SHORT PAPER

NATIONAL PERSPECTIVES ON MARINE BIOTECHNOLOGY

BIOTECHNOLOGY DEPENDS on exploiting
information stored in genes and their
component DNA. Genes of terrestrial or-
ganisms have been the primary source of
information for the biochemical products
and bioprocessing schemes that form the
foundation of biotechnology—antibiotic
production and water purification, for ex-
ample. While terrestrial organisms ex-
hibit great species diversity. marine or-
ganisms represent greater phylogenetic
diversity. That is, most of the major
classes of the Earth’s plants. animals, and
microorganisms are primarily or exclu-
sively marine. Thus marine organisms
represent sources of unique genetic infor-
mation. Yet few have been used in
biotechnology by either traditional meth-
ods of fermentation or modern biomolec-
ular means because the research base is
meager. However. results from programs
of research in marine biotechnology. in-
cluding those in Japan. are exposing rich
fields of opportunity.

Hydrothermal vents associated with tec-
tonic spreading zones in the ocean are
sites particularly rich in novel organisms.
“There are still ~50,000 km of unexplored
submarine tectonic spreading zones
girdling the globe with several thousands
of projected hydrothermal vent sites. Only

~100 of them have been visited by re-
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search submersibles, and even fewer of
them have been sampled. All of them ap-
pear to be different, chemically as well as
biologically. It is well justified to conclude
that, as a newly explored marine environ-
ment, hydrothermal vent sites promise a
wealth of biotechnologically useful mi-

croorganisms.” (Jannasch, 1995)

In 1992 the U.S. Government esti-
mated its investment in research support-
ing the development of marine biotech-
nology at $44 million in seven
categories® and nine departments and
agenciest and its investment in biotech-
nology research overall at $3.76 billion
(Biotechnology Research Subcommittee,
1992). In a recent report on biotechnol-
ogy (Biotechnology Research Subcom-
mittee, 1995) the National Science and
Technology Council (NSTC) included
marine biotechnology as one of four
fields of particular significance. The
NSTC report identified marine research
needs and opportunities relating to aqua-
culture, understanding and conserving the
seas. and industrial products and
processes, including bioremediation and
energy production. The development of
marine biotechnology by both traditional

* Molecular genetics. biomaterials, metabolic
products, biofilms, bioprocessing, environment. and
aquaculture.

+ Departments of Agriculture, Energy, and
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National Institutes of Health, National Oceanic &
Atmospheric Administration. National Science
Foundation.

and modern methods is just beginning. It
offers enormous potential for advancing
science and commerce, training students
for high technology, developing a spec-
trumn of products and processes. and im-
proving management of oceanic re-
sources.

Proteins that make up the framework of
oyster shells have provided models for
new classes of synthetic, biodegradable
polymers with a range of properties use-
ful in industry. Donlar Corporation of Bed-
ford Park, lllinois, was established in
1990 to commercialize and further de-
velop the results of the academic re-
search that focused originally on deter-
mining the mechanisms by which mollusk
shells form. The company is marketing
new polymers for water treatment and
agricultural applications and estimates
potential markets in the $100’s of mil-
lions. University research also has
identified marine compounds with power-
ful anti-inflammatory, antibiotic, and anti-
tumor properties and stimulated corre-
sponding pharmaceutical R&D. For
example, Osteoarthritis Sciences, Inc.,
established in 1991 in Cambridge, Mass-

achusetts, is evaluating marine com-



pounds as candidates for drug develop-
ment. It has identified promising model
compounds, and one will soon enter clini-
cal trials for treatment of dermatitis. Ma-
rine organisms are providing pharmaceu-
tical models fundamentally different from
those of terrestrial organisms at a time
when many human pathogens are rapidly
developing resistance to standard an-
tibacterial drugs—in part a consequence
of repeatedly modifying traditional antibi-
otics to provide additional therapeutic

agents.

The NSTC’s 1995 report, Biotechnol-
ogy for the 21st Century: New Horizons,
identifies the following priorities (para-
phrased) for research in support of ma-
rine biotechnology and aquaculture:

* Develop a fundamental understanding
of the genetic, nutritional, and envi-
ronmental factors controlling produc-
tion of useful metabolites in marine
organisms;

* Develop a fundamental information
about bioactive products and biosyn-
thetic pathways to aid in developing
new biochemical products and bioma-

terials, including enzymes and pharma-
ceuticals;

* Explore and define metabolic pro-
cesses of marine organisms and cor-
responding strategies for application
in bioremediation and bioprocessing;

¢ Use tools of biotechnology to improve
the health, reproduction, and growth of
cultivated aquatic organisms and pro-
mote interdisciplinary efforts to de-
velop environmentally benign produc-
tion systems: and

* Develop a fuller understanding of the
physiology, genetics, biochemistry, and
ecology of marine microbes for ex-
ploiting their biological products and
processes and for improving knowl-
edge of oceanic processes and conser-
vation of oceanic resources.

The federal investment in research sup-
porting marine biotechnology has grown
by about $10 million since 1992 to
around $55 million. Much of the new fed-
eral effort in marine biotechnology since
1992 has been in programs of the Ocean
Margins Program of the Department of
Energy (DOE) and the Department of
Commerce’s National Sea Grant College
Program in the National Oceanic and At-
mospheric Administration. Corresponding
research in most other federal agencies
has paced inflation. The National Insti-
tutes of Health still make the greatest fed-
eral investment in this field—to a major
degree in developing drugs to fight cancer
and AIDS. With its new funds DOE is ap-
plying molecular biological techniques to
defining processes controlling atmo-

spheric carbon dioxide and to sequencing
genomes of environmentally significant
microorganisms. Sea Grant’s expanded
research program addresses policy and
environmental issues, new biomaterials
and products, bioprocessing, molecular
genetics, and aquaculture.

The U.S. Congtress, the NSTC, several
federal departments and agencies, and
representatives of academe and industry
have recognized the opportunities for ex-
ploiting the genetic resources of aquatic
organisms to provide commercial prod-
ucts and processes, to stimulate economic
development, to develop tools for re-
source management, and to define global
changes that are affected by metabolic
processes. In doing so, the United States
is helping lead a worldwide effort in ma-
rine biotechnology that will advance
human well-being.
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