous 
fraction 

OSP1.98 3 - 9 3 3 
OSP2.98 - - - - - 
OSP3.98 - - - - - 
OSP4.98 - - 4 3 - 
OSP5.98 - - 4 4 - 

Table 2.10 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in January'99 against sponge surface-associated bacteria (SAB). (For 
abbreviations of SAB please refer to Table 2.3) 

Bacterial 
isolate 

Crude 
extract 

Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl acetate 
fraction 

Aqueous 
fraction 

JSP1.99 - - - - - 
JSP2.99 2P 2P 2P 2P 2P 
JSP3.99 - - - - - 
JSP4.99 - - - - - 
JSP5.99 - - 4 - - 
JSP6.99 - - - - - 

P- growth promotion 
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Fig. 2.5 Antibacterial activity of sponge crude extracts and fractions 
against sponge associated bacteria (SAB) (Cru-crude extract, Pet-
Petroleum ether fraction, Chl-chloroform fraction, Eth- Ethyl acetate 
fraction, Aqs-aqueous fraction) 

B) Against SVFB The results in terms of diameter of inhibition zone are 

presented in Tables 2.11-2.15, and, the results in terms of percentage 

bacterial inhibition are presented in Figure 2.6. The crude methanol extracts 
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of all collection months inhibited the growth of 30-40% bacterial isolates 

obtained during respective collection months. Fractionation of crude extracts 

showed strong antibacterial activity in mid-polar and polar fractions 

(chloroform, ethyl acetate and aqueous) in cool months (Jan'98 and Jan'99). 

In warm months (May'97, May'98 and October'98) strong antibacterial activity 

was displayed by non-polar petroleum ether fraction along with the polar 

ones, which were effective in cool months. 

Table 2.11 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in May'97 against sponge vicinity fouling bacteria (SVFB). (Alphabets 
AL, FG,CN stands for bacterial isolates obtained from aluminium (AL), fiberglass (FG) and 
cupronickel (CN) panels and numerical stands for number of isolates) 

Bacterial 
isolate 

Crude extract Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl 	acetate 
fraction 

Aqueous 
fraction 

AL1 - - - - - 
AL2 - - - - - 
AL3 1 1 5 - - 
FG1 - - - - - 
FG2 - 2 - 1 - 
FG3 - 1 - 1 - 
CN1 2 4 2 3 - 
CN2 1 4 1 2 - 
CN3 2 7 4 6 - 
CM - 3 - 1 - 
CN5 1 2 2 2 - 

Table 2.12 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in January'98 against sponge vicinity fouling bacteria (SVFB). 
(Alphabets AL, FG,CN stands for bacterial isolates obtained from aluminium, fiberglass and 
cupronickel panels and numerical stands for number of isolates) 

Bacterial 
isolate 

Crude extract Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl 	acetate 
fraction 

Aqueous 
fraction 

AL1 1 - - 1 - 
AL2 - - 1 - 
AL3 - - - 
AL4 - - - 
FG1 - - - 4 
FG2 - - 3 - 
CN1 1 - - 3 - 
CN2 - - - 
CN3 - - - 
CN4 - - - 
CN5 1 - - 1 - 
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Table 2.13 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in May'98 against sponge vicinity fouling bacteria (SVFB) (Alphabets 
AL, FG,CN stands for bacterial isolates obtained from aluminium, fiberglass and cupronickel 
panels and numerical stands for number of isolates) 

Bacterial 
isolate 

Crude extract Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl 	acetate 
fraction 

Aqueous 
fraction 

AL1 - - - - - 
AL2 6 - - 3 - 
AL3 - - - - 
FG1 2 6 2 3 - 
FG2 1 4 3 1 - 
FG3 - 2 - - - 
FG4 - - - - - 
FG4 - - - - - 
CN1 3 2 - - - 
CN2 1 4 - 1 - 
CN3 - 4 - - - 
CN4 - - - - - 

Table 2.14 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in October'98 against sponge vicinity fouling bacteria (SVFB). 
(Alphabets AL, FG,CN stands for bacterial isolates obtained from aluminium, fiberglass and 
cupronickel panels and numerical stands for number of isolates) 

Bacterial 
isolate 

Crude 
extract 

Pet. 	Ether 
fraction 

Chloroform fraction Ethyl 	acetate 
fraction 

Aqueous 
fraction 

AL1 1 2 1 1 1 
AL2 1 4 1 1 1 
AL3 - - - - - 
FG1 - - - - 
FG2 - - - - 
FG3 1 4 1 1 1 
FG4 - - - - 
FG5 - - - - 
FG6 - - - - 
Fg7 4 4 - - - 
Fg8 - - - - 
CN1 - - - - 
CN2 3 - - - 
CN3 - - - - 
CN4 6 4 - - - 
CN5 2 - - - 

Table 2.15 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extract 
and fractions collected in January'99 against sponge vicinity fouling bacteria (SVFB). 
(Alphabets AL, FG,CN stands for bacterial isolates obtained from aluminium, fiberglass and 
cupronickel panels and numerical stands for number of isolates) 

Bacterial isolate Crude extract Pet. 	Ether 
fraction 

Chloroform 
fraction 

Ethyl 	acetate 
fraction 

Aqueous 
fraction 

AU 4 - 4 - - 
AL2 - - - - - 
AL3 - - - - - 
AL4 4 - 2 - - 
AL5 - - - - - 
AL6 - - - - - 
FG1 2 - - 2 2 
FG2 - - - - - 
FG3 2 - 4 - - 
Fg4 2 - 2 - 4 
Fg5 - - - - , 
CN1 - - - - - 
CN2 - - - - - 
CN3 - - - - - 
CN4 - - - - - 
CN5 - - - - - 
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Fig. 2.6 Antibacterial activity of sponge crude extracts and 
fractions against sponge vicinity fouling bacteria (SVFB) (Cru-
crude extract, Pet-Petroleum ether fraction, Chl-chloroform 
fraction, Eth- Ethyl acetate fraction, Aqs-aqueous fraction) 

C) Against CFB The results in terms of diameter of inhibition zone are 

presented in Tables 2.16-2.20 and the results in terms of percentage bacterial 

inhibition are presented in Figure 2.7. The crude methanol extracts of all 

collection months inhibited the growth of 60-75% fouling bacterial isolates 

except being May'97, which inhibited only 25% bacteria. Fractionation of 

crude extracts showed strong antibacterial activity in mid polar and polar 

fractions (chloroform, ethyl acetate and aqueous) in cool months. However in 

warm months strong antibacterial activity was displayed by non-polar 

petroleum ether fraction, along with the mid-polar and polar ones. A significant 

temporal variation was observed in the antibacterial activity of crude extracts 

and petroleum ether fraction collected in six different periods against common 

fouling bacteria (Table 2.21). In January'98 petroleum ether, chloroform and 

aqueous fraction promoted the growth of isolate belonged to family 

Enterobacteriaceae. 
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Table 2.16 Antibacterial activity (diameter of inhibition zone in mm) of sponge crude extracts 
collected durinsa different periods against common fouling bacteria (CFB 

Bacterial isolates May'97 Oct'97 Jan'98 May'98 Oct'98 Jan'99 
Enterobacteriaceae 1 7 2 3 7 6 
Vibfio sp. - 5 - 1 1 10 
Moraxella sp. - - - - - - 
Aeromonas sp. - 6 4 4 3 2 
Pseudomonas sp. - 7 1 1 2 4 
Micrococcus sp. - 7 1 - 2 5 
Cytophaga sp. 5 4 - 1 4 5 

Table 2.17 Antibacterial activity (diameter of inhibition zone in mm) of petroleum ether 
fractions collected during different periods against common fouling bacteria (CFB) 

Bacterial isolates May'97 Oct'97 Jan'98 May'98 Oct'98 Jan'99 
Enterobacteriaceae 4 4 9P 3 5 - 
Vibrio sp. 1 4 1 3 - 
Moraxella sp. 2 3 - - 3 - 
Aeromonas sp. 1 2 - 2 4 - 
Poseudomonas sp. 1 3 - 1 2 - 
Micrococcus sp. - 3 - 1 2 - 
Cytophaga sp. 2 2 - - 4 - 

P- growth promotion 

Table 2.18 Antibacterial activity (diameter of inhibition zone in mm) of chloroform fractions 
collected during different periods against common fouling bacteria (CFB). 

Bacterial isolates May'97 Oct'97 Jan'98 May'98 Oct'98 Jan'99 
Enterobacteriaceae - - 9P - - - 
Vibrio sp. - - - - - - 
Moraxella sp. - - - - - - 
Aeromonas sp. - 3 - - 4 2 
Poseudomonas sp. 1 - - - - 2 
Micrococcus sp. 2 - - - - 3 
Cytophaga sp. 2 - - - 2 2 

P- growth promotion 

Table 2.19 Antibacterial activity (diameter of inhibition zone in mm) of ethyl acetate fractions 
collected during different periods against common fouling bacteria (CFB) 

Bacterial isolates May'97 Oct'97 Jan'98 May'98 OcY98 Jan'99 
Enterobacteriaceae 1 - 1 - 2 4 
Vibrio sp. - 2 - - 2 - 
Moraxella sp. - - - - - - 
Aeromonas sp. - 2 3 - - 3 
Poseudomonas sp. - - 2 - - 2 
Micrococcus sp. - 3 - - 2 5 
Cytophaga sp. 1 1 - - 4 2 
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Table 2.20 Antibacterial activity (diameter of inhibition zone in mm) of aqueous fractions 
collected during different periods against common fouling bacteria (CFB) 

Bacterial isolates May'97 Oct'97 Jan'98 May'98 Oct'98 Jan'99 
Enterobacteriaceae - - 9P - - 22 
Vibrio sp. - - - - - - 
MoraxeHa sp. - - - - - 4 
Aeromonas sp. - 3 - 3 - 4 
Poseudomonas sp. - - - - - - 
Micrococcus sp. - - - - - - 
Cytophaga sp. 6 - - - 2 2 

P- growth promotion 

Table 2.21 2-ANOVA of temporal variation in the antibacterial activity of sponge extract and 
fractions against common fouling bacteria (CFB) (df-degree of freedom, SS-sum of the 
squares, MS-mean of the squares, Fs-Fisher constant, ns-non significant, *p50.025, 

***p_0.001). 

Crude extract Petroleum ether 
fraction 

Ethyl acetate fraction 

df SS MS Fs df SS MS Fs df SS MS Fs 

Bacteria 6 62.8 10.5 1.6 ns 6 10.6 1.7 3.07* 6 12 2 1.4ns 

Seasons 3 118.2 39.4 6.2*- 5 70.5 14.1 24.4*** 5 23.7 4.7 3.36* 

Error 18 114.6 6.3 30 17.3 037 30 422 1.4 

Total 27 295.6 41 98.5 41 78 

ns- Not significant) 

Cru 1, Pet ■ Chl Et ilk's 

May'97 Oct'97 Jan'98 May98 Oct'98 Jan'99 
Collection months 

Fig. 2.7 Antibacterial activity of sponge crude extracts 
and fractions against common fouling bacteria (CFB) 
(Cru-crude extract, Pet-Petroleum ether, Chl-
chloroform, Eth- Ethyl acetate, Aqs-aqueous) 

2.3.6. Antibacterial activity of sponge surface associated bacteria (SAB) 

Against SAB The results of antibacterial activity of SAB against SAB, using 

well diffusion and agar plug method are presented in Tables 2.22-2.26. Some 
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SAB isolates showed antibacterial activity only in well diffusion method (e.g. 

MSP1.97 inhibited the growth of MSP3.97). Some of the SAB isolates showed 

antibacterial activity only in agar plug method (e.g. OSP3.98 inhibited the 

growth of OSP2.98). However, most of the bacteria displayed antibacterial 

activity in both the methods e.g. MSP2.97 against MSP1.97, JSP2.98 against 

JSP3.98). In Oct'98 all the bacteria dominated the area surrounding plug 

against 0S4.98 in plug method. 0S5.98 showed auto toxicity in both the 

methods. 

Table 2.22 Antibacterial activity (diameter of zone of inhibition in mm) of sponge associated 
bacteria (SAB) against SAB of May'97 collection using well diffusion and agar plug method. 
For abbreviations of SAB please refer to Table 2.3 ) 

SAB MSP1.97 MSP2.97 MSP3.97 
well plug well plug well plug 

MSP1.97 - - 4 2 - - 
MSP2.97 - - - - - - 
MSP3.97 2 - - - - - 

Table 2.23 Antibacterial activity (diameter of zone of inhibition in mm) of sponge associated 
bacteria (SAB) against SAB of January'98 collection using well diffusion and agar plug 
method. (For abbreviations of SAB please refer to Table 2.3) 

SAB JSP1.98 JSP2.98 JSP3 98 JSP4 98 JSP5 98 JSP6 98 
wel 
I 

plug well plug well plug well plug well plug well plug 

JSP1.98 - - 2 2 2 - - - 4 6 - - 
JSP2.98 - - - - - - 2 1 - - - - 
JSP3.98 - - 4 4 - - - - 2 - 4 4 
JSP4.98 - - - - - - - - - - - - 
JSP5.98 - - 2 - - - - - - - - - 
JSP6.98 - - - - - - - - - - - - 

Table 2.24 Antibacterial activity (diameter of zone of inhibition in mm) of sponge associated 
bacteria (SAB) against SAB of May'98 collection using well diffusion and agar plug method. 
(For abbreviations of SAB please refer to Table 2.3) 

SAB MSP1.98 MSP2.98 MSP3.98 MSP4.98 MSP5.98 
well plug well plug well plug well plug well Plug 

MSP1.98 - - 3 4 2 2 - - 4 8 
MSP2.98 - - - - - - - - - - 
MSP3.98 4 5 - - - - - 1 - - 
MSP4.98 - - - - - - - - - - 
MSP5.98 - - - - - - - - - - 
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Table 2.25 Antibacterial activity (diameter of zone of inhibition in mm) of sponge associated 
bacteria (SAB) against SAB of October'98 collection using well diffusion and agar plug 
method. (For abbreviations of SAB please refer to Table 2.3) 

SAB OSP1.98 OSP2.98 OSP3.98 OSP4.98 OSP5.98 
well plug well plug well plug well plug well plug 

OSP1.98 - - - - - - - - - - 
OSP2.98 - - - - - 1 - - - - 
OSP3.98 - - - - - - - 2 - - 
OSP4.98 - 4G - 4G - 4G - 4G - 4G 
OSP5.98 - - - - - - - - 4 2 

G - rapid growth 

Table 2.26 Antibacterial activity (diameter of zone of inhibition in mm) of sponge associated 
bacteria (SAB) against SAB of January'99 collection using well diffusion and agar plug 
method. (For abbreviations of SAB please refer to Table 2.3 ) 

SAB JSP1.99 JSP2.99 JSP3 99 JSP4.99 JSP5.99 JSP6.99 
well plug well plug well plug well plug well plug well plug 

JSP1.99 - - - - - - - - - - - - 
JSP2.99 2 1 - - 2 - - 1 - - - - 
JSP3.99 - - - - - - - - - 2G - 2G 
JSP4.99 - - - - - - - - - - - - 
JSP5.99 - - - - 4 3 2 3 - - - - 
JSP6.99 - - - - - - - - - - - - 

G - rapid growth 

Against SVFB and CFB The results in terms of diameter of inhibition zone 

are presented in Tables 2.27 and 2.28, whereas, the results in terms of 

percentage bacterial inhibition are presented in Figure 2.8 and 2.9. In 

January'98, the antibacterial metabolites were produced by Micrococcus sp. 

(JSP2.98), where as in May'97, May'98, October'98 and January'99 by 

Bacillus sp. (MSP2.97, MSP2.98, 0S5.98 and JSP2.99 respectively). The 

pattern of antibacterial activity of SAB followed a similar trend in both the 

methods. However the inhibition zones were larger in well diffusion method as 

compared to those in agar plug method. In agar plug method MSP2.97, 

JSP2.98, MSP2.98, OSP5.98 and JSP2.99 showed rapid growth against 

isolate belonged to family Enterobacteriaceae (Table 2.27). 
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Table 2.27 Antibacterial activity (diameter of zone of inhibition in mm) of sponge associated 
bacteria (SAB) against sponge vicinity fouling bacteria SVFB collected during different 
periods. (W-well; P-plug). (Alphabets AL, FG,CN stands for bacterial isolates obtained from 
aluminium, fiberglass and cupronickel panels and numericals stands for number of isolates) 

MSP2.97 JSP2.98 MSP2.98 OSP5.98 JSP2.99 
May 
'97 

W P Jan' 
98 

W P May 
'98 

W P Oct' 
98 

W P Jan' 
99 

W P 

AL1 11 - AL1 11 9 AL1 - - AL1 7 - AL1 11 6 
AU - - AL2 8 - AU 12 7 AU 8 6 AU 10 - 
AL3 7 - AL3 - - AL3 8 6 AL3 - - AL3 - 7 

FG1 8 - AL4 5 5 FG1 7 5 FG1 11 7 AL4 - - 
FG2 7 - FG1 6 4 FG2 9 - FG2 9 8 AL5 8 5 
FG3 - - FG2 - - FG3 - - FG3 - - AL6 - 0 
CN1 - - CN1 7 - FG4 6 4 FG4 - - FG1 10 9 
CN2 6 - CN2 8 - FG5 6 - FG5 10 6 FG2 10 10 
CN3 - - CN3 10 8 CN1 - - FG6 7 5 FG3 - - 
CN4 6 - CN4 - - CN2 - - FG7 5 0 FG4 - - 
CN5 8 - CN5 7 4 CN3 8 6 FG8 12 9 FG5 9 - 

CN4 7 5 CN1 - - CN1 12 8 
CN2 9 6 CN2 - - 
CN3 - - CN3 - - 
CN4 8 6 CN4 - - 
CN5 - 4  CN5 10 9 

Table 2.28 Antibacterial activity of sponge associated bacteria (SAB) against common fouling 
bacteria (CFB) using well diffusion and agar plug method. (For abbreviations of SAB please 
refer to Table 2.3) 

CFB MSP2.97 JSP2.98 MSP2.98 OSP5.98 JSP2.99 
well plug well plug well plug well plug well plug 

Enterobacteriaceae - 14G 6 14G 4 14P - 14P - 14G 
Vibrio sp. 15 - 3 13 2 11 - - 10 13 
Moraxella sp. 15 - 3 13 2 11 - - 10 13 
Aeromonas sp. 16 - 10 - 6 - 5 - 5 - 

Pseudomonas sp. 12 - 3 11 3 12 10 - - 12 
Micrococcus sp. 20 - 3 12 5 13 0 - - 13 
Cytophaga sp. - - 4 12 6 12 10 - 10 13 

G- rapid growth 

MSP2.97 JSP2.98 MSP2.98 OSP5.98 JSP2.99 

SAB isolates 

Fig. 2.8 Antibacterial activity of sponge 
associated bacteria (SAB) against sponge 
vicinity fouling bacteria (SVFB) in well 
diffusion and agar plug method. (For 
abbreviations of SAB please refer to Table 
2.3) 
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Fig. 2.9 Antibacterial activity of sponge 
associated bacteria (SAB) against common 
fouling bacteria (CFB) in well diffusion and 
agar plug method. (For abbreviations of SAB 
please refer to Table 2.3) 
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2.3.7. Phylogenetic analysis of SAB having antibacterial activity 

Sequencing results of rDNA gene fragments of SAB are presented in Table 

2.29. All three bacterial isolates belonged to genus Bacillus and showed 96%-

97% similarity with Bacillus cereus. 

Table 2.29 Results of rDNA sequence analysis of Sponge surface-associated bacteria. 

Isolate Bases 
sequenced 

Nearest phylogenetic neighbour % similarity Species 

MSP2.97 635 by Bacillus sp. 82344 97% Bacillus cereus 
OSP5.98 720 by Bacillus sp. 83244 96% Bacillus cereus 
JSP2.99 683 by Bacillus sp. 82344 96% Bacillus cereus 

2.3.8. Individual variation in the antibacterial activity of sponge extract 

Out of six different sponge specimens tested the extracts obtained from only 

two specimens (SP2 and SP4) showed strong antibacterial activity (Table 

2.30, Fig. 2.10). The application of 2-ANOVA showed the individual variation 

is to be significant (Table 2.31). 

Table 2.30 Individual variation in the antibacterial activity of sponge crude extracts against 
common fouling bacteria (CFB) (SP1-SP6 extracts obtained from different sponge 
specimens ) 

Bacterial isolates SP1 SP2 SP3 SP4 SP5 SP6 
Enterobacteriaceae - 2 - 3 - - 
Vibrio sp. - 2 - 3 - - 
Moraxella sp. - - - - - - 
Aeromonas sp. 1 2 2 5 3 3 
Pseudomonas sp. - - - 4 - - 
Micrococcus sp. - 2 - 3 - - 
Cytophaga sp. - 1 - 2 - 2 
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Table 2.31 2-ANOVA of individual variations in the antibacterial activity of sponge crude 
extracts against common fouling bacteria (CFB) (df-degree of freedom, SS-sum of the 
squares , MS-mean of the squares , Fs-Fisher constant , ns-non significant ,  .001 

Source of variation df SS MS Fs 
A Bacteria 6 62.52 10.42 23.45* 
B Specimens 5 82.71 16.54 37.22* 
A*B interaction 30 54.29 1.81 4.07* 
Error 84 37.33 0.44 
Total 125 236.86 
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Fig. 2.10 Individual variations in the 
antibacterial activity of sponge crude 
extracts against common fouling bacteria 
(CFB) (SP1-SP6 — extracts obtained from 
different sponge specimens) 

2.3.9. Assay against potentially fouling diatoms 

The results of diatom settlement activity of crude extracts and fractions 

against Amphora coffaeformis and Navicula delicatula in terms of Ec50, are 

presented in Fig 2.11. The extracts and fractions in all collection months 

effectively 
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Pet ■ Chl Eth MAI* A. cotrefornis 
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Collection months 

May97 Oct'97 Jan'98 mem Oct'98 Jan'99 

Collection months 
Fig. 2.11 Temporal variations in the Ec50 
values of sponge crude extract and 
fractions on the settlement of diatoms (Cru-
crude extract; Pet-Petroleum ether fraction; 
Chl-Chloroform fraction; Eth-Ethly acetate 
fraction; Aqs-Aqueous fraction) 

inhibited the growth of both the diatom species. A significant variation in the 

diatom settlement activity was neither observed with different collections nor 

with the extracts/fractions, against both the diatom species. However a 

significant variation was observed in the sensitivity between the two diatom 

species to the sponge metabolites (Table 2.32) Among the two species, 

Navicula delicatula was found to be more sensitive. The crude extracts and 

aqueous fraction effectively inhibited the growth of A. coffaefotmis, whereas 

strong antidiatom activity was displayed by mid-polar chloroform fraction 

against N. delicatula (Plate 2.5 a&b). As compared to other collection months, 

the sponge metabolites of October'97 and October'98 collections were found 

to be more effective against both the diatom species. 
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Table 2.32 3-ANOVA of antidiatom activity of sponge extract and fractions against A. 
coffeaformis and N. delicatula (df-degree of freedom, SS-sum of the squares, MS-mean of the 
squares, Fs-Fisher constant, ns-non significant, *p.4:1.005) 

Source of variation df SS MS Fs 
Species 1 455613 455613 

Seasons 3 266816 88938.6 
Extracts 4 184566 46141.6 
Species * Seasons 3 85775 28591.7 1.7175 ns 
Species * Extracts 4 487907 121977 7.327* 

Seasons *Extracts 12 181219 15101.6 0.907 ns 

Species * Seasons * Extracts 12 199761 16646.7 

Plate 2.5 Diatom settlement assay of sponge metabolites (a) 
crude extract against Amphora coffaeformis and (b) chloroform 
fraction against Navicula delicatula 

2.3.10. Balanus amphitrite larval settlement assay. 

The results of the larval settlement assay in terms of Ec50 are presented in 

Figures 2.12 and 2.13. The crude extract collected in Oct'97 was most 

effective with an Ec50 of 3014 well -1 , whereas that of May'98 was least 

effective with an Ec50 of 15214 well". The crude extract and its different 

polarity fractions of January'99 collection also effectively inhibited the B. 

amphitrite larval settlement. 



75' 

i 

 

3 50  i 
I 

25 

0 

  

Eth 

44 
180 • 

120 

1 
g 80 
8 
1 

40 

0 

 

. 	. 	. 	. 	. 	e 

MaY97 	Oct'97 	Jan'98 	MaY88 	Oct118 	Joe%) 

Collection months 

 

 

Fig. 2.12 Temporal variation in the Ec50 values of sponge crude extract 
against settlement of Balanus. amphitrite larvae 
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Fig. 2.13 Temporal variation in the Ec50 values of sponge crude extract and 
fractions of January'99 collection against settlement of Balanus . amphitrite 
larvae (Cru- crude extract, Pet- Petroleum ether fraction, Chi- Chloroform 
fraction, Eth- Ethyl acetate fraction, Aqs- Aqueous fraction) 

2.3.11. Antifouling activity of sponge extracts in the field 

In Set I, extracts were tested immediately after collection and in Set II the 

extracts of different collection periods were tested cumulatively. The 

percentage coverage of barnacle, bryozoans, hydroids and algae on extract 

treated and control gels of immediate months testing (Set I) is plotted in the 

graphs (Fig. 2.14). However the number of individuals dm -2  in case of 

barnacles and number of colonies dm 2  in case of bryozoans on both extract 
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and control gels are presented in Figure 2.16 A&B. In this study, the 

settlement of barnacles (both percentage coverage as well as number of 

barnacles dm 2) on the gel, treated with sponge extracts, collected during all 

the periods was less than control gel except May'99 (March'99 set lost in the 

field). The settlement of bryozoans (Membranipora sp.) was observed on the 

gel treated with extract collected in January'99, where as in other months it 

was negligible. Hydroids showed their appearance on the extract treated gels 

of all collection months except January'99. The settlement of algae 

(Enteromorpha sp.) was more on extract treated gels of all collection months 

except January'2000. 

The percentage coverage of barnacles, bryozoans, hydroids and algae on 

extract treated gels and control gels of cumulative months testing (set II) is 

plotted in the graphs (Fig. 2.15). However the number of individuals dm -2  in 

case of barnacles and number of colonies dm -2  in case of bryozoans on both 

extract and control gels are presented in Fgure 2.16 C&D. The extracts of all 

collection months except March' 99 strongly inhibited the settlement of 

barnacles. The settlement of bryozoans (Membranipora sp.) was observed 

only on the gels of January'99 and March'99 months. The hydroids settlement 

was strongly inhibited by the extract of November'99 collection. However the 

extracts of January'99 and March'99 were active against the settlement of 

algae (Enteromorpha sp.). 

In both the sets, a significant temporal variation was observed in the 

antifouling activity of sponge extracts against barnacles and bryozoans and 
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algae. I case of hydroids it was significant in set H and it was non significant in 

set I (Table 2.33). 

Table 2.33 1-ANOVA of temporal variations in the antifouling activity of crude sponge extracts 
in the field against barnacles, bryozoans hydroids and algae in both immediate (set I) and 
simultaneous months (set II) testing. (df-degree of freedom, SS-sum of the squares, MS-
mean of the squares, Fs-Fisher constant, ns-non significant * Ix 0.05, ** p 0.025, ***p_ 
0.01, **** ps 0.001) 

Fouling 
organisms 

df SS MS Fs 
Set 
I 

Set 
II 

Set I Set II Set I Set H Set I Set II 

Barnacles 4 4 25636.27 59672.28 6409.06 14918.07 4.19* 19.45**** 
Bryozoans 4 4 386.94 377.85 96.73 94.96 6.42*** 3.42** 
Hydroids 4 4 8186.7 3031.3 2046.7 757.8 0.8ns 49.5**** 
Algae 4 44 232544.7 1164000 58136.16 291000 15.02**** 6.01*** 

2.3.12. Chemical analysis 

Fourier transform infrared spectra (FTIR) of active petroleum ether fractions of 

different collections was similar (Fig. 2.17a,b,c,d). Spectra indicated the 

presence of Hydroxyl (0-H) group (peak at 3430 cm -1 ). Peak at 2929 cm-1  and 

2854 cm-1  were due to C-H (aliphatic). Peak at 1738 cm -1  indicated the 

presence of ester (C=0). The presence of terpenoid and steroid were 

evidenced from IR absorption at 1456 and 1380 cm -1  . Peak at 1172 cm-1  was 

may be due to C-N or C-0. 
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2.4. Discussion 

The focus of this investigation was to elucidate the epibiotic chemical defence 

of the sponge Iminia fusca by considering temporal variations and the role of 

its surface associated bacteria. 

A quantitative temporal variation in the bacterial epibionts (SAB) was 

observed. In January'98 and January'99 sponge surfaces had lower numbers 

of bacteria compared to May'97, May'98 and October'98. Similar was the 

case with SVFB counts. In the study area, water temperature rises to 30-33 °C 

in May (prior to onset of SW monsoon) and October (end of SW monsoon) 

and is comparatively cooler in January (26-28°C). Earlier reports have shown 

that the bacterial density also increases during April-May and Sept-October in 

this region (Ramaiah at al. 1996). It has been demonstrated that the increase 

in bacterial density in the water column during warmer months influences the 

abundance of fouling and/or epibiotic bacterial numbers (Bakus at al. 1985). 

Vicinity fouling bacteria (SVFB) were isolated from microfilms developed over 

different panels. In this study, toxic surface (cupronickel) and non toxic 

surfaces (aluminium and fiberglass) were immersed in the sponge vicinity to 

obtain SVFB. The difference between characteristics of these materials may 

affects on the settlement of bacteria. This was an attempt to isolate wide 

range of fouling bacterial isolates by immersing toxic and non-toxic surfaces in 

the sponge vicinity. We assumed that the bacteria which can settle on toxic 

and/or non-toxic surfaces will be able to settle on sponge surface. Though this 

could not always be the case, these bacteria represent the fouling bacteria 

from the sponge vicinity. In addition to these SVFB isolates, we also used 

bacteria isolated from sponge surface (SAB) for the bioassay. 
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It was noted that in response to higher number of bacteria in surrounding 

water, sponge increases the production of antibacterial metabolites (Bakus et 

al. 1985). However, in the present study, inspite of the temporal variation in 

the bacterial density in the surrounding water, the activity of crude extract did 

not change. It is pertinent to note at this point that the evaluation of 

antibacterial activity is based on the crude extract having complex mixtures of 

primary and secondary metabolites and which may not work in the same 

fashion in natural situation. 

The antibacterial activity of fractions showed temporal variability. In cooler 

months (both Jan'98 and Jan'99), the activity was located in mid polar and 

polar fractions (chloroform, ethyl acetate and aqueous). In warmer months 

(May'97, May'98, Oct'97 and Oct'98), along with the mid-polar and polar 

fractions, non-polar petroleum ether fraction also exhibited strong antibacterial 

activity against CFB and SVFB. These results suggest that when the bacterial 

threat from the surrounding environment increases, sponge produces 

antibacterial metabolites in non-polar form as well and this compares 

positively with the earlier reports (Steinberg et al. 1998). Earlier researchers 

opined that, due to hydrophilic nature, polar metabolites exuded by an 

organism rapidly move away from the surface. So as to use the polar 

metabolites in epibacterial defence, organism has to produce large enough 

amount in order to maintain effective concentration near the surface. In 

contrast to polar metabolites, non-polar compounds, either because of 

adsorption onto the surface or because of slower dissolution rates are likely to 

persist on or near the surface reducing the rate of synthesis of active 

metabolites (Walker et al. 1985; Schmitt et al. 1995; Dworjanyn et al. 1999). 
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This observation highlights the importance of non-polar metabolites in 

response to the increased bacterial threat from the surrounding environment. 

FTIR spectra of active petroleum ether fraction showed the presence of 

steroids and terpenoids. In sponges, terpens represent the most abundant 

non steroidal metabolites and over 100 have been isolated from this group 

(Bakus et al. 1986). Sponges have also been reported to yield most varied 

and biogenetically unprecedented array of steroids, found among the 

invertebrate phyla. (Goad 1978). For example Monohydroxy steroids and 

other minor steroids have been reported from the sponge Ircinia ramosa 

(Paremeshwaran et al. 1989; Parmeshwaran et al. 1992). However, one new 

epoxy sterol and four known steroids were reported from Ircinia fasciculate 

(Venkateswarlu at al. 1996). These terpenoids and steroids are thought to 

function in antipredation, space competition and control of epibionts in 

sponges (Bakus et al. 1986). 

In warm months (May and October), though the antibacterial activity is strong 

the density of bacteria over the sponge surface was also more. It is 

speculated that (Wahl et al. 1994) anti-microbial compound might target 

specific pathogens that manage to overcome the bacterial attachment 

defence. In light of this, it is possible that resourcing of active metabolites in 

the non-polar forms is achieved to have selective control over bacterial 

epibiosis rather than just a means of reduction in surface bacterial 

colonization. Some of the bacterial isolates obtained from sponge in May'97 

and January'98, were sensitive to the sponge metabolites. It looks strange 

that the bacteria, which were associated with sponge, were inhibited by 
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metabolites produced by their host. The question is how do these bacteria 

coexist with the sponge? One can speculate that either these bacteria lost 

their tolerance and become sensitive to the sponge metabolites in the 

laboratory situation or the concentration of sponge metabolites, which was 

used for bioassay, was probably very high compared to those present in 

nature. Similar observation has also been made by Newbold et al. (1999) and 

opined that the co-occurring bacteria might have influenced the evolution of 

secondary metabolites in some sponge taxa. In one collection period (Jan'98), 

sponge metabolites (petroleum ether, chloroform and aqueous fractions) 

promoted the growth of fouling bacteria belongs to family Enterobacteriaceae. 

Interestingly in the same collection period (Jan'98) the bacterium isolate 

belongs to this family was associated with sponge surface. 

The bacteria associated with sponge species may account for antibacterial 

activity (Stierle 1988; Unson at a/. 1994; Bultel-Ponce at al. 1997; Althof at a/. 

1998; Webster and Hill 2001). While studying the symbiotic relationship 

between microorganisms and sponges, Amade et al. (1982) observed that the 

sponges belonging to Ircinia genus such as I. muscurum, I. oros, and I. 

variabilis harbour a large number of symbiotic bacteria. The present study 

also showed the presence of bacteria on the surface of sponge I. Fusca. 

Hence it was essential to examine the role these bacteria in the antibacterial 

activity of the host. The extracts obtained from sponge associated bacterium, 

Micrococcus sp. (JSP2.98) displayed antibacterial activity in January'98. 

However in May'97 (MSP2.97), October'98 (OSP5.98) and January'99 

(JSP2.99) the active metabolites were produced by the bacteria belonging to 

Bacillus sp. Comparative 16SrDNA sequence analysis of bacteria obtained 
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during May'97, October'98 and January'99 collections demonstrated that all 

three are probably same Bacillus strain. The 16S sequences of this strain are 

closely related to Bacillus cereus, a causative agent of food born diseases. 

Bacillus cereus is widely distributed in nature and may be readily isolated from 

soil, vegetables and a wide variety of food including milk, spices, meat and 

poultry. It resembles with B. anthracis, a causitive agent of anthrax and an 

important bacterial species in biological warfare. In very few studies, B. 

census has also been reported from seawater, marine organisms (Ivanova et 

al. 1992). Bacilus cereus has also been reported to be a prominent species in 

the estuarine, mangrove and coral reef environment of Gulf of Mannar 

(Kannapiran et a/. 1999). The most notable aspect of the present study is an 

association of B. cereus with the sponge 1. fusca without marked temporal 

variations. 

The active metabolites producing bacterium of January'98 collection belonged 

to the genus Micrococcus. It is interesting to note that a Micrococcus strain 

has also been isolated from the sponge Xestospongia sp. (New Caledonia) 

which produces a brominated compound similar to the bioactive metabolite, 

Verongiaquinol, from sponge Aplysina cavemicola (Bultel-Ponce et al. 1998). 

The genus Bacillus was common during warm and cool month collections. 

Bacillus is known to have an association with various marine organisms 

including sponges and is reported to be a productive source of antibiotic and 

insecticidal metabolites (Fenical & Jensen 1993). Earlier efforts with Bacillus 

showed that, the Bacillus pumilus associated with an lrcinia sp. is able to 

produce surfactin like despipeptides, which were earlier thought to be of 
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sponge origin (Kalinovasky et al. 1995). In the present study also Bacillus 

strain remained associated with the sponge I. Fusca and produced 

antibacterial metabolites, irrespective of seasons. Interestingly the growth of 

Bacillus sp was promoted by sponge metabolites. This indicates that sponge 

attracts Bacillus sp. And allows to grow on its surface. This Bacillus sp. 

Indirectly helps sponge in epibacterial chemical defence by deterring other 

microbes. 

It was found that JSP2.98 (January'98) and MSP2.98 (May'98) did not grow 

on agar plates after repeated subculture. This indicates that they need 

substance from host tissue, which gets diluted out upon repeated streaking on 

agar. Another interesting observation is that sponge associated bacteria, 

which produced antibacterial metabolites were gram-positive. Gram-positive 

bacteria are known to generate spores under adverse conditions, which might 

help to ensure their survival on the sponge surface. Interestingly spore 

formation is co-regulated with antibiotic production (Marahiel et al. 1993). 

The presence of antibacterial activity in sponge associated bacteria was 

detected using two different methods. One is commonly used well diffusion 

method and another is agar plug method, which was recently established by 

Hentschel et al. (2001). In well diffusion method, the concentration of bacterial 

metabolites tested may not be ecologically realistic. The results of such an 

assay can be presumed to have no ecological relevance. To overcome such a 

handicap, the agar plug method (Hentschel et al. 2001) was also used to 

asses interaction among bacteria. Bacterial extracts commonly use to carry 

out antibacterial assays, however test of bacteria to bacteria interaction using 
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agar plug method is a novel approach. In the present investigation, we carried 

out antibacterial assays by using bacterial extracts as well as agar plug 

method, in order to compare the results. This comparison will highlight the 

advantages of agar plug method in ecological studies. In agar plug method 

the bacterial interaction was evaluated by testing directly bacteria against 

bacteria, instead of extracting their metabolites. Hence this method seems to 

be ecologically relevant. However the number of bacterial isolates inhibited by 

the extracts in either of these two methods remained almost similar. The well 

diffusion method produced larger zones of inhibition as compared to agar plug 

method. This can be attributed to the higher concentration and the way of 

exposing bacterial metabolites to the test bacteria. 

It is possible that the bacteria inhabiting sponge surface may compete with 

their neighbors for space and nutrients by producing some active metabolites. 

These metabolites may also be useful for them to deter other bacteria form 

the surrounding environment, which would colonize the surface. In order to 

study the interaction among SAB, they were evaluated for antibacterial activity 

against each other, using agar plug method. Some of the SAB selectively 

inhibited the growth of their neighbors. These results indicate that the 

antibacterial metabolites can confer a selective advantage to the producer, for 

competition with other bacteria, populating the host surface. 

In agar plug assay, the SAB of October'98 collection always used to grow fast 

and used to dominate the area surrounding the plug. This behaviour of these 

bacteria may be useful to compete with other bacteria for space and nutrients. 

While inhibiting the growth of their neighbours, SAB (OSP5.98) showed auto- 
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inhibition. This is a widely occurring phenomenon in marine bacteria and 

reported earlier in many studies (Enger et al. 1987; Holmstrom and Kjelleberg 

1999). Researchers opined that in bacteria, the production of auto-toxic 

metabolites is important to inhibit their further growth in dense culture for 

getting adequate nutrients for their better survival. These results suggest that 

the bacteria associated with sponge surface modulate the growth of their own 

cells and their neighbor by producing active metabolites. This mechanism of 

bacteria could indirectly help the sponge to control bacterial growth on its 

surfaces. 

The quantity and quality of secondary metabolites have been reported to vary 

between individuals of the same species (Wahl et al. 1994). This highlights 

the importance of inter-individual variation in the evaluation of antibacterial 

activity. In the present study the antibacterial activity of the sponge was found 

to be influenced by individual variation. While discussing the individual 

variation in the antipredatory chemical defence in sponge, Swearingen and 

Pawlik (1998) opined all the colonies in a population need not be chemically 

defended. By using this strategy some species could receive benefits of 

chemical defence without allocating resources to the production of defensive 

metabolites. Becerro et al. (1994) opined that bioactive compounds are 

secondary metabolites and their efficacy can be affected by changes in the 

metabolism of the specimen. This variation may also be attributed to the age 

of the individual specimen. As the extracts obtained from the individual 

sponge was not sufficient to carry out the fractionation and for further 

bioassays, the specimens were pooled before extraction. Pooling of the 
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specimens before extraction may decrease individual variation however, gives 

accurate estimation of toxicity at a given period of time (Becerro at al. 1994). 

Settlement inhibition of Amphora coffaeformis and Navicula delicatula with the 

sponge extracts and their fractions indicates the importance of sponge 

secondary metabolites in the control of diatoms eibiosis. Though temporal 

variation was not observed in the diatom settlement assay, the nature of 

compounds acting against these two diatom species was found to be 

different. Polar metabolites were effective against A. coffaeformis, whereas 

non-polar and mid-polar metabolites were effective against N. delicatula. The 

diatom belonging to the genus Navicula, which was effectively inhibited by 

sponge metabolites, is the dominant fouling diatom in this region (Bhosle 

1993; Mitbavkar and Anil 2000). In the above discussion related to 

antibacterial activity, the importance of non-polar and mid-polar metabolites 

was highlighted. A similar defence strategy seems to be adopted by the 

sponge against diatom epibiosis, especially with reference to Navicula, the 

most dominant fouling form. 

Research focused on the biological functions of the marine natural products 

show that the most of the compounds are in defensive capacity. However 

large number of studies, which indicate the antifouling role of such 

metabolites are conducted only in the laboratory conditions. With the help of 

these studies, one cannot predict how effective these metabolites are in the 

wild. A field assay method, developed by Henrikson and Pawlik (1995) 

supports testing of such metabolites at their natural concentrations. In the 

present investigation, this method was adopted to test sponge extracts for 
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antifouling activity in the field. Henrikson and Pawlik (1998) observed that the 

antifouling activity of sponge Aplysilla longispina extract did not change 

seasonally. They found that the activity neither changed on account of change 

in the composition of the extract nor with the changes in the composition of 

fouling propagules that were available for settlement. However they opined 

that seasonally effective chemical defence may be discovered as more 

species are assayed for antifouling properties. Such a phenomenon was 

observed with sponge I. fusca in this study. 

In this effort an evaluation of the sponge extract efficacy was carried out in 

two different sets, one examining against seasonally varied epibionts and the 

other against common pool of epibionts. In both cases the activity of sponge 

extracts was temporally influenced. The temporal variation in the activity was 

noted, both in the laboratory assays and field studies. The sponge extracts, 

which effectively inhibited the settlement of barnacle larvae in laboratory 

assays, were also found to be effective against barnacles, bryozoans and 

hydroids in the field. As the sponge Ircinia fusca was never observed with 

macro-epibionts in the nature, the observed antifouling activity of its extracts 

in laboratory and in the field may explain this phenomenon. 

In both sets (set I and II), strong antifouling activity was displayed by the 

extracts collected in November'99 and January'99 and activity was weak in 

March'99 and/or May'99 (Plates 2.6 and 2.7). While collecting sponges in the 

month of November, itchy rash spread all over the hand and it lasted for few 

hours. Whereas, in other collections such a sensation was not experienced. 
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This observation also supports the strong antifouling activity displayed by the 

sponge extracts during this particular month. 

Plate 2.6 Extract (Jan'99) treated gels (a) and control gels (b) after 4 weeks of exposure (sett) 

January 1999 March 1999 

Control 

May 1999 November 1999 

Plate 2.7 Antifouling activity of sponge extracts in the field after 4 weeks of exposure (set II) 
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Over the duration of study, in set I, the gel containing extract of May'99 and in 

set II, gel containing extract of March'99 experienced enhanced barnacle 

settlement relative to the controls. Such a observation has also been noted by 

Henrikson and Pawlik (1998), while evaluating the effectiveness of the extract 

obtained from an alga, Codium decorticatum. The barnacles (Balanus 

amphitrite) on extract treated gels had attained an average size of 4-5mm. 

The B. amphitrite takes about 15 days to attain this size (information from our 

laboratory), implying that their recruitment occurred on the gel in about 7 — 10 

days after exposure to the environment. It indicates that the active metabolites 

present in the extracts of these particular months were probably unstable and 

readily diffused away from the gel resulting in poor performance and/or 

attracted barnacle larvae. 

The results of antifouling activity are presented in two different waya (No dre 

and % coverage). No dre will show how strong is the extract to inhibit the 

settlement of fouling organisms. However the percentage coverage as an 

inhibition of growth will also show the probable age of the settled organisms. 

The number of barnacles on May'99 extract treated gels and control gels were 

almost identical. However, the percentage coverage (size) of barnacle on 

extract treated gels was more than controls. It indicates that though the 

barnacle number is similer, they were recruited during different periods on 

extract treated and control gels. One more interesting observation was that 

the May'99 sponge extract increased barnacle settlement in the field when 

tested in October'99 (Set I). However the same extract was highly deterrent to 

barnacles when tested in January'2000. This fluctuation is probably due to the 

changes in the fouling pressure during exposure time. 
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The study carried out earlier (Henrikson and Pawlik 1998) showed that the 

absence of algae increased settlement of invertebrates on the gels. However, 

this effect was not seen in the present investigation. In set II, settlement of 

algae was very less on the gel containing extract of January'99 and March'99 

collections but the extract of only January'99 could inhibit the invertebrate 

settlement and that of March'99 could not. This signifies that the species 

specificity and the environment govern the interaction between algae and 

invertebrate settlement. 

The temporal variation in the antifouling activity was observed particularly 

against barnacles. Balanus amphitrite, a dominant fouling organism in the 

study area has year round recruitment potential (Anil 1986) but their 

recruitment intensity increases from late postmonsoon (December) to early 

premonsoon (March) (Kurian 1994). The strong antifouling activity of sponge 

extracts in November'99 and January'99 is probably due to the intense 

barnacle recruitment during this period. As opined by Henrikson and Pawlik 

(1998), it is possible that the chemical defence against fouling organisms, 

which is metabolically expensive may be more prevalent during the times of 

peak larval existence in the water column. These results highlight the 

importance of seasonal collection and simultaneous testing of extracts in such 

kind of studies. 

As mentioned in the introduction, many studies have indicated that an 

antimicrobial defence may also prevent settlement of macroflora and 

macrofauna (McCaffrey and Endean 1985, Thompson et al. 1985, Amade et 

al. 1987). In view of this, the results of antimicrobial activity were compared 
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with the inhibition of macroepibionts in the laboratory and in the field. Results 

showed that though in warmer months (May and October), the antibacterial 

activity of sponge metabolites was strong, the extract obtained only in one 

warm month (November'99) could effectively deter the macroepibionts and 

that of May'99 could not. These results indicate that it is not always necessary 

that the extract having antibacterial potential should be effective against 

macroepibionts. 

The sponge extract obtained in January'99 was effective in immediate month 

testing (set I) and was also equally effective in simultaneous months (set II), 

which was carried out one year after collection. This result suggests that the 

storage of the extract in refrigerator for longer time, did not affect its efficacy. 

For laboratory assays sponge extracts were obtained by putting sponge 

specimens in a methanol immediately after collection. However the natural 

concentration of extracts used in the field assays (phytagel method) were 

obtained from lyophilized sponge material. In this regard we should also 

consider that the differences in processing could have an effect in differences 

(qualitative or quantitative) in the extracts obtained. 



Chapter III 
Epibiotic chemical defence of the 

ascidian Didemnum psamathodes 
(Sluiter) 
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3.1. Introduction 

Ascidians are some times called as tunicates because their bodies are 

enclosed within a tunic of cellulose like material, tunicin (Barnes et al. 1993). 

Ascidians are filter-feeding organisms with an exception of smaller number of 

species restricted to deep water. They are chordates and are placed in the 

subphylum Urochordata (sometimes referred to as the Tunicata). They share 

a number of characteristics with other chordates. Most important, both groups 

have a notochord (a stiff skeletal rod) present at some stage in their life. 

Ascidians have a free swimming, non-feeding larval (tadpole larva) stage with 

notochord. Ascidians loose their obvious chordate features at metamorphosis. 

Adult ascidians are sessile and live either fixed to hard surfaces or anchored 

in sandy substrata. Ascidians are either solitary or modular in form having 

colonial organization. This morphological distinction has important ecological 

and life history implications (Jackson 1977). The group is wholly marine with 

almost 2000 species described worldwide (Barnes et al. 1993; Davis and 

Bremner 1999). Biological and ecological aspects of this group are 

summarized in the review of Millar (1971). 

Ascidians are a rich source of secondary metabolites that show cytotoxic, 

antimicrobial and antiviral properties (Davis and Wright 1989; Avelin et al. 

1991; Davis and Bremner 1999). Though the marine natural products reported 

from ascidians are very less as compared to the other marine organisms, they 

include two out of the six marine species undergoing clinical trials at the 

National cancer Institute in the United States (Flam 1994). 
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In a recent summary of the findings of the Pacific Institute of Bioorganic 

Chemistry (Russian Academy of Science) Elyakov et al. (1996) reported that 

up to 50% of microorganisms isolated from ascidians have antibacterial, 

cytotoxic and immunomodulatory potential. 

Though the metabolites obtained from ascidians are useful from 

pharmacological point of view, their major ecological functions are prevention 

of predation (Stoecker 19801); Young and Bringham 1987; Paul et al. 1990; 

McClintock et al. 1991; Lindquist et al. 1992; Vervoort et al. 1998) and 

epibiosis (Stoecker 1978, 1980a; Davis and Wright 1989; Davis 1991; Wahl et 

al. 1994). 

Most of the ascidians keep their surfaces free from epibionts (Uriz et al. 1991; 

Davis and White 1994). The pathways by which ascidians prevent epibiosis 

have been attributed to the elevated levels of vanadium content and surface 

acidity (Thompson 1965; Stoecker 1978, 1980a,b), but subsequent 

investigations have disputed this assessment (Parry 1984; Davis and Wright 

1989). The production of secondary metabolites in the control of epibiosis has 

also been reported in some studies (Davis and Wright 1989; Davis 1991; 

Wahl et al. 1994). 

As compared to wide range of pharmacologically important compounds 

extracted from ascidians (Fenical 1976; Rinehart et al. 1981; Munro et al. 

1989; Blunt et al. 1990; Lindquist and Fenical 1990; Copp et al. 1991; 

Kobayashi et al. 1991; Lindquist et al. 1991; Hambley et al. 1992; Fukuzawa 

et al. 1994; Carrol et al. 1996; Kang and Fenical 1996), very few natural 

products derived from this group have been documented for antifouling 
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activity. Among these, eudistomins G and H, two closely related 6-carbolines 

isolated from Eudistoma o/ivaceum (Davis, 1991) and homarine (1-methy1-2- 

pyridinium-carboxylate) isolated from Aplidium norrlmani and Botryllus leachii 

(Aiello et al. 1996) are important ones. Apart from these natural products, 

numerous studies with crude extracts indicated that ascidians have a potential 

to control epibiosis (Davis and Wright 1989; Wahl and Banaigs 1991; Martin 

and Uriz 1993; Wahl et al. 1994; Teo and Ryland 1994; Henrikson and Pawlik 

1995; Becerro et al. 1997). It has also been evidenced that ascidians regulate 

the bacterial epibiosis on their surface by producing non-toxic metabolites 

(Wahl et al. 1994). 

Most of the studies, which specify the role of ascidian metabolites in the 

control of epibiosis, are based on the laboratory assays. However, field-

testing helps in evaluating the efficacy against wide range epibionts and 

would be essential to gain a holistic picture of epibiotic chemical defence. 

The ascidian under present investigation, Didemnum psamathodes (Sluiter) 

(Plate 3.1) is colonial and belongs to family Didemnidae. Family Didemnidae 

have encrusting colonies with short zooids divided into the thorax and 

abdomen only. This family has a wide distribution in the tropical waters and is 

reported to be one of the most biologically active. 

Didemnum psamathodes has a wide distribution in all tropical waters of the 

world. Colony is thin, soft and encrusting. It is commonly seen attached to the 

underside of stones, on weeds, hulls of ships, harbour installations and on 

materials used for aquaculture operations as fouling organism. This species is 

distributed along the east and west coast of India (Renganathan 1981). 
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Information regarding systematics and ecology of Indian ascidians is given by 

Renganathan (1990). 

Classification: 

Phylum: 	Chordata 

Sub phylum: Tunicata (Urochordata) 

Class: 	Ascidiacea 

Family: 	Didemnidae 

Genus: 	Didemnum 

Species: 	psamathodes 

Plate 3.1 Ascidian Dictemnum psamathodes 

lnspite of the severe competition for space in the intertidal region, this species 

keeps macro-epibiont free surface. In view of this, ascidian, D. psamathodes 

was selected to address the questions related to its epibiotic chemical 

defence. 

3.2. Materials and Methods 

3.2.1. Collection of specimens 

Specimens of ascidian, D. psamathodes were collected from the intertidal 

region (Plate 3.2) at Ratnagiri (Map 3.1), located along the central west coast 

of India (Fig 3.1) (17° 2.6' N, 73° 16' E) during January'98, May'98, October'98 

& January'99. 
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Map 3.1 Sampling location 

Plate 3.2 Sampling locality (intertidal region) 
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3.2.2. Enumeration, isolation and culture of ascidian surface-associated 
bacteria (AAB) 

A method described by Wahl et al. (1994) was adopted to enumerate and 

isolate ascidian surface associated bacteria. Three specimens of the ascidian 

were collected along with surrounding seawater, placed separately in glass 

beakers and brought to the field laboratory. Once in the laboratory, the 

specimens were separately placed in sterile beakers with sterile seawater, 

which was changed four to five times in order to remove free bacteria in water 

and on the ascidian surface. A small area of each specimen (1cm 2) was softly 

swabbed with a sterile cotton tip applicator, by placing a sterile plastic film 

having 1cm2  hole, on the specimen surface. The applicator tip was placed in a 

tube containing 10m1 of sterile seawater. Contents of the tube were vigorously 

mixed and thereafter serially diluted to 1:5 dilutions. From these dilutions, 

three replicates of 100p1 were plated on Zobell marine agar (Himedia 

Laboratories, India, and Prod. No. M384) plates. Bacterial colonies on the 

plates were counted after 24h of incubation at 30 °C. The density of bacteria is 

expressed in terms of number of colony forming units cni2  (CFU cm-2) for 

each sample. After isolation, bacteria were purified and purified strains were 

cultured on Zobell Marine agar slants. 

3.2.3. Enumeration, Isolation and culture of vicinity fouling bacteria 
(AVFB) 

Fouling bacteria were isolated from microfilm developed over aluminium, 

fiberglass and cupronickel panels exposed for 48h in the immediate vicinity of 

the ascidian. For the enumeration of bacterial density as well as isolation of 

fouling bacteria, panels were treated similar to ascidian specimens as above 

(see isolation of AAB method). The density of bacteria per cm 2  (CFU/ cm2) 
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was calculated for each type of panel. After isolation, bacteria were purified 

and purified strains were cultured on Zobell marine agar slants. These 

ascidian vicinity fouling bacteria (AVFB) obtained from different panels were 

used for antibacterial assays. The reason for selecting these bacteria is that 

they represented the fouling bacterial types in the vicinity of the ascidian and it 

is assumed that they could colonize ascidian surface. 

3.2.4. Isolation, culture and identification of common fouling bacteria 
(CFB) 

As AVFB vary from season to season, seven common fouling bacterial (CFB) 

strains were chosen for antibacterial assay in order to evaluate the temporal 

variation in the activity of extracts and fractions collected during different 

months. CFB were isolated from microfilms developed over fiberglass, 

cupronickel, copper and aluminium panels exposed for 24h at Dona Paula, 

Goa on the west coast of India (15° 27.5' N, 73° 48' E). These fouling bacteria 

were characterized to their respective family and/or genus using Bergey's 

Manual of Determinative Bacteriology (Buchanan and Gibbons 1984). They 

were cultured on Zobell marine agar slants and used in antibacterial assays. 

3.2.5. Preparation of ascidian crude extracts 

Ascidian specimens were rinsed with seawater, pooled, weighed (1kg), and 

placed in 2L methanol (Qualigens AR grade) and brought to the laboratory. 

After two days, the extract was decanted and collected for analysis. The 

extraction was repeated three times, every time by adding fresh methanol. 

These extracts were pooled, filtered and concentrated under reduced 

pressure in a rotary evaporator. A flowchart of extraction of ascidian as well 

as its associated bacteria and bioassay protocol is given in Figure 3.1. 
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Fig. 3.1 Flowchart of extraction, fractionation, laboratory and field assays of the extracts. 
(AAB-surface associated bacteria; AVFI3-ascidian vicinity fouling bacteria; CFB-common 
fouling bacteria; AC-Amphora coffaeformis; ND-Navicula delicatula, BA-Batanus amphit► ite) 

3.2.6. Fractionation of crude extracts 

The crude methanol extracts collected during January'98 (1AJM), May'98 

(1AMM), October'98 (1AOM) and January'99 (2AJM) were further serially 

fractionated using non-polar to polar organic solvents (Qualigens AR grade). 

These crude extracts were successively fractionated with petroleum ether, 

chloroform and ethyl acetate. The remaining dark brown colored residues 

were aqueous fractions. All these fractions were stored bellow 5 °C until further 

use (Table 3.1). 

Table 3.1 Abbreviations for ascidian cmde extracts and their fractions collected in January'98, 
May'98, October'98 and January'99 

Extract/Fraction Jan'98 May'98 Oct 98 Jan'99 
Crude methanol extract 1AJM 1AMM 1AOM 2AJM 
Petroleum ether fraction 1AJP 1AMP 1A0P 2AJP 
Chloroform fraction lAJC 1AMC 1A0C 2AJC 
Ethyl acetate fraction 1AJE 1AME 1AOE 2AJE 
Aqueous fraction 1AJA 1AMA 1AOA 2AJA 
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3.2.7. Extraction of ascidian surface-associated bacteria (AAB) 

AAB isolated during all four collections were extracted in n-butanol (Elyakov et 

al. 1996). Pure bacterial strains were inoculated into conical flasks (1 L 

capacity) with 500m1 culture broth (composition of which is given in Appendix 

I). Flasks were then placed on a shaker (100rpm, 30 °C, 3 days). After three 

days of incubation, bacterial cultures (500m1) were mixed with 150m1 of n-

butanol and the mixtures were kept at 40°  C for 24h. Then the mixtures were 

stirred for 20 minutes, centrifuged and butanol layer was evaporated at 40-

45°C, using rotary evaporator. Dry residues were stored below 5°C until 

further use. 

3.2.8. Antibacterial assays 

A) Ascidian crude extracts and fractions Antibacterial activity of the 

ascidian extracts and their fractions were tested against MB, AVFB and CFB, 

using standard paper disc diffusion method. 

Paper disc diffusion method Sterile paper discs (6mm diameter) were 

soaked in the extracts/fractions at a concentration of 500pg disc-1 . The solvent 

was allowed to evaporate from the discs before they were placed in agar 

plates seeded with test bacterial strains. The assay was carried out in 

triplicates for each extract/fraction. The diameter of inhibition zone was 

measured in mm after incubation at 30°C for 24h Solvent controls were also 

run simultaneously. Results are presented in the form of diameter of inhibition 

zone (total diameter of inhibition zone minus diameter of disc) and percentage 

inhibition of bacterial isolates (number of bacteria inhibited / total number of 

bacteria tested in the assay X 100). 
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B) Ascidian surface-associated bacteria (AAB) Antibacterial activity of AAB 

extracts of all four collections was tested against AAB, AVFB and CFB using 

well diffusion method (Elyakov et al. 1996) and agar plug method (Hentschel 

et al. 2001). 

Well diffusion method In this method, wells of 1cm diameter were made on 

agar plates and these plates were swabbed with test bacterial isolates. The 

wells in the agar plates were subsequently filled with 100p1 AAB extract (conc. 

500pg weir), previously dissolved in distilled water. This dose was chosen in 

order to keep similar concentration of extracts obtained from ascidian and its 

associated bacteria. Controls were run, by putting sterile distilled water into 

the wells. Assays were carried out in triplicate. The diameter of the inhibition 

zone surrounding each well was measured after 24h of incubation at 30°C. 

Results are presented in the form of diameter of inhibition zone (total diameter 

of inhibition zone minus diameter of well) and percentage inhibition of 

bacterial isolates (number of bacteria inhibited / total number of bacteria 

tested in the assay X 100). 

Agar plug method In agar plug method, the bacterial cultures (150p1) were 

grown overnight as a lawn on Zobell marine agar. Plugs of 10mm in diameter 

were stanced out with a cork borer and placed with the bacterial side down on 

agar plates, which had been seeded with a stationary phase culture of the test 

bacterial strains. Putting agar plug without bacteria on agar plates ran 

controls. Assays were carried out in triplicate. The diameter of inhibition zone 

surrounding the agar plugs was measured after 24h of incubation at 30 °C. 

Results are presented in the form of diameter of inhibition zone (total diameter 
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of inhibition zone minus diameter of plug) and percentage inhibition of 

bacterial isolates (number of bacteria inhibited / total number of bacteria 

tested in the assay X 100). 

3.2.9. Individual variation in the antibacterial activity 

Four colonies of ascidian (Didemnum psamathodes) were collected in May'99 

from intertidal region at Ratnagiri along the central west coast of India (17° 

2.6' N, 73° 16' E). The collected specimens were rinsed with seawater, 

weighed (ascidian 50g each) and extracted separately with methanol (AR 

grade). The extracts were filtered and concentrated to dryness under reduced 

pressure using rotary evaporator. The antibacterial activity of extract obtained 

from individual ascidian colony was tested against CFB by using standard 

paper disc method, as described above (concentration 500pg disc -1). Results 

are presented in the form of diameter of inhibition zone (total diameter of 

inhibition zone minus diameter of plug) and percentage inhibition of bacterial 

isolates (number of bacteria inhibited / total number of bacteria tested in the 

assay X 100). 

3.2.10. Assay against potentially fouling diatoms 

The ascidian crude extracts and their fractions collected during four different 

periods were tested for diatom settlement assay against Amphora 

coffaeformis and Navicula delicatula, which are common in the microfouling 

film in the region. The fouling diatoms (A. coffaeformis and N. delicatula) were 

isolated from a microfilm developed over glass panels, exposed to marine 

environment. The isolated diatoms were maintained as uni-algal culture in f/2 
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medium (Guillard and Ryther 1962), the composition of which is given in 

Appendix II. 

The assay was carried out in polystyrene multiwells (Corning # 25810, 5m1) at 

a constant temperature of 20 ± 1 °C, in an incubator with 12:12 h light & dark 

cycle. The crude extracts and their fractions were reconstituted in ethanol at a 

rate of 10mg in 20m1 of solvent, to prepare stock solution. These extracts and 

fractions were assayed at different concentrations viz. 25, 50, 75, 100, 200, 

300, 400, 500, 600, 700 and 800pg well -' (n=4 for each concentration). The 

different concentrations were achieved by introducing reconstituted 

extracts/fractions in multiwells in different quantities. In order to evaporate the 

solvent control of the extract/fraction, multi wells were kept under sterile 

condition in a laminar flow chamber for 3-4h. Solvent (ethanol) control was 

also assayed simultaneously. The assay wells were inoculated with - le 

diatoms cells m1 -1  of sterilized filtered seawater enriched with f/2 medium at a 

salinity of 30960. Cells adhered to the bottom of the well were quantified 

through light microscopy as abundance mm 2. In each of these assay 

conditions the enumeration of diatom cells was carried out at an interval of 

24h. After 96h of incubation period, Ec50 (effective concentration required for 

50% settlement inhibition of diatom cells) was estimated using a probit 

analysis programme (Reddy et al. 1992). 

3.2.11. Balanus amphitrite larval settlement assay 

Balanus amphitrite larval settlement assays were carried out using a method 

described by Rittschof et al. (1984). The B. amphitrite cyprids were mass 

i 
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reared in 2L glass beaker at 35 960 salinity. Chaetoceros calcitrans, a diatom 

at 1.5 X 105  cells.mr 1  was used as feed and was replenished every day while 

changing the water. After 5-6 days the metamorphosed cyprids from the 

rearing beakers were siphoned out and stored in the refrigerator at 5 °C prior 

to the settlement assay. Two-day-old cyprids were used for the settlement 

assay. The assay was carried out using polystyrene multiwells (Coming # 

25820, 2m1) in an incubator at a temperature of 28 ± 1 °C. The crude ascidian 

extracts were assayed for larval settlement assay at six (25, 50, 75, 100, 150, 

200pg welr1) different concentrations (n=5 for each concentration). The 

extract was reconstituted by dissolving it in methanol, at a concentration of 

1mg mr1 . In order to achieve above-mentioned concentrations of the extract, 

different volumes of reconstituted extract were drawn with the help of 

micropipette and dispensed into the multiwells. The solvent from these 

multiwells was allowed to evaporate. After evaporation of methanol, 2m1 of 

filtered seawater (34%o salinity) along with 8-10 cyprids were introduced into 

each well. The ascidian crude extracts and methanol control were assayed 

simultaneously. The metamorphosed cyprids were counted after 24h and the 

settlement inhibition was calculated and expressed in terms of Ec. (effective 

concentration required for 50% settlement inhibition of bamade larvae), using 

probit analysis programme (Reddy et al. 1992). 

3.2.12. Antifouling activity of ascidian extracts in the field 

The antifouling activity of ascidian crude extracts was assessed in the field at 

a natural concentration using a novel method devised by Henrikson and 

Pawlik (1995, 1998). Ascidian specimens were collected in January'99, 

May'99, September'99 and November'99. After every collection, six, 50m1 
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aliquots of fresh tissue were chopped into 1cm 3  pieces and frozen overnight. 

Frozen tissues were lyophilized and subjected to extraction for 24h in 1:1 

dichloromethane: methanol. The extraction was repeated using methanol for 

24h. The extracts were then combined and concentrated to dryness under 

reduced pressure, using rotary evaporator. 

PhytagelTM  (Sigma P8169) was used as a binder. Adding 1.63g of Phytagel TM 

 to 50m1 distilled water made gels. The amount of tissue used for extraction 

and the amount of gel made were volumetrically equivalent, so that each gel 

would have natural concentration of ascidian metabolites. The extract was 

mixed with the binder and used as a sheet for field trials. Six replicates of 

extract treated gels and control gels (containing methanol but no extracts) 

were used for field trials. Both the sets of gel were exposed to the marine 

environment at 1 m. below low tide level by hanging from a jetty at Dona Paula 

bay, Goa (Plate 2.4). The extracts collected during Jan'99, Sep'99 and Nov'99 

were field-tested immediately after collection. However the extract collected in 

May'99 was tested in Oct'99, as it was practically not feasible to test the 

extract during the southwest monsoon period (Jun-Sep). The gels were 

retrieved after four weeks of exposure. 

After retrieval, the extract treated as well as control gels were observed under 

dissecting microscope in order to evaluate the percentage coverage of fouling 

organisms (barnacle, bryozoa, hydroid and algae) in cm 2. As described by 

Henrikson and Pawlik (1998), the settlement of invertebrates and algae was 

measured as percentage coverage on the front and backsides of each gel 

using a dot-grid estimate method (Foster et al. 1991; Meese and Tomich 



79 

1992). The outline of gel was traced onto a transparent plastic sheet and the 

area within was marked in a dot-grid with all points 1cm. apart. The plastic 

sheet was then fitted over both sides of each gel and the numbers of points 

with organisms underneath were recorded. Percentage coverage was then 

calculated by dividing recorded points minus total number of points. In 

addition to the percentage coverage, the total number of individuals 

(barnacles) and colonies (bryozoans) cm -2  was also recorded. As the total 

number of barnacles and bryozoans was very less, their density is expressed 

in Number dm-2 . 

3.2.13. Chemical analysis 

The polar ethyl acetate fraction of ascidian crude extract was the reservoir of 

antibacterial metabolites in all the seasons. The chemical characteristics of 

active ethyl acetate fraction were analysed using following analytical tools. 

A) Chromatographic study Thin layer chromatography (TLC) of active ethyl 

acetate fractions was carried out on commercial silica gel-coated TLC plates 

(Merck Cat. No. 1.05554.001). Chloroform was used as a solvent system for 

running the chromatography plate. The plate was developed by spraying 

anisaldehyde-sulphuric acid spray (1 ml anisaldehyde + 1m1 conc. H2SO4 + 

18ml ethyl alcohol) and heating at 110 °C. The numbers of spots were 

observed and the Rf (distance traveled by solute divided by distance traveled 

by solvent) value of each spot was measured. As all four ethyl acetate 

fractions appeared to have similar chemical nature on TLC plate, the fraction 

of only Jan'99 collection was analysed using GC-MS. 
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B) Spectroscopic study The ethyl acetate fraction of Jan'99 collection was 

further analysed using Fourier Transform Infrared Spectroscopy (FTIR). FTIR 

spectra were recorded using Jasco FTIR-5300 using KBr technique. 

3.2.14. Statistical analysis 

Variation in epibacterial density over the ascidian surface (AAB) during four 

different collection periods (log transformed values) was subjected to 1- 

ANOVA with equal sample size, whereas, the variation in the AVFB density in 

the water column during different collections (log transformed values) was 

subjected to 2-ANOVA without replicates (parameters tested- panels and 

collection months). 2-ANOVA without replicates was also carried out to 

evaluate the temporal variations in the antibacterial activity of ethyl acetate 

fraction (parameters tested- collection months and bacteria) as well as inter-

colonial variation in the antibacterial activity of ascidian (parameters tested-

bacteria and ascidian colony). 3-ANOVA without replicates was used to 

evaluate variations in the Ec50 obtained in diatom settlement assay 

(parameters tested- diatom species, extracts and collection months). In order 

to study the temporal variation in the antifouling activity of extracts against 

barnacles, bryozoans, hydroids and algae in the field, 1-ANOVA with equal 

sample size was carried out (Sokal and Rohlf 1981). The percentage 

coverage of barnacles, bryozoans, hydroids and algae relative to controls was 

calculated and used to carry out 1-ANOVA. 

3.3. Results 

3.3.1. Viable bacterial count of AAB and AVFB 

The average number of colony forming bacteria on the ascidian surface (AAB) 

was maximum during warm month (October'98) and minimum during cool 
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month (January' 98) (Fig. 3.2 CFU cm -2  is given in terms of log transformed 

values). However the application of 1-ANOVA showed temporal variation in 

the AAB density to be significant (Details of the 1-ANOVA analysis - df 3, SS 

0.67, MS 0.22, Fs 4.24, p5.0.05). The intensity of bacterial colonization on 

different types of panels (which were immersed in the vicinity of ascidian) also 

followed a similar trend (Fig. 3.2 CFU cm -2  is given in terms of log transformed 

values). The temporal variation in the density of AVFB in water column was 

found to be significant (Table 3.2). 

Table 3.2 2-ANOVA of temporal variations in the density of ascidian vicinity fouling bacteria 
(AVFB) (df-degree of freedom, SS- sum of the squares, MS-mean of the squares, Fs-Fischer 
constant, ns-non significant, *W3.001). 

df SS MS Fs 
Panel 2 0.3 0.1 2.5ns 
Seasons 3 26.9 9 169.4* 
Error 6 0.3 0.1 
Total 11 27.5 

Fig 3.2 Density of ascidian vicinity fouling bacteria (AVFB) 
and ascidian surface associated bacteria (MB) in different 
collection periods (AL-aluminium, FG-fiberglass, CN-cupro-
nickel;CFU-colony forming units) 
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3.3.2. Ascidian surface-associated bacteria (AAB) 

Six bacterial isolates were obtained during every collection period. These 

were JAS.98, 1-6 (Jan'98), MAS.98, 1-6 (May'98), OAS.98, 1-6 (Oct'98) and 

JAS.99, 1-6 (Jan'99). As AAB were inactive in antibacterial assays against 

fouling bacteria, they were not identified further. 

3.3.3. Ascidian vicinity fouling bacteria (AVFB) 

The number of AVFB isolates obtained during different collection periods are 

given in Table 3.3 In Jan'98 11 isolates, May'98 12 isolates, Oct'98 17 

isolates and Jan'99 12 isolates of AVFB were obtained from microfilm 

developed over different panels, immersed in the vicinity of ascidian. 

Table 3.3 Number of ascidian vicinity fouling bacterial (AVFB) isolates obtained from 
microfilms developed over different panels, immersed in the immediate vicinity of the ascidian 

Material January'98 May'98 October'98 January'99 
Aluminium 4 6 7 4 
Cupronickel 5 3 5 4 
Fiberglass 2 3 5 4 
Total 11 12 17 12 

3.3.4. Common fouling bacteria (CFB) 

Seven common fouling bacterial isolates were obtained from microfilm 

developed over different panels immersed in the marine environment. They 

belonged to family Enterobacteriaceae, Vibrio sp., Moraxella sp., Aeromonas 

sp., Pseudomonas sp., Micrococcus sp. and Cytophaga sp. (Table 3.4). 

Table 3.4 Description of common fouling bacteria (CFB) used in antibacterial assays 

No Source Bacteria 

1 Fiber glass Panel Entembacteriaceae 

2 Fiber glass Panel Vibrio sp. 

3 Cupronickel panel Moraxella sp. 

4 Cupronickel panel Aeromonas sp. 

5 Fiber glass Panel Pseudomonas sp. 

6 Copper Panel Micrococcus sp. 

7 Aluminium Panel Cytophaga sp. 
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3.3.5. Antibacterial activity of ascidian crude extracts and fractions 

A) Against AAB Only ethyl acetate fraction displayed antibacterial activity. 

The results in terms of diameter of inhibition zone are presented in Table 3.5, 

whereas, the results in terms of percentage bacterial inhibition are presented 

in Figure 3.3. In January'98, January'99 and May'98 some of the AAB isolates 

were sensitive whereas in October'98, they were resistant to the ascidian 

metabolites (Fig. 3.3). 

Table 3.5 Antibacterial activity (diameter of zone of inhibition in mm) of ethyl acetate fraction 
collected during different periods against ascidian surface associated bacteria (AAB) 

Jan'98 May'98 Jan'99 
Isolate Zone Isolate Zone Isolate Zone 
JAS1.98 1 MASI .98 2 JAS1.99 4 
JAS2.98 - MAS2.98 - JAS2.99 - 
JAS3.98 4 MAS3.98 - JAS3.99 - 
JAS4.98 - MAS4.98 - JAS4.99 - 
JAS5.98 2 MAS5.98 - JAS5.99 - 
JAS6.98 - MAS6.98 - JAS6.99 1 

B) Against AVFB The results in terms of diameter of inhibition zone are 

presented in Table 3.6 and the results in terms of percentage bacterial 

inhibition are presented in Figure 3.3. 

Table 3.6 Antibacterial activity of ethyl acetate fraction of ascidian extract collected during 
different periods artainst asadian vicinity foulino bacteria (AVFB 

Jan'98 May'98 Oct'98 Jan'99 
Isolate Zone Isolate Zone Isolate Zone Isolate Zone 
AU 7 AL1 - AU - AL1 - 
AL2 7 AL2 4 AL2 4 AL2 5 
AL3 - AL3 - AL3 - AU 5 
AL4 1 AL4 - AL4 - AL4 - 
FG1 4 AL5 - AL5 - FG1 - 
FG2 2 AL6 - AL6 - FG2 - 
CN1 2 FG1 2 AL7 FG3 4 
CN2 9 FG2 - FG1 2 FG4 2 
CN3 4 FG3 - FG2 - CN1 - 
CN4 5 CN1 2 FG3 - CN2 - 
CN5 - CN2 1 FG4 - CN3 - 

CN3 - FG5 - CN4 2 
CN1 2 
CN2 1 
CN3 - 
CN4 - 
	 CN5 - 
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The antibacterial activity of crude extracts and their fractions collected during 

different months against AVFB of respective collection months also followed a 

similar trend. In all collections only polar ethyl acetate fraction inhibited their 

growth with slight temporal variation. 

C) Against CFB The results in terms of diameter of inhibition zone are 

presented in Table 3.7 and the results in terms of percentage bacterial 

inhibition are presented in Figure 3.3. In all collections, strong antibacterial 

activity was displayed by only polar ethyl acetate fraction, whereas, the crude 

extracts and other fractions were found to be inactive. The temporal variation 

in the antibacterial activity of ethyl acetate fraction was found to be non-

significant (Table 3.8) 

Table 3.7 Antibacterial activity (diameter of inhibition zone in mm) of ethyl acetate fraction of 
ascidian extract collected during different periods against common fouling bacteria (CFB). 

Bacterial isolate Jan'98 May'98 October'98 January'98 
Enterobacteriaceae 9 6 6 4 
Vibrio sp. 4 4 4 4 
Moraxella sp. 9 6 6 5 
Aeromonas sp. 7 8 6 6 
Pseudomonas sp. 6 6 6 - 
Micrococcus sp. 2 4 6 6 
Cytophaga sp. - - 6 5 

Table 3.8 2-ANOVA of temporal variation in the antibacterial activity of ethyl acetate fraction 
of the ascidian extract against common fouling bacteria (CFB) (df-degree of freedom, SS-
sum of the squares, MS-mean of the squares, Fs-Fischer constant, ns-non significant **- 
p50.05) 

df SS MS Fs 
Bacteria 6 47. 7.8 2.8* 
Seasons 3 6.1 2 0.7ns 
Error 18 50.1 2.8 
Total 27 103.3 
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January' 98 	May' 98 	October 98 	January' 99 

Fig. 3.3 Antibacterial activity of ethyl acetate fraction against 
common fouling bacteria (CFB); ascidian vicinity fouling 
bacteria (AVFB) and ascidian surface-associated bacteria 
(MB) 

3.3.6. Antibacterial activity of ascidian surface-associated bacteria 
(AAB) 

A) Against AAB The results of antibacterial activity of AAB against MB of 

respective collection periods, using both the methods (well and plug) are 

given in Tables 3.9-3.12. In Jan'98, JAS1.98 — JAS4.98 displayed 

antibacterial activity only in agar plug method. Interestingly, JAS4.98 showed 

autotoxicity. In May'98 only MAS1.98 inhibited the growth of MAS2.98 in plug 

method whereas, in Oct'98 OAS3.98 inhibited the growth of OAS5.98. In 

Jan'99 JAS3.99 and JAS4.99 displayed antibacterial activity. 

Table 3.9 Antibacterial activity (diameter of inhibition zone in mm) of ascidian associated 
bacteria (MB) against AAB of January'98 collection, using well and plug method. (JAS.98- 
bacteria isolated from ascidian surface in Jan'98, numerical indicates isolate number) 

MB JAS1.98 JAS2 98 JAS3.98 JAS4.98 JAS5.98 JAS6.98 
well plug well plug well plug well plug well plug well plug 

JAS1.98 - 10 - 8 - 9 - 5 - - - - 
JAS2.98 - - - - - - - - - - - - 
JAS3.98 - - - 5 - - - - - - - - 
JAS4.98 - 10 - 6 - 8 - 9 - - - - 
JAS5.98 - 10 - 8 - 8 - 11 - - - - 
JAS6.98 - - - - - - - - - - - - 
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Table 3.10 Antibacterial activity (diameter of inhibition zone in mm) of asadian associated 
bacteria (AAB) against AAB of May98 collection, using well and plug method (MAS.98- 
bacteria isolated from ascidian surface in May'98, numerical indicates isolate number) 

MB MAS1.98 MAS2.98 MAS3.98 MAS4.98 MAS5.98 MAS6.98 
well plug well plug well plug well plug well plug well plug 

MAS1.98 - - - - - - - - - - - - 
MAS2.98 - 9 - - - - - - - - - - 
MAS3.98 - - - - - - - - - - - 
MAS4.98 - - - - - - - - - - - - 
MAS5.98 - - - - - - - - - - - 
MAS6.98 - - - - - - - - - - - - 

Table 3.11 Antibacterial activity (diameter of inhibition zone in mm) of asadian associated 
bacteria (MB) against MB of OctoberS8 collection, using well and plug method (OAS.98- 
bacteria isolated from ascidian surface in Oct'98, numerical indicates isolate number) 

MB OAS1.98 OAS2.98 OAS3.98 OAS4.98 OAS5.98 OAS6.98 
well plug well plug well plug well plug well plug well plug 

- OAS1.98 - - - - - - - - - - - 
OAS2.98 - - - - - - - - - - 
OAS3.98 - - - - - - - - - - - - 
OAS4.98 - - - - - - - - - - - - 
OAS5.98 - - - - - 9 - - - - - - 
OAS6.98 - - - - - - - - - - - 

Table 3.12 Antibacterial activity (diameter of inhibition zone in mm) of ascidian associated 
bacteria (MB) against MB of January'99 collection, using well and plug method ((JAS.99- 
bacteria isolated from ascidian surface in Jan'99, numerical indicates isolate number) 

MB JAS1.99 JAS2.99 JAS3 99 JAS4 99 JAS5.99 JAS6.99 
well plug well plug well plug well plug well plug well plug 

JAS1.99 - 9 - - - 5 - - - - - - 
JAS2.99 - - - - - - - - - - - 
JAS3.99 - - - - - - - - - - - 
JAS4.99 - - - - - - - - - - - 
JAS5.99 - - - - - 9 - - - - - - 
JAS6.99 - - - - - - 6 - - - - 

B) Against AVFB and CFB The extracts obtained from MB in all collections 

were inactive against AVFB as well as CFB in both the methods. 

3.3.7. Individual variation in the antibacterial activity of ascidian extract 

The results in terms of diameter of inhibition zone are presented in Table 

3.13, whereas, the results in terms of percentage bacterial inhibition are 

presented in Figure 3.4. 
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Table 3.13 Intercolonial variations in the antibacterial activity of ascidian crude extracts 
against common fouling bacteria (CFB) (AS1-AS4-extract obtained from different ascidian 
colonies) 

Bacterial strains AS1 AS2 AS3 AS4 
Enterobacteriaceae 3 - 3 - 

Vibtio sp. 1 0 0 0 
Moraxella sp. 0 0 0 0 
Aeromonas sp. 4 1 3 1 
Pseudomonas sp. 3 0 3 0 
Micrococcus sp. 2 2 0 0 
Cytophaga sp. 2 0 0 0 
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Fig 3.4 Inter-colonial variation in the antibacterial 
activity of ascidian crude extracts against 
common fouling bacteria (CFB). (AS1-AS4- 
extract obtained from different ascidian colonies) 

Out of four different colonies of ascidian tested for antibacterial activity, the 

extract obtained from only two colonies (AS1 and AS3) showed strong 

antibacterial activity. The application of 2-ANOVA showed the individual 

variation to be significant (Table 3.14). 

Table 3.14 2-ANOVA of Intercolonial variation in the antibacterial activity of ascidian crude 
extracts against common fouling bacteria (CFB) (df-degree of freedom, SS- sum of the 
squares, MS-mean of the squares, Fs-Fischer constant, *p0.025, **-ps:0.05) 

df SS MS Fs 
Bacteria 6 13.9 2.3 3.1* 

Specimens 3 14.4 4.8 6.4** 
Error 18 13.6 0.8 
Total 27 41.9 
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3.3.8. Assay against potentially fouling diatoms 

The results of diatom settlement assay of crude extracts and fractions against 

Amphora coffaeformis and Navicula delicatula in terms of Ec50 are presented 

in Figure 3.5. The extracts and fractions from all the collections effectively 

inhibited the growth of both the diatom species. A significant variation in the 

diatom settlement activity was neither observed with different collections nor 

with the extracts/fractions against both the diatom species. However, a 

significant variation was observed in the sensitivity between the two diatom 

species to the extracts (Table 3.15). The diatom N. delicatula was found to be 

more sensitive to ascidian extract/fractions. 

Fig. 3.5 Temporal variations in the Ec50 values of ascidian crude extracts and fractions on the 
settlement of diatoms (Cru-crude extract; Pet-petroleum ether fraction; Chl- chloroform 
fraction; Eth-ethyl acetate fraction; Aqs-aqueous fraction) 
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The non-polar petroleum ether fraction effectively inhibited the growth of N. 

delicatula whereas, strong anti-diatom activity was displayed by mid polar 

chloroform fraction against A. coffeeformis in all collections (Plate 3.3). 

Table 3.15 3-ANOVA of diatom settlement activity of ascidian extract and fractions against A. 
coffeaformis and N. deicatula (df-degree of freedom, SS- sum of the squares, MS-mean of 
the squares, Fs-Fischer constant, ns-non significant, *p0.001) 

Source of variation df SS MS Fs 
Species 1 5045.64 5045.64 

Seasons 3 93817.1 31272.4 
Extracts 4 112637 28159.1 
Species * Seasons 3 69888.4 23296.1 1.105 ns 
Species * Extracts 4 210368 52591.9 2.495r 

Seasons * Extracts 12 404700 33725 1.6004 ns 

Species * Seasons * Extracts 12 252872 21072.7 

(a) 

(b) 

Plate 3.3 Diatom settlement activity of ascidian metabolites (a) 
petroleum ether fraction against N. delicatula (b) chloroform fraction 
against A. coffeaformis 

3.3.9. Balanus amphitrite larval settlement assays 

The data of Ec50 values of the larval settlement assay is presented in Figure 

3.6. The crude extract collected during May' 98 was most effective with an 
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Ec50 of 404 well -1 , whereas, that of October'98 was found to be least 

Fig. 3.6 Temporal variations in the EcZO values of ascidian crude 
extracts against settlement of Balanus amphitrite larvae 

3.3.10. Antifouling activity of ascidian extracts in the field 

The percentage coverage of barnacle, bryozoans, hydroids and algae on 

extract treated and control gels of are plotted in the graphs (Fig. 3.7). 

However the numbers of individuals dm -2  in case of barnacles and number of 

colonies dm -2  in case of bryozoans on both extract and control gels are 

presented in Figure 3.8. In January'99, May'99 and November'99 the 

percentage coverage as well as the number of barnacles and bryozoans 

(Membranipora sp.) drn2  was found to be very less on extract treated gels 

when compared to controls, whereas, in September'99 it was vice versa. The 

percentage coverage of hydroids was observed to be less on extract treated 

gels when compared to the control in all collections. The percentage 

settlement of algae (Enteromorpha sp.) was observed to be more on extract 

treated gels as compared to the controls in all collections except in May'99. A 

significant temporal variation was observed in the antifouling activity against 

barnacles, hydroids and algae, whereas, it was non significant against 



SEP99 NOV99 JAN99 MAY'99 

Collection months 

100- 

75. 

I > 50 • 0 
o 

25. 

. ■ 
SEP99 NOV99 JAN'99 MAY'99 

Collection months 

0 

100 

75 

1 
g 
. 

50 

25 

0 

91 

bryozoans (Table 3.14). Plate 3.4 shows antifouling activity displayed by 

ascidian extract (Jan'99 collection) in the field. 

Table 3.12 1-Anova of temporal variations in the antifouling activity of ascidian crude extracts 
in the field against different fouling organisms. (df-degree of freedom, SS- sum of the 
squares, MS-mean of the squares, Fs-Fischer constant, ns-non significant, "-p:50.001) 

Fouling organisms df SS MS Fs 
Barnacles 3 120110.96 4003.98 35.81" 
Bryozoans 3 56.07 18.69 0.34 ns 
Hydroids 3 11675.56 3891.85 913.53'" 
Algae 3 359114 119704.7 49.20 ** 

llamado 
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Collection months 

■ EXT ■CON  

SEP99 NOV99 JAN99 MAY'99 

Collection months 

NEXT 'ICON 

Algae 

■ EXT ■ CON 
■ EXT 'ICON 

Fig. 3.7 Temporal variations in the percentage coverage of fouling 
invertebrates and algae on extract treated and control gels after four 
weeks in the field. (Vertical bars indicate standard deviation) (EXT-
extract treated gels, CON- control gels) 
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Fig. 3.8 Temporal variations in the number of individuals (barnacles) and 
colonies (bryozoans) on extract treated and control gels after 4 weeks in 
the field. (Vertical bars indicate standard deviation) (EXT- extract treated 
gels, CON- control gels) 

Plate 3.4 Antifouling activity of ascidian extract of 
Jan'99 collection in the field (a) extract treated 
gel and (b) control gel 

3.3.11. Chemical analysis 

A) Chromatographic study TLC showed that the preliminary chemical 

nature of all four active ethyl acetate fractions to be identical (Plate 

3.5). Each fraction showed seven major compounds with 0.03, 0.05, 

0.1, 0.14, 0.16, 0.21 and 0.42 RF values. GC-MS of active ethyl 

acetate fraction (Fig. 3.9) showed 4 major peaks, out of which 3 peaks 
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indicated the presence of saturated fatty acids. Peak 1 with retention 

time 9.01 indicated C14: 0 methyl ester (m/z 242, myristic acid). Peak 2 

with retention time 11.03 is of C16: 0 methyl ester ( m/z 270, palmitic 

acid). Peak 3 with retention time 12.87 indicated C18: 0 methyl ester 

(m/z 298, staric acid). Peak 4 with retention time 15.55 was different 

from above three. This peak showed m/z 279, which is either, a 

fragment ion or contained odd number of N- atoms. 

co 

0 
	C 

Plate 3.5 TLC of active ethyl acetate fractions 
collected during different periods 
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Fig 3.9 Gas chromatogram of active ethyl acetate fraction. 

B) Spectroscopic study FTIR spectra of active ethyl acetate fraction (Fig. 

3.10) indicated the presence of Hydroxyl (0-H) group (peak at 3401 cm -1 ). 

Peaks 2933 and 2854 cm-1  are due to C-H (aliphatic). The presence of CH2 

group was evident from the IR absorption at 2933 and 2854 cm -1  due to -C-H 

stretching vibration and 1479 cm -1  due to bending vibration of -CH2. The 

presence of ester group was evident from the IR absorption at 1739 and 1209 

1 
CM . 

Fig 3.10 Fourier transform infrared spectra of active ethyl 
acetate fraction 
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3.4. Discussion 

In the marine environment, survival of a species is dependent on their ability 

to deter predators, inhibit pathogenic microbes and prevent formation of 

bacterial film and subsequent macrofouling community (Newbold etal. 1999). 

In the present study, in spite of severe competition for space in the intertidal 

region, D. psamathodes was found to be free from epibionts. The role of 

ascidian secondary metabolites in the control of epibiosis was studied by 

considering the temporal variation as well as role of ascidian surface-

associated bacteria (AAB). 

Quantitative variations in the bacterial epibiosis were evident during different 

collection periods. In January'98 and January'99 ascidian surfaces had lower 

numbers of bacteria compared to May'98 and October'98. Similar was the 

case with AVFB counts. In the study area, water temperature rises to 30-33 °C 

in May (prior to onset of SW monsoon) and October (end of SW monsoon) 

and is comparatively cooler in January (26-28 °C). Earlier reports have shown 

that the bacterial density also increases during April-May and Sept-October in 

this region (Ramaiah et al. 1996). It has been demonstrated that the increase 

in bacterial density in the water column during warmer months influences the 

abundance of fouling and/or epibiotic bacterial numbers (Bakus et al. 1985). 

It was expected that the antibacterial activity of the ascidian extract and its 

fractions would change with the density of fouling bacteria in the water 

column. Studies with marine sponge lrcinia fusca from the same region 

showed that the chemical nature and the production of antibacterial 
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metabolites change according to the environmental conditions (Thakur and 

Anil 2000). However, in this investigation, it was found that, inspite of the 

variation in bacterial density in the surrounding water, the antibacterial activity 

of ascidian extracts remained unchanged. 

Ethyl acetate fraction was the reservoir of antibacterial metabolites in this 

ascidian species. This observation goes well with the earlier report that the 

antimicrobial, cytotoxic and antiviral activity of ascidian, Eudistoma olivacum 

was displayed by ethyl acetate fraction (Davis and Wright 1989). GC-MS 

analysis of active ethyl acetate fraction showed the presence of saturated 

fatty acids. The fatty acids isolated from other marine organisms have been 

reported to have an antibacterial potential. As fatty acids are hydrophobic in 

nature, sponges are thought to utilize them in their epibiotic chemical defence 

(Goto et al. 1992). Probably fatty acids play an important role in the epibiotic 

chemical defence of ascidian D. psamathodes also. 

As mentioned in the introduction, the determination of ecological roles of 

bioactive metabolites is complicated due to the nature of the symbiotic 

relationship observed in the marine invertebrates. The bacteria associated 

with the ascidians have also been reported to possess antibacterial, cytotoxic, 

and immunomodulatory properties (Elyakov et al. 1996). Therefore, it was 

essential to examine antibacterial activity of associated bacteria. The bacteria 

associated with the ascidian D. psamathodes did not indicate any role in host 

epibacterial defence. However, in view of the fact that less than 1% living 

marine bacteria are culturable (Bianchi and Giuliano 1996; Kelman et al. 

1998), caution should be taken in drawing such a conclusion. 
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The quantity and quality of secondary metabolites have been reported to vary 

between individuals of the same species (Wahl et al. 1994), this highlights the 

importance of inter-colonial variation in the evaluation of antibacterial activity 

of ascidian. The antibacterial activity of D. psamathodes was found to be 

influenced by individual variation. It is suggested that bioactive compounds 

are secondary metabolites and their efficacy can be affected by changes in 

the metabolism of the specimen (Becerro et al. 1994). This variation may also 

be attributed to the age of the individual specimen. As the extracts obtained 

from the individual ascidian colony was not sufficient to carry out the 

fractionation and further bioassays, the specimens were pooled before 

extraction. Pooling of the specimens before extraction may decrease 

individual variation however gives accurate estimation of toxicity at a given 

period of time (Becerro et al. 1994). 

Settlement inhibition of A. coffaeformis and N. delicatula with the ascidian 

extracts and fractions indicate the importance of ascidian secondary 

metabolites in the control of fouling diatoms. Like antibacterial activity diatom 

settlement activity also remained unchanged in all the collection months. The 

antidiatom compounds were found to be located in non-polar (petroleum 

ether) and mid-polar (chloroform) fractions. The diatom belonging to the 

genus Navicula, is the dominant fouling diatom in this region (Bhosle 1993; 

Mitbavkar and Anil 2000) and interestingly, N. delicatula. was found to be 

more sensitive to the ascidian metabolites in the present study. This was also 

evidenced in the diatom settlement activity of the sponge /. fusca. The 

difference between sensitivity of two diatom species to the ascidian 
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metabolites reveals that the production of active compounds depends on the 

nature of fouling diatoms present in the surrounding environment. 

Polar compounds, because of their hydrophilic nature readily move away from 

organisms and become rapidly diluted. In antifouling strategy, an organism 

has to produce large amount of such compounds to maintain an effective 

concentration near the surface, which may be energetically expensive. In 

contrast, non-polar compounds either because of adsorption on to the surface 

or due to slower dissolution rate are likely to persist on or near the surface 

and reduces the rate of synthesis of active compounds (Steinberg et al. 

1998). The present study showed that the ascidian produce antibacterial 

metabolites in polar forms, whereas, anti-diatom ones in non-polar and mid 

polar forms. This indicates the involvement of both non-polar and polar 

metabolites in the settlement inhibition of micro-epibionts. Though the polar 

metabolites are metabolically expensive, they play an important role in the 

control of epibiosis in this ascidian species. As the ascidian under present 

investigation continuously secrets mucus from the endostyle, the possibility of 

embedment of active polar metabolites in mucus to control epibiosis, cannot 

be ruled out. A similar assumption was also made with regard to chemical 

defence mechanisms in some algae and sea grasses (De Nys and Steinberg 

1999). 

Research focused on identifying the biological functions of marine natural 

products showed that the maximum numbers of compounds are in defensive 

capacity. However most of the studies, which indicate the antifouling role of 

such metabolites are conducted only in laboratory conditions. Such laboratory 
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assays will have limited prediction capabilities of their efficacy in nature. In the 

present study, ascidian crude extracts were assayed both in the laboratory to 

study settlement inhibition of barnacle (Balanus amphitrite) larvae and in the 

field at their natural concentrations. While showing temporal variation in the 

activity pattern, these extracts effectively inhibited the settlement of barnacle 

larvae in the laboratory and were also effective against barnacle, bryozoan 

and hydroid settlement in the field. The study of antifouling activity of ascidian, 

Eudistoma hepaticum, using similar technique in the field showed that though 

this species keep epibiont free surface in the nature, its extract could not deter 

fouling (Henrikson and Pawlik 1998). The present investigation showed that 

D. psamathodes keeps its surface clean from epibionts year-round but the 

antifouling potential of its extracts indicated temporal changes. 

Uriz et al. (1991) reported the higher level of biological activity (using selected 

pharmacological assays) in the organisms present on the lower surfaces of 

the boulders. However he did not screen those organisms for antifouling 

properties. The ascidian under present investigation D. psamathodes often 

dominates the lower surfaces of the boulders and interestingly this species 

exhibit strong antifouling activity. 

In both, the laboratory as well as field-testing, strong antifouling activity was 

displayed by the extract collected in May'98 and it was weak in October'98. 

Ascidian population along the West Coast of India is influenced by south-west 

monsoon (Swami and Karande 1988, Venkat et al. 1995). Ascidians under 

unfavorable condition breaks down loose their shape and form a heap of cells, 

a process, which is referred as dedifferentiation. On return of favorable 



100 

conditions these cells redifferentiate into adults. These changes in the 

ascidian population may be attributed to the drop in the salinity during 

monsoon. As ascidians are exclusively marine, they are generally unable to 

survive in low saline waters. Dedifferentiation of ascidian cells in monsoon 

may also be attributed to the increased turbidity, which clogs their branchial 

feeding mechanism (Miller 1971). In case of D. psamathodes entire 

population dedifferentiates in monsoon (June-August). Differentiation of the 

cell starts in late monsoon to early post-monsoon (September-October) and 

the colony grows to its fullest extent in late pre-monsoon (May). 

II Weak activity 	Moderate activity 
	

Strong activity 

Fig 3.11 A schematic diagram of the possible influence of age of 
ascidian colony on the antifouling activity 
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In this context, it is possible that, during cell differentiation stage (September) 

the antifouling activity of ascidian is not effective and as the colony grows up 

(May) the activity becomes more pronounced. 

The antifouling activity was found to be influenced by the Recycle of ascidian. 

This effect was evident from both the laboratory and the field assays. Before 

dedifferentiation, the fully-grown ascidian colony exhibited strong antifouling 

activity as compared to the colony in a redifferentiation stage (Fig. 3.11). It 

has been reported that in growing plant tissues bioactive secondary 

metabolites may not be effective (Fritz and Simms 1992; Dworjanyn et al. 

1999). This is because either the cost of the production of secondary 

metabolites is more or these metabolites are toxic to the growing tissues 

(Cronin and Hay 1996). In case of ascidian, it is possible that in a 

redifferentiation stage more energy is allocated for the growth of cells and/or 

production of metabolites having strong activity is constrained to avoid 

autotoxicity. 



Chapter IV 
Epibiotic chemical defence of the 

marine sponge Suberites domuncula 
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4.1. Introduction 

Sponges being simple, multicellular sessile organisms inhabit every type of 

marine environment. They feed on bacteria (Bergquist 1978) and are 

constantly exposed to large population of water born microbes. Despite these 

constant bacterial threats, sponges are highly successful members of 

benthos, which regulate intra or extra cellular bacterial population. The 

amount of bacteria residing in sponges varies between species. It has been 

found that in some sponge species, bacteria contribute up to 40-60% of total 

biomass which exceed the bacterial concentration of the seawater by two 

orders of magnitude (Wilkinson 1978a,b,c). Though sponges are thought to 

live in symbiotic relationship with bacteria (Vacelet and Donadey 1977; 

Simpson 1984; Althof et al 1998), the molecular basis for the proposed 

relationship is not sufficiently studied. 

Sponges are reported to regulate bacterial epibiosis on its surface by 

producing antibacterial metabolites. As sponge harbours diverse bacterial 

population on its surface, it is under scientific debate whether the sponge 

and/or its associated bacteria produce these metabolites (Proksch 1994). In 

view of this, it is important to understand the role of associated bacteria in the 

production of bioactive metabolites and importance of their association with 

host sponge. 

The results obtained in the investigation with sponge Ircinia fusca showed that 

the sponge surface associated bacteria play an important role in the 

antibacterial activity of host sponge. This observation leads to a controversy 

regarding the origin of active metabolites. 
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Whether the epibiotic chemical defence originates from the sponge 
and/or its associated bacteria? 

In order to address this question, studies were carried out at University of 

Mainz, Germany by selecting Suberites dommuncula as a candidate sponge 

species. Experiments were carried out by developing sponge primary cell 

culture (primmorphs) in vitro. 

The successful approach to establish sponge primary cell culture 

(primmorphs) technique has been studied recently (Willer et al. 1999; Willer 

et al. 2000). In the primmorphs system, culture starts from dissociated single 

cells which subsequently form aggregates. These aggregates show tissue like 

appearance and can be cultured for several months. As this form of aggregate 

comprises proliferating cells that originate from single cell in a controlled 

condition, they are very likely to be free from epibacterial flora. 

The marine sponge Suberites domuncula (Plate 4.1) typically grows on snail 

shells. The snail shell can either be empty, living shell occupied by living snail 

or a dead shell occupied by a hermit crab. 

Classification: 

Phylum: 	Porifera 

Class: 	Demospongiae 

Order. 	Hadromerida 

Family: 	Suberitidae 

Genus: 	Suberites 

Species: 	domuncula 

Plate 4.1 Sponge Suberites domuncula 

The sponge begins its development by thinly encrusting the shell. As it grows 

the shell becomes increasingly surrounded and covered by the sponge. If a 
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hermit crab uses the shell, the crab lives in the shell as the sponge overgrows 

it. As the sponge continues to grow, the shell becomes increasingly buried 

within the sponge mass and eventually crab leaves the shell and occupies a 

chamber inside the sponge. However, hermit crabs captured in sponges are 

more likely to leave their shelter when other empty shells are available. 

Hermit crab sponges occur in sub tidal region at 5-10m depths. They have 

been reported from different locations throughout the world such as Northern 

Adriatic sea, Western coast of Scotland, the Mediterranean sea, Korean sea, 

Central Atlantic, North American water etc. 

Hermit crab sponges are compact and slightly compressible and have a 

smooth waxy-like texture. They are usually colourful in shades of green, 

brown or orange. Because of their association with hermit crabs they can live 

in habitats with sand or mud bottoms, whereas, other sponges would not be 

able to survive because of the lack of a hard substrate. The sponge benefits 

by being moved from place to place by the hermit crab. Though these 

sponges live in sandy and muddy habitats, they were found to be free from 

epibionts and microbial infections. 

4.2. Materials and Methods 

4.2.1. Collection of specimens 

Specimens of the marine sponge, Suberites domuncula were collected from 

Northern Adriatic, near Rovinj (Croatia) by SCUBA diving. They were kept in 

aquarium in Mainz (Germany) at a temperature of 17±1 °C under continuous 

aeration. 
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4.2.2. Isolation and culture of sponge surface-associated bacteria (SSB). 

Three specimens of sponge were taken from aquarium and kept separately in 

glass beakers containing seawater in the laboratory. The sponge surface-

associated bacteria (SSB) were isolated using the method described by Wahl 

et al. (1994). SSB were cultured on B1 medium (0.25% peptone, 0.15% yeast 

extract, 0.15% glycerol, 1.6% agar, 100% sea water). 

4.2.3. Isolation and culture of sponge vicinity bacteria (SVB) 

Fouling bacteria were isolated from microfilm developed over aluminium, 

glass, copper, and acrylic panels, exposed for 72h in the immediate vicinity of 

sponge (Plate 4.2 a&b). The bacteria were also isolated from water from the 

Plate 4.2 Panels exposed in the vicinity of sponge (a) 0 hours (b) after 72 hours 



106 
vicinity of sponge in aquarium. All the bacteria were isolated and cultured, 

using standard serial dilution and plating technique on medium B1 (as 

described above). Sponge vicinity bacteria (SVB) isolated from different 

panels as well as from surrounding seawater were used for antibacterial 

assays because they represented the fouling bacterial types in the vicinity of 

sponge and it is assumed that they are also capable of colonizing sponge 

surface. 

4.2.4. Development of sponge primmorphs 

Primmorphs were obtained from dissociated cells of S. domuncula as 

described by Muller et al. (1999). A schematic outline of the procedure is 

given in Figure 4.1. Natural seawater was obtained from Sigma (Deisenhofen, 

Germany). The composition of Cali  and Mg2+  free artificial seawater (CMFSW 

and CMFSW+E have been given earlier (Rottmann et al. 1987). Sponge 

tissue samples were submerged in seawater in a petridish and cut in to 1mm 3 

 cubes. These were transferred in to 50m1 conical tubes (Falcon no. 2070) 

filled with CMFSW+E (Ca 2+  and Mg2+  free artificial sea water containing 

EDTA) (ratio, tissue to medium 1:10). After gentle shaking for 20min at 16 °C 

with rotating agitator, the solution was discarded and new CMFSW+E was 

added. After continuous shaking for 40min, the supematant was collected and 

filtered through 40pm mesh nylon net. This process of shaking in CMFSW+E 

and filtration was repeated two to three times. The cells were obtained by 

centrifugation (500xg for 5min) and washed twice in CMFSW. The cells in the 

final pellets were resuspended in seawater with antibiotics (100IU ml -' of 

penicillin and 100pg m1 1  of streptomycin) to a density of 1.5- — 2.0 x 10 6  cells 

mrl . 6-8ml of this suspension was added to 60 mm petridish (Falcon no. 
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3004). The cells were kept at 16 °C with gentle agitation to avoid adhesion of 

cells to the plate. Two-third of the culture medium was replaced daily by fresh 

seawater/antibiotics. After formation, 3-4 days primmorphs were placed in 

multiwells (Nunclon, Nunc No. 143982), with 1m1. of seawater/antibiotics and 

1-2 primmorphs well-I . Primmorphs from wells were used for further 

experiments. 
IM1 

Clalla.44  

Shake gently 
20 min 

 

128 40 ml 
CMFSW+E 

 

Cubes of 
	

40 ml 
sponge 
	CMFSW+E 

Discard 
supernatant/ 

   

41/ 
Repeat cycle 

2-3 times 

Take 
supernatant 

with SW+AB 
Resuspend 

Centrifugation 500xg 
(5 min.) 

 Plate in 	Wash 2)c 

high density 	CMFSW_ 
keep in 
shaking 

incubator at 
30°C 

Change media and resuspend cells 

Plate in 
24-well plate 
(SW+AB) 

Fitter through 
40 urn mesh 

If contaminated wash 2-3 times with 
SW+AB by gravity 

OEM 

Primmorphs 	 Primmorphs 

Fig. 4.1 A schematic outline of the procedure followed for sponge primmorphs development 
(CMFSW — calcium and magnesium free seawater, E- EDTA; SW-seawater, AB- Antibiotics) 
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4.2.5. Estimation of bacterial rRNA in sponge and primmorphs 

RNA was extracted from liquid-nitrogen-pulverized sponge cells as well as 

from primmorphs of different age, using TRIzol reagent (Gibco BRL). After 

isolation, total RNA from sponge tissue and primmorphs were size separated 

by Electrophoresis through 1% Formaldehyde/agarose gel and then stained 

with ethidium bromide (1pg mr 1) as described earlier (Wiens et al. 1998; 

Ausubel et al. 1995). RNA bands, developed on the gel were observed. 

4.2.6. Isolation and culture of primmorphs-associated bacteria (SPB) 

Seven day old primmorphs (3 No. 1-2mm in size) were used for bacterial 

isolation. Primmorphs were washed six times in sterile seawater in order to 

remove any bacterial contamination from media as well as to remove 

antibiotics used in the media. Primmorphs were squeezed using sterile 

forceps in 10m1 sterile seawater. Out of this 100p1 was plated on B1 agar 

plates in six replicates. These plates were incubated at 30 °C for 24h. It was 

also checked whether the bacteria obtained were true primmorphs-associated 

bacteria or were taken from media or seawater used for the washing. The 

sterile seawater used for last washing of primmorphs was also plated (100p1) 

on B1 agar plates in six replicates. These plates were incubated at 30 °C up to 

24h to observe bacterial colonies. The isolated primmorphs-associated 

bacteria (SPB) were cultured on B1 medium. 

4.2.7. Preparation of crude extract of sponge and its primmorphs 

Sponge specimens (50g) cut into small pieces, placed in 1:1 mixture of 

methanol: dichloromethane (200m1.) and kept for shaking. After 24h , extract 

was decanted and collected for analysis. The extraction was repeated three 
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times, every time by adding fresh solvent mixture. The extracts were pooled, 

filtered and concentrated under reduced pressure in a rotary evaporator. The 

sponge extract abbreviated as SDE. 

Sponge primmorphs (26 day old, 1-2g) were washed with sterile seawater in 

order to remove antibiotics used in the media. Primmorphs were also 

extracted using methanol: dichiomethane solvent mixture as described above. 

The primmorphs extract abbreviated as SPE. 

A flow chart of extraction of sponge, primmorph and their associated bacteria 

and antibacterial bioassays of extracts is given in Figure. 4.2. 

Development 

Extraction 

Disc diffusion 
Agar Plug 

 

Antibac dal activity 

 

Fig. 4.2 A flow chart of extraction of sponge, primmorphs and their associated bacteria and 
antibacterial bioassays of extracts. (SSB-sponge surface bacteria; SPB-sponge primmorph 
bacteria; SVB-sponge vicinity bacteria; SDE-sponge extract; SPE-primmorph extract TLC-
thin layer chromatography) 
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4.2.8. Extraction of sponge and primmorphs- associated bacteria 

Six isolates (SSB1-SSB6) of sponge surface bacteria and two isolates (SPB1- 

SPB2) of primmorph bacteria were extracted in n-Butanol by using a method 

of Elyakov et a{. (1996). These extracts were stored below 5 °C for further use. 

Pure bacterial isolates were inoculated into the conical flasks (1 L capacity) 

with 500m1 culture broth. A composition of which is given in Appendix I. The 

flasks were then placed on a shaker (100rpm, 30 °C, 3days). After three days 

of incubation, bacterial cultures (500m1) were mixed with 150m1 of n-butanol 

and the mixtures were kept at 40 °C for twenty-four hours. Then the mixtures 

were stirred for 20min, centrifuged and butanol layer was evaporated at 40-

45°C, using rotary evaporator. Dry residues were stored below 5°C until 

further use. 

4.2.9. Antibacterial assays 

A) Disc diffusion method Antibacterial activity of sponge extract (SDE) and 

primmorph extract (SPE) as well as sponge surface bacterial extracts (SSB) 

and primmorph associated bacterial extracts (SPB) were tested using 

standard paper disc method. These extracts were tested against sponge 

vicinity bacteria (SVB), sponge surface bacteria (SSB) and sponge primmorph 

bacteria (SPB). In this assay, 500pg disc' of sponge extract, 250pg disc"' of 

primmorphs extract (as the quantity of primmorph extract was very less) and 

500pg 1  disc of bacterial (sponge associated and primmorphs associated) 

extracts were applied to sterile paper discs (6mm diameter). The solvent was 

allowed to evaporate from the discs before they were placed in agar plates 

seeded with test bacterial strains. The assay was carried out in triplicate for 

each extract. The diameter of inhibition zone (area of inhibition zone — area of 
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disc) was measured in mm after incubation at 30C for 24h. Solvent control 

discs were prepared in the same manner and were never observed to inhibit 

bacterial growth. 

B) Agar plug method Antibacterial activity of sponge surface bacteria (SSB) 

and primmorphs associated bacteria (SPB) was tested against SVB, SSB & 

SPB, using agar plug method (Hentschel et at 2001). Bacterial cultures 

(150p1) were grown overnight as a lawn on B1 media. Plugs of 10mm in 

diameter were stanced out with a glass tube (10mm diameter) and placed 

with the bacterial side down on agar plates, which had been seeded with a 

stationary phase culture of the test bacterial isolates. Controls were run by 

putting agar plug with out bacteria on agar plates. Assay was carried out in 

triplicate. The diameter of inhibition zone surrounding the agar plug (area of 

inhibition zone — area of plug) was measured after 24h of incubation at 30C. 

4.2.10. Thin layer chromatography 

TLC of sponge and primmorph crude extracts was carried out using silica gel 

coated TLC plates (Aldrich Z19, 329-1). A solvent system of 20% chloroform 

in hexane was used for running the chromatography. The chromatography 

plate was developed by spraying anisaldehyde-sulphuric acid spray (Sigma 

129H5954) and heating up to 110 °C. The spots were observed and Rf value 

of each spot was measured. 

4.2.11. Phylogenetic analysis of SSB and SPB 

A) PCR amplification PCR amplification, cloning, sequencing and 

phylogenetic analysis of four sponge surface-associated (SSB1, SSB2, SSB4, 

SSB6) and two primmorphs-associated (SPB1& SPB2) bacteria was carried 
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out, following the method of Hentschel et al. (2001). DNA was extracted from 

the 6 stationary phase cultures using standard phenol-chloroform extraction 

procedure. PCR amplification was performed in a total volume of 50p1 

containing the appropriate reaction buffer and reagents, 4U of DAP 

polymerase (Goldstar, Eurogentec, Seraing, Belgium) and the universal 

primers 27f and 1385 or 1493r, corresponding to Eschirechia coli 16S rDNA 

numbering. 

B) Cloning, sequencing and phylogenetic analysis The PCR amplification 

product was purified using the Geneclean kit (Bio 101, Vista, CA, USA). The 

recovered fragment was sequenced on a LiCor 4200 automated sequencer 

using the M13 universal and M13 reverse sequencing primers. The obtained 

sequences were aligned using the ABI prism Auto assembler v. 2.1 software 

(Perkin Elmer, Foster City, CA, USA) and entered into the Blast and ARB 16S 

rDNA sequence database. 

4.2.12. Assay against potentially fouling diatoms 

The sponge crude extract was tested for diatom settlement activity against 

Amphora coffaeformis and Navicula delicatula. The fouling diatoms (A. 

coffaeformis and N. delicatula.) were isolated from a microfilm developed over 

glass panels, exposed to marine environment. The isolated diatoms were 

maintained in uni-algal culture in f/2 medium (Guillard and Ryther 1962), the 

composition of which is given in Appendix II. 

The assay was carried out in polystyrene multi wells (Coming # 25810, 5m1) 

at a constant temperature of 20±1 °C. in an incubator with 12:12h. light & dark 

cycle. The crude extract was reconstituted in ethanol at a concentration of 
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10mg in 20m1 of solvent and was assayed at different concentrations ranged 

between 100-500lig well"' with four replicates of each. The desired 

concentrations viz. 100, 200, 300, 400, 50014 well -1  were achieved by 

introducing reconstituted extracts/fractions in multiwells in different quantities. 

In order to evaporate the solvent content of the extract, multi wells were kept 

under sterile condition in a laminar flow chamber for 3-4 h. Solvent (ethanol) 

control was assayed along with the extract. The assay wells were inoculated 

with - 104  diatoms cells mr 1  of sterilized filtered seawater enriched with f/2 

medium at a salinity of 30%o. Cells adhered to the bottom of the well were 

quantified through light microscopy as abundance mm 2. In each of these 

assay conditions the enumeration of diatom cells was carried out at an 

interval of 24, 48, 72 & 96h. After 96h of incubation an Ec50 (effective 

concentration required to inhibit 50% settlement of diatom cells) was 

estimated by using probit analysis programme (Reddy et al. 1992). 

4.2.13. Balanus amphitrite larval settlement assay 

The assay was carried out with the sponge crude extract, using a method 

described by Rittschof et al. (1984). The Balanus amphitrite larvae were mass 

reared in 2L glass beaker at 35%o salinity. Chaetoceros calcitrans, a diatom at 

1.5 X 105  cells.m1-1  was used as feed organism and was replenished every 

day while changing the water. After 5-6 days the metamorphosed cyprids from 

the rearing beakers were siphoned out and stored in the refrigerator at 5 °C 

prior to the settlement assay. Two-day-old cyprids were used for the 

settlement assay. The assay was carried out using polystyrene multi wells 

(Coming # 25820, 2m1.) in an incubator at a temperature of 28±1 °C. The 

extract was assayed for larval settlement assay at five (50, 75, 100, 150, 200 
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1.1g well -') different concentrations (n= 5 for each concentration). The extract 

was reconstituted by dissolving it in methanol, at a rate of 1mg mr 1 , In order 

to achieve above mentioned concentrations of the extract, different volumes 

of reconstituted extract were drawn with the help of micro-pipette and 

transferred to the multi-wells and methanol content of the extract was allowed 

to evaporate. After evaporation of methanol, 2m1 of filtered seawater (35%o 

salinity) and 8-10 cyprids were introduced into each well. The sponge crude 

extract and methanol control were assayed simultaneously. The 

metamorphosed cyprids were counted after 24h and the settlement inhibition 

was calculated in terms of Ec50 (effective concentration required for 50% 

settlement inhibition of barnacle larvae) by using probit analysis programme 

(Reddy et al. 1992). 

4.3 Results 

4.3.1. Sponge surface associated and sponge vicinity bacteria (SSB and 
SVB) 

Six bacterial isolates (SSB1-SSB6) were cultured from sponge surface. Four 

bacterial isolates (AL, GL, AC, CU) were obtained from microfilm developed 

over different panels, whereas, four bacterial isolates (W1, W2, W3, W4) were 

cultured from sponge vicinity seawater (Table 4.1). 

Table 4.1 Bacteria isolated from sponge surface and sponge vicinity (aquarium 
Bacterial isolates Source 
SSB1-SSB6 Sponge surface 
AL Aluminium panel 
AC Acrylic panel 
GL Glass panel 
CU Copper panel 
W1 Seawater 
W2 Seawater 
W3 Seawater 
W4 Seawater 
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4.3.2. Development of sponge primmorphs 

The diameter of cell aggregates increased steadily during first 3-4days of 

incubation period. During this time the aggregates were found to have an 

irregular surface. During the phase of primmorph formation they contracted to 

round shaped bodies, 1-2mm in size leaving behind the detritus and dead 

cells (Fig 4.3). 

 

primmorph 

 

formation 

dissociated cells 	 cell aggregates 

developed 
primmorph 

Suberites domuncula 

Fig. 4.3 Development of sponge primmorphs from dissociated cells 

4.3.3. Isolation and culture of primmorphs associated bacteria 

From seven days old primmorphs, two bacterial strains were isolated and 

cultured. Primmorph were observed to be surrounded with bacterial colony 

(Plate 4.3) Two bacterial isolates (SPB1 and SPB2) were isolated, cultured 

from primmorphs and used for further studies. No bacterial colony was 

observed on agar plate, where sterile seawater used for last washing was 

plated. This indicates that the source of bacteria is primmorphs. 
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Plate 4.3 Primmorphs surrounded by bacterial colony 

4.3.4. Estimation of bacterial rRNA in sponge and primmorphs 

The RNA pattern revealed three major bands of sizes of 28S, 23S, and 18S. 

These bands were found both in sponge tissues and primmorphs (Fig 4.4). 

A 
	

B 
	c 	0 E 
	

F 
	0 

Fig 4.4 Pattern of total RNA from sponge and primmorphs. (A)- sponge; 
(B&C)-one day old primmorphs; (D&E)-3day old primmorphs; (F&G)-7 day old 
primmorphs 
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Out of three bands 28S and 18S RNA represent eukaryotic cells. However 

23S RNA correspond to major rRNA from bacteria. 

4.3.5. Antibacterial assays 

A) Sponge and Primmorphs extract The results are presented in Figure 4.5. 

Out of 8 SVB tested the growth of 3 bacterial isolates were strongly inhibited 

(inhibition zone 5mm) by SDE. These bacterial isolates were fouling in 

nature and were isolated from aluminium (AL) copper (CU) and acrylic (AC) 
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*Sponge extract • Frimmorphs extract 

Fig 4.5 Antibacterial activity of sponge and primmorphs extracts against sponge vicinity 
bacteria (SVB), sponge surface bacteria (SSB) and sponge primmorphs bacteria (SPB). 
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(Bacteria isolated from Al-aluminium, GL-glass, AC-acrylic, CU-copper, W1-4-surrounding 
water) 

panels immersed in the vicinity of the sponge. Remaining four bacterial 

isolates from sponge vicinity water were found to be resistant to SDE except 

W2, which was slightly inhibited (inhibition zone 1 mm). SDE also strongly 

inhibited the growth of 3 SSB isolates, whereas, it was inactive against SPB 

isolates. Primmorphs extract (SPE) displayed strong antibacterial activity 

against three fouling bacteria and three seawater bacteria out of four each. 

The activity of this extract was stronger than sponge extract at comparatively 

less concentration (250pg disc -1) for example antibacterial activity of SDE and 

SPE against AL (Fig 4.12a,b). The primmorphs extract inhibited the growth of 

two SSB (SSB1 and SSB3) and also exhibited antibacterial activity against 

both the primmorphs associated bacteria (SPB). 

B) Sponge surface-associated bacteria The results of antibacterial activity 

of SSB against SVB using plug and disc methods, are presented in Figure 

4.6. SSB1 and SSB2 were active against bacterium AL (isolated from 

aluminium panel) in both the methods(Fig 4.12 c,d). However, SSB6 

displayed antibacterial activity only in disc diffusion method against some of 

the bacteria tested. Activity of SSB against SSB showed interesting results 

(Fig. 4.7). SSB1 showed auto-toxicity (Fig 4.12 e plug) in both the methods. 

SSB1 inhibited the growth of SSB6 and vice versa in disc diffusion method. 

The SSB6 was active against SSB1 and SSB5, whereas, SSB2 was active 

against SSB5 in both the methods. Figure 4.8 represents the results of 

antibacterial activity of SSB against SPB. Out of six SSB isolates, only SSB1 

and SSB2 showed positive results against SPB in agar plug method. It was 
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interesting to see that in agar plug method SSB4 always dominated the area 

surrounding the plug against most of the bacteria tested (Fig 4.12f) 

SSB1 

Al GL AC CU W1 W2 W3 W4 

SVB 

Al GL AC CU W1 W2 W3 W4 

SVB 

SSW 
8 . 

8. 

4 • 
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Al GL AC CU W1 W2 W3 W4 

SVB 
Ix Rug Disc 

Fig 4.6 Antibacterial activity of sponge surface bacteria (SSB1, SSB2, SSB6) against sponge 
vicinity bacteria (SVB). (Bacteria isolated from AI-aluminium, GL-glass, AC-acrylic, CU-
copper, W1-4-surrounding water) 
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Fig 4.7 Antibacterial activity of sponge surface bacteria (S _ _ , _ _ _ SSB6) against sponge 
surface bacteria (SSB1-6). 
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Fig 4.8 Antibacterial activity of sponge surface bacteria (SSB1 and SSB2) against sponge 
primmorph bacteria (SPB1-2). 

C) Primmorphs-associated bacteria The results of antibacterial activity of 

SPB against SVB are presented in Figure 4.9. SPB1 inhibited one fouling 

bacterium (AL) in disc diffusion assay, whereas, it was inhibited by SPB2 in 

agar plug assay. SPB1 showed antibacterial activity against SSB1 in both the 

methods (Fig. 4.10). The extracts obtained from both the SSB strains were 

effective against each other and also against their own cells in disc diffusion 

method. However, they were inactive in agar plug assay (Fig. 4.11). 
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AL GL AC CU W1 W2 W3 W4 

SVB 
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Fig 4.9 Antibacterial activity of sponge primmorphs bacteria (SPB1 and SPB2) against sponge 
vicinity bacteria (SVB). (Bacteria isolated from Al-aluminium, GL-glass, AC-acrylic, CU-
copper, W1-4-surrounding water) 
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Fig 4.10 Antibacterial activity of sponge primmorphs bacteria (SPB1and SPB2) against 
sponge surface bacteria (SSB1-6). 
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Fig 4.11 Antibacterial activity of sponge primmorphs bacteria (SPB1and SPB2) against 
sponge primmorphs bacteria (SPB1-2). 

Figure 4.12 represents antibacterial activity in the form of inhibition zones 

displayed by sponge extract, primmorphs extract, and SSB. 
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0 
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• 
Fig 4.12 Antibacterial activity a) SDE X AL (Disc), b) SPE X AL (Disc), c) SSB2 X AL (Disc), 
d) SSB2 X AL (Plug), e) SSB1 X SSB1 (Plug), f) SSB4 X SSB5 (Plug) (SDE-sponge extract, 
SPE-sponge primmorph extract; SSB-sponge surface bacteria, bacteria isolated from 
aluminium panel) 

4.3.6. Thin layer chromatography 

Chromatogram of sponge as well as primmorphs extracts gave similar result. 

Five major spots were observed with (1) 0.22, (2) 0.31, (3) 0.5, (4) 0.63 and 

(5) 0.83 Rf values in both the extracts (Fig 4.13). 
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Fig. 4.13 Thin Layer chromatography of (a) sponge extract and (b) primmorphs extract. 
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4.3.7. Phylogenetic analysis of bacteria 

Sequencing results of rDNA gene fragments are presented in Table 4.2. Out 

of four sponge surface associated bacteria having antibacterial potential, 

SSB1 and SSB2 belonged to taxon Alpha-proteobacteria whereas, SSB4 and 

SSB6 belonged to taxon Gama-proteobacteria. The sequencing of isolates 

SPB1 and SPB2 show that they belonged to Gamma subdivision of 

proteobacteria having 93% similarity with Pseudomonas elongate. 

Table 4.2rDNA sequences of sponge associated and primmorphs associated bacteria, which 
show antibacterial activity. 

Isolate Sequencing 
method 

Base 
sequenced 

Nearest phylogenatic 
neighbour 

% 
similarity 

Genus 

SSBI PCR-product 692 by Alpha-Proteobacterium 
MBIC 3368 

- Alpha-
Proteobacteria 

SSB2 PCR-product 685 by Alpha-Proteobacterium 
MBIC 3368 

- Alpha-
Proteobacteria 

SSB4 PCR-product 718 by Alteromonas attantica 89% Gamma-
Proteobacteria 

SSB6 PCR-product 663 by ldiomarine lothiensis 94% Gamma-
Proteobacteria 

SPB1 Cloned >1400 by Pseudomonas elongate 93% Gamma-
Proteobacteria 

SPB2 Cloned >1400 by Pseudomonas elongate 93% Gamma-
Proteobacteria 

4.3.8. Assay against potentially fouling diatoms 

The sponge extract effectively inhibited the growth of A. coffaeformis and N. 

delicatula with 228 and 19414 welt"' Ec50 respectively. 

4.3.9. Balanus amphitrite larval settlement assay 

The sponge crude extract effectively inhibited the settlement of B. amphitrite 

larvae with 78p.g 	Ec50. 
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4.4. Discussion 

Bacteria are ubiquitous in marine environment, including on or within the 

organism. There is ample evidence documenting the existence of bacteria 

associated with sponge and their possible interaction with the host (Vacelet 

and Donadey 1977; Wilkinson 1978abc; Santavy et al. 1990; Althof et al. 

1998; Friedrich et al. 1999). However with the possible exceptions, these kind 

of studies were carried out mostly with bacteria either inhabiting mesohyl or 

whole sponge specimen. Present study was an attempt to determine the 

origin of epibiotic chemical defense of the sponge, by considering its surface 

associated bacteria. 

Sponge specimens were extracted in methanol: dichloromethane solvent 

mixture, which extracts broad polarity range of secondary metabolites 

(Newbold et al. 1999). In the assay, sponge extract strongly inhibited the 

growth of vicinity fouling bacteria and proved inactive against vicinity water 

bacteria, which may be harmless to the sponge. It is interesting to note that 

three bacterial isolates obtained from sponge surface were sensitive to the 

sponge metabolites. Similar observation has also been made by Newbold et 

al. (1999). They opined that co-occurring bacteria might have influenced the 

evolution of secondary metabolites in some sponge taxa. Another possibility is 

that the growth of sponge associated bacteria was inhibited due to unrealistic 

concentration of extract or these bacteria lost their resistance capacity after 

isolation from natural condition. 
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It is important to note that sponge extract was also effective against diatom 

and barnacle settlement, indicating antifouling potential for the said extract. 

The bacteria associated with some sponge species were reported to play an 

important role in the host epibacterial defense (Elyakov et al. 1991; Fenical 

and Jensen 1993; Unson et al. 1994; Thakur and Anil 2000). In light of this, 

the presence of antibacterial activity in sponge surface associated bacteria 

was detected using two different methods. One was commonly used disc 

diffusion method and another was agar plug method. As it is difficult to 

estimate exact natural concentration of active metabolites used by bacterium 

to deter other bacteria, agar plug method can be considered to be suitable to 

test ecological interaction among bacteria. In these assays, three bacterial 

isolates obtained from sponge surface were found to have antibacterial 

activity. Out of that SSB1 and SSB2 were prominent. Both the bacteria were 

closely related to an abundant, yet uncharacterised marine alpha-

proteobacterium MBIC 3368. However SSB6, which also produced 

antibacterial metabolites was gama-proteobacterium. A closely related 

bacterial strain has previously been isolated from marine sponge (Hentschel 

et al. 2001). Gamma-Proteobacteria are among the dominant bacterial groups 

in the marine environment and occur free living and also as symbionts or 

pathogens to animal host (Balows et al. 1991) including sponges (Friedrich 

1999). 

Apart from deterring fouling bacteria from sponge vicinity, SSB selectively 

inhibited the growth of their neighbours also. These results indicate that 
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antibacterial metabolites may confer a selective advantage to the producer 

strain for competition with other bacteria, populating the same environment. 

Interestingly strain SSB4, a gama-proteobacterium did not inhibit any bacterial 

isolates but in agar plug assay, this bacterium always used to grow very fast 

and dominate the area surrounding the plug. This behaviour of bacterium 

could be another strategy to compete with other bacteria for space and 

nutrients. While inhibiting the growth of other bacteria the bacterium SSB1 

from sponge surface showed auto-inhibition. This is a widely occurring 

phenomenon in marine bacteria and has been reported earlier in many 

studies (Enger et al. 1987; HolmstrOm and Kjelleberg 1999). Earlier 

researchers opined that in bacteria, the production of auto-toxic compounds is 

important to inhibit their further growth in dense culture. 

As both sponge as well as its associated bacteria produced antibacterial 

metabolites, the determination of the origin of active metabolites becomes 

complicated. One possible way to find out the origin is to separate out these 

two partners and test their activity individually. The sponge associated 

bacteria displayed antibacterial activity in the absence of sponge cells. The 

establishment of sponge primmorphs in vitro was the suitable system (Muller 

et al. 1999; Muller et al. 2000) to eliminate sponge associated bacteria and 

this could facilitate the evaluation of the activity of sponge cells alone. 

Primary cell culture of sponge S. domuncula was developed in the laboratory 

under sterile conditions. However an attempt to eliminate some of the sponge 

associated bacteria was unsuccessful. The presence of bacteria in sponge as 
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well as its primmorphs was traced using bacterial rRNA sequencing 

technique, which revealed three major bands, including 23S rRNA from 

bacteria. The presence of bacterial rRNA (23S) in sponge primmorphs 

indicates that the bacterial population is retained even after dissociating the 

sponge cells. A similar observation has also been made by Willer et al. 

(1999). They found that the S. domuncula harbors bacteria in clusters, 

comported in capsules formed from unknown material and these capsules 

remained in intimate contact with sponge cell even after dissociation. 

Two strains of bacteria associated with primmorphs were isolated and 

cultured on B1 agar. Interesting is the fact that bacterial colonies were 

observed surrounding the primmorphs. The most notable aspect of the result 

is, though primmorphs were developed in a sterile condition using media 

supplemented with antibiotics, the bacteria survived in primmorphs. It should 

be emphasised that no sign of bacterial contamination was seen in the 

primmorphs, and primmorphs were healthy. This observation supports the 

view that some bacteria permanently reside in sponge cell/nuclei (Vecelet 

1970). However the specific functions served by these endo-symbionts needs 

to be addressed. 

Earlier report on the sponge Dysidea avara highlighted the importance of 

sponge primmorphs in the synthesis of avarol, a cytotoxic compound. 

Previous efforts with S. domuncula also indicated that the sponge as well as 

its primmorphs can produce a haemolytic protein, Suberitine (Muller et al. 

1999). The answer to the question whether primmorphs can retain 

antibacterial activity exhibited by functional sponge? was positive. The 
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bacteria, which were inhibited by sponge extract, were also inhibited by 

primmorph extract and interestingly the activity of later was stronger than the 

former in comparatively less concentration. The stronger activity in 

primmorphs is probably due to elimination of most of the microorganisms, 

which were associated with sponge. 

In the sponge, the production of antibacterial metabolites depends on the 

nature of epibacterial threats perceived from the surrounding environment 

(Thakur and Anil 2000). Hence it is not necessary that the primmorphs, which 

grow in bacteria free environment, should display the antibacterial activity. 

However, based on the results gathered it is possible that the cell has a 

mechanism to produce antibacterial metabolites and the production continues 

irrespective of bacterial threat from the environment. However, the pathways 

of production of antibacterial metabolites differ to suit the need. This was also 

evidenced in the case of sponge lricinia fusca. 

The bacteria, which were associated with primmorphs (SPB1 & SPB2), were 

sensitive to the primmorphs extract. As these bacteria were closely 

associated with primmorphs, this result was quite unexpected. One possible 

explanation for this result is, if bacterial growth in sponge cells is not under 

control, the dense bacterial growth may become harmful to sponge cells. To 

avoid this, sponge cells may regulate the growth of their associated bacteria 

by producing some antibacterial metabolites against them. It is also possible 

that, these bacteria became sensitive to primmorphs extract after isolation, 

which does not happen, in natural condition. 
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The bacteria associated with primmorphs were also found to produce 

antibacterial metabolites against SVB and SSB. However, though these 

bacteria live in a similar environment (primmorphs), they acted against each 

other and also showed auto-toxicity. As discussed earlier such behaviour of 

these bacteria may be useful for them to regulate the growth of their own cells 

as well as that of their neighbours for better survival. Another possible 

explanation for the observed mode of action is the unrealistic concentrations 

of bacterial extracts, used in the assay. Comparative 16S rDNA sequence 

analysis of SPB1 and SPB2 showed that both are probably belong to Gamma 

subdivision of Proteobacteria having close similarity with Pseudomonas 

elongate. It was found that these bacteria don't grow on agar plates after 

repeated subculture. This indicates that they need substance from host tissue, 

which gets diluted out upon repeated streaking on agar. As both the bacteria 

were closely associated with sponge primary cells, further studies are 

warranted to evaluate their association with host sponge. 

This contribution shows that sponges are provided with an array of direct and 

indirect protection strategies against bacterial threat from the environment. A 

schematic picture is given in Figure 4.14. Sponge S. domuncula as well as its 

primmorphs harbour bacteria, which are able to produce antibacterial 

metabolites against fouling and epibiotic bacteria. This is an indirect 

epibacterial defence of the sponge. Besides this, sponge as well as its 

primmorphs produce antibacterial metabolites against fouling and epibiotic 

bacteria. This is a direct epibacterial defense system of the sponge. 
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Fig 4.14 Schematic diagram of direct and indirect epibacterial defence of sponge S. 
domuncula 

The ecological importance of the sponges has been enhanced due to their 

significance in the production of novel bioactive metabolites with therapeutic 

potential. However natural population of sponges cannot support the harvest 

predicted for the supply of sufficient quantity of bioactive metabolites for the 

clinical trials and for the commercialisation. This supply problem still hampers 

the development of many promising metabolites from sponges and other 

marine invertebrates (Pomponi 1999; Osinga 1999). This supply problem has 

stimulated research on alternative methods for sponge metabolites 

production. Chemical synthesis is the most direct way to produce sponge 

metabolites on large scale. However developing clinical production process 

can be very expensive especially when complex molecules or novel class of 

compounds are concerned. 

131 



132 
This realisation has given new impulse to research on methods of cultivation 

of sponges. In the present study, the chemical nature of sponge and 

primmorphs extracts having antibacterial activity was examined by TLC 

technique and it is interesting to note that their chemical nature was similar. 

These results highlight that the primary cells of sponge S. domuncula are also 

capable of producing active metabolites, similar to those produced by 

functional sponge. This investigation also reveals the possibility of 

establishing sponge primary cell culture (primmorphs), with its unicellular 

symbionts or commensals. In light of this, employment of sponge primary cell 

culture technique could be an alternate avenue in the exploration and 

application of bioactive metabolites, whose chemical synthesis may be 

difficult. 



Chapter V 
Summary 
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Past four decades, marine organisms have proved to be a notable source of 

bioactive secondary metabolites (Faulkner 2000 and reviews cited therein; 

Kamboj 1998 and references cited therein). Most of these metabolites were 

explored during pharmacological and agricultural research. However, 

numbers of pertinent reviews in the field of chemical ecology have highlighted 

the ecological implication of these metabolites (Bakus et al. 1986; Hay and 

Fenical 1996; Paul 1992; Pawlik 1992; McClintock and Backer 1997). 

The major ecological functions of these metabolites are prevention of 

epibiosis and predation. The control of epibiosis using secondary metabolites 

in marine organisms is known as epibiotic chemical defence, which has been 

addressed in several studies. However, there is a lack of understanding 

regarding the pathways of chemical defence adopted by phylogenetically 

distant organisms, inhabiting similar environments. In the present 

investigation, the questions regarding the epibiotic chemical defence of 

marine organisms are addressed by carrying out studies with sponges lrcinia 

fusca & Suberites domuncula and ascidian Didemnum psamathodes. 

Whether these organisms change their epibiotic chemical defence 
according to the threat perceived? 

It was found that the sponge (I. fusca) could modulate its epibacterial 

chemical defence according to the nature and intensity of the threat. The 

hydrophobic non-polar metabolites help sponge to face increased bacterial 

threat in the surrounding environment. However, in the case of ascidian, (D. 

psamathodes) epibacterial chemical defence did not differ in a predictable 

way with the changes in the bacterial density in the water column. 
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It is assumed that, hydrophobic non-polar metabolites play an important role 

in the epibiotic chemical defence of an organism (Davis and Bremner 1999). 

However, in case of ascidian though the leaching rate of polar metabolites 

could be high, these metabolites were found to be a part of its epibacterial 

chemical defence. This could be attributed to the continuous secretion of 

mucus by this species, which may hold these metabolites and increase their 

efficacy in the epibiotic control (Fig. 5.1 a and b). 

Non-polar 	Mid-polar • Polar — metabolites 

Fig 5.1 Temporal changes in the epibiotic defence pathways of sponge (I. fusca) and ascidian 
(D. psamathodes) against microepibionts (bacteria and diatoms). (a) Cool months and (b) 
Warm months. 

[. 
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Diatom settlement activity in both sponge and ascidian was displayed by non- 

polar and mid-polar metabolites. These metabolites were effective round the 

year against a dominant fouling diatom (N. delicatula). The hydrophobic 

nature of these metabolites is probably useful to keep their effective 

concentration at the interface of surface and seawater to control the 

settlement of dominant fouling diatoms (Fig. 5.1 a and b). 

Fig. 5.2 Influence of epibiotic threat on the macroepibiotic defence in sponge I. fusca 

Fig 5.3 Influence of age of the ascidian colony on the macroepibiotic defence 
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Defence against macrobionts was evaluated in the laboratory using barnacle 

(Ba/anus amphitrite) larvae, whereas, in the field the extracts were tested at 

their natural concentration by using phytagei as a binder. The results 

obtained in the laboratory assays correlated positively with the field assays. 

The extracts, which were effective against barnacle larvae in the laboratory, 

were also effective in the field. In both the assay conditions, extracts showed 

temporal variability. 

Laboratory and field evaluation of sponge metabolites revealed that the 

sponge exhibits stronger antifouling activity during peak larval recruitment 

period (Fig 5.2). As the epibiotic chemical defence in the form of bioactive 

compounds is expensive for the organism (Dworjanyn et al. 1999), it is 

possible that sponge exhibits epibiotic defence as per the need. 

The antifouling activity was found to be influenced by the lifecycle of ascidian. 

This effect was evident from both the laboratory and the field assays. Before 

dedifferentiation, the fully-grown ascidian colony exhibited strong antifouling 

activity as compared to the colony in a redifferentiation stage (Fig 5.3). It has 

been predicted that in growing plant tissues bioactive secondary metabolites 

may not be effective (Fritz and Simms 1992; Dworjanyn et al. 1999). They 

gave two reasons for this. First, the cost of the production of secondary 

metabolites is inversely related to the growth of the tissues and second, 

production of metabolites in new, rapidly growing and developing tissues is 

constrained because of autotoxicity (Cronin and Hay 1996). In case of 

ascidian, it is possible that in a redifferentiation stage more energy is allocated 

for the growth of cells and/or production of metabolites having strong activity 
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is constrained to avoid autotoxicity. It is also considered that fully-grown 

colony has more epibiotic threat because of its large surface area and 

effective defence is required at this stage of the ascidian colony. The 

relationship of growth and bioactive compounds production is not studied in 

sponge and needs to be addressed in detail. 

Individual variation was noted in the epibacterial chemical defence of sponge 

and ascidian. As discussed earlier, during the evaluation of antipredatory 

chemical defence of sponge (Swearingen and Pawlik 1998), it need not be 

necessary for all the colonies in the population to be chemically defended. 

Non-defended specimens would obtain an associated defence from those 

specimens in the population, which are chemically defended. By using this 

strategy some specimens could receive benefits of epibiotic defence without 

allocating resources to the production of defensive metabolites. Another 

possibility for individual variation is the differences in the metabolism, which 

can influence their secondary metabolites production. 

This investigation revealed that the field assay system could be useful to 

detect the influence of temporal variations in the environment as well as the 

life cycle of an organism in the epibiotic chemical defence. 

In conclusion it may be stated that the epibiotic chemical defence in marine 

organism is governed by temporal and individual variations as well as its life 

cycle. 



 

_HMV 	 Produce active 
metabolites 

 

 

Do not indicate activity I 

  

Fouling 
bacteria 

keintle fuses 	 psemathodes 

138 

Whether the surface associated bacteria have a role in the host 
epibacterial defence? 

Fig. 5.4 Role of sponge and ascidian surface-associated bacteria in host epibacterial defence 

It was found that the sponge surface-associated bacteria are capable of 

producing antibacterial metabolites against fouling bacteria. Whereas, 

ascidian associated bacteria did not indicate similar role (Fig. 5.4). However, 

in view of the fact that less than 1% living marine bacteria are culturable 

(Bianchi and Giuliano 1996; Kelmen et al. 1998), caution should be taken 

while denying the role of associated bacteria in the ascidian epibacterial 

defence. 

This investigation also showed that sponge as well as ascidian surface-

associated bacteria could regulate the growth of their own cells as well as that 

of their neighbors by producing antibacterial metabolites. This investigation 

highlights that in the regulation of bacterial growth, the production of 

antibacterial metabolites is not the only way, but some bacteria can also 

compete with their neighbors by maintaining their rapid growth. These survival 

strategies used by associated bacteria may indirectly help the host sponge or 

ascidian in epibacterial defence. 

In sponge (I. fusca), association of antibiotic producing bacterium Bacillus 

cereus was observed without marked temporal variations. Interestingly, the 
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growth of B. cereus was promoted by sponge metabolites. It indicates that 

sponge promotes the growth of bacteria, which are useful in their indirect 

epibacterial defence. 

This investigation highlights the importance of the associated bacteria in the 

evaluation of antibacterial metabolites in the marine organisms and suggests 

that nutrient rich surfaces of marine organisms are a potential source of 

antibiotic producing bacteria. 

Whether the epibacterial defence is useful in the control of macro-
epibiosis? 

It has long been known that microfilm formation plays an important role in the 

subsequent macrofouling formation (Crisp and Ryland 1960). In some 

investigations where antibacterial activity was detected, researchers opined 

that the observed antibacterial activity might be useful in the prevention of 

macrofouling (Becerro et al. 1994; Slattery et al. 1995). However 

simultaneous laboratory and field assays of an extract to check this 

hypothesis were warranted. 

In the present study, results of antibacterial activity carried out in the 

laboratory are correlated with field antifouling assays. It was observed that in 

both the organisms antibacterial metabolites were not effective against 

macrofouling in the field in some cases. It indicates that the epibacterial 

chemical defence of marine organism is not always useful to inhibit the 

settlement of macro-epibionts. This investigation showed that the defence 

against macroepibionts is also influenced by the density of fouling propagules 

in the surrounding environment and life cycle of an organism. 

1 
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Whether the epibiotic chemical defence originates from sponge and/or 
its associated bacteria? 

Investigation with sponge Ircinia fusca showed that the associated bacteria 

play an important role in the antibacterial activity of the host. This observation 

gave rise to the above question, and was addressed using another species of 

sponge Suberites domuncula at Universitat of Mainz, Germany (Fig. 5.5). 

Fig. 5.5 A schematic diagram of the results obtained with sponge S. domuncula in the 
evaluation of the origin of epibacterial defence 
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As sponge associated bacteria displayed antibacterial activity in absence of 

sponge, it became essential to evaluate the activity of sponge in absence of 

bacteria. In this context, the establishment of in vitro sponge primary cell 

culture was used as a suitable system to eliminate the sponge associated 

bacteria. 

These efforts to raise bacteria free primmorphs of S. domuncula were 

unsuccessful. As this experiment could not eliminate bacteria from the sponge 

cells, the question regarding the origin of active metabolites remained 

unanswered. However this investigation brought out novel bacterial strains, 

the 16SrDNA sequences of these are unknown. It is interesting to note that 

these bacteria did not grow on agar plates after repeated subculture. It 

indicates that these bacteria have an obligatory association with sponge 

primmorphs. 

In an earlier investigation it has been reported that a bacterium (designated as 

NW001) dominates the culturable microbial community associated with 

sponge Rhopaloeides odorabile (Webster and Hill 2000) and is absent from 

the surrounding water column. They opined that this bacterium is not being 

utilized as food source but it has more spatial association with sponge. The 

observation made in the present study (S. domuncula) and that with sponge 

R. odorabile suggests sponges are a rich reservoir of bacteria, which could be 

novel. 

It is possible that the novel bacteria isolated from primmorphs may have 

residence in sponge cells/nuclei. Such a phenomenon was described earlier 



142 

(Vecelet 1970). The sponge primary cell culture might have allowed 

emergence of these hidden bacteria while other bacteria associated with 

sponge were eliminating during primmorphs culture. These results suggest 

that sponges could be a reservoir of such bacteria, which remain intracellular 

or intranuclear and play an important role in the production of active 

metabolites, by the host. Whether the bacteria residing in sponge cells are 

symbiotic or of pathogenic nature is not known at this point. However, as the 

sponge cells were healthy, the second possibility is remote. Specific 

mechanisms would be expected to allow the intimate interaction between 

bacteria and host sponge cells, like host-recognition by cell to cell 

communication and the regulation of intracellular growth. The growth 

regulation of primmorphs associated bacteria was observed in the study. This 

growth regulation can arise out of the control by the host and/or bacteria 

themselves. 

Another important finding of this investigation is the application of in vitro 

primmorphs culture to explore the production of bioactive metabolites. The 

natural population of sponges cannot meet demands of bulk quantity 

requirement of bioactive molecules. The use of primmorphs technique will 

enable raising sponges in aquaculture at an industrial scale for commercial 

application. As sponges are known to be suitable bioindicator organisms 

(Muller and Muller 1998), sponge primmorphs can also be used as 

bioindicator system for monitoring environmental pollution. Primmorphs 

technology can also be used to elucidate the association between bacteria 

and their invertebrate host 
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This investigation provides a comparative assessment of epibiotic chemical 

defence adopted by two phylogenetically distant organisms inhabiting the 

similar environment. Sponge (Porifera) having simple cellular grade of 

construction, modulates its epibiotic defence according to the density and 

nature of the threat. Associated bacteria probably help sponge indirectly to 

face the epibiotic hazard. Ascidian (Protochordata), having advanced grade of 

cellular construction with true tissues shows different defence approaches. 

The ascidian epibiotic defence could be influenced by its life cycle. The mucus 

secreted by this organism probably conserves the active metabolites on its 

surface by encapsulation and effectively utilize the metabolites against 

fluctuating epibiotic threat. The role of ascidian associated bacteria in host 

epibiotic defence is not evidenced in D. psamathodes. 

The results obtained indicate that epibiotic defence has evolved along with 

changes in anatomy and physiology of an organism. Understanding the 

implication of such an evolution will have a profound influence in the 

exploration of bioactive metabolites. It was also evidenced that marine 

organisms in addition to harbouring potential bioactive molecules, have 

associated organisms, which are undiscovered and their role in bioactive 

molecule production needs to be unraveled. From these viewpoints it is 

important for us to conserve the rich biodiversity in the marine environment. 

Conservation of biodiversity in marine environment in addition to its ecological 

role has implications in protection and discovery of unraveled bioactive 

molecules. Thus conservation of biodiversity has economic implications as 

well. 
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Appendix I 

Media used for isolation 
and culture of bacteria 

Peptone 5.0g 
K2HPO4 0.2g 
Yeast extract 2.5g 
Agar 20.0g 
Glucose 1.0g 
Seawater 500m1 
MgSO4 0.2g 
Distilled water 500m1 

Sterilization was carried out 
at 121 °C, 20min, pH 2.5-7.5. 



Appendix II 

Composition of Guillard's f/2 medium 

(Concentrations in 1 litre of aged seawater) 

Nutrients 

NaNO3 	 75mg 
NaH2PO4.H20 	5mg 
Na2S103.9H20 	15-30 mg 

Trace metals 

Na2.EDTA 	4.360 mg 
FeC13.6H20 	3.150 mg 
CuSO4.5H20 	0.010 mg 
ZnSO47H20 	0.022 mg 
CoC12.6H20 	0.010 mg 
MnC12.4H20 	0.180 mg 
Na2Mo04.2H20 	0.006 mg 

Vitamins 

Thiamine.HCI 
	

0.1 mg 
Biotin (B1) 
	

0.5 pg 
Cyanocobalamin (B12) 0.5 pg 
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ANTIBACTERIAL ACTIVITY OF THE SPONGE Ircinia 
ramosa: IMPORTANCE OF ITS SURFACE-ASSOCIATED 

BACTERIA 
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Abstract--Variations in the antibacterial activity of the sponge Irrinia 

ransom were evaluated during two collection periods (January and May) 

against vicinity fouling bacteria (VFB) and sponge surface-associated bacteria 

(SARI. The density of fouling bacteria in the water column. as well as 

epihacterial abundance on the sponge surface, was enumerated during both 

collections, and both increased in the warmer month of May. The extracts 

obtained from SAB were also tested for their role in arlibacterial activity of 

the host. Sponge-associated bacteria are capable of producing antibacterial 

metabolites. The antibacterial activity that originated from polar fractions 

in the cooler month of January shifted towards the nonpolar fractions in 

May. Nonpolar fractions were more useful for the sponge when threatened 

with increased bacterial density. Thus, the chemical nature and production of 

antibacterial compounds produced by sponge or its associated bacteria appears 

to he go. ernes, by the environment. An inverse relationship was observed 

between the epihacterial abundance over the sponge surface in nature and the 

antibacterial activity displayed by the sponge extracts in laboratory bioassays. 

This investigation reveals the importance of collection period as sell as the 

role of associated bacteria in the evaluation of antibacterial activity. 

Key Words-Marine sponge, brinia ramosa, sponge-associated bacteria. 

fouling bacteria, epibiosis. chemical defense, antibacterial activity, nonpolar 

compounds, polar compounds. 
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IN ntoDuciloN 

Mans sessile marine organisms (c.g., sponges, corals. ascidians, and holothurians) 
Deep essentially clean body surfaces in the face of competition for space by epi-
hionts (Davis et al.. 1989; Clare et al., 1992; Paul, 1992; Pawlik, 1993; Wahl et al., 
1994; Slattery et al., 1995; Cliire, 1996). In the study of chemical defense mecha-
nisms, sponges have long been a focus of attention. Many studies show that they 
are rich in terpenoids and steroids, which are thought to function in antipredation, 
competition for space. and control of epibiont overgrowth (Bakus et al., 1986). 
Inhibition of bacterial growth has been one of the methods used to test toxicity 
of such metabolites (13ergquist and Bedford, 1978; Amade et al., 1982: MeCaf-
fay and linden. 1985). In recent years, an increasing number of sponges have 
been I (Toiled to possess antimicrobial activity (Amade et al.. 1982; Thompson et 
al.. 1985: McCaffery and linden. 1985; Beccrro et al.. 1994: Unabia et al., 1997). 
Regi, vial and/or seasonal differences in the production of these metabolites have 
also been !comic(' (Bergquist and Redford. 1978; Green et al., 1985). However, it 
has not been demonsttated conclusively that the antibacterial activity displayed in 
laboratory bioassays has a role in contri , ll'ng bacterial epibiosis in nature. 

Microorganisms associated with their invertebrate hosts have also been 
identified as a source for bioactive metabolites (Okami, 1986; Gill-Turnes and 
Feuical. 1992; Fenical. 1993: Unison et al., 1994). In this regard, several strains 
of 1Thriu associated tt ith the sponge n•sidea sp. were studied, and it was found 
that these bacteria are able to synthesize cytotoxic as well as antibacterial tetra- 

omodiphenyl ethers (Elyakov et al.. 1991). Certain amino acid diketopiper-
annes also have been isolated Irony the sponge-associated bacterium Micrococ-

( ■ sp. (St rerle et al., 1988). Sue (actin-like depsipeptides were originally isolated 
!tom the marine sponge. It was shown later that the bacterium Bacillus pundit's, 
■■ hid) is associated w ith the sponge, is able to produce these compounds (Kali-
no(askava et al.. 1995). While studying the role of associated microorganisms 
in antifouling defense. ubiquinone-8, a barnacle (Manus amphitrite) settlement 
inhibitor, ts as isolated from the culture broth of Alteromonas sp. associated with 
the sponge Ilab( hondria okadai ( Kon-ya ct al., 1995). 

The sponge under present investigation, Ircinia ramosa• is a Dyctyocerati-
dan. and the sponges of this order usually exhibit antimicrobial activity (McCaf-
fery and Enden, 1985). The sponge brad° ramosa has also been shown to pos-
sess antiviral. CNS stimulatory (Partdekar and Shirvoikar, 1991), and antialgal 
properties (Mokashe et al.. 1994). "fir further our understanding of the chemical 
defense mechanism of this species, we addressed the following: (I) whether there 
is a s aviation in antibacterial activity w ith collection periods. (2) whether sponge 
sir Lice bacterial abundance correlates with observed antibacterial activity, and 
LI) whether there is a I ole for spon,t!e surface-associated bacteria in antibacterial 

tit ay of the host?  

ME . 11101)S AND MAIFRIA1.5 

Specimen Collection and Preparation of Crude Extracts. Specimens or 
ramosa were collected from intertidal rocky pools at Ratnagiri, located 

along the central west coast of India (16'62'N 73"18'E) during January and May 
1997. They were rinsed with seawater, weighed (2.5 kg). placed in 2 liters of 
methanol (Qualigens A.R. grade), and brought to the laboratory. After two days 
in methanol, the extract was decanted and collected for analysis. The extraction 
was repeated three times, each time by adding fresh methanol. These extracts 
were pooled, filtered, and concentrated under reduced pressure in a rotary evap-
orator. A flow chart of extraction of sponge and its associated bacteria and anti-
bacterial bioassays is given in Figure I. 

Fractionation of Crude Extracts. The crude methanol extracts collected 
during January (JME) and May (MME) were further fractionated by using non-
polar to polar solvents (Qualigens AR grade). These crude extracts were succes-
sively fractionated with petroleum ether (abbreviated as JP and MP), chloroform 
(JC and MC), and ethyl acetate (JE and ME). The remaining residues were aque-
ous fractions (JM and MM). All fractions were stored below 51' for further use. 
Details of abbreviations used are given in Table I. 

Isolation of Sponge-Associated Bacteria. Three specimens of sponge were 
collected and placed separately in glass beakers containing seawater and then 
brought to the field laboratory. The counting of epibacterial abundance on the 
sponge surface and isolation of associated bacteria were done by following the 
method of Wahl et al. (1994). Bacterial cultures were identified to the genus 
level by using Bergey's Manual of Determinative Bacteriology (Buchanan and 
Gibbons, 1984). 

Isolation of Fouling Bacteria. Fouling bacteria were isolated from micro-
film  developed over aluminum. fiber glass, and cupronickel panels exposed lot, 
48 hr in the immediate vicinity of the sponge. The number of bacteria per square 
cm was calculated for each type of panel. Sponge vicinity fouling bacteria (VFB) 

obtained from different panels were used for antibacterial assays because they 
represented the types in the vicinity of the sponge, and it was assumed they were 
also capable of colonizing sponge surfaces. The details of the abbreviations used 
for SAB and VFB are given in Table 2. 

Extraction of Bacterial Metabolites. Six strains (JS1—JS6) of sponge-asso-
ciated bacteria (SAB) collected in January and three strains (MS I—MS3) of SAB 
collected in May were extracted in n-butanol according to the method of Elyakov 
et al. (1996). These extracts were stored below 5°C for further use. 

Antibacterial Ilioas.so•s. Antibacterial activity of sponge extracts and their 
fractions was tested against V13, SAB, and reference bacteria by using a stan-
dard paper disk method (Figure 2). Sterile paper disks (6 nun diam.) were soaked 
in the extracts/fractions at a concentration of 5(X) tog/disk. The solvent was 
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Flo. 2. Antibacterial activity of the sponge and SAB extracts. (A) Antibacterial activity 
of sponge extract against VFB; (B) antibacterial activity of SAB extracts against VFB; 
(C) antibacterial activity of sponge extract against SAB. Arrow indicates inhibition of 

bacterial growth. 

allowed to evaporate from the disks before they were placed in agar plates 
seeded with test bacterial strains. The assay was carried out in triplicate for each 
extract/fraction. The diameter of inhibition zone was measured in millimeters 
after incubation at 30°C for 24 hr. Solvent controls were also run simultaneously. 

As the SAB extracts were only water soluble, they were tested for antibac- 
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TAM I I. ABISPINIATIuNS I uR SPONGE CRUDE EXTRACTS AND FRACTIONS COLLECTED IN 

JANUARY AND MAY 1997 

FM - M/11:101On 	 January 	 May 

Conde methanol extract 	 _IMF. 	 MME 

Pet. ether fraction 	 JP 	 MP 
Chlotottnin fraction 	 JC 	 MC 

Ethyl acetate fraction 	 JE 	 ME 

Aqueous f rac ti,,,, 	 JM 	 MM 

E 2. AMIREVIAI IONS EuR SPONGE SURFACE-ASSOCIATED BACTERIA (SAB) AND 

Vi( itstrry FotT INC BACTERIA (VIII) CC/ELECTED IN JANUARY AND MAY 1997 

Sid, 110111111 Emumy 

JS I 156 

JAI. 1 Al3 

J('N I -JCN3 

1! (II 

May 

Sponge surface 

Alumminl ,  panel 

Cuptimickel panel 

FOX:4d r,, panel 

MS I -MS3 

MALI-MAL3 

MCN I -MCN3 

MFG -MFG3 

tot ial activity by using the well diffusion method (Elyakov et al., 1996). In this 

method. the wells ( I cm diam.) were made on agar plates, and these plates were 

swabbed with test bacterial isolates. The wells in the agar plates were subse-

quently tilled individually with SAB extract (500 fig/well) previously dissolved 

in distilled water. Controls were rim by putting sterile distilled water into the 

well. The assay w as carried out in triplicate. The diameter of the inhibition zone 

surrounding each well was measured after 24 hr of itKohatiori at 30°C. The SAB 

exit acts obtained in January and May were tested against VFB. 

Sponge extracts (JME and MN1E) and their fractions were also tested for 

antibacterial activitx against two reference bacteria, Vibrio cholerae (ATCC 
39315) and l'ibrio inimicus (AT('C 33653). In all antibacterial assays (which 

used both the disk and well method). controls did not inhibit bacterial growth. 

Statistical Analysis. Variation in epibacterial density over the sponge sur- 

face (log transformed values) during two different collection per'ods was sub- 

jected to one-way ANOVA (N 3) with equal sample size. Two-way ANOVA 

with equal sample site was used to evaluate the variation in activity of the crude 

extracts and fractions collected in January and May (N , 3). Two-way ANOVA 

w as run separately for each extract/fraction collected in two different periods 

against Janualy/May VFB. In order to evaluate the variation in the antibacterial 

actix it) of petroleum ether and chloroform fractions of January and May against 

!del ence bacteria. one-way ANOVA (N 3) with equal sample si/c was carried 
( f u t ISokal and Rohn . , 19 SI/. 

ANTIBACTERIAL ACTIVTIN DE SPONGE 

RESULTS 

Viable Counts of Spmge-Associated and Vicinity Fouling Bacteria. In Jan-

uary, the number of colony forming bacteria (CFU) on sponge surface ranged 

from 7 to 9 x 106  CFU/cm 2 , and this number rose to 10-15 x 10 6  CFU/cm 2 

 in the month a May. Application of one-way ANOVA showed the variation 

to be significant (SS, 0.044; MS, 0.044; Fs, 7.720; P 5 0.05). The intensity of 

bacterial colonization on different types of panels (which were immersed in the 

vicinity of sponges) was also high during May (Al, 2-3 x 106 ; Fg, 3-5 x 106 ; 

Cn, 0.024).05 x 106 ) as compared to January (Al, 6-10 x 10 4 ; Fg, 35-40 x 

104 ; Cn, 0.15-0.2 x 104 ). The SAB isolated in January belonged to Bacillus 

sp., Xandionionas sp., and the family Enterobactericeae, whereas those isolated 

in May belonged to Bacillus sp.. and Psetulonuntas sp. 

Antibacterial Activity of Sponge Crude Extracts and Fractions. The results 

of antibacterial activity (average zone of inhibition) are presented in Tables 3 

and 4. Variation among replicates was negligible. The JME was active against 

TABLE 3. ANTIBACTERIAL. ACTIVITY OF SPONGE CRUDE EXTRACTS AND FRACTIONS 

COLLECTED IN JANUARY AND MAY AGAINST VFB AND SAB ISOLATED DURING 

JANUARY AND AGAINST REFERENCE BACTERIA" 

Bacterial 

species 

('rude extract 	Pet. ether 

methanol 	fraction 

Chloroform 

fraction 

Ethyl acetate 

fraction 

Aqueous 

fraction 

JME MME 	JP NIP JC MC JE ME JNI 	MM 

JAL I 8 7 7 8 8 7 

JAL 2 8 7 7 8 10 

JAL 3 7 7 7 8 

JCN I II 8 8 8 7 

JCN 2 7 8 7 7 7 

JCN 3 7 7 10 7 8 8 

JOG I II 7 10 

JS I 10 8 8 10 

IS 2 9 8 8 

JS 3 11 8 9 10 

JS 4 10 7 

JS 5 10 9 9 

JS 6 10 8 

Vc 

Vm II 14 14 13 10 2 

"Zone of inhibition in mm including 6-mm disk. JAL, JCN, JOG: vicinity fouling bacteria isolated 

from aluminum, cupronickel. and fiberglass panels respectively. JS: sponge associated bacteria. Vc: 

librin tholemr: Vm: Vibrio mimicuv 
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TABLE 4. AN I MAC I LRIAL AC I IV!! Y 	SPONGE CRUDE EX TRACTS AND THEIR 

FRAC' IONS CDI.1 EC I I I) IN JANUARY AND MAY AGAINST VE13 AND SAB ISOLATED 

DURING MAY 

Crude extract 	Po. Ether 	Chloroform 

Methanol 	fraction 	fraction 

ILic feria! 

.pecies 	JME MMF JP 	MP 	IC 	MC 	JE 	ME 	JM MM 

MAI. 1 
MAI. 2 
MAI. 3 
	

7 

nicis4 
	

10 

mcN 2 
	

7 
	

7 

NICN 1 
	

to 
Sit Ci 1 

\1I(; 2 
	

7 
\111; 
	

7 	 7 

MSI 

MS 2 
NIS 3 

'/oiic of inhibition in 111111 including 6-nun disk. MAL, MCN , MEG: vicinity fouling bacteria isolated 
aluminum, cimionickel, fiberglas. ponds, respectively. MS: sponge associated bacteria. 

Ii e of seven VE13 strains, whereas the MME inhibited growth of only four of the 

nine Vi li tested. Fractionation of crude extracts showed significant antibacterial 

acti \ ity in polai fractions (JE and .IM) in January, whereas in May. nonpolar 

t MP) and mid-polar (MC) fractions exhibited strong antibacterial activity. 

The antibacterial activity of crude extracts and fractions of January and May 

against SA13 of the respective collection months showed that in January. both 

etude extract (JME) and fractions IJE and JM) inhibited the growth of SAB, 
\■ leleas this was not seen in May. 

Antibacterial acti\ ity of crude extracts and their fractions against reference 

bacteria revealed that .IME. JP, MP. JC, and MC strongly inhibited (inhibition 

/one .?I4 mm) the grow th of V miuet's. whereas all extracts and fractions were 

inactis c against V cho/orac (Table 3). The activity variation was not significant 

in the cases of nonpolar (pet. ether) and mid-polar (chloroform) fractions col-

lected in the two different periods. (Details of the ANOVA analysis for pet. 

ether fr.---SS, 1.5; MS, 1.5; Fs. 0.888; and for Chloroform fr—SS, 10.666; MS, 

(4,6: Es, 1).17161. 

Antibacterial Activity of SAP Ex -tracts. In January, of six SAB extracts 
t es t e d. only two .15-1 and JS5 obtained from Enterobacteriaceae and Bacillus sp.. 

inhibited the grw.s th of Ja n uary Vi13. whereas IS I..IS2,1S3. JS6 exhib- 
ited weals acii ■ \ against some isolates. In \lay, the extract of Proldomonas 

A ll 	 , 	  

	

TABLE 5. ANThlAc I 	ACTIVITY 01 SAII Lx lam - is AGAINSI VIII Col 1.I( t Et) 

DCRING JANUARY AND MA Y' s  

Bacterial 

species IS I JS 2 JS 3 JS 4 JS 5 JS 6 MS I MS 2 MS 3 

JAL 1 15 17 14 

JAL 2 12 17 13 IS 13 13 

JAL 3 20 20 14 17 25 

JCN I 18 16 

JCN 2 13 20 14 16 20 

JCN 3 

JFG I 13 13 15 20 Ii 24 

MAL I 

MAL 2 

MAI. 3 I 	I 20 

MCN I II 15 18 

MCN 2 11 22 

MCN 3 22 22 27 

MFG I 

MFG 2 20 

MFG 3 25 

"Zone of inhibition in mm including 10-min well. JAL„ JCN, JFG: vicinity fouling bacteria of 

January. MAL. MCN, MFG: vicinity fouling bacteria of May. IS: SAB extracts of January. MS: 

SAB extracts of May. 

sp. (MS2) showed strong (inhibition zone ?_17 mm) and broad-spectrum activity 

against VFB of both collection periods. The other two extracts (MSI and MS3) 

obtained from Bacillus sp. and Pseudontonas sp. showed species-specific activity 

against VFB of January and May (Table 5). 

Differences in Antibacterial Activity of Sponge Extracts and Fractions Col-

lected During January and May. The antibacterial activity of sponge crude 

extract and fractions of January against May VFB and SAB and May extract 

and fractions against January VFB and SAB showed interesting results (Tables 

3 and 4). JME was active against May VFB; however, the reverse was not true. 

The nonpolar fractions of the January collection, which were inactive against 

both VFB and SAB of January. strongly inhibited the growth of VFB isolated 

during May, whereas the nonpolar fractions of May inhibited the growth of VFB 

and SAB of January. 
A significant variation was observed in the activity of crude extracts as 

well as fractions: collet-led in the two different periods against VEI3 of January 

(P 5_ 0.001) and May (1' 5_ 0.005) (Tables 6 and 7). A significant variation 

(P 5. 0.001) in thi'! activity was also observed among the VE13 of January, whereas 

this variation was not significant among the VE13 of May. 

Ethyl acetate 

fraction 

 

Aqueous 

fraction 

   

7 

10 

10 

13 

7 	II 
10 

7 

II 	to 

7 

9 

8 

12 



FABL,E 6. TWO-WAY ANALYSIS OF VARIANCE OF ANTIBACTERIAL. ACTIVITY OF CRLDE EXTRACTS AND FRACTIONS AGAINST VFB OF 
JANUARY COLLECTION" 

at 

Crude extract Pet 	ether fraction Chloroform fra lion Eth 	acetate fraction Acilleous traction 

SS \IS 1%. SS MS Fs 96 Fs SS NIS F. 

Bacterial sp. 

Ilan. collection) 6 160 236 26.7143 93.5^ 313.286 52.2143 60.9167 6  240.6 40.1 168.40  71.14 11.36 166h 212.1 35 36 114 2^ 

Extracts itwo 

seasonal I 36(1 214 360.214 1260.75' 48.2143 48 2143 56.25' 197 2 197 2 92S.1'' 4;3.4 473.4 6627" 267.5 267 5 964.3^ 

Bactena sp. x extract 

interaction 6 160.286 26.7143 93 56  295 286 49 2143 57.4167^ 128.7 21 	14 90.07" 59:14 9 857 1 386  212.1 35.36 114. 2 ^ 

"Bacterial sp.. 7. extracts. 2: ,1/. decree of ireedom; SS. sum of the squares; MS. mean ul the square; Fs. Fisher constant. 

'!'50.001. 

TABLE 7. Two-WAY ANALYSIS OF V .RIANCE OF ANTIBACTERIAL ACTIVITY OF CRLDE EXTRACTS AND FRACTIONS AGAINST VFB OF 

MAY COLLECTION" 

J7 

Crude extract Pet. ether fraction Chloroform traction Eth. acetate traction 

SS MS 	Fs SS MS Fs SS MS Fs SS MS F. 

Bactena) sp. 

(May collection) 8 117.857 11 7321 0 77706 ns 187.714 33.4843 0 83429 ns 172.028 21.5035 0.76344 ns 87.5143 10 9393 0 46114 ns 

Extracts two 

NC45.011S) I 197.142 197.142 10. 3987^ 306.686 306.686 10.9044h 333.257 333 257 11 83161h 322.886' 922.886 13.611 I' 

Bactena sp. x 

extract interaction 8 213.857 26.7321 I 41004 ns 313.714 39.2143 1 39429 ns 374.5t 34.3178 1. 2 18385 ns 248.914 91.1143 1.3161 	ns 

"Bacterial sp., 9; extracts, 2; cif. degree of freedom; SS. ,um of the squares; MS, mean of the square; Fs, Fisher constant. us. non significant. 

"P S0.005. 

1 
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DISCUSSION 

'The focus of this investigation was to elucidate the relationship between 

antibacterial metabolite production and bacterial epibiosis on the sponge surface. 

The results showed quantitative variation in bacterial epibiosis during two dif-

ferent collection periods. In January, surfaces of the sponge had lower numbers. 

of bacteria compared to May. Similar counts of VFB were obtained. The envi-

ronment in which •his investigation was carried out has temperatures that rise 

during May (30-33"C). prior to onset of monsoons, whereas January (26-28°C) 

is a cooler month. While studying bacterial abundance in this region, Ramaiah et 

al. (1996) observed that bacterial density increases during April-May. Bakus et 

at (1985) also demonstrated that in warmer months bacterial density increases 

in the water column, thus influencing the abundance of fouling and/or epibiotic 

bacterial numbers. 

As noted by earlier workers, in wanner months, in response to the higher 

number of bacteria in the surrounding water. sponges increase the production 

of antibacterial metabolites (Bakus et al., 1985). In this investigation, however, 

we found that in January. despite low bacterial density in the water column, 

the observed antibacterial activity of crude extract was greater, whereas in May 

despite higher bacterial density in the surrounding. water, antibacterial activity 

of the crude extract was minimal. It is important to note that the evaluation of 

antibacterial activity is based on the crude extract having complex mixtures of 

primary and secondary metabolites, which may not operate in the same fashion 

in a natural situation. Therefore, we further fractionated the crude extracts and 

tested with antibacterial assays. 

After fractionation, we observed that in January the activity was located in 

polar fractions, whereas in May it was in nonpolar ones. The results also showed 

that the activity of nonpolar fractions was stronger compared to polar ones. The 

antibacterial role of nonpolar fractions seen in this study compares favorably 

with earlier reports (Steinberg et al.. 1998). Earlier researchers noted that, due to 

their hydrophilic nature, polar compounds exuded by an organism readily move 

aw ay from the surface and become rapidly diluted. To use polar compounds 

in antiepihiotic defense, an organism has to produce large enough amounts to 

maintain an effective concentration near the surface. In contrast, nonpolar com-

pounds. either because of adsorption on the surface or because of slower dis-

solution rates. are likely to persist on or near the surface, reducing the rate of 

s nthesis of active metabolites (Walker et al.. 1985; Schmitt et al., 1995; Dwor-

iativn et al.. 19991. In the present study, we observed also that when bacterial 

density is higher in the water column, nonpolar fractions functioned well. 

The importance of nonpolar fractions in antibacterial activity is also sub-
stantiated by their activity against the reference bacterium Vibrio minactis. We 
mh,e,ved that the reference bacterium' was equally influenced by. nonpolar and 

AN I !BACTERIAL ACTIVITY DI- til'oNrai 

mid-polar fractions of January and May. These fractions of both collection peri-

ods also have the potential to inhibit May VFB. The results suggest that, although 

the nonpolar fractions could be the reservoir of active compounds during both 

collection periods, the activation of these compounds is dependent on the nature 

of the bacterial threat from the surrounding environment. 

As mentioned, the determination of ecological roles of bioactive metabolites 

is complicated by the nature of the symbiotic relationships observed in marine 

invertebrates. Sponges are reported to have a symbiotic relationship with bacteria 

(Vacelet and Donadey, 1977; Wilkinson, 1987; Althof et al.. 1998). While study-

ing the relationship between microorganisms and sponges. Arcade et al. (1982) 

observed that sponges belonging to the Ircinia genus, such as I. muscuriart. 1. 

oros, and I. variabilis, harbor a large number of symbiotic bacteria. In light of 

this, it becomes essential to examine the bacterial population associated with the 

sponge In.inia maraca and to evaluate their role in the antibacterial activity of 

the host. The extracts obtained from two sponge-associated bacteria, Bacillus 
sp. and Enterobacteriaceae, exhibited antibacterial activity in January, whereas 

in May the bacteria belonging to Bacillus sp. and Pseudo/llamas sp. pnxluced 

antibacterial metabolites. The genus Bacillus, which was common and produced 

antibacterial metabolites during both the collections, was previously reported to 

be associated with various marine organisms including sponges (Kalinovaskaya 

et al., 1995). Our observations support a role for sponge associated-bacteria in 

the control of bacterial epibiosis. 

In May, when sponges are threatened with increased bacterial density in 

the water column, antibacterial activity of nonpolar compounds becomes more 

pronounced. This is coupled with stronger activity by sr nge-associated bacteria a 

as well. It is interesting to note that the fouling bacteria, which were inhibited 

by the sponge extracts, were also inhibited by bacterial extracts. This observa-

tion suggests the importance of associated bacteria in the evaluation of anti-

bacterial activity of sponges. The chemical nature and production rate of active 

metabolites produced by sponges or associated bacteria appear to be governed 

by environmental conditions. As reported earlier by Walls et al. (1993), we also 

observed that there is an inverse relationship between epibacterial abundance 
on the sponge surface in nature and the antibacterial activity displayed by the 

sponge extracts in laboratory bioassays. 

. Further investigation to elucidate the effectiveness of active metabolites at 

natural concentration levels is desirable. In addition to temporal and/or envi-

ronmental stress, individual specimens of sponges may also contribute to the 

variation in antibacterial activity. In this context, further studies to examine indi-

vidual or intercolonial variation will he useful to determine causative agents for 

variation in antibacterial activity. 
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