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Extracto 

Los oceanos continuan proporcionando las nuevas oportunidades para el 
descubrimiento de medicinas marina-derivadas y el mar profunda esta relativamente 
sin aprovechar. La Division de Ia lnvestigaci6n Marina Biomedica (DBMR) en Ia Harbor 
Branch lnstituci6n Oceanografica (HBOI) ha conducido a expediciones par todo el 
mundo para recoger un sistema unico de microorganismos y de invertebrados marinas, 
tales como esponjas y gorgonians, usando los sumergibles de Johnson-Sea-Link a las 
profundidades de 914 m. Discodermolide, un compuesto bioactive derivado de Ia 
esponja profunda Discodermia spp., fue descubierto par HBOI y licenciado para el 
desarrollo como droga anticancer. Otros compuestos de HBOI en ensayos preclinical 
incluyen topsentins con actividad antiinflamatoria potente y lasonolides con las 
caracterfsticas antitumor. Con el descubrimiento de bioproducts marinas viene el 
desaffo de las tecnicas que se convierten para el usa sostenible de los organismos de 
Ia fuente. La investigaci6n de HBOI's en acuacultura, Ia producci6n in vitro (o Ia cultura 
de celula), Ia fermentaci6n microbiana y Ia producci6n recombinant ofrecen alternativas 
biol6gicos a cosechar los organismos. Los proyectos actuales de HBOI incluyen Ia 
producci6n recombinant de los compuestos anticancer de Ia novela de los 
actinomycetes marinas (bacterias filamentosas) , y el descubrimiento de los agentes 
antihongos de Ia novela con actividad contra hongos droga-resistente. Estamos 
utilizando tecnologfa microarray de Ia DNA para defender el genome de las esponjas 
de Ia blanco y para desarrollar los metodos in es vitro para Ia producci6n de 
compuestos bioactive. Otro proyecto se centra en Ia diversidad genetica dentro de Ia 
comunidad microbiana asociada a las esponjas profundas del agua. Un componente 
crftico de esta investigaci6n es Ia utilizaci6n etica de los recursos naturales y de 
compartir equitativo del pafs de anfitri6n de caracterfsticas y de tecnologfas. 

Abstract 

The oceans continue to provide new opportunities for the discovery of marine-derived 
medicines and the deep sea is relatively untapped. The Division of Biomedical Marine 
Research (DBMR) at Harbor Branch Oceanographic Institution (HBOI) has conducted 
expeditions worldwide to collect a unique set of marine microorganisms and 
invertebrates, such as sponges and gorgonians, using the Johnson-Sea-Link 
submersibles to depths of 914 m. Discodermolide, a bioactive compound derived from 
the deep water sponges Discodermia spp., was discovered by HBOI and licensed for 



development as an anticancer drug. Other HBOI compounds in preclinical trials include 
topsentins with potent antiinflammatory activity and lasonolides with antitumor 
properties. With the discovery of marine bioproducts comes the challenge of 
developing techniques for the sustainable use of the source organisms. HBOI's 
research in aquaculture, in vitro production (or cell culture), microbial fermentation and 
recombinant production offer biological alternatives to harvesting the organisms. 
Current HBOI projects include recombinant production of novel anticancer compounds 
from marine actinomycetes (filamentous bacteria), and the discovery of novel antifungal 
agents with activity against drug-resistant fungi. We are using DNA microarray 
technology to screen the genome of target sponges and develop in vitro methods tor the 
production of bioactive compounds. Another project focuses on the genetic diversity 
within the microbial community associated with deep water sponges. A critical 
component of this research is the ethical utilization of the host country's natural 
resources and equitable sharing of properties and technologies. 

Introduction 

For thousands of years, mankind has taken advantage of nature's ability to produce 
remedies to treat infection, inflammation, pain, and many other diseases and ailments. 
In some parts of the world, natural medicines are still the only treatments available. 
Scientific research on these ethnomedicinal preparations led to the discovery of purified 
chemicals , which beneficial properties provided the foundation of the current 
pharmaceutical industry. Today, over 50% of the marketed drugs are either extracted 
from natural sources or produced by synthesis using natural products as templates or 
starting materials. Drugs such as morphine, Taxol®, aspirin, penicillin , vincristine, and 
cyclosporin are examples of drugs derived from terrestrial plants and soil 
microorganisms (Balandrin et al. , 1985). 

An intense effort in drug discovery from marine natural products by academic, 
government, and industry laboratories, especially in the past 15 years, is based on a 
number of facts. The oceans are a rich source of both biological and chemical diversity. 
They cover more than 70% of the earth's surface and contain more than 200,000 
described species of invertebrates and algae (Winston, 1988). It is estimated that this 
number is only a small percentage of the total number of species that are yet to be 
discovered and described (Malakoff, 1997). There are about 6,000 described species 
of sponges and perhaps twice as many undescribed species (Pomponi et al. , 1998a). 
Marine microorganisms represent the greatest percentage of undescribed marine 
species (Colwell , 1997). Over the past 10 years, more than 5,000 chemical compounds 
have been derived from a relatively small number of marine organisms, particularly from 
marine sponges (Ireland et al. , 1993), yet only a small percentage of these chemicals 
has been studied for their potential as useful products. Finally, although there is a 
major effort by pharmaceutical companies in the design of synthetic chemicals tor drug 
discovery, marine natural products still provide unusual and unique chemical structures 
upon which molecular modeling and chemical synthesis of new drugs can be based. 



Why do marine plants, animals, and microbes produce chemicals that are useful as 
pharmaceuticals? Many of them are sessile, i.e., attached to the bottom, and they live 
in densely populated habitats where competition for resources, such as space and food, 
is intense. As a result, they have evolved a unique inventory of metabolites used for 
their defense, reproduction, and communication (Morse, 1991; Paul, 1992; Pawlik, 
1993). These metabolites also interact with receptors and enzymes involved in human 
disease processes. If, for example, a sponge is trying to prevent another sponge from 
invading its space, it may produce a chemical to prevent the other sponge's cells from 
growing and dividing. It is not unusual, therefore, that these same chemicals may also 
be effective in inhibiting the uncontrolled growth of cancer cells. 

A critical issue in the drug development strategy for marine natural products is ensuring 
an adequate supply of compounds for clinical use while protecting the source organism 
and its habitat from over-exploitation (Cragg et al., 1993; Rubin and Fish, 1994). The 
sustainable supply of marine-derived bioactive compounds to meet the demands for 
pre-clinical and clinical evaluation is a major consideration in drug development 
strategies. Research must address these needs by focusing on alternative methods for 
large scale production of marine-derived bioactive compounds (Pomponi, 1997; 
Pomponi et al., 1997; Pomponi et al., 1998a; Pomponi et al., 1998b). Alternatives 
include chemical synthesis, in vitro production through cell culture of source organisms, 
microbial fermentation, aquaculture, and molecular biology through recombinant 
production. 

Increased sophistication in the tools available to explore the deep sea has expanded 
the opportunities for discovery of new species and the chemical compounds they 
produce. Harbor Branch Oceanographic Institution's (HBOI) vessels and submersibles, 
with depth capabilities to 914 m, facilitate the collection of marine organisms with 
minimal impact to the environment. The Division of Biomedical Marine Research 
scientists at HBOI have conducted expeditions worldwide to collect a unique set of 
marine invertebrates and algae. Our multidisciplinary program is aimed primarily at the 
discovery of new biologically active compounds derived from marine sources while 
providing research on the sustainable production of bioactive compounds. 

Methods 

Sample Acquisition 
The sample acquisition team consists of marine biologists, taxonomists and 
microbiologists who are responsible for the collection of macro- and microorganisms for 
evaluation of their potential biological activities. Samples are collected in shallow water (0-
50 m) by wading, snorkeling, and scuba diving. Emphasis, however, is on deep water 
organisms which are collected to depths of 914 m with the Johnson-Sea-Link and Clelia 
manned submersibles from HBOI's Research Vessels Seward Johnson I and II, and 
Edwin Link. Use of the manned submersibles allows us to collect and document samples 
from previously inaccessible marine habitats such as rugged, vertical walls which are 
impossible to sample with surface gear such as trawls or nets. The submersibles are 
equipped with multifunctional manipulator arms which enable the collection of specimens 



by either a jaw, suction tube, or clam-shell grab. Even extremely fragile or brittle 
specimens can generally be obtained intact. The submersibles are also equipped with 
color video and 35-mm cameras for photo-documentation, and a data recorder which logs 
temperature, salinity and oxygen during each dive. 

Sample Documentation 
Thorough documentation is essential for ecological evaluations of marine specimens as 
well as taxonomic classification. Each specimen is documented with complete site and 
sample descriptions which are recorded into a computer database (Microsoft ACCESS). 
Site descriptors include latitude, longitude, habitat, depth, temperature, salinity and 
current. Specimen descriptors include morphology, color, abundance, symbiotic 
relationships, and taxonomy. Each specimen is photographed and videotaped in its 
natural habitat. The specimens, photographs and videotapes are archived at the HBOI 
museum. 

Collections 
Collections by submersible and scuba are very selective compared to trawling or dredging 
and are of minimal impact to the environment. Collection permits and research clearances 
are derived from each foreign country and we work closely with host government agencies 
such as their fisheries and natural resource managers. Duplicate museum specimens, 
underwater photographs and videotapes are deposited with the host country for each 
expedition along with detailed reports on the deep water biodiversity, chemical and 
bioassay results. 

Samples of marine organisms for biomedical research have been collected by our Division 
throughout the world's oceans including the Atlantic, Caribbean Basin, Pacific and Indo
Pacific. Expeditions in the Eastern Atlantic with HBOI's ships have visited the Azores, 
Madeira, Canaries and the west coast of Africa. Western Atlantic and Caribbean sites 
include the United States, Bahamas, Turks and Caicos, Jamaica, Antilles, Virgin Islands, 
Belize, Honduras, Venezuela and Columbia. Indo-Pacific collections include the 
Galapagos Islands, Cocos Island, Panama, American Samoa, Seychelles, and Papua 
New Guinea. At this time our collection consists of approximately 25,000 macro
organisms. 

A second aspect of our sample acquisition program is our fermentation program. Some 
bioactive compounds isolated from marine invertebrates may actually be produced by 
associated microorganisms. Our program emphasizes the isolation of microorganisms 
(bacteria and fungi) from deep water sediments and invertebrates. The microorganisms 
are isolated on selective agar-based media. After axenic cultures are achieved, these 
microbes are fermented in liquid culture under a variety of culture conditions varying the 
growth media, time, and temperature in order to optimize production of secondary 
metabolites. 

Chemical Extraction 
Extracts of marine macroorganisms are prepared by grinding 2 grams of the specimen in 
20 ml of 100% ethanol. This crude extract may contain numerous compounds from the 



organism which are analyzed in bioassays and chemical evaluations. The objective is to 
discover novel compounds that show biological activity such as the ability to kill cancer 
cells. 

Biological Evaluation 
Our biological evaluation program employs a random screening approach to discover 
natural products with therapeutic potential. In this process a large number of extracts are 
tested in various biochemical and biological tests termed "screens". These screens are 
selected to be highly specific for natural products which have the highest probability of 
yielding marketable drugs. It is important to know the mechanism by which a drug works 
in order to predict its specificity, toxicity and hence its utility as a therapeutic agent. 

A screening approach which is widely used in drug discovery is to select a molecular 
target such as an enzyme or a receptor involved in a specific disease process, and to 
screen for natural products which specifically interact with this molecule. For example, 
certain enzymes are known to be necessary for activating the T-cells of the immune 
system. Natural products which inhibit the activity of this enzyme would therefore be 
expected to suppress the immune system. Our program combines three approaches to 
allow the discovery of natural products with an excellent probability of becoming drug 
candidates: 1) extracts of marine organisms are screened through molecular target based 
assays, 2) the activity is confirmed in cultured cells prior to the commitment of a significant 
natural products chemistry effort, and 3) pure compounds with pharmaceutically-relevant 
biological activity are tested in appropriate animal models. 

Natural Products Chemistry 
Biologically active compounds display a wide range of complexity and structural types. An 
extract of a marine organism typically contains many different compounds, only one of 
which may be responsible for the bioactivity. The active compounds are purified using a 
combination of chromatographic methods including: thin layer (TLC), open column, 
vacuum column (VCC), high performance liquid (HPLC), and centrifugal counter current 
(CCC) chromatographies. Structure determination of the purified compounds uses 
spectral methods, including nuclear magnetic resonance (NMR), infrared (IR), ultraviolet 
(UV) and mass spectroscopies (MS). From these data we can define structural 
elements, functional groups, and determine a molecular formula. In instances where a 
suitable crystal of the parent compound or a derivative can be obtained, structures are 
determined by X-ray crystallography. 

Ethics of Biodiversity Prospecting 

Biodiversity prospecting in the world's oceans will lead to exploration of new geographic 
areas and habitats. Therefore compliance with national and international regulations 
regarding access, extraction of natural resources, and exporting materials must be an 
essential element of marine natural products drug discovery. In order to work in a host 
country's territorial waters, to collect samples, and to export those samples involves 
obtaining necessary permits and coordinating the interaction of several national and 
state agencies, e.g., defense, fisheries, marine resources, and marine parks. It is often 



a lengthy process, and plans for foreign collections must be made several months or 
even years in advance of the expedition. 

Balancing the responsibilites of the stewards of marine resources with the requests of 
marine bioprospectors is indeed a challenge. Environmental resource managers are 
charged with protecting their resources from over-exploitation. Legislators and policy
makers must decide whether bioprospecting is consistent with their plans for resource 
management. If they decide it is, they must draft and implement policies for access, 
use, development, and protection of their resources. 

Still unresolved, for the most part, are issues dealing with fair and equitable sharing of 
technologies and revenues related to the discovery and commercialization of products 
from marine resources. As a result of the recommendations of the U. N. Convention on 
Biological Diversity, legislators, bioprospectors, and environmental resource managers 
have begun to discuss what actually does constitute a "fair and equitable sharing". How 
does one place a value on a resource? If, for example, a drug was developed based on 
a chemical from an organism that is endemic to the country in which it was collected, 
should the revenue sharing be greater than if the organism occurs (and was collected) 
throughout a geographic region and across jurisdictional boundaries? If the organism is 
harvested to provide the materials for clinical development and commercialization, 
should the revenue sharing be greater than if only a few samples were collected to 
identify the active compound and subsequent supply was based on alternative 
methods? 

Since the answers to these questions are usually not known at the time an agreement 
must be negotiated to access the resources, the approach taken to date has been to 
agree upon a royalty to be paid by the bioprospector to the host country. Expectations 
for the amount of such a royalty may sometimes be unrealistic, especially in view of the 
fact that pharmaceutical companies will generally agree to pay royalties of less than 5% 
of net sales to the licensor of the chemical. This is (perhaps unfairly) based on the 
industry average of $50 to $200 million to develop a drug, compared with the licensor's 
costs of perhaps less than $1 million to collect the organism, test it for medicinal 
potential, add value to the compound by characterizing its physical, chemical, and 
biological properties, and protect its proprietary value by patenting the discovery. 
Undoubtedly, these considerations arise during negotiations to determine fair and 
equitable sharing between the bioprospector and the country of origin of the source 
organism. To be fair, neither party should be unreasonable in its expectations. Each 
party must recognize both the value added to the resource (and the revenue stream as 
a result of the value added) , as well as the original, continuing, and perhaps intangible 
value of the resource as part of an ecosystem. 

Of course, the chances of a drug being commercialized are very low, and the pay-off 
could be many years from the original discovery. In the spirit of respect for, and 
acknowledgment of, the scientific capabilities and contributions of the source country, 
alternative scenarios to revenue sharing may include more near-term benefits, such as 
support for development of the scientific infrastructure (particularly for developing 



nations), training of students, scientist exchange programs, and technology transfer. 
These are often key elements in a revenue- and technology-sharing agreement. 

Sustainable Use of Marine Resources 

With the enormous potential tor discovery, development, and marketing of novel marine 
bioproducts comes the obligation to develop methods by which these products can be 
supplied in a way that will not disrupt the ecosystem or deplete the resource. Supply of 
most marine-derived compounds is a major limiting factor tor further pharmaceutical 
development. Otten, the metabolite occurs in trace amounts in the organism, and a 
steady source of supply from wild harvest cannot provide enough of the target 
compound tor preclinical studies. In general, the natural abundance of the source 
organism will not support production based on wild harvest. Unless there is a feasible 
alternative to harvesting, promising chemicals will remain undeveloped. 

Some options tor sustainable use of marine resources are ·chemical synthesis, 
controlled harvesting, aquaculture of the source organism, in vitro production through 
cell culture of the macroorganism or microorganism source, and transgenic production. 
Each of these options has its advantages and limitations, not all methods will be 
applicable to supply of every marine bioproduct, and most of the biological supply 
methods are still in development (Pomponi, 1999). The approach to be used will be 
based on a number of factors: 

Complexity of the molecule: can it be synthesized using an industrially-feasible 
process? Chemical synthesis of a compound gives the pharmaceutical company 
ultimate control in the supply of materials tor clinical development and eventual 
marketing of the drug. Synthetic processes have been published tor many marine 
bioproducts in development as pharmaceuticals (Corey et al., 1996; Harried et al., 
1997). Unfortunately, most of these are multi-step processes that are not amenable to 
economic, industrial-scale synthesis. To overcome this problem, major research 
programs are undertaken by the pharmaceutical industry to identity structurally similar 
compounds that are easier to synthesize, and perhaps even more potent, less toxic, 
and more bioavailable than the parent molecule. 

Abundance of the organism in nature: what do we know about the impact of collections 
on the environment? Prior to large-scale wild harvest of an organism tor recovery of a 
bioproduct, harvesting feasibility studies should be conducted. These should define 
factors such as the standing stock of the organism, its growth rate and the factors that 
affect growth, and the effects of harvesting and post-harvesting recovery of the target 
organism. These impact data should then be used not only to assess the potential of 
supply from wild harvest, but also to develop models tor aquaculture of the source 
organism. Unfortunately, this is rarely done. One notable exception is the survey of the 
New Zealand sponge, Lissodendoryx sp., which produces the halichondrins, potent 
antitumor compounds in preclinical trials. The sponge is restricted in occurrence to one 
locality ott the Kaikoura Peninsula. Research conducted by Battershill et al. (1998) 
demonstrated that harvesting by dredging significantly reduced the standing stock of the 



sponge, but that the population may recover rapidly as a result of asexual propagation 
of sponge fragments dispersed as a result of the dredging. This study suggested that 
harvesting is only feasible for smaller quantities of the sponge. 

Source of the compound: is it microbially produced? A significant number of marine 
bioproducts with pharmaceutical potential have been identified from heterotrophic 
marine microorganisms isolated from coastal sediments (Fenical, 1993; Kobayashi and 
Ishibashi, 1993; Davidson, 1995). In addition, some marine bioproducts originally 
isolated from macroorganisms, such as sponges, have been subsequently discovered 
to be localized in microbial associates (Bewley et al., 1996; Sennett, 2000). If these 
microorganisms can be isolated and cultivated, optimization of production in marine 
microbial bioreactors could lead to an industrially-feasible supply option. 

If the source of the compound is the macroorganism itself, development of in vitro 
production methods could provide bulk supply of the compound. Research in progress 
in our laboratory focuses on establishing cell lines of bioactive marine invertebrates that 
can be used as models to study in vitro production of bioactive metabolites and the 
factors which control expression of production (Pomponi and Willoughby, 2000). This 
could ultimately lead to in vitro production of marine bioproducts. More importantly, an 
understanding of the cellular and molecular processes that control production of these 
metabolites could be used to enhance culture optimization or to stimulate production of 
"unnatural" natural products-i.e. , chemicals that the organism would not produce under 
normal conditions, but which may be more potent than the "natural" product. 

In situ growth conditions: is aquaculture an option for deep-water organisms? Both in
the-sea and land-based aquaculture methods have been developed for production of 
bioproducts from shallow water organisms. CaiBioMarine Technologies (Carlsbad, 
California) has successfully aquacultured the bryozoan, Bugula neritina, the source of 
the antitumor compound bryostatin, and Ecteinascidia turbinata, the ascidian from which 
the antitumor compound, ecteinascidin 743 has been isolated. These are both 
common, shallow water organisms for which reproduction and growth have been 
studied, but the factors controlling production of the compounds are not yet completely 
known. The New Zealand deep water sponge, Lissodendoryx sp., is the source of the 
antitumor compounds, the halichondrins. The sponge occurs at 85-105 m, but has 
been cultured successfully from cuttings on lantern arrays in shallower water, 
maintaining production of the bioactive halichondrins (Battershill et al. , 1998). This 
indicates that aquaculture of some deep water sponges is feasible; however, species 
from deeper water may have more critical growth requirements, such as high pressure 
and low temperature. In-the-sea aquaculture is a cost-effective method of production 
with opportunities for technology transfer and economic development in the source 
country; however, it may not afford the opportunity for complete control of environmental 
parameters or the over-expression of production of the compounds. Development of 
closed-system bioreactors for aquaculture of both shallow water and deep water 
organisms is a particularly challenging opportunity. 



Biosynthetic pathway: is genetic engineering realistic for the compound? If the 
biosynthesis of the target compound is understood, it may be possible to identify, 
isolate, clone, and express in a heterologous host the genes responsible for production 
of the metabolite. In many cases, of course, biosynthesis of the product is not known, 
or it is a multi-step process involving several enzymatic reactions. For these cases, 
transgenic production is not a trivial process. Alternatively, chemoenzymatic synthesis, 
by which marine bioproducts are synthesized in cell-free, enzyme-based systems, offers 
a complementary technique to in vitro and transgenic production methods for marine 
bioproducts (Kerr et al., 1996). 

HBOI's Discoveries 

New Active Compounds 
Over the past sixteen years, the Division of Biomedical Marine Research at Harbor 
Branch Oceanographic Institution (HBOI) has discovered 125 novel bioactive compounds 
and has 124 patents issued. Discodermolide, a microtubule interactive compound 
derived from the deep water sponges Discodermia spp. and discovered by HBOI, was 
licensed to Novartis Pharma AG (Basel, Switzerland) in 1998 for development as an 
anticancer drug. This compound continues to be the subject of National Institutes of 
Health (NIH) grant-funded research by HBOI in collaboration with Dr. Robert Boeckman, 
Jr. (University of Rochester) and Novartis. This research focuses on the preparation 
and evaluation of natural and synthetic analogs of discodermolide which may lead to a 
better understanding of the structure-activity relationship of discodermolide as well as 
an improvement in the efficiency of synthesis of the compound. This could ultimately 
lead to a drug that is more potent and easier to synthesize than the parent compound, 
discodermolide. 

Other compounds discovered by HBOI that are in preclinical trials include the 
topsentins, a series of bisindole alkaloids with potent antiinflammatory activity, derived 
from the deep water sponges Spongosorites spp.; and the lasonolides, antitumor 
macrolides derived from the deep water sponge Forcepia sp. Research on both of 
these series of compounds continues both in our laboratories as well as in the 
laboratories of our industrial and academic collaborators. 

New Antibiotics for Drug-Resistant Fungi 
Human fungal infections are serious and often life-threatening. The incidence of fungal 
infections has become increasingly more common over the past 1 0 years, largely due to 
the growing number of immune-compromised persons. The demand for effective and 
non-toxic antifungal therapeutics has become even greater with the increased incidence 
of fungal infections. While a large number of broad spectrum antibiotics exist for the 
treatment of bacterial infections, the number of useful antifungal therapeutics is limited. 
Through a partnership of HBOI with Mycologies, Inc. (Denver, Colorado) and funded by 
a grant from the Small Business Technology Transfer (STTR) Program of NIH, we are 
screening our unique collection of samples to discover novel antifungal agents. 
Recently we isolated compounds from Plakinistrella sp., a shallow water sponge from 
the Indian Ocean. These compounds comprise a completely new class of antifungal 



agents called cyclic peroxy acids. In laboratory tests they have been shown to kill two 
human pathogens: Candida albicans, which causes skin infections and thrush and can 
endanger the lives of AIDS patients, and Aspergillus fumigatus, which causes 
dangerous lung infections in people with weakened immune systems, such as cancer 
patients who are undergoing chemotherapy. 

In Vitro Production 
Funded by grants from NIH and the National Oceanic and Atmospheric Administration 
(NOAA) Sea Grant, research at HBOI continues on developing methods for in vitro 
production of marine-derived compounds. This research involves localizing the site of 
production of the bioactive compounds in microbial or sponge cells, identifying genes 
involved in growth regulation of sponge cells, and using biosynthetic precursors to 
enhance in vitro production of the compounds. 

Using DNA microarray technology to study the genome of sponges that produce 
biomedically-important chemicals is the subject of a NOAA Sea Grant awarded to HBOI 
scientists in partnership with Research Genetics, Inc. (Huntsville, Alabama). 
Microarrays provide a means for large-scale surveys of genomes. We are using this 
technique to screen the genome of a target sponge, identify genes involved in the 
production of bioactive compounds by the sponge, and develop in vitro methods for 
production of the compounds. 

It has been hypothesized that many macroorganism-derived chemicals are actually 
produced by microbial symbionts. Developing methods to increase the recovery and 
culturability of novel microorganisms from deep water sponges is the focus of a NOAA 
Sea Grant awarded to HBOI scientists in partnership with Novartis, Inc. Traditional 
methods for isolating microbes are believed to recover less than 1 to 1 0% of the 
microbes that occur in marine organisms and sediments. This project focuses on 
determining the genetic diversity within the microbial community associated with deep 
water sponges, defining the environmental conditions which support microbial growth, 
developing culture media to enhance microbial growth under laboratory conditions, and 
discovering microbes that produce bioactive compounds. 

Conclusions 

The U.S. Ocean Studies Board (1999), in its review of the ocean's role in human health, 
recommended a greater focus on marine organisms as sources of new 
pharmaceuticals, new funding intiatives to support this effort in all therapeutic areas, 
and new interdisciplinary research and education programs to provide innovative 
approaches to marine-based drug discovery. Recent U.S. legislation and executive 
directives support a renewed emphasis on exploring the vast unknown areas of our 
oceans, discovering species new to science, identifying marine resources with potential 
medicinal value, and ensuring the protection and sustained used of these resources. 
We now have the unique opportunity to capitalize on recent discoveries in medicine, 
molecular biology, marine biotechnology, and on new technological advances 
developed to explore the oceans. As we develop a greater appreciation for benefit 



sharing and for the need to protect our marine resources, mankind may finally realize 
the full potential of our oceans and human health. 
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