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Abstract: An appreciation of the potential applications of molecular biology is of growing 

importance in many areas of life sciences, including marine biology. During the past two 

decades, the development of sophisticated molecular technologies and instruments for 

biomedical research has resulted in significant advances in the biological sciences. 

However, the value of molecular techniques for addressing problems in marine biology 

has only recently begun to be cherished. It has been proved that the exploitation of 

molecular biological techniques will allow difficult research questions about marine 

organisms and ocean processes to be addressed. Marine molecular biology is a 

discipline, which strives to define and solve the problems regarding the sustainable 

exploration of marine life for human health and welfare, through the cooperation 

between scientists working in marine biology, molecular biology, microbiology and 

chemistry disciplines. Several success stories of the applications of molecular 

techniques in the field of marine biology are guiding further research in this area. In this 

review different molecular techniques are discussed, which have application in marine 

microbiology, marine invertebrate biology, marine ecology, marine natural products, 

material sciences, fisheries, conservation & bio-invasion etc. In summary, if marine 

biologists and molecular biologists continue to work towards strong partnership during 

the next decade and recognize intellectual and technological advantages and benefits of 

such partnership, an exciting new frontier of marine molecular biology will emerge in 

future. 
Keywords: Marine biology; Molecular biology; Marine microbiology; Marine natural products; Marine 

ecology; Fisheries 
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1. Introduction 
A revolution in biology has occurred as a result of recent advances in molecular 

biology, a field of science concerned with the study of chemical structures and 

processes of biological phenomenon at the molecular level. Despite its prominence in 

the contemporary life sciences, molecular biology is a relatively young discipline, 

originating in the 1930s and 1940s, and becoming institutionalized in the 1950s and 

1960s. The field of molecular biology arose from the convergence of work by geneticists, 

physicists, and structural chemists on a common problem: the structure and function of 

the gene (Lindley and Tabery, 2005). While explaining the phenomena of life starting 

from the macromoleculs like nucleic acids and proteins, this discipline enabled 

numerous other fields to go molecular.  

The ocean covers over 70% of the earth’s surface and contains an extraordinary 

diversity of life. Our interest in understanding the function of marine ecosystems has 

been accelerated in recent years with growing recognition of their importance in human 

life. Marine biology is an interdisciplinary study of the life in the oceans, estuaries and 

inland seas of the world and this subject is on the threshold of an exciting new frontier of 

scientific discoveries and economic opportunities (Molecular biology in marine science, 

1994). Marine biology intersects the field of biological oceanography, physiology, cell 

biology, biochemistry and molecular biology (Molecular biology in marine science, 1994). 

As molecular biology has great influence in the studies of marine ecosystems, it 

becomes important to review how molecular tools can be applied for the advances in the 

marine sciences.   

The progress in the research of biological sciences happened during the past two 

decades with the development of sophisticated technologies and instruments (Molecular 

biology in marine science, 1994). However, the application of molecular techniques in 

marine biology has only recently begun to be appreciated. It has the potential of offering 

new capabilities to tackle problems associated with global climate changes, biodiversity, 

environmental quality and use of marine living resources (Molecular biology in marine 

science, 1994). Marine biologists study oceanic life in relation to marine environment 

that often range from small to global scale, whereas, molecular biologist study biological 

events in terms of the physiochemical properties of molecules. The immediate benefits 
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of the collaborative research between these two disciplines could include improved 

management of fishery resources, enhanced production of useful species through 

aquaculture, isolation and development of natural products, better information about 

environmental degradation etc. (Molecular biology in marine science, 1994).    

Recently, for example, a gene encoding a specific photopigment, rhodopsin, was 

discovered within a large fragment of DNA belonging to an as yet uncultured bacterium 

that is ubiquitous in the ocean. Recombinant expression and biochemical 

characterization showed that this is a new type of light-driven energy generation in the 

sea, which researchers never suspected before (Beja et al., 2000). The abundant 

pelagic bacteria that harbour this gene may be new types of phototrophs and that may 

alter the current perspective of complex energy flow systems in the sea. This discovery 

is an excellent example of how molecular biological approach in the field of marine 

biology can bring new insights to our vision of the function of marine ecosystems. 

There are two different, but in some sense strictly related, trends through which 

genomic sciences can transform our knowledge of understanding marine biology. (1) 

Whole genome sequencing of key organisms and (2) analysis of partial or whole 

genome sequences from environmental samples (Cary and Chisholm 2001). 

Sequencing total genomes of many organisms is a rapidly advancing research area. In a 

major scientific breakthrough, researchers have decoded the first complete set of 

genetic instructions from a microorganism that confirms the existence of the third major 

branch of life on Earth. Researchers have sequenced the genetic information or 

"genome" of Methanococcus jannaschii, a single-cell microorganism known as an 

archaeon (meaning "ancient" in Greek) (Bult et al., 1996). This microbe is a methane-

producing thermophile discovered at the base of a Pacific Ocean thermal vent. This 

discovery provides fundamental information about life on Earth, its evolution and 

diversity. Recently the complete genome of Pelagibacter ubique was published showing 

that this microorganism is a clear example of genome streamlining (Giovannoni, 2005). 

Marine heterotroph P. ubique is the most successful free-living organism on the planet, 

accounting for around 25% of all microbial life. Unlike most other marine heterotrophs, it 

has a small genome (1.3 Mb), in fact the smallest genome of any free-living cell in 

nature (Holden et al., 2005). 
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Second approach is also very crucial in the study of marine life. Here, the 

environmental samples could be processed to analyze complete or partial genome 

sequences of marine organisms present in the samples. This approach provides novel 

insights into the ecology, evolution and metabolism of uncultured microorganisms in 

nature (Morris, 2006). Overall, both molecular approaches show great promise in 

making the genetic resources of several marine organisms more accessible.   

 

2. Applications  
2.1. Marine microbiology 

Marine microbes have defined the chemistry of the oceans and atmosphere over 

evolutionary time (Redfield, 1958). Thousands of different species of bacteria, fungi and 

viruses exist in marine ecosystems comprising complex microbial food webs. These 

microorganisms play highly diverse roles in terms of ecology and biochemistry, in the 

most different ecosystems.  

Marine environment is dominated by microscopic protists and prokaryotes. However, it is 

widely accepted that current and traditional culture based techniques are inadequate to 

study microbial diversity from environmental samples. Our understanding of marine 

microbial communities has increased enormously over the past two decades as result of 

culture independent phylogenetic studies (Fox et al., 1977). Recent advances in 

molecular techniques are adequate to describe the microbial diversity in a marine 

sample based on 16S rRNA sequence diversity. This approach has dramatically 

changed our perspective in the area of microbial diversity leading to the development of 

a database that describes microbial diversity at the genetic level (Ward et al., 1992; 

Hugenholtz, 1998; Hentschel et al., 2001). 16S rRNA gene, which is highly conserved in 

bacteria, has been selected as a marker gene for phylogenetic analysis (Amann and 

Ludwig, 2000). Taking advantage of the variation within 16S rRNA gene sequences of 

different bacterial species has driven a revolution in our knowledge in bacterial ecology 

over the last decade. The construction of 16S rDNA library is labour intensive but it is in 

terms of phylogeny the most informative approach (Fig. 1), which has been applied to 

study the diversity of uncultured symbiotic bacteria (Hentschel et al., 2002). In a given 

complex sample, bacterial community DNA is extracted and 16S rRNA gene amplified 
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by common PCR technique. The product is then cloned and expressed in host e.g. 

Escherichia coli followed by plasmid preparation of individual clones, reamplification of 

the 16S rRNA gene and sequencing. Several computer based programmes are now 

available for the construction of phylogenetic trees. For example TREE-PUZZLE is a 

computer program to reconstruct phylogenetic trees from molecular sequence data by 

maximum likelihood. It implements a fast tree search algorithm, quartet puzzling, that 

allows analysis of large data sets and automatically assigns estimations of support to 

each internal branch. TREEPUZZLE also computes pair wise maximum likelihood 

distances as well as branch lengths for user specified trees (Schmidt et al. 2002). The 

database of 16S rRNA gene sequences is expanding rapidly, as new sequences are 

being added.   

Molecular methods have also been applied in the identification of isolated fungi or to 

investigate fungi in environmental samples (Anderson and Cairney, 2004). The fungal 

identification is based on 18S rRNA gene and the internal transcribed spacer (ITS) 

region. However, compared to marine bacterial studies, very few reports exist regarding 

the application of molecular techniques to understand the diversity of marine fungi. 

Recently the genetics and molecular biology of marine fungi has been discussed in 

detail (Holley and Whitehead, 2006). 

Several molecular tools are in use to study marine microorganisms and the 

application of Denaturing Gradient Gel Electrophoresis (DGGE) is one of them. This 

technique is widely used to detect the phylogenetic “fingerprint” of diverse marine 

microorganisms (Taylor et al., 2004; Taylor et al., 2005; Li et al., 2006). As an example, 

DNA is extracted from marine sponge and bacteria specific 16S rRNA gene is amplified 

by using precise primers. The resulting PCR fragments are separated on polyacrylamide 

gel with an increasing denaturing gradient (Fig. 2). In this case, each DGGE band 

represents a single 16S rRNA gene amplified sequence. Thus each lane stands for a 

specific fingerprint of a microbial community at a certain given time. In a further step, 

individual bands can be excised, reamplified and sequenced to obtain phylogenetic 

information.  

Another important molecular tool is Fluorescence In situ hybridization (FISH), which 

has proved to be invaluable in research and diagnosis to visualize the expression of 
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nucleic acids in their cellular environment (Speel et al., 1999). This technique enables 

precise localization and identification of individual cells that contain a specific nucleic 

acid sequence in preserved chromosomes, cells or tissue sections. This technique also 

confirms the presence and abundance of a given isolate in its natural environment 

(Friedrich et al., 2001). The detection of functional genes similar to genes of well known 

species could help in the characterization of largely un-described microbial species with 

respect to its ecological and biochemical roles in the marine environment. Molecular 

approach has also been used to detect the genes responsible for the production of 

different enzymes in marine bacteria (Ramaiah et al., 2000a and 2000b). In addition to 

this, the genome analysis of marine microorganisms facilitates the use of highly specific 

genes with biotechnological applications such as production of the so called cell 

factories and bio-indicator strains as well as identification of new drug.  

Metagenomics or the culture-independent genomic analysis of an assemblage of 

microorganisms has the potential to answer fundamental questions in microbial ecology 

(Riesenfeld et al., 2004). One approach that has offered very useful information at the 

genome level is the massive marine prokaryotic metagenome-sequencing project, which 

is providing a tremendous database for discovering metabolic capabilities and new ways 

to conceptualize and study prokaryotic biodiversity (Falkowski and de Vargas, 2004). 

Environmental genomics is also revealing bacterial interactions with marine animals, 

and its influences on animal populations and ecosystem function (Thakur and Müller, 

2005). A recent study discovered 430 novel bacterial ribotypes associated with three 

coral species. In this investigation, the shifts in bacterial species composition appear to 

trigger coral health and disease (Azam and Worden, 2004). The massive marine 

metagenome-sequencing project conducted at the Sargasso Sea near Bermuda has 

provided information at the genome level (Venter et al., 2004). In this project "whole-

genome shotgun sequencing" method was applied to elucidate the gene content, 

diversity, and relative abundance of the organisms within these environmental samples. 

Some 1800 new uncultured marine prokaryotic species, including 148 previously 

unknown bacterial phylotypes have been estimated from 1500 litre of oligotrophic 

seawater. In this study over 1.2 million previously unknown genes have been identified, 

including more than 782 new rhodopsin-like photoreceptors. This project demonstrated 
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that shotgun sequencing provides a wealth of phylogenetic markers that can be used to 

assess the phylogenetic diversity of a sample with more power than conventional PCR-

based rRNA studies allow (Venter et al., 2004).  

There is growing evidence for the existence and importance of different families of 

ePK-like kinases (ELKs) in bacterial signaling, though it is thought to occur through 

structurally unrelated histidine kinases. In a recent publication, analysis of the Global 

Ocean Sampling (GOS) dataset reveals that ELKs are as prevalent as histidine kinases 

and may play an equally important role in prokaryotic behavior (Kannan et al., 2007). In 

this study, researchers explored huge phylogenetic and functional space to cast light on 

the ancient evolution of these ePK-like kinases and opined that this diverse superfamily 

serves as a model for further structural and functional analysis of enzyme evolution. 

In the study of environmental microbiology, DNA microarray technology has also 

been introduced. In a recent review, Wagner and co-workers summarized the state-of-

the-art of using microarray approaches in microbial ecology research and discuss in 

more detail crucial problems and promising solutions. The authors have also outlined 

very likely scenarios for an innovative combination of microarrays with other molecular 

tools for structure-function analysis of complex microbial communities (Wagner et al., 

2007). Molecular techniques have also been used to examine symbiotic relationships 

between marine invertebrates and bacteria. Several recent studies have sought to 

address the phylogenetic diversity of microbial communities associated with marine 

sponges by using 16S rRNA gene sequence analysis (Lopez et al., 1999; Webster et al., 

2001; Hentschel et al., 2002; Webb and Maas, 2002; Thakur et al., 2003). By using this 

tool a new candidate phylum named ‘Poribacteria’ has recently been proposed to 

acknowledge the specific affiliation of some new bacteria with sponges, (Fieseler et al., 

2004). The molecular phylogenetic surveys of native microbial assemblages showed the 

specific association of a single Crenarchaeal phylotype with marine sponge host 

species. This association was claimed to be the first described symbiosis involving 

Crenarchaeota (Preston et al., 1996). Curiously, some studies have shown that the 

viruses are abundant in the oceans and they play an important role in the marine 

ecosystem (Culley et al., 2003). Efforts are underway to study these marine viruses with 

the help of molecular techniques, as they offer tremendous potential for biotechnology 
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as cloning vectors, providing a vehicle to move selected pieces of DNA into a target 

organism. 

Oceans contribute about half of the global annual primary production, a process by 

which carbon dioxide (CO2) is converted into organic carbon by phytoplankton. Until 

recently, most of our knowledge about marine phytoplankton was derived from net 

samples and bulk process measurements, such as chlorophyll a and C14 biomass 

estimation. Molecular approach has been applied to study marine phytoplankton also 

through the use of immunological and nucleic acid detection probes to understand, for 

example the phenomenon of phytoplankton bloom and also the effects of environmental 

stress on phytoplankton growth rate (Roche et al., 1999). New molecular approaches to 

monitor harmful algal blooms in the water column have been established recently by 

techniques such as the sandwich hybridization assay (Babin et al., 2005).  

Diatoms are a ubiquitous class of microalgae of extreme importance for global 

primary productivity in the Oceans, as they contribute as much as 25% of the primary 

production on earth (Van den Hoek et al., 1997). Diatoms are brown algae belonging to 

the division of Heterokonta and are thought to have arisen from a secondary 

endosymbiosis between a red algae (Rhodophyta) and a heterotrophic flagellate related 

to the Oomycetes around 300 million years ago (Gibbs, 1981; Medlin et al., 2000) 

Diatoms are not only extremely important microorganisms for marine and freshwater 

environments but also for biotechnology as essential feeding component in aquaculture 

and source of several valuable products such as pigments as in Chrysophyta, or the 

volatile polyunsaturated aldehydes (PUAs) that in analogy to plants seem to employ 

these molecules for defence (Miralto et al., 1999) and oxylipins as activators of the fatty 

acid metabolic pathway as signal transduction molecules associated with important 

physiological and pathological processes (Cutignano et al., 2006). The development of a 

nuclear genetic transformation system, using microparticle bombardment for the diatom 

Phaeodactvlum tricornutum allowed the introduction of the sh ble gene from 

Streptoalloteichus hindustanus into cells. The sh ble gene encodes a protein that 

confers 10 times more resistance to the antibiotic Zeocin when compared with the wild 

type. The successful system provides the tools necessary for dissecting gene structure 

and regulation and introducing novel functions in to diatoms (Apt et al., 1996). 
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The annotation of full diatom genomes was published recently for Thalassiosira 

pseudonana (Armbrust et al., 2004) and Phaeodactylum tricornutum (Scala et al., 2002). 

Diatoms became powerful genomic and post-genomic technology platforms. For 

example, Phaeodactlvum tricornutum is an excellent model due to its reduced genome 

size short generation time and ease of genetic transformation (Scala et al., 2002). The 

generation of cDNA catalog for this diatom species can inform researchers about the 

functional and phylogenetic expressed genes within a particular population and 

moreover the discovery of new metabolic routs through EST-sequences. Application of 

molecular techniques presents a quantitative framework through which the diversity, 

evolution and metabolism of marine phytoplankton population can be analyzed. The 

population genetic consequences of drifting and resident plankton copepods in 

Norwegian fjords have also been examined by using molecular tools (Bucklin et al., 

2000)   

 

2.2. Marine invertebrate biology 

Most of the animal phyla are either exclusively or predominantly marine but these 

organisms are not investigated extensively from their biological point of view.  

Researchers are concentrating on few marine model organisms like sponges, corals, 

sea urchins, tunicates etc. to study their biological features. Using molecular techniques, 

investigators aimed to use marine animals as biological models to study morphological 

development within the context of chordate evolution.  

In this regard, marine sponges (Porifera) have attracted significant attention from 

various scientific disciplines. Sponges (Porifera) form the basis of the metazoan 

kingdom and have been reported to be the evolutionary most ancient phylum still extant. 

Until recently, it was still unclear whether sponges are provided with a defined body 

plan. Only after the cloning, expression and functional studies of characteristic 

metazoan genes it has been proven that sponges are not to be merely recognized as 

primitive cell aggregates but already complex animals provided with a defined body plan 

(Müller et al., 2003). Sponge evolution (approximately 600-800 Mya) was elucidated 

based on cDNA sequence similarities for example, between galectin molecules from 

different organisms and metazoan (Hirabayashi and Kasai, 1993; Pfeifer et al., 1993). 
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Few years ago, who would have expected that the majority of sponge proteins would be 

found to be significantly more similar to human sequences than to those from C. elegans 
(Gamulin et al., 2000). The analysis of the sponge genome allowed us to pinpoint the 

evolutionary mechanism which was occurred approximately 600-800 Mya.            

Since last few years, marine molecular biologists are working on a sponge genome 

project, which will significantly contribute to the understanding of the evolution of the 

molecular mechanisms of metazoan genes and moreover human diseases (Müller et al., 

2003). Analysis of genome organization in marine sponges is a completely novel 

approach and it led to the elucidation of selected genes and gene arrangements that 

exist in gene clusters (e.g. receptor tyrosine kinase cluster and the allograft 

inflammatory factor cluster). Most of these studies were performed with sponges as 

model organisms, such as Suberites domuncula and Geodia cydonium 

(Demospongiae), Aphrocallistes vastus (Hexactinellida) and Sycon raphanus (Calcarea) 

(Müller et al., 1984; Wiens et al., 1999; Müller et al., 2001; Thakur et al., 2005).  

Another relevant marine organism is the sea urchin (Phylum Echinodermata), Class 

Echinoidea) that has its historical place in studies of development, gene regulation and 

systems biology (Davidson et al., 2002). It has been used for long time as 

embryogenesis standard model (Qiao et al., 2003). Moreover, it was also used in 

conjunction with gene knock-out studies (Bogarad et al., 1998). It is known that sea 

urchin development of a body plan is controlled by large networks of more than 40 

regulatory genes. The interactions among genes producing transcription factors and 

signalling components, that in overall controls the specification of endoderm and 

mesoderm in embryo through a complex combination creating a huge challenge for 

future scientists from the most diverse fields from molecular biologist, embryologist until 

bioinformatics illuminating basic developmental process in animals. Despite the fact that 

network analysis is still in a very early stage, some interesting results are emerging 

(Davidson et al., 2003). Recently the purple sea urchin (Strongylocentrotus purpuratus) 

genome was published as the first nonchordate deuterostome sequence (Sea urchin 

genome sequencing consortium 2006). The sea urchin genome reveals large domains 

of unexplored biology, shedding light over the mechanisms of cell generation and their 

fate, thus contributing significantly towards a complete understanding of the genomic 
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regulatory system and its architecture. Gene expression array technology has been 

used to study echinoderm development in the sea urchin Strongylocentrotus purpuratus 

(Rast et al., 2000; Rast et al., 2002). Microarray studies have been carried out to 

investigate development in Urochordate, as this group represents a quite simple model 

to study gene networks when compared with vertebrates (Azumi et al., 2003a). 

Nevertheless, micro and macroarray technologies have been applied to study 

adaptations of marine organisms to environmental changes and also to check tolerance 

or stress responses to pollutants (for more details see reference Wilson et al., 2005).  

Molecular techniques were also applied to investigate the evolution of chordate 

development, with special focus on the tunicate subphylum. A remarkable 

characteristic of tunicates is their small, compact genomes, having size of 160 

megabases (Mb) (Simmen et al., 1998). The miniature tunicate genome may be an 

ancestral chordate feature, which persists in tunicates because of strong selective 

pressure for rapid development. In order to study vertebrate immune system this 

particular marine group provides valuable information through genomic analysis (Rast 

et al., 2006; Azumi et al., 2003b). It was found that the sea urchin has an 

unprecedented complexity of innate immune recognition receptors relative to other 

animal species yet characterized. The findings serve to underscore the dynamic 

utilization of receptors and the complexity of immune recognition that may be basal for 

deuterostomes and predicts features of the ancestral bilaterian form (Rast et al. 2006). 

Several papers have been published on the completion of the nuclear genome 

sequences for the Metazoans Drosophila malanogaster, Caenorhabtitis elegans, Homo 

sapiens, Mus musculus etc. Comparatively, very few resources have been allocated for 

the study of marine metazoans (Wilson et al., 2005). So far, the genomes of five marine 

metazoan animals have been completely sequenced (or are about to be finished), which 

includes puffer fish (Fugu rubripes) (Aparicio et al., 2002), ascidians (Ciona intestinalis 

and Ciona savignyi) (Kim et al., 2007), an appendicularian (Oikopleura dioica) (Seo HC 

et al., 2001) and an Echinoderm (sea Urchin). As new high-throughput sequencing 

technologies are being introduced in the field of genomic analysis and the number of 

bioinformatics tools are available for the investigation, one can predict that in the coming 

years more marine organisms will be studied at their genomic level.   
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In most of the marine invertebrates, larval recruitment is the key event of their life 

cycle. To understand the population dynamics of marine invertebrates, it is necessary to 

distinguish among larvae of different species, but this is not always possible Molecular 

taxonomic techniques have the power to advance the understanding of the larval 

ecology of these species. A geographical survey of genetic variation provides an indirect 

means of tracing movements made between marine populations of larvae and other 

propagules. Genetic markers can also help to provide strong evidence that populations 

are closed (self-recruiting) because their genetic differentiation is highly sensitive to 

migration (Hellberg et al., 2002). Nucleic acid–based sandwich hybridization assays 

have been applied successfully to detect, for example, barnacle larvae in the water 

column (Goffredi et al., 2006). The adoption capacity of this technology promises to 

have further applicability for the various organisms and could be useful to understand 

larval ecology in the world's oceans.  

Nucleic acid concentration and the RNA/DNA ratio have been utilized as biochemical 

indicators of the metabolic state and growth of a variety of marine organisms. Under this 

aspect, experiments were carried out to check the influence of rearing temperature and 

food concentration on barnacle Balanus amphitrite larvae by estimating nucleic acid 

concentration (Anil et al., 2001). Since barnacles are the major cause of fouling, these 

studies are of special importance in marine biofouling research. Recently developed 

fluorescence techniques were used to quantify RNA and DNA content in the whole body 

of fed and starved hatchery-reared larval and juvenile Japanese flounder (Paralichthys 

olivaceus). Other studies performed on natural seawater and sediment samples have 

been undertaken to investigate the relationships between RNA/DNA ratio and the 

metabolic state of the microbial communities associated with suspended and 

sedimentary organic particles (Dell'Anno et al., 1998).  

The physiological, biochemical and genetic processes of individual organisms are 

most sensitive to environmental stress and these processes have significant 

repercussions into population and ecosystem-level changes. In this regard, the genetic 

features of key marine organisms will illuminate the biology of these organisms by 

providing more information about different processes. 
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2.3. Marine ecology 

The genetic tools have shown to be of great significance in addressing novel 

questions in the fields of ecology. Environmental genomics or ecogenomics focus on 

responses to environmental variation and biological interactions in space and time at the 

genomic level (Chapman, 2001). Marine organisms, in general, have not been studied 

as extensively as their terrestrial counterparts, although studies of marine organisms 

have made major contributions to our fundamental understandings of ecological factors 

such as keystone species, predation and competition (Molecular biology in marine 

science, 1994). Marine biologists have led the study of ecological interactions for several 

decades, but molecular techniques have been introduced recently in this field giving 

significant advances in our comprehension of complex systems of modes of action. 

Understanding the control of spatial and temporal distributions of marine organisms is 

becoming increasingly important as we attempt to determine how natural and human-

caused environmental changes affect population sizes, extinction and invasion of new 

species. The need for such information is obvious for commercially important species as 

well as other species, which hold vital roles in the ecosystem. The applications of 

different molecular tools in the field of marine ecology have been discussed by several 

researchers (Burton, 1996; Rocha-Olivares, 1998).     

    

2.4 Marine natural products 

Marine organisms comprise approximately half of the total biodiversity on the earth 

and the marine ecosystem is the greatest source to discover useful therapeutics (Blunt 

et al., 2005; Faulkner, 2002). Sessile marine invertebrates such as sponges, bryozoans, 

tunicates, mostly lacking morphological defence structures have developed the largest 

number of marine derived secondary metabolites including some of the most interesting 

drug candidates (Newman and Cragg, 2004; Sipkema et al., 2005; Mayer and 

Gustafson, 2006; Mayer et al., 2007; Tan, 2007). In recent years, a significant number of 

novel metabolites with potent pharmacological properties have been discovered from 

the marine organisms. Although there are only few marine-derived products currently in 

the market, several marine natural products are now in the clinical pipeline, with more 
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undergoing development (Haefner, 2003; Rawat et al., 2006). While primary approaches 

are still made within the academic laboratories, research activities are currently being 

extended into the R&D departments of pharmaceutical companies. The research has 

generated convincing evidences that marine natural products have an exceedingly 

bright future in the discovery of life saving drugs. 

The development of molecular biology field and recent progress of new technologies 

such as genetic engineering and bioactivity screening offer a unique opportunity to 

establish marine natural products as drug leads. There are several examples of recent 

advances in the application of these technologies to the discovery and development of 

novel drugs from marine origin. Some of the examples showing impact of molecular 

biology in marine natural products research are discussed below.  

Molecular identification (16S and 18S rRNA gene analysis) of marine microorganisms 

having bioactive potential gave major breakthrough in the screening of microbial libraries 

for drug discovery by avoiding replication of microbes during exploration. Restriction 

Fragment Length Polymorphism (RFLP) is a technique in which organisms may be 

differentiated by analysis of patterns derived from cleavage of their DNA. If two 

organisms differ in the distance between sites of cleavage of a particular restriction 

endonuclease, the length of the fragments produced will differ when the DNA is digested 

with a restriction enzyme. The similarity between the patterns generated can be used to 

differentiate species (and even strains). RFLP study is also possible with the amplified 

PCR product of bacterial genes. The presence or absence of fragments, resulting from 

changes in recognition sites, is used to identify species or populations. This technique 

has been shown to be very helpful in microbial de-replication studies in marine microbial 

drug discovery programs (Fig. 3).  

 Marine bacteria belonging to the order Actinomycetales have been identified as 

producer of a wide range of natural products. In last two decades, the combination 

between the fast development of molecular tools for genetic manipulation of 

Actinomycetes and an explosive growth in sequence information for known and orphan 

biosynthetic gene clusters has led to a deeper understanding of the genetics and 

biochemistry of secondary metabolite biosynthesis (Li and Piel, 2002).  
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The discovery and development of an array for novel bioactive compounds through 

metagenomic cloning and expression has proven that this technology is an excellent 

alternative for exploiting uncultivable terrestrial microbes for natural product drug 

discovery (Rondon et al., 2000; Donadio et al., 2002; Keller and Zengler, 2004). Similar 

work has been conducted targeting uncultivable microbes of marine sediments and 

sponges using metagenomic-based techniques to develop recombinant secondary 

metabolites (Kim et al., 2005; Moreira et al., 2004; Li and Qin, 2005) (Fig. 4). It is still too 

early to make any prediction or conclusion about metagenomics-based drug discovery, 

which will remain one of the most active research fields for reaping the fruit of marine 

microbial diversity. 'However, the genomic libraries generated through metagenomic 

approaches would provide very useful molecular information for genetic conservation 

studies and the sustainable maintenance of marine microbial diversity. These could be 

important resources for our own survival in the long term from the threats posed by 

global warming, environmental deterioration and other disastrous environmental 

phenomena. 

Recently, the use of high-throughput genome scanning for analyzing gene cluster 

involved in the natural-product biosynthesis has been highlighted. Polyketide synthases 

(PKSs) are a class of enzymes that are involved in the biosynthesis of secondary 

metabolites such as erythromycin, rapamycin, tetracycline, lovastatin and resveratrol 

(Gokhale and Tuteja, 2001). Several researchers have successfully isolated polyketide 

biosynthetic genes from marine bacteria and fungi, which have been cloned, sequenced 

and expressed in heterologous hosts. Bioactive bryostatins, complex polyketides were 

isolated from the marine bryozoan Bugula neritina, but recent studies indicate that they 

are produced by the uncultured symbiotic bacterium "Candidatus Endobugula sertula". 

In this investigation, putative Bryostatin Polyketide Synthase Gene Cluster was identified 

in a bacterium. The heterologous expression of this biosynthetic gene cluster has the 

potential of producing the bioactive bryostatins in large enough quantities for 

development into a pharmaceutical (Sudek et al. 2007). Some marine sponge 

associated bacteria with antimicrobial assets are perceived to have polyketide 

synthases gene clusters and investigation is underway to explore them (Müller et al. 

unpublished). By using molecular biology approach, polyketide biosynthesis responsible 
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for the production of antitumour molecules by an uncultivated bacterial symbiont of the 

marine sponge Theonella swinhoe has been explored (Li and Piel, 2002). Efforts are 

underway to identify, analyze and express a set of genes present in the genome of 

marine organism that encodes a chain of enzymes, which ultimately synthesize the 

bioactive compounds. Following the knowledge provided by nature, efforts are being 

made also to synthesize desired compounds in genetically engineered organisms 

through transfer of biosynthetic gene clusters from sponge to bacteria (A group at 

University of Mainz, Germany is currently working in this field). Another important 

biosynthetic pathway involves non-ribosomal peptide synthases (NRPS) gene cluster 

have also been reported in marine organisms (Moore 2005; Ehrenreich et al., 2005).        

Recombinant DNA (rDNA) technology has made a revolutionary impact in the area of 

human healthcare by enabling mass production of safe, pure and effective recombinant 

products. Natural compounds extracted from marine organisms showed to be 

exceptionally promising for the treatment of cancer, inflammation and infectious 

diseases. However, obtaining a large-scale supply of these complex natural chemical 

structures for worldwide use has been environmentally unsound and economically 

unviable. In view of this rDNA technology allows efficient exploration of marine 

organisms for drug discovery. Recently, researchers from Australian Institute of Marine 

Science (AIMS) and London School of Pharmacy demonstrated that shotgun cloning 

and heterologous expression of the Patellamide Gene Cluster is a good strategy to 

achieve sustained production of anticancer metabolites, Patellamides (Long et al., 

2005). The patellamide gene cluster is cloned from Prochloron sp., a photosynthetic 

endosymbiont of the ascidian Lissoclinum patella (Urochordata). A recent compilation of 

natural-product-derived compounds from marine sources, currently in advanced clinical 

trials such as potent antitumor substance discodermolide, demonstrated that molecular 

biology would have great impact on the future of marine drug discovery programs. 

 
2.5. Material sciences 

Biosilicification, the biological formation of opal-like amorphous hydrated silica, occurs 

on a globally vast scale in a wide variety of organisms, including diatoms, sponges, 

molluscs, and higher plants (reviewed in Bäuerlein, 2004). Biomineralization, 



 17

biosilicification in particular (i.e. the formation of biogenic silica, SiO2), has become an 

exciting source of inspiration for the development of novel bionic approaches following 

“nature as model”. Siliceous sponges are unique among silica forming organisms in their 

ability to catalyze silica formation using a specific enzyme termed silicatein (reviewed in 

Weaver and Morse 2003). By using different molecular biological techniques, the role of 

silicatein in the formation of silica in different sponge species has been investigated. The 

first complete silicatein complementary DNA (cDNA) was cloned from Tethya aurantium 

(Shimizu et al., 1998) and later from S. domuncula (Krasko et al., 2000). 

Recently, at least two silicatein isoforms have been identified in several sponge 

species. The genes/cDNAs encoding two isoforms of silicatein, the α- and β-form, have 

been characterized from various marine sponges, including T. aurantium (Shimizu et al., 

1998; Cha et al., 1999), S. domuncula (Krasko et al., 2000) and P. ficiformis (Pozzolini 

et al., 2004), where as at least four isoforms of silicatein -α (silicatein α1 to α4) have 

been identified in the fresh water sponge Lubomirskia baicalensis (Kaluzhnaya et al., 

2005; Wiens et al., 2006). Lately, silicatein cDNA was also obtained from the fresh water 

sponge E. fluviatilis (Funayama et al., 2005).  

Silica is widely used in industry and medicine, e.g. for the fabrication of glasses, 

ceramics, paints, adhesives, catalysts and photonic materials, as a component of 

molecular sieves and other separation materials, and as a food additive, carrier (e.g. in 

washing powders), stabilizer (e.g. in tooth paste) and for filling (e.g. in rubber industry), 

as well as an insulator in semiconductor devices. Silica is also an important material in 

nano (bio)technology. The technological production of silica mostly requires high 

temperature conditions and extremes of pH (Tolbert et al., 1997; Stober et al., 1968). At 

lower temperatures, silica can also be produced by sol-gel processes (reviewed in 

Brinker and Scherrer, 1990; Hench and West, 1990).  
 

2.6 Fisheries 

Genome studies of different commercially important fish and the genetic variability of 

their populations has been reviewed earlier (Molecular biology in marine science, 1994). 

Such information is essential for effective management of oceanic fish populations. 

These studies demonstrate the promise of molecular techniques for addressing 
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questions that were previously difficult to answer. The studies regarding the genetic 

variability of commercially harvested fishes like salmon and tuna have demonstrated 

that new mitochondrial and nuclear DNA technologies will permit a definition of 

population structure, identification of stocks and quantification of gene flow (Molecular 

biology in marine science, 1994).  

Genetic variation in skipjack tuna Katsuwonus pelamis (L.) was investigated using 

PCR-RFLP analysis of the mitochondrial DNA D-loop region (Menezes 2006). The 

results showed high level of genetic diversity within a population of K. pelamis from India 

and Japan. The identification of essentially self-recruiting populations as units for 

fisheries management is a prerequisite for the conservation and sustainable utilization of 

fish biodiversity. Molecular markers have been shown to be particularly useful in 

freshwater and anadromous species, most notably in the assessment of mixed stock 

fisheries and the assessment of stocking. However, molecular markers can also be used 

to investigate genetic changes caused by over fishing and "stock collapses" (Carvalho 

and Hauser, 1999).  

Previously, researchers in the field of quantitative genetics relied primarily on 

statistical approaches, large scale breeding projects and common-garden experiments 

to tease apart the genetic and environmental components of fitness traits. The field has 

expanded recently following the development of a wide range of molecular genetic tools 

(motivated to a large degree by advances in the human genome project) that can be 

used to locate the genetic loci underlying these traits. Now genome-mapping 

approaches are in use to find markers linked to gene loci involved in fitness traits such 

as growth, age at maturity and disease resistance in Pacific salmon (Naish and Park, 

2002). These markers are useful tools in understanding the genetic diversity underlying 

these adaptive traits in salmon populations and in using predictive approaches to 

answering many of the questions raised above.  

For decades, genetic intervention has been used to enhance animal and plant 

agriculture production. These techniques are now being applied to aquatic animals in an 

effort to overcome many different production challenges. Aquaculture is an important 

part of the economy of several countries. Both traditional techniques as well as 

molecular biological tools are being used to develop aquaculture. Novel genetic 
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technologies involving the use of DNA based tools are also under development for a 

range of aquaculture species. Genetic improvement of aquaculture species offers a 

substantial opportunity for increased production efficiency, health, product quality and, 

ultimately, profitability in aquaculture enterprises (Davis and Hetzel, 2000). These gene 

marker technologies can be used for identification and monitoring of lines, families and 

individuals, monitoring and control of inbreeding, diagnosis of simply inherited traits and 

genetic improvement through selection of favourable genes and gene combinations. 

Aquaculture often relies on wild population for brood stock. The application of genomics 

in this area helps to identify and select elite brood stock, which is fast growing, healthy 

and of high quality. In short, aquaculture genetics shows immense potential for 

enhancing production in a way that meets aquaculture development goals for the new 

millennium. 

 
2.7. Conservation and bio-invasion  

Molecular markers provide valuable information on the status and the significance of 

endangered species and populations, and thus are vital for the identification of 

conservation priorities (Haig, 1997). Conservation efforts are directed towards 

minimizing extinction risks and genetic approaches assist these efforts in a large 

number of ways (Molecular biology in marine science, 1994). Numbers of molecular and 

quantitative genetics approaches have been combined to investigate and protect 

endangered marine species. Molecular genetic characterization of endangered and 

threatened species including cetaceans and sea turtles has allowed better definition of 

population structures, genetic diversity and variability (Molecular biology in marine 

science, 1994).  

Marine bioinvasion is the introduction of marine organisms alien to local ecosystem 

through ship hulls and ballast water. This process has serious consequences to native 

biota, fishery and general coastal ecosystem (Anil et al., 2002). Molecular biology 

approach can surely be applied in the investigation of bio-invasion as well as in the 

finding economical and environmental viable solutions for this problem.  The research in 

this area involves the development and testing of molecular probes for the detection of 

alien organisms in ballast water. For the reliable monitoring of ships ballast, specific 
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nested PCR-based tests for detection of the harmful species in environmental and 

ballast water samples have been developed recently (Deagle et al., 2003).  

 

2.8. Biofouling and bioremediation 

Characterization of biofilm structure using molecular approaches offer considerable 

potential for finding novel biofouling prevention strategies. Molecular techniques 

highlight the deficiencies of culture methods in identifying biofilm producing bacteria; 

hence, strains with the most impact on settlement of spores and larvae may not yet have 

been isolated and cultured. In view of this, new molecular tools provide the opportunity 

to improve our fundamental understanding of the interactions between fouling organisms 

and biofilms formation, which in turn will lead to novel strategies to control biofouling. 

Bioremediation shows great promise for addressing problems in marine environments 

and in aquaculture. These problems include catastrophic spills of oil in harbors and 

shipping lanes and around oil platforms; movement of toxic chemicals from land, 

through estuaries, into the coastal oceans; disposal of sewage sludge, bilge waste, and 

chemical process wastes, etc. During the last decades, major advances have been 

made in understanding the mechanisms of interactions between microorganisms and 

pollutants and in the application of specialized microorganisms for the in situ and ex situ 

treatment of organic xenobiotics, heavy metal and oil. Molecular biological methods for 

the identification and characterization of bacteria and their specific properties have been 

used to assess the composition and activity of microbial communities at contaminated 

sites (Geets et al., 2003). Molecular and microbial monitoring tools, combined with pilot 

studies have proved to be effective in bioremediation strategy.  

Molecular biology has great impact in the analysis of environmental quality as well. 

The ocean has been and will continue to be unfortunately used for disposal of human 

wastes. In view of this, molecular probes and enzymatic tests may provide a rational 

basis to regulate the ocean disposal of industrial sludge, sewage or radioactive 

substances. The expression of genes that respond to environmental stresses, such as 

changes in temperature, oxygen and pollution (e.g. genes encoding heat shock proteins, 

cytochrome P450, metallothionein and proteins) can potentially provide excellent 
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sublethal indicators that could be used to monitor the impact of oceanic dump sites and 

other pollution problems (Molecular biology in marine science, 1994).   

 

3. Summary and outlook 
Marine molecular biology is a discipline, which strives to define and solve the 

problems regarding the sustainable exploitation of marine life for human health and 

welfare, through the cooperation between scientists working in marine biology, 

molecular biology, microbiology and chemistry. Such collaboration is now going on 

successfully in several laboratories world wide. Several pioneering success stories of 

the application of molecular techniques in the field of marine biology are guiding further 

research in this area. In order to strengthen these efforts, appropriate infrastructures are 

necessary combined with new technologies for their use in molecular biology. A 

mechanism is also needed to promote collaborative partnership of academic marine 

scientists with private industry and to permit appropriate research findings on marine 

organisms to be transferred rapidly to the private sector for commercialization. If marine 

biologists and molecular biologists can continue to work towards strong partnership 

during the next decade and recognize intellectual and technological advantages and 

benefits of such partnership, an exciting new frontier of marine molecular biology will 

successfully emerge in a close future.     
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Legends for figures 
 

Figure 1. Schematic representation of 16S rDNA library construction of marine 

sponge–associated bacteria. Following sponge DNA extraction PCR 

amplification of bacteria specific 16S rRNA gene is performed. PCR product is 

cloned in a suitable vector and generated plasmids are sequenced. Sequences 

are used to construct phylogenetic trees. This technique provides valuable 

information about the diversity of sponge-associated bacteria without culturing 

them.     

Figure 2. Schematic representation of Denaturing Gradient Gel Electrophoresis 

(DGGE) procedure. Following sponge DNA extraction, a PCR reaction is 

performed. One 16S rRNA primer in the reaction contains a GC-clamp. The PCR 

reaction mixture is separated into individual bands on a polyacrylamide gel with 

an increasing denaturing gradient that includes urea and formamide. The GC-

clamp acts as an ‘anchor’ and ensures that each PCR product is not separated 

into single strands during migration in the gel. Here, each DGGE band 

represents a single 16S rRNA gene sequence. Thus each lane represents a 

fingerprint of a sponge microbial community at a given time.  

Figure 3. Schematic representation of Restriction Fragment Length 

Polymorphism (RFLP) protocol. DNA obtained from marine bacteria is digested 

with restriction enzyme and band pattern is checked on agarose gel. In a second 

procedure, 16S rRNA gene is amplified from bacterial DNA and PCR product is 

digested to check RFLP pattern. 

 

Figure 4. Schematic representation of metagenomic library preparation from 

marine environmental samples. 
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