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The octocoral Eunicea fusca is the source of important anti-inflammatory compounds 

such as the diterpenes fuscol and the fuscosides. Evidence suggests that these 

compounds are being produce by bacterial sources that live in symbiosis with the coral. 

As part of an investigation to better understand the role of bacteria associated with E. 

fusca , the characterization of the bacterial community using two different techniques 

(culture dependent technique and culture independent technique) and sea water samples 

was done. Sea water samples were used as a control to determine how closely associated 

bacteria are to this octocoral. The polymerase chain reaction (PCR) with universal 

bacterial primers FC27 and RC 1492 specific to prokaryotic 16S rDNA gene sequences 

was used to characterize the total bacterial population when using both the culturable and 

the non-culturable approaches. The results indicate a diverse group of bacteria associated 
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to E. fusca composed of 10 different groups. The pro teo bacteria group was the most 

predominant group when both techniques were used. The a-proteobacteria represented 

the highest percentage of bacteria associated to E. fusca. 
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CHAPTER I 

INTRODUCTION 

1.1 Coral Reef Ecosystems 

Life on Earth has its origin in the sea -- more than 70 percent of our planet' s 

surface is covered by ocean. The oceans contain an enormous biological diversity with 

about 37 phyla of life compared to land, which only has 17 phyla. In marine ecosystems 

such as coral reefs and the deep sea, it has been estimated that the biological diversity is 

higher than in tropical rain forests (Faulkner 1984). Although, most corals and large reef 

organisms have been described, the taxonomy of some is uncertain and many other 

organisms have yet to be described. 

Coral reefs (Fig. 1) play an important role in sustaining biological diversity providing a 

home for a variety of organisms, all dependent on each other for life. They also 

participate in global biogeochemical cycles. Zooxanthellae in coral polyps turn carbon 

dioxide in the water into a limestone shell. Without coral, the amount of carbon dioxide 

in the water would rise considerably and that would affect all living things on Earth. In 

addition, coral reefs are very significant because they protect coastlines from storms and 

erosion. Also, they have an economic impact on many countries due to tourism activities. 
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Due to the importance of coral reefs, special attention must be given to them with the 

effort to protect our natural heritage and maintain bio-diversity. 

Figl. Coral reef (from www.cdnn.info.com) 

Coral is the common name given to a number of marine animals closely related to 

sea anemones, sea pens, jellyfish, and hydroids. These groups are collectively classified 

in the Phylum Cnidaria. They are characterized by their simple body plan with two cell 

layers and 'stinging' cells, known as nematocysts, which are used to capture food and to 

keep away enemies. 
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Some coral reefs (hard corals) have been created over thousands, and even 

millions of years by tiny coral polyps. Corals have a symbiotic relationship with 

zooxanthellae algae. These algae live in the tissue of the coral and photosynthesize 

providing the coral with nutrients. The symbiosis with zooxanthellae allows coral to 

-
flourish in these nutrient poor environments and secrete large amounts of their limestone 

skeleton in order to form large three-dimensional structures. The process of reef 

formation is heavily dependent upon photosynthesis of zooxanthellae. Although 

commonly called "soft corals," the Octocorallia are not close relatives ofthe Scleractinia 

or "hard corals" living today. 

Coral reefs are very fragile since they can only live within a certain temperature 

and salinity range, if these conditions change, corals get sick and die. Even a rise of one 

degree in the average water temperature can harm the coral. Also warmer water 

promotes the growth of harmful bacteria on the coral surface blocking the sun. This can 

cause death for the coral as the zooxanthellae leave the coral because they cannot 

photosynthesize due to sun obstruction. On the other hand, anthropogenic threats are 

increasing in coral reefs. These include sewage, pollution, over fishing, and 

deforestation. 

Reef structures are among the ocean's most complex, exotic and biologically 

diverse ecosystems. They are distributed around the world in shallow (less than 100 m 

depth) tropical waters. Their range is between 30 ° Nand 30 o S of the equator. Although 

covering only 0.17 percent of the ocean floor, coral provides a home for one quarter of all 

marine species. Coral reefs are found in about 1 00 countries. Some coral reefs, such as 
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the Great Barrier Reef of Australia, the Barrier Reef of Belize, and the Florida Reef Keys 

ofthe United States of America, are immense and cover long distances (Fig. 2). 

Fig. 2. Florida and Reef of the United States of America 

Another important ecological aspect of coral reefs is the geological records that 

can be obtained from them. Due to the calcification and their long existence (about 200 

million years) coral reefs are one of the best recorders of marine environmental 

conditions. Some of these environmental conditions are sea level and temperature over a 

variety oftime scales, ranging from one year to thousands of years. Daily and annually, 

growth bands are recorded inferring past sea levels, growing conditions, the effects of 

environmental management, and other significant trends. An adequate understanding of 

the degree of endemism, the range and number of species, and the risks of extinction in 

coral reefs require further research. 

Coral reef species also provide great contributions to the world of science and 

medicine. Scientists have discovered important chemical compounds from corals and 
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other marine organisms, many with pharmacological value which could act as a treatment 

of many human diseases (Mayer and Lehman, 2000; Proksch et al. , 2002). Culturing 

capabilities of the potential producers of these chemical compounds discovered are now 

available allowing efficient analysis of organisms. Ultimately mass culturing of these 

organisms for their secondary metabolites will alleviate ecosystem damage. 

1.2 Euniceafusca 

Eunicea fusca (Fig. 3) is an octocoral that belongs to the Phylum Cnidaria, 

Subclass Octocorallia, Order Gorgonacea, Family Plexauridae. Gorgonian metabolites 

have novel structures unknown for the most part from terrestrial sources. These animals 

are recognized to produce chemical compounds such as actogenins, sesquiterpenoids, 

diterpenoids, prostanoids, and, in some cases, steroids (Blunt et al. 2004). The families 

Gorgoniidae and Plexauridae characterize around 38 percent of the known fauna (Bayer 

1961) and generate a variety of compounds. 

Fig. 3. Euniceafusca, (Photo by Juan Sanchez, 2003) 
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Eunicea fusca colonies are approximately 25 em in height. The colony shows an 

asymmetric branching pattern with a dichotomous trend. Branches are thin. Polyps' 

apertures have a low calyx sometimes absent. The middle layer contains spindle sclerites 

up 2 mm in length. The axial layer of sclerites is composed of colorless or slightly violet 

spindles up to 0.2 mm in length sometimes with prominent ornamentations. The surface 

layer contains clubs with smooth folds, sometimes fused, up to 0.18 mm in length. 

Important anti-inflammatory compounds have been isolated form Eunicea fusca 

such as fuscol and eunicol. Fuscol (Fig. 4) isolated as a major metabolite from Eunicea 

fusca in an investigation by Schmitz (Schmitz and Gopichand 1978) with potent anti

inflammatory activity (Jacobson and Jacobs 1992). In 1991 fuscosides A-D (Fig.4) were 

isolated by Shin and Fenical. Fuscosides A and B are potent anti-inflammatory agents 

and selective inhibitors of leukotriene synthesis (Jacobson and Jacobs 1991). Fuscoside 

B is the first reported marine natural product to function in this manner and continuing 

studies of the drug may lead to novel therapeutic agents for treatment of diseases 

(Jacobson and Jacobs 1991). Fuscoside B is known to inhibit phorbol myristate acetate 

(PMA)-induced ear edema in murine models by 52% (Jacobson and Jacobs, 1992). 

Because fuscoside B is a minor secondary metabolite it is difficult to acquire in large 

quantities. Alternatively, fuscol is known to have similar anti-inflammatory activity and 

is a major secondary metabolite and is the aglycone of fuscoside B. 
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Fig. 4. Chemical structures offuscol , and fuscosides A-D 

Thus, Eunice a fuse a is an important octocoral due to the significance of these compounds 

as novel therapeutic agents with potent anti-inflammatory activity. 

& 
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1.3 Marine Natural Products (MNPs) 

The ocean is the source of a large group of structurally unique compounds. These 

compounds mainly found in invertebrates with corals, sponges, tunicates, bryozoans, and 

mollusks, are of particular interest as many show promising pharmaceutical properties 

(Faulkner 2001). These potential medicines are called secondary metabolites (or natural 

products) as they are not directly involved in the normal growth, development, and 

reproduction. 

More than 15,000 metabolites have been isolated from marine organisms and at 

least 300 patents have been issued on secondary metabolites (Kerr et al, 1999) with a 

great portion of those compounds coming from sponges (Salomon et al. 2004, Hentschel 

et al, 2001). For this reason, marine invertebrates have been examined as sources of 

diverse bioactive secondary metabolites with great potential for development as drugs. 

Marine natural product (MNP) have also been used for cosmetics, nutritional 

supplements, molecular probes, enzymes, and agrichemicals among others. However, the 

most stimulating use of MNPs lies with drug discovery. The great diversity of life in the 

oceans has lead to many marine species being studied in the hope that they will yield 

novel bioactive compounds. 

Several marine natural products are in late stages of clinical trials. Table 1 

identifies a few of these compounds which were undergoing clinical or preclinical trials 

in 2004 (Newman and Cragg, 2004). 
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Compound Source Activity Clinical 
Phase 

Bryostatin Bryozoan Antitumor Phase II 

Bugula neritina 

Discodermolide Sponge Antitumor Phase I 

Discodermia dissoluta 

Ecteinascidin 743 Tunicate Antitumor Phase II/III 

Ecteinascidia turbinala 

Eleutherobin Coral Antitumor Preclinical 

Eleutherobia sp. 

GTS-21 , DMXBA Nematode Alzheimer treatment Phase I-II 

Amphiporus lactifloreus 

IPL-576,092 Sponge Anti asthmatic Phase II 

Petrosia contignata 

Kahalalide F Mollusc Antitumor Phase II 

Elysia rufescens 

Zinconotide Cone snail Pain relief FDA 

(Prialt) Conus magus approved 

Table 1. Examples of MNPs from different invertebrates with activity and status in 
clinical trials. Adapted from Newman and Cragg, 2004 . 

.. 
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1.4 Ecological Aspects of Marine Natural Products 

Despite the amazing potential, novel activities and investment in MNPs, not all 

compounds have been able to reach the pharmaceutical market. The major limiting step 

in the drug development pipeline of MNPs is often the supply problem. For example, 

initial screening for MNPs requires small amounts of organisms. If the species collected 

seems to be a good target for MNPs, future recollection will need to occur in much larger 

quantities. MNPs are often complex molecules that are impossible, or too costly, to 

chemically synthesize hence, environmental conservation threats may arise. Threats arise 

particularly if the organism is rare. The sample mass of a marine organism collected for 

screening reasons is generally on the order of grams or kilograms of wet weight. Prime 

examples of the supply problem are illustrated by the compounds Discodermalide, 

Halichondrin B and Bryostatin. Discodermolide was isolated from a deep-sea sponge in 

the Caribbean, Halichondrin B from a sponge found in New Zealand, where 1 ton of 

sponge collected yields only 300mg of this compound. A secondary collection of the 

bryozoan Bugula neritina containing the compound Bryostatin yielded 18g of compound 

from 13 tons collected. 

1.5 Ecological Role of Secondary Metabolites 

Most drugs in use today come from nature. Aspirin, for example, was first 

isolated from the willow tree. Morphine is extracted from the opium poppy. Penicillin 

was discovered from common bread mold. To date, almost all of the drugs derived from 

natural sources come from terrestrial organisms. But recently, systematic searches for 

new drugs have shown that marine invertebrates produce more antibiotic, anti-cancer, 
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and anti-inflammatory substances than any group of terrestrial organisms. Particularly 

promising invertebrate groups include sponges, tunicates, ascidians, bryozoans, 

octocorals, and some molluscs, annelids, and echinoderms. 

In the race to discover novel MNPs, the ecological role of these compounds are 

often overlooked and understudied. Since many marine organisms are sessile (sponges, 

corals) or soft bodied (nudibranchs) they need defense mechanisms against predation or 

biofouling. These toxins or active compounds within the tissues often act as a type of 

chemical defense (allelopathic defenses) to deter predation (Pawlik, 1995, Van Alstyne, 

1994) and keep competitors away. The coral Stereonephthya aff. curvata (Lages, 2006) 

showed evidence that chemical compounds can be used as an invasion strategy to 

compromise existing coral colonies. In some cases chemical compounds are employed as 

predatory weapons, for example the cone snail Conus magus uses a potent toxin to 

immobilize prey. This toxin has been successfully developed into the pharmaceutical 

named Prialt®. Prialt® is commonly known as ziconitide and acts as a painkiller and a 

substitute of morphine with a 1,000 times higher activity (Olivera, 2000). 

1.6 Solving the Supply Problem and MNP Sustainability 

"Useful products cannot be harvested from extinct species" E.O. Wilson, 1992 

While it' s clear that there is much more to learn about the marine environment, 

conservation concerns have increased (Garson, M. 1997; Chivian, E et al., 2003). 

Collecting marine organisms for the discovery and development of pharmaceuticals is 

often perceived as environmentally damaging. In many cases there is not even enough 

starting material present in the environment to proceed to clinical trials. Alternative 
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means for compound production will become necessary in the near future in order to 

prevent the deterioration of our reefs and marine ecosystems and address the supply 

issues. There are several available alternatives to harvesting the starting material from 

the natural habitat. The most common process is chemical synthesis of the compound of 

interest. After the initial identification of active MNPs in a marine organism, efforts can 

be made to synthesize the compounds in the laboratory. While this removes the need to 

harvest from the environment it can be a very expensive process with lengthy synthetic 

routes, low yields and long development times. Another approach takes advantage of the 

natural production in these marine organisms. Aquaculture of the organisms can increase 

the biomass and make harvesting much easier. Considerable work and investment has 

been put into sponge aquaculture for the production of important MNPs (Muller, 1999, 

Duckworth, 2003) with varying success. Problems for this approach include the slow 

growth of the organisms; space needed for aquaculture, environmental and disease 

impacts. 

A third approach for sustainable production is the biotechnology approach. The 

biosynthetic pathways responsible for production of the secondary metabolites are 

targeted. Genes encoding for the biosynthesis of these compounds can be identified and 

manipulated in the laboratory leading to production of the compound by fermentation 

processes (Salomon, 2003). In only the last two decades, the complete biosynthetic gene 

clusters of more than 120 secondary metabolites from bacteria, fungi and plants have 

been identified. Further studies on the origins of many MNPs have revealed that 

microorganisms or associated bacteria may be the source of some of these potent 

compounds (Moore, 1999). Research focusing on bacteria and principally on bacterial 
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secondary metabolites has benefits in comparison to plants and fungi for the following 

reasons: 1) genes of the desired compound are generally clustered, 2) the coding density 

is potent, and as a result, sequencing costs can be much lower, 3) no introns are present, 

therefore, expression methods can start straight from chromosomal DNA, 4) the dense 

genetic composition helps for rapid identification of the bacteria cluster and the 

relocation in a different expression host and, 5) fermentation can be developed, targeting 

to large scale production. Because of these reasons, microorganisms are becoming more 

studied with promising discoveries for the future (Muller et al., 2005). 

1. 7 Ecology of Coral-Associated Bacteria 

The diversity of microorganisms in the oceans is immense and there are various 

habitats in the marine environment from deep sea thermal vents to costal reef systems. 

Communities of bacteria, archea, protists and unicellular fungi account for most of the 

oceanic biomass. Microorganisms are responsible for mediating nearly all 

biogeochemical cycles in the oceans (Atlas, 1993). 

It has been revealed that microorganisms can account for large amounts of the 

biomass of certain organisms. For example, many marine invertebrates harbor 

microorganisms that include bacteria, cyanobacteria and fungi within their tissues where 

they reside in extra-and intra-cellular spaces (V ace let and Donadey 1977; Wilkinson 

1992). These associated microorganisms may constitute up to 40% ofthe biomass's host 

for some organisms, for example the sponge Aplysina aerophoba (V ace let 197 5; 

Friedrich et al. , 1999). Bacteria are recognized to be abundant around corals and surface 

microlayers (Mitchell & Chet 1975, Ducklow & Mitchell 1979a, Ritchie & Smith 1995). 
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The microbial communities associated with corals are relatively understudied in 

comparison with other marine invertebrates such as sponges. The majority of research 

has focused upon diseases, identifying a handful of coral pathogens (Rosenberg & Loya, 

2004). Also, some scientists suggest that coral associated microbes are distinct from 

those in the water column (Frias-Lopez, 2002) unlike others that suggest different species 

of corals have different bacterial communities (Rohwer, 2002). In addition, some 

suggest that the coral associated bacterial community shifts when coral is stressed 

(Pantos, 2003). These conclusions and the vast disparity among them imply how more 

extensive research needs to be accomplished in coral microbial ecology. 

1.8 Euniceafusca Zooxanthellae 

Many multicellular marine organisms that have complex symbiotic relationships 

with microorganisms. Symbiotic dinoflagellates are the most predominant taxa of coral 

reefs, and they are commonly referred as "zooxanthellae". These microalgae are the main 

producers of organic carbon compounds in our oceans and are a necessity in the food 

chain because they can convert carbon dioxide into organic materials which are used by 

other microorganisms, invertebrates and fish (Fenical and Jensen, 1993). Zooxanthellae 

from the genus Symbiodinium is most frequently found in marine invertebrates such as 

reef building corals (Trench 1993, Rebecca et al., 2000, Freudenthal 1962, Trench 1987, 

Wakefield et al. , 2000). Corals are metagenomes that have eukaryotic and prokaryotic 

symbionts. Prokaryotes characterize most of the diversity in the planet and are the most 

diverse constituent of coral reef communities. However, prokaryotes in coral reefs have 

basically been ignored in biodiversity investigations. Indeed, culture independent 
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techniques have revolutionized the knowledge of manne bacteria (reviewed m 

Giovannoni & Rappe, 2000). Microorganisms, especially bacteria are known to be 

abundant surrounding and within corals, however, very little is known about the structure 

and association of these bacterial communities (Lampert, Y. et al., 2006). Previous 

studies have suggested the importance of bacteria and the relationships that these 

microorganisms may have. For example, coral associated microorganisms are found in 

the mucus, tissue and skeleton of corals. Mucus has been a distinctive product of all 

corals, forming a cover over their polyps (Meikle et al. , 1988), and several studi~s have 

dealt with its composition (Coles & Strathmann, 1973; Benson & Muscatine, 1974; 

Ducklow & Mithcell, 1979a; Meikle et al. , 1988). It has been shown that when polyps 

are stressed, they excrete enormous amounts of mucus (Duerden, 1906). Several 

physiological functions by mucus have been suggested, including a cleansing process 

(Duerden, 1906; Johannes, 1967; Schuhmacher, 1977; Coffrot, 1985; Meikle et al., 1988) 

and a feeding mechanism (Duerden, 1906; Lewis & Price, 1967; Edwards & Davis, 2002; 

Kushmaro & Kramarsky-Winter, 2004), among others. Also, studies of bacterial 

populations have determined that the bacterium Vibrio alginolyticus is capable of 

utilizing compounds from the mucus (Ducklow & Mitchell, 1979). Another study 

showed nitrogen fixing-bacteria in the skeleton of the coral Favia favus (Shashar et al., 

1994). An additional investigation of the carbon-source utilization patterns found that 

bacterial communities associated with corals are largely coral species specific (Ritchie & 

Smith, 1995; Ritchie & Smith, 1997; Ritchie & Smith, 2004). 
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1.9 Water Column Microbes 

There are few publications available on coral-associated bacteria and some of 

them do not include the surrounding sea water in the coral study. Including sea water 

samples surrounding the coral can be essential for the knowledge of coral-associated 

bacteria. This is because corals may obtain essential nutrients by harvesting microbes 

from the water column through mucus netting and indirectly by capture of Protozoa that 

graze on bacteria (DiSalvo 1971 , Sorokin 1973, Bak et al. , 1998; Ferrier-Pages et al. 

1998). Rohwer et al. , 2001 showed a comparison of coral association and has indicated 

no overlap between water column bacterial communities and corals. Similarly, Frias-

Lopez et al. , 2002 and Durkin et al (unpubl.) found the bacteria in overlying water were 

not the same as those associated with corals. Whether coral bacterial communities are 

just passive associations or if they are specific associations with ecological importance is 

still in dispute and as a result, it is critical to keep searching for an answer. 

1.10 Bacteria as Producers of MNPs 

Bacteria also are known to play an important role as a source of diverse bioactive 

natural products particularly the Actinomycetes. Actinomycetes are the source of almost 

70 percent of the world' s known naturally occurring antibiotics (Mincer et al. , 2002). 

Biosynthetic studies on terrestrial bacteria, particularly Actinomycetes, and fungi have 

played a role and the biosynthetic pathways are of commercial value (Robinson 1988, 0' 

Hagan 1992). An example of bacterial sources includes bleomycin from various 

Streptomyces strains. These are synthetic medicines that have been derived from 

compounds found in certain bacteria and fungi. When used as an anti-cancer agent, the 
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chemotherapeutical forms are primarily bleomycin A2 and B2. The drug is used in the 

treatment of Hodgkin lymphoma, squamous cell carcinomas, and testicular cancer as well 

as pleurodesis. The Actinomycetes that reside in marine sediments display fundamental 

physiological differences from those that occur on land, including an obligate 

requirement of seawater for growth. It has been suggested that some of the secondary 

metabolites in marine invertebrates are being formed by the symbiont bacteria (Proksch, 

et al. , 2002). The screening of microbes associated with bioactive invertebrates is 

important, but so far these microorganisms have been explored in a very limited way 

(Sherman & Fortmann, 2005). The relationship between bacteria and coral is assumed to 

play an important role in coral health, although it is not fully understood. Coral diseases 

are not well understood but the few that have been characterized are linked to 

microorganisms (Mitchell & Chet, 1975; Antonius, 1985; Edmunds, 1991 ; Kushmaro et 

al. , 1996; Kushmaro et al. , 1997; Santavy & Peters, 1997; Ben-Haim et al. , 2003 ; 

Sutherland et. , 2004 ). Moreover, in order to understand the diseased state, scientists must 

first understand the healthy state. 

Ideally, bacterial derived compounds provide the most feasible stage for further 

development of possible drug candidates and therefore bacteria from other sources are 

also being examined. The production of these metabolites is attributed to the organism' s 

need to compete for space and nutrition in the marine environment (Burgess et al, 1999), 

although the compounds may be important to the symbiotic relationship shared with an 

invertebrate host (Holmstrom et al. , 2002). 
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1.11 Some of Terpene Production in Euniceafusca. 

One focus of the members of the Kerr lab involves the identification of terpene 

producing micro-organisms and the culture of microbial terpene producers. All of this is 

an effort to provide a renewable, non-destructive source of high value natural products. 

Success has been obtained with a bacterial source of fuscol and eunicol recently 

identified from E. jus ca. (Newberger, 2006 dissertation). 

From these results it is hypothesized that bacteria are primarily responsible for 

terpene production in corals. In order to find the real producer of these compounds, it 

is very important to gain information about the bacterial diversity of this coral. 

Consequently, it is important that the microbial communities of Eunicea fusca are 

accurately described. 

1.12 Research Goals 

With the knowledge that bacteria associated with Eunicea fusca are responsible of 

diterpene production (Newberger, 2006 dissertation). It is then highly important to study 

the bacterial community since so little is known and perhaps help to find the future 

producer. For this reason Eunicia fusca holobiont and surrounding sea water were 

studied to best identify the bacterial populations and suggest bacterial associations with 

the coral. Culture dependent and independent techniques were used since they both 

complement each other. Uncultured techniques are known to give a more specific and 

detailed analysis than culture techniques since only 0.1% to 1% of microorganisms can 

be obtained by cultivation techniques (Jannasch, H.V. , et al. , 1959; Ferguson, R.L. et al., 

1984; Staley, J.T. et al. , 1985; Amann, R.L. et al., 1995). On the other hand, analysis of 
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the culturable community is valuable as this leads to a collection of interesting and 

possibly valuable isolates. 

The goal of this study is to obtain as much bacterial diversity as possible 

associated with Eunicea fusca, using different techniques to facilitate the search for the 

origin of biosynthetic diterpene. As a consequence, if the producer for a responsible 

diterpene is found , culture of it will ameliorate the supply issue without having to use our 

valuable resources from the environment. These two different techniques are not 

separate from each other as information gained by clone library analysis can be used to 

define and improve culture techniques. 

.. 
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CHAPTER II 

MATERIALS AND METHODS 

2.1 Materials and Methods for Culture-Independent Techniques 

2.1.1 Coral Samples Collection 

Eunicea fusca was collected in The Florida Keys, April 2005 by SCUBA diving 

at depths of approximately 30 feet. Coral colonies were immediately flash frozen in 

liquid nitrogen and stored at -80°C (U724 New Brunswick Scientific) until DNA 

extraction could be performed. 

2.1.2 DNA Extraction 

Genomic DNA (gDNA) was extracted from (1 OOmg) of flash frozen E. fusca 

using the DNeasy Plant Mini Kit (Qiagen, Valencia, CA). E.fusca was ground with 

liquid nitrogen using a sterile mortar and pestle. The coral slurry was transferred to 

1.5ml centrifuge tube and DNA was extracted according to manufacturer' s instructions. 

Samples were eluted in a total of 60!-lL of ddH20 (double distilled water) twice. 

Extracted DNA was analyzed by gel electrophoresis. Samples were loaded, along with 

the appropriate molecular weight markers, on a 1.5% (w/v) agarose gel, 1 x TBE (Tris

Borate EDTA) buffer, pH 8.3 and ljlg/ jlL ethidium bromide. Gels were run at lOOV for 

60 min. DNA bands were visualized in the Thypoon 9410 Image System (GE 

Healthcare, 
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Piscataway, NJ) . DNA concentration was quantified by reading the absorbance at 260nrn 

on a spectrophotometer (SmartSpec™ 3000, BioRad, Hercules, C.A.). 

2.1.3 Construction of 16S rDNA Clone Library 

2.1.3.1 Amplification of 16S rDNA 

Purified DNA from the coral tissue was diluted to 1: 1 0, 1:100, and 1:1000 of the 

original concentration with ddH20. These dilutions were used for 16S rDNA 

amplification with universal 16S tDNA bacterial primers. The forward primer used was 

FC27 (5'- AGAGTTTGATCCTGGCTCAG-3') and reverse primer used as RC1492 

(5'TACGGYTACCTTGTTACGACTT3') (Mincer et al. , 2004). Each 50!lL PCR 

reaction consisted of 1j.!L template DNA at the different concentrations, 25j.!L Go Taq 

Green Master Mix (Promega, Valencia, CA), 1j.!L of 10j.!M forward primer, 1j.!L of 

1 Oj.!M reverse primer, and 22j.!L of ddH20. PCR cycling conditions were of 30 cycles. 

Cycling conditions for FC27 and RC 1492 were as follows : initial denaturation at 95°C 

for 5 min, followed by 35 cycles of95°C for 30sec., 55°C for 30 sec., 72°C for 1.5 min. A 

final extension of 7min. at 72°C was added. PCR products were checked by gel 

electrophoresis. Expected PCR amplicons of the correct size ( ~ 1.5kb) were selected for 

cloning. 
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2.1.3.2 Purification of the Amplified 16S rDNA 

The PCR products were run on a 1.5% (w/v) agarose gel electrophoresis. 

Ethidium bromide solution (1 J..lg/mL) was added directly to the gel and DNA was 

visualized on a UV lamp. Bands of the expected size (approximately 1.5Kb) were 

excised from the gel. The PCR products were eluted from the gel with the MinElute™ 

Gel Extraction Kit (Quiagen, Valencia, CA) following manufacture's instructions. 

Samples were eluted twice in a total of approximately 1 OJ..!L. The eluted product 2J..!L was 

loaded on a 1.2% agarose gel alongside a quantifying ladder lkb Plus DNA Ladder E

Gel® DNA markers (Invitrogen, Carlsbad, CA) to estimate the molecular weight. 

2.1.3.3 DNA Cloning 

The 16S rDNA fragments were cloned with a TOPO TA Cloning® Kit according 

to the manufacturer' s instructions (Invitrogen, San Diego, CA). A lOOJ..!L aliquot from 

each transformation was plated onto pre-warmed selective LB plates containing 

ampicillin (50mg/mL) and incubated over night at 37°C. Colonies indicated clones 

containing inserts, random selections of 56 clones for each plate were PCR amplified 

with M13F (GTAAAACGACGGCCAG) and M13R (GTAAAACGACGGCCAGT) 

primers. PCR products were separated by 1.5% (w/v) agarose gel electrophoresis and 

visualized on a Thypoon. 

2.1.4 Restrictio.n Fragment Length Polymorphism (RFLP) 

The 16S rDNA PCR fragments obtained from the clones were digested with the 

restriction enzyme Hhal (Promega, Valencia, CA). The restriction digest reaction 
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contained Sf.!L PCR product, 0.1 f.!L Hhai (2U/f.!L) , 1 J.!L reaction buffer, 0.1 J.!L BSA, 

3.8f.!L sterile ddH20. This mix was incubated at 37t for 1 hour. The resulting 

fragments were loaded on a 1.2% agarose gel containing O.Sf..lg/mL of ethidium bromide 

and run at lOOV for 2.5 hours. Restriction patterns and OTUs (operational taxonomic 

units) were compared and the different patterns were chosen for sequencing analysis. 

2.1.5 DNA Sequencing and Analyses 

Positive clones of unique RFLP patterns were sequenced using the Big Dye 

Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Forster City, CA), on an 

ABI 3100 automated sequencer (Applied Biosystems) according to the manufacturer' s 

instructions. Sequences were viewed and edited using Chromas Lite 2000 (Technelysium, 

Tweantin, Australia) (www.technelysium.com.au/chromas.htrnl) and EditSeq (Lasergene, 

DNAST AR.madison. WI, USA). Contiguos ( contigs) sequences were built by using 

MegAlign and Segman (Lasergene). 

2.1.5.116S rDNA Sequencing Comparison 

16S-rDNA sequences were subjected to Basic Local Alignment Search Tool 

(BLAST) analysis at the National Center for Biotechnology Information (NCBI) database 

(www.ncbi.nlm.nih.gov). 

2.1.6 Phylogenetic Analysis 

The 16S-rDNA sequences of the clones were aligned using neigbor-joining. A 

phylogentic tree of the 16S rDNA sequences was constructed using Phylip and the 
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neigbor-joining method. Each reconstructed group was statistically evaluated by 

bootstrapping with a 1000 replicates (Felsenstein 1985; Nei and Kumar 2000). 

2.2 Materials and Methods for Culture Dependent Techniques 

2.2.1 Coral Samples Collection and Preparation 

Eunicea fusca was collected at Hillsboro Ledge in Florida, August 2006 by 

SCUBA diving at depths of approximate 30feet. Samples were kept fresh and processed 

upon arrival to the laboratory. A control sea water sample was collected in the area 

surrounding the coral. In this case, the water sample was collected in a sterile bottle that 

was opened adjacent to the coral in situ. 

2.2.2 Coral Homogenate 

Approximately 1 OOg of Eunicea fusca was homogenized with 300mL of 50:50 

sterile ddH20:FSW. The collected coral was washed under aseptic conditions using 

filtered sterile seawater, weighed, minced with a razor blade, and homogenized using a 

sterile blender. The homogenate was filtered through cheesecloth to remove large 

particles and debris. A 1 OO)lL aliquot of each dilution was plated in Marine Agar plates 

media at pH 5, 7 or 9 (Difco™, Sparks, MD). Colonies were counted after incubation at 

33°C for 1 week. 
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2.2.3 Media Preparation 

Two media (nutrient rich and nutrient poor) were prepared at 3 different pH levels 5, 
7 and 9. 

• 2.2.3.1 Nutrient Rich Media 

A total of 37g of Marine Broth (Difco™, Sparks, MD) was mixed with 800mL of 

filtered seawater (FSW). The pH was adjusted to 5, 7 or 9 and the mixture brought up to 

1L with FSW. Twenty grams of agar were added to make solid media. The resulting 

media was autoclaved and after it was cooled to 55°C poured in Petri dishes under aseptic 

conditions in a laminar flow hood. 

• 2.2.3.2 Nutrient Poor Media 

A total of 3. 7 g of marine broth was mixed with 800mL of filtered seawater (FS W) in 

order to make a 1: 10 dilution of the original marine broth concentration. The pH was 

adjusted to 5, 7 or 9 and the mixture brought up to 1L with FSW. Twenty grams of agar 

was added to make solid media. The media was autoclaved and poured into Petri dishes 

under aseptic conditions in a laminar flow hood. 

2.2.4 Characterization of the Colonies 

Colony counts were performed every day during a week and morphologies were 

determined by visual inspection. The cellular morphology of the colonies included the 

colony shape, size and color. 
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2.2.5 Isolate Plates 

Isolates were streaked depending on the colony morphology including shape, size 

and color. According to these characteristics a total of 40 isolates (all 24 for pH 5) were 

individually plated with the corresponding pH and media strength. Single isolates were 

incubated for a week at 33°C then subjected to BOX-PCR. 

2.2.6 BOX-PCR Genomic Fingerprint 

Each isolate that grew was amplified by PCR with the pnmer BOX-A1R 

(5'CTACGGCAAGGCGACGCTGACG-3') (Rademaker & de Bruijn, 1997). Cycling 

conditions included an initial denaturation step of 95°C for 2 min followed by 35 cycles 

of 94°C for 3 sec, 92°C for 30 sec, 50°C for 1 min, 65°C for 8 min. A final extension 

step at 65°C for 8 min was added. The amplified fragments were separated by 

electrophoresis on a 1.5% agarose gel containing ethidium bromide and ran at 60V for 

3.5 hours. The gel was visualized and photographed using the Typhoon. All unique 

fragment patterns which were representative of different strains were compared and 

isolated for sequencing. 

2.2.7 16S rDNA Sequences for Isolates 

Isolates with unique patterns from the BOX-PCR were subjected to 16S rDNA 

amplification by PCR (Mullis & Falloona, 1987) using universal eubacterial primers 

FC27 (5'-AGAGTTTGATCCTGGCTCAG-3 ') (Babiker et al. , 1994). RC1492 

(5'TACGGYTACCTTGTTACGACTT3') Go Taq Green Master Mix (Promega, 

Valencia, CA). Reaction conditions were as described in section 2.4.1 with 1 ~L of 
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template DNA. The PCR products were run on a 1.5% (w/v) agarose gel electrophoresis 

in lx TBE buffer, pH 8.0 containing ethidium bromide and run at lOOV for 1.5 hours. 

2.2.8 Purification of the Amplified 16S rDNA Bands 

All 16S rDNA bands were excised from the gel with a razor blade and gel 

purified with the MinElute™ Gel Extraction Kit (Quiagen, Valencia, CA) following 

manufacture' s instructions. Samples were re-suspended in 20111 EB buffer. 

2.2.9 DNA Sequencing 

Sequences were sent to BioAnalytical Services Laboratory, Center of Marine 

Biotechnology, University ofMaryland Biotechnology Institute, Baltimore, MD. 

2.2.10 16S-rDNA Sequencing Comparison 

16S rDNA sequences were subjected to analysis BLAST at the NCBI database 

(www.ncbi.nlm.nih.gov). 

2.2.11 Phylogenetic Analysis 

The 16S-rDNA sequences of the clones were aligned using neigbor-joining. A 

phylogentic tree of the 16S rDNA sequences was constructed using Phylip and the 

neigbor-joining method. Each reconstructed group was statistically evaluated by 

bootstrapping with a 1000 replicates (Felsenstein 1985; Nei and Kumar 2000). 
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CHAPTER III 

RESULTS 

3.1 Bacteria Culture Dependent vs. Independent Techniques 

It is estimated that only 0.1% to 1% of microorganisms can be obtained in culture 

media by cultivation techniques (Jannasch, eta/. , 1959; Ferguson, eta/., 1984; Staley, et 

a/. , 1985; Amann, et a!. , 1995). Numerous efforts to improve cultivation of 

microorganisms from environmental samples in culture media have meet with limited 

success (Giovannoni, et al. , 2000; Ward, et al. , 1990; Jannasch, et al. , 1959; Meyer-Rell, 

1978). The limitation of culturing microorganisms in laboratory conditions remains a 

major challenge (Young, P. 1997). However, it was shown recently that previously 

uncultivable microorganisms could be grown in pure culture if offered with a "chemical 

factor" of their natural environment (Kaeberlein, et a!., 2002; Connon & Giovannoni 

2002; Rappe, et al., 2002). In addition, studies using modified nutrient media proved the 

presence of organisms not previously identified in culture by traditional cultivation 

methods (Bruns, et al. , 2002; Janseen, et al. , 2002). On the other hand, modem 

molecular approaches, including genomic sequences studies, now provide knowledge of 

previously unrecognized diversity. With the evolution of molecular techniques many 

scientists have started to rely more on cultivation-independent approaches such as 16S 
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rDNA clone libraries to reveal the additional diversity of marine bacterioplankton 

communities (Britschgi, & Giovannoni. 1991; Delong, 1992; Fuhrman, et a!. , 1992; 

Fuhrman, eta!. , 1993; Giovannoni, 1990; Mullins, eta!., 1995; Rappe, 1997). Genes or 

parts of genes can now be isolated from uncultivated marine microorganisms. A good 

example is the study of ribulose biophosphate carboxylase from a symbiotic uncultivated 

marine bacterium (Stein, 1990). Still, this combined genomic analysis of naturally 

occurring metabolic functions (Beja, et a!. , 2000, 2002) requires ample understanding of 

the physiology of these organisms. Additional knowledge of bacteria from the 

environment undoubtedly requires their cultivation. Conventional cultivation of 

microorganisms is selective and biased for the growth of specific microorganisms 

(Ferguson, eta!. , 1984; Eilers et al. , 2000) making this a good option to grow a particular 

bacterium in the laboratory. 

Culture-independent methods may identify species that are missed by plating. 

However, these techniques are dependent on PCR and other molecular biological 

techniques. Data from PCR based clone library approaches have indicated that marine 

microbial communities contain novel, uncultivated species (De Long, et a!. , 1993; 

Fuhrman, et al. , 1993; Giovannoni, et a!. , 2000). Thus, cloning and sequencing of 16S 

rDNA extracted directly from coral tissue can be used to determined diversity in 

microbial communities (Webster, et al. , 2001 , Hentschel, eta!. , 2002). Another approach 

to study microbial diversity is denaturing or temperature gradient electrophoresis 

(TGGE/DGGE). These approaches to profit microbial populations work by separating 
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PCR products that have been generated with universal primers specific to all 

known bacterial sequences. Thus, culture independent techniques such as cloning and 

sequencing can generate knowledge that allows for development of cultivation techniques 

and may assist in development of secondary metabolites. 

3.2 Biodiversity Analysis of Euniceafusca 

The microbial ecology of bacteria associated with Eunice a fusca is unknown. Our 

laboratory has recently demonstrated that bacteria appear to be the source of biologically 

active natural products initially isolated from corals and thus it has become a priority to 

gain a detailed understanding of the microbial communities in such systems. Eunicea 

fusca is the source of a family of terpenes known as the fuscosides, which possess potent 

anti-inflammatory activity. It is therefore of great interest to identify the bacteria present 

in Eunicea fusca. Knowing the bacterial populations associated with the coral will be the 

first step towards finding the microorganisms responsible for diterpene production. This 

knowledge may lead to an efficient and reliable supply of these compounds that does not 

rely on harvesting coral tissue from the environment. In this study, the use of 

complementary methods (culture dependent and culture independent techniques) will 

give broader and more accurate description of the microbial ecology of Euniceafusca. 
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3.3 Assessing Ways to Culture Bacteria 

A standard method of evaluating the number of viable bacteria is by their ability 

to grow in culture media. A large discrepancy between total and viable counts is normal 

in these measurements since it is difficult to acquire exact environmental conditions for 

the living organisms. It might be possible that microorganisms need specific signals from 

neighbors that indicate the presence of familiar environments. For sea water samples, 

total and viable counts differ usually by 2 or 3 orders of magnitude (Hoppe, 1976; 

Jannasch, & Jones. 1959; Meyer - Reil, 1978; Peroni, & Lavarello. 1975). This 

discrepancy could be a result of change in environmental conditions and physical 

adaptation of marine bacteria (Roszak, et al., 1987). Some microorganisms grow rapidly 

in laboratory culture reaching high cell numbers quickly; however, this fast growth is not 

comparable to the poor nutrient environments that they are used to. In this way 

laboratory culturing techniques cause artificial competition among microorganisms and 

favors those that are able to adapt. Introduction to laboratory culture conditions can also 

cause nutrient shock to organisms that are adapted to low nutrient conditions. Because of 

these reasons different approaches need to be taken. Environmental requirements and 

physiological adaptation of marine bacteria have to be taken into account (Roszak, & 

Colwell. 1987). Most marine environments are oligotrophic thus culture techniques with 

low nutrient levels should reflect such conditions (Stevenson, 1978). Neither 

physiological traits nor morphological distinctiveness can be used to identify dominant 

marine bacteria (Schut, et al. , 1993) since physiological properties of an isolate under 

laboratory conditions may not necessarily reflect the natural condition of the organism. 
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The difficulties in setting up nonselective culture media (Fry, 1990; Hall, et al., 1990) can 

be addressed by trying to understand the environment of the microbial community. In 

this study different approaches were taken by varying culture media composition and pH. 

3.4 Culturable Community Analysis 

3.4.1 Coral Samples 

Plate colony morphology analysis revealed a large discrepancy in the number of 

bacteria that could be cultured between the two media. Differences in colony 

morphology and size between the nutrient poor and nutrient rich media were apparent. 

Nutrient rich media coral colonies (RC) at all pHs were approximately 20x larger than 

colonies present in the nutrient poor media plates (Fig.5). On the other hand, nutrient 

poor media generated at least 50% higher plate counts compared to the nutrient rich 

media. 

3.4.1.1 Nutrient Rich Media Counts 

A total of 162 colony forming units (CFU) grew across the three pH ranges after 

one week. The colonies were distributed as follows : 24 at pH5, 62 at pH 7 and 76 at pH 

9 (Table 1). Diversity of colony morphology was greatest at pH 5, followed by pH 7, and 

the least at pH 9. 

3.4.1.2 Nutrient Poor media (1:10 dilution) counts 

A total of 837 colony forming units (CFU) grew across the three pH ranges after a 

week. The colonies were distributed as follows: 368 at pH 5, 255 at pH 7 and 214 at pH 9 
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(Table 1). Diversity of colony morphology was greatest at pH 9, followed by pH 7, and 

the least at pH 5. 

3.4.1.3 Sea Water Samples. 

Plate morphology analysis did not reveal any discrepancy in the number of 

bacteria that could be cultured between the nutrient rich or nutrient poor media. Colony 

morphology and size also did not differ (Fig. 5). 

3.4.1.4 Nutrient Rich Media Counts (RSW) 

A total of 784 colony forming units (CFU) grew across the three pH ranges in the 

nutrient rich strength media plates after a week of incubation. Colonies were distributed 

as follows 172 colonies at pH 5, 324 colonies at pH 7, 288 colonies at pH 9 (Table 1). 

Diversity of colony morphology was greatest at pH 7, followed by pH 9, and the least at 

pH 5. 

3.4.1.5 Nutrient Poor media (1:10 dilution) (PSW) 

A total of 655 colony forming units (CFU) grew across the three pH ranges in the 

nutrient poor media after a week of incubation. Colonies were distributed as follows : 171 

colonies at pH 5, 319 colonies at pH 7, 165 colonies at pH 9 (Table 1 ). Diversity of 

colony morphology was greatest at pH 7, followed at pH 5, and the least at pH 9. 
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3.5 Diversity of bacterial isolates 

Many isolates from the coral and sea water samples survived sub-culturing at the 

different pH in the two media. All the isolates that grew were subjected to Box-PCR 

analysis to provide an indication of unique isolate fingerprints (Fig. 6). A total of 56 

unique patterns resulted from the Box-PCR. All unique patterns were amplified with 

specific primers for 16S rONA bacteria genes and subsequently sequenced. From 80 

analyzed sequences a total of 60 sequences (Table. 2) gave an average of 650-950 of 

sequence that was used for phylogenetic analysis. 

3.6 Phylogenetic Analysis of Isolates. 

The taxonomic relatedness of the bacteria associated with Eunicea fusca cultures 

was deduced by the construction of a phylogenetic tree inferred from comparative 

sequence analyses of the partial 16s rDNA sequence from each isolate. A phylogenetic 

reconstruction of these 16s rDNA sequences possess 96-99% similarity compared with 

sequences in GenBank (Fig. 1 0). Based on this comparison the collection of isolates 

was dominated by the Alphaproteobacteria with 77% of isolates falling within this group. 

This was followed by 13% of Garnmaproteobacteria; 7% of Betaproteobacteria and only 

3% of the division Cytophaga-Flexibacter-Bacteroides (CFB). To compare the diversity 

of isolates from the nutrient rich and poor media separate phylogenetic analysis was 

performed. 
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3. 7 Phylogenetic analysis of nutrient rich media isolates. 

The number of isolates from the nutrient rich media was approximately half that 

obtained with the nutrient poor media. Alphaproteobacteria isolates were the principal 

group consisting of 70% of isolates (Fig. 11 ). This was followed by 18% of 

Gammaproteobacteria and 12% of Betaproteobacteria. A phylogenetic reconstruction of 

these isolate sequences, together with sequences from their closest relatives from the 

NCBI database is shown in figure 7. Bootstraping values greater than 50 are shown in 

the nodes indicating the efficacy of that particular branch. 

3.8 Phylogenetic analysis of nutrient poor media samples. 

a-proteobacteria was the dominant group from the nutrient poor media 

comprising 76% of all isolates (Fig. 11). This was followed by 14% y-Proteobacteria, 

5% ~-Proteobacteria and 5% CFB. A phylogenetic reconstruction of these isolate 

sequences, together with sequences from their closest relatives from the NCBI database is 

shown in figure 7. Bootstraping values greater than 50 are shown in the nodes indicating 

the efficacy of that particular branch. 
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Rich media coral Poor media coral Rich media SW Poor media SW 
Isolate counts Isolate counts Isolate counts Isolate counts 

pH pH 5 pH 7 pH9 pH 5 pH 7 pH9 pH 5 pH 7 pH9 pH 5 pH 7 pH9 
Total 24 62 76 368 255 214 172 324 288 171 319 165 

CFU/ml 1720 3240 2880 1710 3190 1650 
CFU/g 1043 2696 3304 16000 11087 9304 

Table 2. Colony counts after one week of incubation for coral and sea water samples in 
nutrient rich and nutrient poor media at pH's 5, 7 and 9. 
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A. Nutrient rich media coral initial plates at pH 5, 7 and 9. 

B. Nutrient poor media coral initial plates at pH 5, 7 and 9. 

C. Nutrient rich media sea water initial plates at pH 5, 7 and 9. 

Figure 5. Initial plates from coral samples and sea water. A. Nutrient rich media coral 
samples. B. Nutrient poor media coral samples. C. Nutrient rich media sea water samples. 

37 



-..... 

... --

---

I 

" 

•• 

-
..... ~ -- -:.....t.. :... -

-

-
' --

• • • 

-

f,; . .... 
' . 

~r- .... ..-"' ...,.. 
•# . 

. 
• 
t: .. 

Figure 6. PCR DNA from E. fusca fingerprint patterns generated with primer BOX
AIR. First line on the left contains an external standard of a lKb molecular weight 
ladder. 
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Figure 7. Neighbor-joining phylogenetic tree of nutrient poor media isolates. The numbers at 
the nodes represent the bootstrapping values, based on neighbor-joining analysis of 1000 re
sampled data sets. Scale bar represents 0.03 substitutions per nucleotide position. Bacillus 
subtilis was used as an outgroup. 
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Figure 8. Neighbor-joining phylogenetic tree of nutrient rich media isolates. The numbers at the 
nodes represent the bootstrapping values, based on neighbor-joining analysis of 1000 re-sampled 
data sets. Scale bar represents 0.03 substitutions per nucleotide position. Bacillus subtilis was 
used as an outgroup. 
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Table 3. Characterization of culturable microbiota. Coral and sea water samples at 
different pH and nutrient media. The acronyms given to the isolates read as follow: e.g. 
poor nutrient coral (PC), rich nutrient coral (RC), rich sea water (RSW), poor sea water 
(PSW). 
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3.9 Culture independent community analysis 

Cloning and sequencing of 16S rRNA gives data that can be used to illustrate 

microbial community composition and can specify possible nutritional requirements and 

physiological niches of many microbes based on information already available for known 

phylogenetic relatives (Distel. et a/. , 1991 ; Polz. et a/. , 1998). This may help in the 

cultivation by providing the correct growth environment for targeted bacteria. DNA 

libraries from environmental samples are generating a vast amount of information for 

different organisms. DNA or RNA extractions followed by amplification of 16S rDNA 

by the PCR have revealed a vast phylogenetic diversity. 16S rRNA are great 

phylogenetic marker molecules for microorganisms because they are universally 

distributed and because different positions of their sequences change at very different 

rates (Woese, 1987). This makes 16S rRNA ideal targets for sequence analysis (Grimont, 

1986), restriction fragment length polymorphism (RFLP) analysis and hybridization 

techniques. The present study investigated the microbial communities of the octocoral 

Eunice a fusca by generating 16S rRNA clone libraries. 

3.10 RFLP analysis. 

16s rDNA were amplified and then cloned. The resulting transformants were 

screened by digesting the plasmids separately with Hhal restriction endonucleases, 

producing a set of DNA fragments used for RFLP analysis and the subsequent clustering 

of similar clones. Fig. 9 shows a RFLP representative gel with patterns from Eunicea 

f usca. A total of 56 clones were picked from clone libraries generated by PCR 

amplification of 16S rRNA genes from E. fusca. Restriction analysis of these clones with 
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the enzyme Hhal comprised 40 unique patterns or OTUs. Representatives of these 

patterns were chosen for sequence analysis. 

3.11 Phylogenetic Analysis of Culture Independent Samples 

The taxonomic relatedness of the bacteria associated with Eunicea fusca clones 

was deduced by the construction of a phylogenetic tree inferred from comparative 

sequence analyses of the partial 16s rDNA sequence from each clone. Based on this 

comparison ten distinct groups were observed with representatives from the sub-divisions 

a , p, y, & and E Proteobacteria, Planctomycetes, Actinomycetes, Acidobacteria, 

Cyanobacteria and the Cytophaga-Flexibacter-Bacteroides (CFB) division. The highest 

number of clones 27% belonged to the sub-divisions a.-Proteobacteria. The sub-divisions 

jJ-Proteobacteria and y-Proteobacteria contained 15% for each case. The subdivision of 

Planctomycetes and CFB group resulted in 12% for each group. The subdivision E

Proteobacteria and Actinobacteria resulted in 5% for each group. Last, only 3% 

represented the groups of Acidobacteria, Cyanobacteria and &-Proteobacteria. A 

phylogenetic reconstruction of these 16s rDNA sequences possess 96-99% similarity 

compared with sequences in GenBank (fig. 1 0). Bootstraping values greater than 50 

are shown in the nodes indicating the efficacy of that particular branch. 
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Figure 9. RFLP from E. fusca fingerprint patterns generated with Hha I enzyme First 
line on the left contains an external standard of a 1 Kb molecular weight ladder. 
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Figure 10. Neighbor-joining phylogenetic tree of 16S rDNA gene clones from E. fusca. The 
numbers at the nodes represent the bootstrapping values, based on neighbor-joining analysis of 
1000 re-sampled data sets. Scale bar represents 0.05 substitutions per nucleotide position. 
C.symbiosum was used as an outgroup 
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Clone Phylogenetic Association Closest GenBank Match 
EF3505 Acidobacteria Acidobacterium 

EF0705 Actinobacteria Nitrospira sp. 

EF3305 Actinobacteria Actinobacterium 

EF3705 CFB group Bacteroidetes bacterium 

EF0205 CFB group Bacteroidetes bacterium 

EF0505 CFB group Cytophaga sp. 

EF1605 CFB group Bacteroidetes bacterium 

EF1705 CFB group Flexibacteraceae bacterium 

EF1405 Cynobacteria Oscillatoria sp. 

EF2905 Delta proteobacteria Delta-proteobacterium 

EF1905 Epsilon proteobacteria Lenthisphaerae bacterium 

EF0405 Epsilon proteobacteria Lenthisphaerae bacterium 

EF3805 Planctomycetes Planctomycetales bacterium 

EF2805 Planctomycetes Planctomyces sp. 

EF3105 Planctomycetes Pirellula sp. 

EF0805 Planctomycetes Pirellula sp. 

EF2305 Planctomycetes Planctomycetales bacterium 

EF0905 Beta poteobacteria Beta-Proteobacterim 

EF3205 Beta poteobacteria Proteobacterium 

EF0105 Beta poteobacteria Beta-proteobacterium 

EF4005 Beta poteobacteria Beta-proteobacterium 

EF1105 Beta poteobacteria Beta-proteobacterium 

EF3605 Beta poteobacteria Proteobacterium 

EF1305 Gamma proteobacteria Shewanella sp. 

EF0305 Gamma proteobacteria Spongiobacter sp. 

EF1805 Gamma proteobacteria Gamma-proteobacteria 

EF0605 Gamma proteobacteria Pseudomonas sp. 

EF1005 Gamma proteobacteria Pseudomonas sp. 

EF1505 Gamma proteobacteria Candidatus Endobugula 

EF2005 Alpha proteobacteria Alpha-Proteobacleria 

EF1205 Alpha proteobacteria Rhodobacteraceae bacterium 

EF2105 Alpha proteobacteria Agrobacterium 

EF2705 Alpha proteobacteria Rhodobacteraceae bacterium 

EF2605 Alpha proteobacteria Phycococcus sp. 

EF2505 Alghaproteo bacteria Phycococcus sp. 

EF3905 Alpha proteobacteria Alpha-Proteobacteria 

EF2205 Alpha proteobacteria Alpha-Proteobacteria 

EF2405 Alpha proteobacteria Alpha-Proteobacteria 

EF3405 Alpha proteobacteria Alpha-Proteobacteria 
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EF41 05 I Alpha proteobacteria I Alpha-Proteobacteria 

Table 4. Characterization of culture-independent microbiota from Eunicea fusca. 
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Summary of bacterial composition 
associated with E. fusca 

Fig. 11 Bacteria summary (both methods) present in the coral and sea water sample. 

49 



CHAPTER IV 

DISCUSSION 

4.1 Culture Dependent vs. Independent Techniques 

The goal of this study was to make a scientific contribution in the identification of 

microbial diversity from Eunicea fusca and the seawater surrounding this coral. This 

study began to answer questions through taxonomically characterizing the bacterial 

population in Eunicea fusca using culture dependent techniques (CDT) and culture 

independent techniques (CIT). The use of these two different techniques has afforded an 

advantage in being able to find culturable bacteria from Eunicea fusca and at the same 

time to be able to generate information about bacteria found from the CIT. 

Coincidentally, sea water sample (SW) taken adjacent to this coral was studied to assess 

whether there are coral associated bacteria or not. CDT in this study included different 

pH levels with different media concentrations to ensure a wide range of culturable 

bacteria. 

Although culturing conditions do not exactly duplicate natural samples, they are 

aimed to enrich and target for bacteria that are associated with E. fusca. The combination 

of both CDT and CIT might be used to determine the functions of major coral bacteria 

groups that have not been characterized as yet. 

50 



4.2 Culture Dependent Techniques (CDT) 

4.2.1 Rich vs. Poor Nutrient Media 

The culturable community differed between media types nutrient rich and nutrient 

poor. Most isolates (73%) originated from the nutrient poor media in coral and sea water 

samples. There has been a trend in reported data of higher and better growth in 

oligotrophic conditions than in rich conditions as demonstrated in this study. It is 

suggested that nutrient poor media is better media to grow a greater diversity of isolates. 

Since the early development of microbiology, importance was placed on culturing 

microorganisms mainly for medical purposes. Early culturing techniques involved 

organically rich, often undefined media. Later, scientists found that bacteria from the 

marine environments could be better isolated with poor nutrient media. The CDT used in 

this study illustrated differences between the types of media used with nutrient poor 

media giving much higher numbers and diversity of isolates (Table 1 ). The composition 

of bacterial culture collections, particularly those obtained by using rich-nutrient media, 

are not expected to reflect natural bacterial communities due to well-recognized culturing 

biases (Giovannoni, et al. , 1990; Suzuki, et al. , 1997; Ward, et al. , 1990). This study 

suggests that in this particular environment (E. fusca) bacteria are optimized for growth at 

low nutrient levels. 
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4.2.2 Nutrient Poor Media with varying pH. 

• pHS 

Both a, and y-Proteobacteria were isolated from media at pH 5. The y

Proteobacteria were dominant in this case with Vibrio sp (5PC-12) and Vibrio harveyi

like isolates (5PC-3). Interestingly Vibrios were only isolated at this pH and media 

suggesting that this species can be easily cultivated in an acidic pH and nutrient poor 

media. In this study Vibrios were only found in the coral samples and not the sea water 

suggesting a direct association with coral. Vibrio species have been previously reported 

as possible coral pathogens; Vibrio shiloi has been shown to be present on the surface of 

bleached corals but is not found on healthy coral colonies. Another closely related 

species, Vibrio alginolyticus, has metabolic waste known to be toxic to coral tissues yet 

harmless to algal cells (Hormansdorfer, et al. , 2000). However vibrios isolated in Hawaii 

were always associated with healthy corals (Thompson, et al. , 2005). Thus, no matter 

whether vibrios are associated with healthy or unhealthy corals they seem to have a 

strong association with such organisms. 

• pH7 

Most bacteria isolated were obtained at neutral pH. Interestingly, all of the 

bacteria isolated here belonged to the a-Proteobacteria group. Isolates 7PC-5, 7PC-7, 

7PC-9 were most similar to the bacterium Bacterium slcb33. Karen and Rosenberg 

(2006) found this bacterium associated with mucus and tissue from the coral Oculina 

patagonica in summer and winter off the coast of Israel. This suggests a global 

distribution of Bacterium sl cb33 as well as a possible coral specific association. 
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Silicibacter spp. were cultured at this pH represented by the isolates 7PC-1, 7PC-3, and 

7PC-1 0. This could suggest a direct coral association and a bacterium that can grow 

more easily in neutral or basic pH's. Silicibacter sp. (strain TM1040) belongs to the 

Roseobacter clade of the a-proteobacteria which is among the most abundant and 

ecologically relevant marine bacterial groups. It was originally isolated as part of an 

investigation to understand the role of the bacteria in the physiology and toxigenesis of 

the dinoflagellate Pfiesteria piscicida. Silicibacter sp., (strain TMl 040) is found within 

the phycosphere or physically attached to the surface of the dinoflagellate cell (Alavi, et 

al. , 2004). Roseobacter isolates and gene sequences derived from them have been 

retrieved from marine environments ranging from sea ice to open ocean, mixed layer to 

tropical coral reefs, and in ecological niches ranging from free-living plankton, sponge 

symbionts and biofilm pioneers. Therefore, it can be argued that these bacteria found in 

this study are of marine environmental origin. The isolates 7PC-2 7PC-4 7PC-6 7PC-8 

7PC-16 were the most predominant isolate at this pH and are similar to an a.

Proteobacterium previously isolated and characterized from Chinese coastal waters (Jiao, 

et al. , 2004). 

• pH9 

It was at this pH that the widest diversity of culturable bacterial isolates were 

observed. The isolate 9PC-l was most similar to Alteromonas sp. Most of the 

Alteromonas species published have been of marine origin. For example, 

Pseudoalteromonas marina sp. nov., a marine bacterium isolated from tidal flats of the 

Yellow Sea (Nam, et all. , 2007). This suggests that Alteromonas are marine related 
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bacteria. The isolate 9PC-8 was most similar to Psychrobacter sp. and was the only 

culturable Psychrobacter sp. found in this study. Interestingly several Psychrobacter sp. 

have been previously isolated from the Antartic (Di Fraia, et all. , 2000). Isolate 9PC-12 

was most similar to Bacterium slcb33; isolate 9PC-14 and 9PC-21 were most similar to 

a-proteobacteria and isolate 9PC-20 was most similar to Silicibacter sp. previously 

described in pH 7. Due to the great bacterial diversity found at pH 9 this could suggest 

that a wide range of bacteria are optimized for growth at this pH. 

4.2.3 Nutrient Rich Media, Coral Isolates 

• pHS 

SRC-3 Alteromonas sp. was the only isolate obtained in this pH from the y

Proteobacteria group. This suggests that this is not an optimal pH or media condition for 

bacterial growth from E. fusca. 

• pH9 

Only 9RC-l 0 was isolated being most similar to Ralstonia sp. Interestingly this 

was the only ~-Proteobacteria isolated from the coral in the CDT study. This could 

suggest that this bacterium is not common in the coral tissue and can only grow at basic 

pH. 
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4.2.4 Nutrient Poor Media, Seawater Isolates 

• pHS 

The isolate 5PSW-12 was the only culturable isolate at this pH and was most 

similar to Thalassobius mediterraneus. This suggests that this is not an optimal pH or 

media condition for sea water bacterial culturing, given the pH of sea water, this result is 

not surprising. 

• pH7 

The isolates 7PSW-5, 7PSW-6 7PSW-18, 7PSW-20 were most similar to 

Thalassobius mediterraneus. This was one of the most predominant bacterium found in 

sea water samples and unique to the poor-nutrient sea water media at all pH's comprising 

45% of the total bacteria. This bacterium has been previously isolated from sea water off 

the western Mediterranean coast near Valencia (Spain) (Arahal, D.R. 2005). The 

presence of Thalassobius mediterraneus in the sea water samples and not the coral 

samples suggests that it is not a coral associated bacterium but a sea water, free living 

bacterium. 

A great variety of bacteria were cultivated in this pH. Isolate 7PSW-2 was most 

similar to an uncultured alpha proteobacterium; isolate 7PSW-3 from the y

Proteobacteria group was most similar to Alteromonas sp. This bacterium has also been 

found in other waters. Alteromonas isolates grew at pH9 nutrient poor media from the 

coral, pH5 nutrient rich media from the coral and pH7 and pH9 nutrient poor sea water in 

this study suggesting that this bacterium can be easily cultivated from both environments. 
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Isolate 7PSW-9 was most similar to Cytophaga sp., this was the only culturable 

bacterium corresponding to the CFB group presented in this part of the study. According 

to other bacteria phylogenetic studies, the CFB group is usually present as a minor part of 

the bacterial community. Due to the great diversity at this pH it can be suggested that 

most of the culturable bacteria are optimized to grow at pH 7. 

• pH9 

Isolates 9PSW-1 , 9PSW-2, 9PSW-3, 9PSW-6 were most similar to Thalassobius 

mediterraneus, which was the most predominant bacterium at this pH. This bacterium 

has been already described at pH 7 where it was also the predominant isolate. This 

strongly suggests that Thalassobius mediterraneus is a sea water bacterium or at least is 

not a coral bacterium. It can grow from acidic to basic pH although, it seems to grow 

better at pH 7 and high. At the same time there was a wide bacterial diversity at pH9. 

Isolate 9PSW -4 was most similar to Ruegeria sp. The Ruegeria are a-proteobacteria that 

previously were known as the marine Agrobacterium before they were reclassified in 

1998 (Uchino et al. , 1998). 

Isolate 9PSW-5 was most similar to Roseobacter sp. which has been found to 

produce secondary metabolites (Mitova, et al. , 2004). This can serve as an important 

bacterium to cultivate and screen due to its characteristics previously found. Isolate 

9PSW-7 was most similar to an uncultured alpha proteobacterium, 9PSW-8 was most 

similar to Alteromonas sp, previously described for its ability to grow in different 

environments. Isolate 9PSW-9 was most similar to a-proteobacterium and 9PSW-10 was 

most similar to an uncultured fJ- proteobacterium. Due to this great bacterial diversity 
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this study suggests that a wide range of seawater bacteria are optimized to grow at pH 9. 

This might well be a priori expected, given the alkaline nature of sea water. 

4.2.5 Nutrient Rich Media, Seawater Isolates 

• pH7 

Representatives of the a- and P-Proteobacteria groups were present at this pH. 

Isolate 7RSW-9 uncultured fJ-protoebacterium, 7RSW-27 a-proteobacterium, and 

7RSW-2 an a-proteobacterium, most similar to Sulfitobacter sp, this bacterium was the 

only Sulfitobacter sp found in the CDT study. This group has been previously isolated 

from the Black Sea (Sorokin, D. Y. 1995; Sorokin, D. Y., and A. M. Lysenko. 1993). 

This suggests that the Sulfitobacter sp. isolate is likely not coral associated. 

• pH9 

The isolate 9RSW -1 isolated at pH9 from the rich-nutrient media was similar to 

Furvibacter pelagius gen. a novel marine bacterium isolated by Lee and Cho. This 

Furvibacter pelagius type was the most predominant culturable bacterium at this pH, 

suggesting that it grows well and perhaps exclusively at this pH. It can also be suggested 

that it is a sea water marine bacterium since it was not found at pH9 from the coral 

sample. Isolate 9RSW -4 uncultured bacterium clone, 9RSW -7 Roseobacter sp. and 

9RSW-10 Bacterium DG878 were also isolated at this pH. The isolate 9RSW-7 

Roseobacter sp. was found at only pH9 but in both rich and poor nutrient media. This 
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indicates that Roseobacter sp. is selective for growth at pH 9, without being selective for 

the nutrient media. 

4.2.6 Summary of pH study. 

These results suggest that acidic pH is not the most optimal for bacterial growth 

as evidence by the many fewer isolates obtained from pHS in comparison with pH7 and 

pH9. From the results in this study it can be said that the use of poor nutrient media at 

pH7 or pH9 will give a variety of culturable bacteria from seawater and coral. Based on 

the diversity and numbers of culturable bacteria, both pH7 and pH9 are good bacterial 

growth conditions. The natural pH of seawater is within the range 7.5 to 8.4 so growth 

of bacteria at pH7 and pH9 in this study correlates well with natural conditions. 

This pH based study contributes in identifying better growth conditions for the 

bacterial communities associated with E. fo.sca. With the coral samples, pHS was only 

useful for growing V ibrios spp., and it was not a good pH to culture a wider bacterial 

diversity. Interestingly, when comparing pH7 and pH9 in the nutrient poor coral media, 

pH 9 showed a much greater diversity even though the total numbers of culturable 

bacteria were about the same. This could suggest that the pH inside the coral might be 

more basic than the pH from the surrounding sea water and that coral associated bacteria 

are optimized to this environment. Given the photosynthetic carbonate deposition 

coupling within the dinoflagellate (2HC03- + Ca2
+ ~ CH20 + CaC03), increased pH 

relative to seawater can be expected. 
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4.3 Sea Water vs. Coral Samples 

Differences were observed in the types of culturable bacteria between seawater 

and coral. The three groups a , ~ andy Proteobacteria were represented in both samples 

but contained different species. The CFB group, Cytophaga sp., was only culturable 

from the sea water samples. There were some bacteria present in coral that were not 

present in sea water and visce versa. 

Culturable bacteria from sea water samples but not coral samples consisted of 

isolates 7PSW-5 Thalassobius mediterraneus, 7PSW-9 Cytophaga sp. , 9PSW-4 Ruegeria 

sp., 9PSW-5 Roseobacter sp. , 9RSW-l Furvibacter pelagius strain, 7RSW-2 

Sulfitobacter sp. and 9RSW-10 Bacterium DG878 previously described at the 

corresponding pH isolated. The bacteria culturable from the coral but not from the sea 

water samples were Vibrios sp., Psychrobacter sp., and Ralstonia sp. From these results 

it could be argued that these bacteria represent bacterial species that are particularly 

associated with coral species. Results from the CDT portion of this study strongly 

suggest that bacteria are endemic in E. fusca. This provides further evidence to suggest 

that additional molecular analysis is required to fully document the microbial diversity 

from this coral. 

Culture Independent Techniques (CIT) 

The focus of this study was to gain knowledge about the bacterial community of 

E. fusca based upon 16S rDNA sequence analysis. Phylogenetic trees were generated 

from clones showing different RFLP patterns to show relationships and diversity within 

the microbial community. The bacterial population of E. fusca was shown to be very 
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diverse with ten groups of bacteria present. The groups include the sub-divisions a, fJ, y, 

<5, and c:-Proteobacteria and groups Actinobacteria, Acidobacteria, 

Cytophaga/Flavobacterium (CFB), Cyanobacteria, and Planctomycetes. The highest 

number of clones (27%) belonged to the sub-division a-Proteobacteria, y- Proteobacteria 

contained the next highest percentage with 15% of the clones. There were 23 unique 

bacteria species found from E. fusca using the CIT. 

Since coral microbial diversity publications of healthy corals are scarce this 

analysis was also compared to other marine invertebrates and unhealthy corals. A 

recent study (Lampert, et al. , 2006) of culturable bacteria in the mucus of the Red Sea 

coral Fungia scutaria showed the bacterial community to be composed mainly of the 

bacterial groups a I y-Proteobacteria and Actinobacteria. The predominant groups were a 

I y-Proteobacteria, which reflects the results of this study on E. fusca. In another case 

Rohwer, et a!., (2002) studied coral associated bacteria from corals Montastraea franksi, 

Diploria strigosa and Porites astreoides. The most predominant groups were the y

Proteobacteria and the CFB group. Another study performed by Penn eta!. , (2005) of 

bacterial communities associated with deep-sea corals in Alaska was dominated by a and 

y-Proteobacteria. It seems to be a general pattern that the phylum Proteobacteria 

dominates all the microbial communities associated with these different coral species. 

Although, it seems that there are differences that could be attributed to the species of 

coral under study. 

In general, the CFB group represents a minor percentage in bacterial diversity 

studies of many marine invertebrates. In this study this pattern was reflected suggesting 

that this group is closely associated with the coral. The group Actinomycetes is often 
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found in manne species. This is important since actinomycetes are known to be 

producers of bioactive compounds and the discovery of marine actinomycetes has been 

described to be important for future drug discovery. Within the Order Actinomycetales 

the genera Nitrospira sp. , and Actinobacterium were found associated with E. fusca. It 

has only recently been proposed that marine sponges may harbor novel actinomycetes 

(Webster et al. , 2001) and this remains to be relatively un-explored in corals. An 

interesting group observed in the CIT is the Cyanobacteria, notably the genus 

Oscillatoria sp. This group has been demonstrated by previous publications to be 

associated with corals. Based on this study, it is suggested that cyanobacteria could be 

forming a symbiotic relationship with the coral E. fusca. The use of molecular techniques 

in this study allows for the identification of these sequences in the environment where 

culturing techniques were inadequate. Further work can be invested into directed 

culturing attempts to try and isolate some of these organisms from E. fusca. Once in 

culture these organisms can be screened for bioactive compound production. 
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9PC-12 Bacterium s1 cb33 
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5 Rich Media SW 7 H Rich Media SW 9 Rich Media SW 
9RSW-1 Furvibacter 

Nothi 

Table 5. Bacterial assemblage of CDT study grouped by pH 
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General Discussion. 

Most of the bacterial sequences detected in this study fall within the a-subdivision 

of the proteobacteria. The a-Proteobacteria were found to consist of 70% of the nutrient 

rich media isolates, 76% of the nutrient poor media isolates and 27% of the clones were 

related to the alpha group. The a-Proteobacteria dominated both techniques (COT and 

CIT) with a high diversity in this study. Within the a-Proteobacteria community the 

highest number of representatives were Thalassobius mediterraneus, isolated only in sea 

water samples (CDT). And the second most predominant a-Proteobacteria isolated was 

Roseobacter sp. dominant in both techniques (CDT and CIT) but mainly in the COT. 

Although, phylogeny of the Roseobacter sp. group is somewhat problematic due to the 

assignment of genus names to more than one monophyletic lineage (e.g. , Roseobacter, 

Ruegeria and Silicibacter). Based on culture techniques and 16S rDNA clone libraries 

Roseobacter sp. have been identified in most marine environments sampled. It has been 

estimated that this group typically comprises around 20% of coastal and 15% of mixed

layer ocean bacterioplankton communities (Gonzales. et al. , 1997; Gonzales. et al., 1997; 

Gonzales. et al., 2000; Selje. et al. , 2004; Suzuki. et al. , 2001). Members of this group 

have been found to be free living, particle associated, or in commensal relationship with 

marine phytoplankton, invertebrates and vertebrates (e.g , references Alavi. et al. , 2001 ; 

Allgaier. et al. , 2003; Althoff. et al. , 1998; Gram. et al. , 2002; Hjelm. et al., 2004; Venter. 

et al. , 2004). However, they are exclusively from marine or hypersaline environments 

(Labrenz. et al. , 1998; Lau. et al. , 2004). Also this group has been proven to form 

secondary metabolites in other species such Roseobacter gallaeciensis, R. algicola, and 

Silicibacter pomeroyi. 
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Because of the close relationship between corals and zooxanthellae it is important 

to take bacterial associations with the zooxanthellae into account. It has been shown in 

previous publications that Roseobacter sp. is closely associated with dinoflagellates. 

Thus, it is suggested for future studies to look at coral and dinoflagellates separately in 

order to have a much better understanding of the bacterial community and its associations 

to other organisms within or around the coral. Roseobacter sp. have developed a close 

association with the Pjiesteria species of dinoflagellates, where they are found within the 

nutrient rich phycosphere of these dinoflagellates (Alavi, 2001). A closer look at this 

association was taken by Lafay et al. (1995) in the study of Roseobacter algicola sp. 

nov. , a new marine bacterium isolated from the phycosphere of the toxin-producing 

dinoflagellate Prorocentrum lima. It is suggested that, based on the importance of the 

Roseobacter group, further analysis of these isolates from the coral E. fusca should be 

carried out. In addition to providing further evidence for the abundance of marine a

Proteobacteria in E. fusca, successful culturing of bacteria from this group provides 

organisms for studies of the physiology and ecology of this important cluster. 

It is strongly suggested by this study, and supported by other studies in marine 

invertebrates such as corals and sponges, that the Proteobacteria groups are the most 

predominant group found in association with marine invertebrates. For example, 

culturable communities of nine sponge species from different locations in the Atlantic 

and South East Asian waters were found to have a close relationship with these bacteria 

(Enticknap, et al. , 2006). In previous molecular based studies 16S rDNA clones 

clustering with this a-Proteobacteria group have been obtained from other marine 

environments, including the Sargasso Sea (Britschgi & Giovannoni, 1991; Fuhrman 
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1993; Giovannoni, et al., 1990; Mullins, et all. , 1995), coastal Oregon seawater (Suzuki, 

1997), and coastal lagoons (Benlloch, 1995). These results also suggest that these 

bacteria are not only associated with corals and sponges but they also seem to be globally 

distributed among marine environments with close phylogenetic affinities. Differences 

between the regions of the 16S rDNA sequenced in the present study and those 

sequenced in previous ones make more detailed phylogenetic analyses difficult, but 

evidence suggests a wide geographic distribution of marine a.-Proteobacteria. The same 

marine a.-Proteobacteria obtained with culture methods from seawater samples suggests 

that these bacteria may be permanent components of coastal bacterial communities as 

represented in this study. The high numbers of a.-Proteobacteria that were detected in E. 

fusca and the fact that some of these were not cultured from the water column sample 

suggests that these bacteria may be coral associated. 

On the other hand, the species composition of the cultured microbial population 

from E. fusca differed dramatically from that of the uncultured population. This finding 

is consistent with results from other systems (Fuhrman & Campbell, 1998), which have 

shown that the majority of microbes are not easily cultured using standard 

microbiological techniques. When comparing the phylogenetic trees derived from both 

techniques and the amount of different organisms present in them, it is seen that CDT 

represents only a small fraction of naturally occurring microbial diversity (4 groups) 

compared to CIT with 10 groups. Additionally, the diversity of E. fusca associated 

microbes using both techniques indicated that there is a complex and diverse microbial 

community with a minimum of 10 major groups. This is the first study of the microbial 

ecology of E. fusca and it is not known if bacterial communities are species specific for 
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this coral. Comparisons can be made to other previously studied corals and marine 

invertebrates. 

The unique bacteria present in CDT (Table.1) that were not represented in the CIT 

were Vibrio sp., Silicibacter sp., and Bacterium s 1 cb3 from the subdivision a

Proteobacteria. The total richness estimated by combined methods was clearly higher 

than the richness obtained from each single method. The richness of species determined 

by CDT was lower than that in the clone library partly due to the limitations of 

cultivation methods. Indeed, since the very first applications of molecular techniques in 

marine environments, this has been an expected outcome when comparing both 

techniques. Nearly every nucleic-acid based investigation performed has revealed new 

groups of previously unrecognized and uncultivated microorganisms (Giovannoni, et al., 

1990; DeLong, 1992; DeLong, et al. , 1994; Barns, et al. , 1994; Olsen, et al, 1994; 

Hugenholtz. and Pace, 1996). 

Based on the phylogenetic characterization of CIT and CDT from this study and 

previously documented ones, it is clear that bacteria are not cosmopolitan in distribution 

and that the ability to detect bacterial endemism could be based on analytical techniques. 

Most of culturable isolates 16S rDNA sequences have only partial homology with 

counterparts in the database. For this reason, the assignment of a genus and species name 

to a particular RFLP or BOX-PCR group in this work serves only to help define possible 

physiological roles that a bacterium has in these cultures. Thus, it is suggested from this 

study that bacterial diversity from sea water and coral differ. Also it is suggested that 

there is a bacterial distinct community specifically associated with E. fusca. Previous 

studies have shown that the bacterial diversity of sea water differs from the microbial 
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diversity associated with marine invertebrates (Bourne & Munn, 2005). Data herein also 

suggests that there may be other groups of bacteria that preferentially associate with 

corals. 

The comprehensive 16S rDNA based molecular approach that described the 

microbial community composition in E. fusca was valuable in reveling the large novel 

diversity of bacteria associated with this coral. It is suggested that future studies to 

investigate other rational designs of culture methods for the isolation of additional coral

associated microbes. These results also illustrate just how challenging it may be to 

culture microbial symbionts of interest such as those responsible for production of novel 

pharmaceutically important compounds from the invertebrate. Although it is concluded 

by this study and previous publications that coral bacteria are better adapted and cultured 

in poor nutrient environments. 

When comparing to other studies considerations have to be made for different 

coral species and different methodologies. Hentschel et al. (2002) published a 

comparison of 16S rRNA sequences from five different sponges and hypothesized that 

sponges have a uniform microbial community irrespective of species and location. 

However, there are very few studies in coral microbiota that have been done and even 

less that employ different techniques and seawater samples. Based on this study it is 

strongly suggested that seawater samples are also analyzed to help distinguish between 

transient and direct microbial association with corals. It remains a fundamental question 

whether bacterial species are globally distributed in all environments. Although this 

question is confused by an uncertainty over how to apply the species concept to bacteria 

(Mora & Amann, 2001), culture independent techniques (CIT) and culture dependent 
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techniques (CDT) are providing new insights. It was observed m this study that 

Thalassobius mediterraneus is not coral associated and it is presented only in 

oligotrophic environments in seawater samples. In-depth studies involving the analysis 

of microbial communities from replicate corals and different corals inhabiting the same 

environment with different techniques would be an ideal way to increase the knowledge 

of coral specific communities and possible symbiotic relationships. 

Conclusions 

It has been demonstrated that E. fusca hosts a diverse and complex assemblage of coral

associated bacteria, many of which are only distantly related to previously described 

bacteria. The Proteobacteria group was the most predominant. Nutrient poor media was 

the most optimal for bacterial growth. Thalassobius mediterraneus sp. was unique to sea 

water samples. The culturable Vibrio sp., from E. fusca requires a low pH for growth and 

appears to be associated with the coral. Alteromonas sp. , was cultivated at all pH and 

both nutrient medias in this study, demonstrating no specific growth requirements. 

Optimum culturable diversity was seen at pH7 and pH9 for coral samples whereas 

bacterial diversity at pHS was not as extensive. Numbers of culturable bacteria from the 

coral on nutrient poor media between pH7 and pH9 showed little difference but diversity 

between the two pH values was different. At pH9 there was a much greater culturable 

diversity compared to pH7. 

This study is the first study of the microbial communities associated with the 

coral E. fusca. Not only this was the first study of E. fusca but also it was the first study 
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of the coral community to compare both cultivation and molecular techniques and include 

surrounding seawater. This results in an in-depth study that indicates bacteria which 

could have a transient association with the coral, and bacteria which could have closer 

associations. This study provided knowledge about the microbial ecology of healthy 

corals that is crucial when further study is needed in the areas of coral health and natural 

products. 
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