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Introduction
arine biotechnology is an applied

e . , egoalofwhich isto develop"prod
ucts", i.e., goodsand services, from marineor

ganisms and processes. Marine-derived
bioproductsand theirbiomedical applications

are perhaps the best known becauseoftheir
impact on human health, e.g., drugs to treat

diseases such ascancer, molecularprobesand
finechemicals to study disease processes, nu
tritionalsupplements, cosmetic additives,and

diagnostic procedures to detect red tides or
determine the quality ofseafood. Important
discoverieshavealsobeenapplied to resource

management, protection of threatened spe
cies, aquacultureand habitat restoration.

Human-driven erosion of marine

biodiversityhas recently beenprojected to lead
to thecollapse ofallcurrentlyfishedspecies by
2048(Wormecal., 2006).Wdd fsheries srocks

em notmeettheever-increasingglobal demand
forseafood. Rather, thegrowingglobal gapbe

tweensupplyand demand of fishery products

mustbefilled througheconomicallyfeasibleand
environmentallysustainablemarineaquaculture.

The valueof the oceansasasourceof ma
rine-derived bioproductshasbeenwelldocu
mented by the National Research Council
(1999,2000,2002), the U.S. Commission

on OceanPolicy (2004), and the NationalSci
enceand TechnologyCouncil (NSTC) Joint
Subcommitteeon OceanScienceandTechnol

ogyOSOST) (2007). Eachofthese repottspro
videsspecific recommendationsfor applying
marinebiotechnology toenhancehumanwell

beingand protectour environment.
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This report is divided into a review of

marinebioproducts (pharmaceuticals,molecu
larprobes,finechemicals, nutritional supple
ments, and cosmeticadditives), environmen
talmonitoringand resource management,and
aquaculture, aswellasa discussionofoppor
tunitiesand challenges.

Marine Bioproducts
Pharmaceuticals

Colwell (2002) stated that "marine bio
technologyispoisedon the edgeofa periodof

tremendous potential-potential fordiscov

ery,potential for development, potential for
design."At that time, sheconsideredthe field
ofmarine biotechnology"stillin the realmof

the future." The newwaveof marine-derived
pharmaceuticalswas, in 2002, still in the "po
tential" category, althoughoneanticancerdrug
and severalantiviral drugs of marine origin
haveactuallybeen clinicallyavailable for de

cades. In the early1950s,Werner Bergmann
extracted novel nucleosidesfrom a shallow
watersponge-Cryptotethyacrypta---collected
off the coastof Florida (Bergmanand Burke,

1955). These chemicalswere discovered to

haveantiviral properties,which ledto thesyn

thesisand development ofseveral important
antivira l and anticancer drugs: AZT
(zidovudine, Retrovir®)wasthe firstdrug li
censed for the treatment of HIV infection;
Acyclovir (Zovirax®) isanotherantiviral com

monly prescribed for treating herpes infec
tions;Ara-A(Vidarabine®) isin clinical useas

an antiviral (mostofienasan ophthalmicoint
ment); and a related compound, Ara-C

(Cytosar-U®) , was approved for use in the
treatment ofcertain leukemiasin 1969, mak
ing it the firstsuch approved marine-derived

drug for use in cancer chemotherapy
(www.marinebiotech.org).

In general, it rakes more than adecadeand

several hundred million dollars to developa
drug. For everydrug that isapproved by the
FDA, therearehundredsofother drug candi

datesthatareabandonedbecause theyarefound
to be ineffective or unsafe. The emphasis in

marinenaturalproductsdrugdiscovery research
and development in theU.S.hasbeen on anti

cancer compounds, due in large part to the
availabilityof funding to support marine-de

rived cancerdrugdiscovery.The NationalCan
cerInstitutehasled thiseffortthrough itspro-



grams to support both single-investigator and

multi-institutional marine natural products can

cer drug discovery research, for example,

through its National Cooperative Drug Dis

covery Groups, aswell as multi-agency funded

programs, such as the Interdisciplinary Coop

erativeBiodiversityGroups. Asa result, several

marine-derived compounds are in preclinical

or clinical trials for the treatment of cancer

(Newman and Cragg, 2004).

Considering that the fieldofmarine natural

product drug discovery has had focus--and

fimding-in the u.s. for lessthan 25 yearsand

that it can take more than a decade to develop a

drug once it is discovered to have therapeutic

potential, it is remarkable that two marine-de

rived drug-candidates have transitioned from

"potential" to "realized" in that time period: one

for the treatment ofcancer (Yondelis®)and one

for pain management (Prialt®).

Yondelis® (rrabecredin, ecteinascidin

743) (PharmaMar SA, Madrid, Spain) is an

antitumor alkaloid derived from the mangrove

tunicate Ecteinascidia turbinata (Wright et al.,
1990; Rinehart et al., 1990; Erbaet al., 2001).

After successfulclinical trials, the drug received

a positive opinion from the European Medi

cines Agency (EMEA) in July 2007 for the

treatment ofmetastatic or advanced soft tissue

sarcoma. The next step is for the European

Commission to grant marketing authorization

ofYondelis®. It is anticipated that the drug

will be available in Europe by the end of2007.

Prialt® (ziconotide) (Elan Corporation)

is made by chemical synthesis in a laboratory

but is chemically, physically, and biologically

identical to a synthetic derivative ofa peptide

that wasextracted from the venom ofthe cone

snail Conus magus (Oliveraet al., 1985). Prialt®

acts by short-circuiting the nerves that nor

mally transmit pain signals. Because it is so

precise, it offers advantages over opioid drugs,

such as morphine, that have side-effects such

as sedation and depressed respiration-and it

appears to be significantly more effective than

morphine (Liven et aI.,2004). Prialt® was

approved in late 2004 in the U.S. for the

management ofchronic pain in a select subset

ofpatients, i.e., those who require intrathecal

analgesia (i.e., delivered directly into the space

around the spinal cord allowing chronic pain

to be managed while still allowing the patient

to maintain body muscle control). The target

population for the drug is patients suffering

from severe chronic pain, e.g., patients with

phantom limb pain, cancer and/orAIDS.

The recent success oftwo clinically avail

able, marine-derived drugs confirms the "po

tential" ofmarine biotechnology for drug dis

covery and development. Although there

continues to be a major effort by pharmaceuti

cal companies in the design ofsyntheticchemi

cals for drug discovery, marine natural prod

ucts still provide unusual and unique chemical

structures uponwhich molecular modding and

chemical synthesis ofnew drugs can be based.

Thus, research and development of marine

derived pharmaceuticals continues to be a ma

jor focus ofmarine biotechnology in the U.S.

Some ofthe continued effort in drug dis

covery surrounds a novel "disruptive" ap

proach to drug discovery (Christensen, 1997),

where "action-reaction" scenarios are postu

lated. In the caseofunicellular organisms that

are traditionally characterized as "toxic," scien

tists are exploring the resistance characteristics

ofthe organisms and are discovering that some

produce the antitoxin aswell as toxin! A case

in-point is the discovery of brevenal from

Florida red tide, where this natural product

effectivelycounteracts all ofthe effectsoftoxin

(Bourdelais et al., 2004). Brevenal may also

have therapeutic effects in the treatment of

cystic fibrosis and other mucociliary diseases

(Abraham et al., 2005; Bourdelais et al.,
2005). The molecule was patented in 2007,

with five use patents pending.

Most commercially available marine-de

rived chemicals (for examples, see Pomponi,

2001) are those that require little, ifany, regu

latory approval. They fall within the catego

riesofmolecular probes (non-drugsubstances

which can be used to probe biochemical pro

cesses in the cell), fine chemicals (such as en

zymes and pigments), nutritional supple

ments, and cosmetics additives.

Molecular Probes
Molecular probes are broadly defined as

non-drugsubstanceswhich can be used to study

the basisofimportant biochemical events (Na

tional Research Council, 1999). The impor

tance of molecular probes to understand the

molecular basisofdiseases hasoften outweighed

both their economic and medical value ascom

mercial drugs, and severalmarine-derived com

pounds, discovered initially as potential thera

peutics and subsequently abandoned as drug

candidates for a varietyofreasons (e.g., toxicity,

lack ofsuitable patent protection to enable ex

clusivedevelopment) areavailablecommercially

as molecular probes. Their use as research tools

often allowsscientists to study the mechanisms

by which other drugs act to treat or cure a dis

ease.For example, potent marine neurotoxins,

such as tetrodotoxin, saxitoxin, conotoxin,

lophotoxin, brevetoxins, and ciguatoxin, have

been instrumental in defining the structure and

function ofmembrane channels which facili

tate nerve transmission (Narahashi et al., 1994).

Understanding the function ofthese neurotox

ins has allowed drugs to be designed and tar

geted to specificsitesofnerve transmission. The

classofneurotoxin selected, and the ability to

chemicallymodif}rspeeificportions ofeach toxin,

allow drug design to create function-specific

materials that regulate nerve transmission in a

predictable fashion.

Marine natural products are not only

sources ofprobes for studying specific cellular

proteins and enzymes, but they have also pro

vided visual markers for proteins specified by

antibodies, for cellular events mediated by cal

cium, and for understanding mechanisms of

tissue-specific gene expression.

Antibodies are an indispensable tool of

molecular biology and biomedicine because

they can be used to identifyspecific molecules.

However, they must be coupled to a "reporter

molecule," usually an enzyme with a colori

metric substrate or a fluorescent compound.

Phycoerythrin, a fluorescent protein isolated

from red algae, is cross-linked to antibodies for

use as an indicator in many immunological

assays. Phycoerythrin-conjugated antibodies

are a favored reagent for use in flow cytometry,

a common clinical diagnostic procedure.

Aequorin, a compound isolated from the

bioluminescent jellyfishAequorea victoria, has

been used extensively in cell biology because

it emits light in the presence ofcalcium. The

photoprotein component ofaequorin hasbeen

cloned into gene expression vectors and is used

to monitor calcium in the cytoplasm and or

ganelles of cultured cells (Badminton and

Kendall, 1998).
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Green fluorescent protein (GFP), also

derived from the bioluminescent jellyfish

A. victoria, has been cloned (Chalfie et aI.,

1994) and developed for use as a reporter

gene in numerous studies ofthe regulation

ofgene expression. Because G FP fluoresces

in living tissues, it is possible to continu

ously monitor gene expression. This is par

ticularly useful in the study of cell signal

ing, cell differentiation and other molecular

processes that are important for understand

ing diseases such as cancer. Several fluores

cent proteins from a variety ofcoral species

are also being developed as reporter mol

ecules that may emit in other portions of

the visible spectrum (e.g., green, red, and

blue) (Carter et al., 2004).

Fine Chemicals
Deep-sea hydrothermal vents exhibit the

most extreme range of conditions of any

known aquatic environment. The area in the

vicinity ofhydrothermal vents is character

ized by high temperatures and pressures as

well as steep temperature gradients. Micro

organisms from these harsh environments

("extremophiles") provide unique enzymes.

The polymerase chain reaction (PCR) is a

universal process used in molecular biology

to amplify minute amounts ofDNA or RNA,

and requires the use of enzymes that are

stable at high temperature. A marine micro

organism isolated from deep sea hydrother

mal vents yielded the Vent
R

® DNA poly

merase (New England Biolabs) (Mattila et

al., 1991) which is used in PCR reactions

common to both diagnostic procedures and

gene mapping studies. Marine bacteria are

also the source of many unique restriction

enzymes used in the cloning ofDNA, aswell

as novel organic solutes, e.g.,

rhermoprotectanrs, osmoprotectants, and

biosynthetic intermediates, not found in con

ventional bacteria.

Pigments from marine microalgae are an

other high-value marine bioproduct. Xan

thophylls produced by the microalga

Dunaliellasalina include zeaxanthin and

lutein, which have antioxidant properties

and are being used in pharmaceuticals, cos

metics, and nutritional supplements, such

asvitamins. Marine microalgal pigments are

26 Marine Technology SocietyJournal
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also being used to prepare labeled

biochemicals, such as Iluorescently-labeled

glucose and fatty acids which are used in

nuclear magnetic resonance (NMR) spec

troscopic research.

Nutritional Supplements
The nutritional fatty acid docosa

hexaenoic acid (DHA) is a naturally-occur

ring polyunsaturated fatty acid (PUFAs) in

breastmilk, a predominant structural Emyacid

in brain gray matter, and a key component of

heart tissue. High dietary levels ofDHA are

believed to result in higher levelsin the brain,

and they have been recommended as nutri

tional supplements for infants, as well as to

support cardiovascularhealth in adults. DHA

is produced in large quantities by certain ma

rine microalgal species. First developed as a

product for aquaculture applications, Martek

Biosciences (www.martek.com) has developed

a seriesofproducts incorporating DHA (e.g.,

life'sDHATM)for use in foods, beverages, in

fant formula, and nutritional supplements

(e.g.,Neuromins®).

Eicosatetraenoic acids (ETAs)are omega

3 PUFAs in Lyprinex" (LifePlus Interna

tional), a marine lipid complex from the New

Zealand green-lipped mussel. The product is

marketed as a nutritional supplement for the

prevention ofjoint pain associated with in

flammatoty processes(such as arthritis).

Cosmetics Additives
Many marine-derived products (both

defined extracts and pure compounds) have

anti-inflammatory and analgesic (i.e., pain

relief) properties (for review, see Mayer and

Hamann, 2004). As a result, they are candi

dates as additives in cosmetic formulations,

such as facial creams and sunscreens. One

such class ofchemical compounds is com

mercially available. The pseudopterosins are

glycosides derived from the Caribbean soft

coral Pseudopterogorgia elisabethae. Although

the pseudopterosins are in advanced preclini

cal trials as anti-inflammatory and analgesic

drugs, defined extracts of the soft coral are

available commercially (as Gorgonian Ex

tract" from Lipo Chemicals, Inc.) and are

used as additives in skin care products (Estee

Lauder ResilienceTM).

Environmental Monitoring
and Resource Management

In addition to these marine-derived bio

medical products, there are several impor

tant environmental applications ofmarine

biotechnology research. These include the

discovery and use of new molecular or ge

netic tools to identify or characterizeeconomi

cally important or threatened species and to

identify and monitor toxins in the environ

ment.

Genetic fingerprinting techniques have

been developed to distinguish species of

sharks (Shivji et al., 2002,2005; Magnussen

et aI., 2007). There has been a dramatic

worldwide reduction ofshark populations,

due in part to over-fishing (Baum et aI.,

2003) and illegal shark-firming practices.

Genetic fingerprinting techniques are being

used by the U.S. National Marine Fisheries

Service to identify shark fins and regulate

illegal trading in shark body parts.

Harmful algal blooms (HABs) or "red

tides" are responsible for millions ofdollars

in economic impacts to tourism and fisher

ies (Hoagland et aI., 2002). They cause

marine mammal mortalities as well as tens

of thousands of cases of human intoxica

tion world-wide annually. A number ofdi

agnostic procedures have been developed

to detect HAB toxins in seawater and sea

food (e.g., Casper et aI., 2004; Naar ct aI.,

2002). Early in the 1980s, specific anti

bodies were raised against Florida's red tide

brevetoxins. Over the past 20 years, the

utilization of these antibodies have been

exploited to produce radioimmunoassays

for detection of toxin in seafood, and the

assay has been modified to an enzyme

linked immunocytochemical (ELISA) for

mat (Trainer and Baden, 1991; Naar et aI.,

2002) that has been instrumental in deter

mining the qualitative and quantitative ef

fects of brevetoxin on marine mammals

(Bossart et al., 1998). This ELISA assay has

also been important in tracking fish tissues

contaminated with brevetoxins, incriminat

ing brevetoxins in "ciguatera' fish poison

ing in the Caribbean. This work is illustra

tive ofthe melding ofmarine and biomedical

sciences into a combined science where tech

nologies developed in one area are rapidly
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integrated into another. Understanding the

chemistry of the suspect materials is essen

tial to develop reliable and science-based

testing. The brevetoxin ELISA entered re

view by the Association ofOfficial Analyti

cal Chemists (AOAC) in 2007 for approval

as a test.

Ciguatera fish poisoning has also been

explored using the similar ELISA technol

ogy, although the test has not been sub

jected to the rigors of the AOAC. The

shortcomings ofthe test include doubt that

the chemical method used to link the toxin

actually succeeded, and the mixed nature

ofthe immunogen (Hokama et a!', 1977).

Ciguatera remains one of the most debili

tating and long-lived of the marine toxin

poisoning syndromes, and only recently

have synthetic substructures ofciguatoxin

been used to make antibodies (Oguri et al.,

2003). This synthetic chemical-based ap

proach, like drug discovery, will begin to

yield fruitful results.

ELISA tests for okadaic acid (diarrheic

shellfish poisoning), domoic acid (amnesic

shellfishpoisoning), saxitoxin (paralyticshell

fish poisoning), yessotoxin (yessotoxinshell

fish poisoning), microcystin (freshwater res

ervoir supplies) are also available through

several commercial vendors (e.g., Biosense

Laboratories, Environmental Assurance

Monitoring LLC, EnviroLogix, GreenWater

Laboratories).

Diagnostics also can utilize the radioac

tive forms of each of the above-referenced

marine toxins and, when coupled with the

biological receptor to which they bind to

causeillness,can beused asassays. The radio

active form ofbrevetoxin, additionally, can

be used to detect ciguatoxin because both

ciguatoxin and brevetoxin bind to the same

receptor site. Enzyme-linked or colorimetric

forms ofeach ofthese toxins can also be ex

ploited for detection purposes.

Ofparticular importance here is to point

out that the toxins (and their antidotes) are

drugs from natural sources, and that they

can be exploited, modified, prepared, and

formulated just as can any other drug result

ing from biotechnology. That they possess

exquisite potency and specificity is the hall

mark ofa drug with blockbuster potential.

Aquaculture
Responding to the continuous decline

in fishery harvests, aquaculture has become

the world's fastest growing sector ofagricul

tural production, increasing nearly 60-fold

during the last five decades (FAO, 2006).

The application ofbiotechnological tools is

beginning to help surmount biological im

pediments to the development of sustain

able aquaculture and augment the predict

ability and performances of the farmed

organisms.

Understanding the molecular,physiologi

cal and endocrine basis of the reproductive

cycleand earlylifestagesofcommercially im

portant finfish led to the development of

hormone-based technologies to induce con

sistent and predictable spawning (Zohar and

Mylonas, 2001; Alok and Zohar, 2005) and

of strategies to increase larval survival and

performance in hatcheries (Koven et a!',

2001). Probiotic approaches are used to im

prove juvenile health and developmental

success (Austin et a!', 1995; Rollo et al.,

2006). Biomedical research and discoveryof

the molecular and cellular mechanisms un

derlying sensing and response to environ

mental ions in humans (Brown et al., 1995;

Baum and Harris, 1998) led to the recent

commercialization ofa powerful product to

induce early smoltificarion, SuperSmolt®

(MariCal), which is now used in the salmon

industry world-wide. The dependency of

aquaculture diets on fish meal and fish oil

puts additional pressure on wild stocks

(Naylor et al., 2000). Algal and plant bio

technology programs are now able to selec

tively tailor protein and lipid content (Rob

ert, 2006; Harel et al., 2002) to substitute

for fishmealand fishoilsin aquaculture feeds,

thereby reducing the adverse effectof aquac

ulture on wild populations aswell as ofcon

taminants in farmed fish that originate from

fish meal and fish oils (Hites et al., 2004).

AquaGrow® (Advanced BioNutrition

Corp.) is the first such commercial formula

tion broadly used in shrimp aquaculture.

Marine algal farming and biotechnology are

now attracting growing global attention, as

algae are considered a substitutive feedstock

for bio-diesel and other bio-fuels (Chisti,

2007; Melis, 2002).

Discovering the genetic and cellular ba

sisofhost-pathogen interactions and fish im

mune responses resulted in the introduction

to the industry ofvery sensitive molecular

diagnostic kits for the early detection ofdis

eases(Bruno et al., 2007; Milne et al., 2006;

Osorio and Toranzo, 2002) and in the devel

opment of highly efficient DNA vaccines

(Corbeil et al., 2000; Traxler et a!', 1999),

significantly reducing the incident ofdisease

in commercialshellfishand finfishoperations.

The use ofgene transfer technologies for

production oftransgenic, better performing

fish resulted in the development of

Aqua/idvantage" (Aqua BountyTechnolo

gies)fastgrowing transgenic Atlantic salmon

(Fletcher et a!', 2000; Devlin et a!', 2001;

Stokstad, 2002). Their commercial useawaits

FDA approval.

One ofthe main impediments to the ex

pansion ofmarine aquaculture is itspotential

adverseeffecton marine and coastalenviron

ments. Coastal net-pen and pond aquacul

ture were reported to emit nutrients and

chemicals into the marine environment

(Gyllenhammar and Hakanson, 2005) and

to have genetic consequences on wild stocks

through interbreedingwith escapedanimals,

including future transgenic fish, ultimately

leading to genetic drifts and reduced fitness

(Naylor et al., 2005; McGinnityet al.,2005).

Additionally;theseaquaculture practicespose

the risk ofdisease transmission from farmed

to wild animals (Krkosek et al., 2005). Bio

technological approaches are used to develop

fullycontained mariculture systemsthat have

no interactions with the environment and

are bio-secure (Zohar et al., 2005; Van Rijn

et al., 2006). Those land-based, water-recir

culated operations use unique marine micro

bial consortia and processes to nearly elimi

nate the dissolved and solid waste produced

by the fish, which allows for over 99% re

use ofthe seawater (Tal et al., 2003, 2006).

Such systems are not only environmentally

compatible and ecologicallysustainable, but

also species-generic, capable of producing

high-quality marine fishanywhere (no prox

imity to the coast is required), and pathogen

and contaminant free. Thus, these state-of

the-art systems produce healthy and clean

fish that are safe for human consumption.
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Marine Biotechnology:
Opportunities and Challenges

Marine biotechnology has already dem

onstrated itsvalue in developing products and

processes to enhance human well-being and

environmental health. Examples include new

drugs to treat cancer and manage pain, mo

lecular sensors to detect contaminants in the

environment, genetic fingerprinting tech

niques to conserve threatened species, and

improved aquaculture methods for produc

tion ofsafeseafood for human consumption.

A review of the literature suggests that

the past two decades ofmarine biotechnol

ogy research have been primarily focused on

the discovery ofnovel, marine-derived natu

ral products with potential pharmacological

activity (Faulkner, 2001). New ways of

searching for materials ofpotential marine

biotechnology importance are constantly

developing. Modulation ofnatural product

effects by chemical modification is clearly a

tried and true biotechnology mechanism.

Looking for additional molecules with bio

medical potential in toxic organisms is rela

tively new. Changing harmful materials like

toxins into therapeutic materials is decidedly

new. All ofthese newer methods exploit, in

part, the traditional mechanisms ofdrug dis

covery with raw materials from marine

sources. Federally-funded centers for the

study ofoceans and human health foster the

integration ofmarine expertise with that of

biomedical expertise. It is a new frontier.

Another novel application ofmarine bio

technology is the production ofmarine-de

rived proteins to control the nanofabrication

ofcrystalline forms ofsemi-conducting ma

terials. Morse and colleagues at the Univer

sity ofCalifornia, Santa Barbara (Aizenberg

et al.,2005), are conducting research on pro

teins, genes, and molecular processes that

control the nanofabrication ofsuch natural

composite materials as abalone shell and sili

ceous sponge spicules. Their objective is to

develop new procedures for the synthesis of

high-performance composites as semi-con

ductors and biosensors.

Marine speciescurrently account for only

36% (3.2% for finfish) ofthe global shellfish

and finfish aquaculture production (FAO,

2006) and provide only 11.5% (Ll % for

2~ ". Marine Technology Society Journal
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finfish) of all seafood products (inclusive of

fishery and aquaculture). The production of

marine species (especially finfish) through

aquaculture must be accelerated to ease fish

ing pressures on marine stocks. To meet this

challenge, aquaculture must become more in

tensive, efficient and cost-effective, while also

being fully compatible with the marine and

coastal environments.

Strategies for habitat restoration (e.g., sea

grasses, coral reefs) and stock enhancement

(e.g., commercially and recrearionally impor

tant fisheries) should be a natural extension of

the successes achieved using marine biotech

nology for aquaculture offish and shellfish.

And the development of biological and

biochemical sensors to detect pathogens, con

taminants, and toxins and to monitor human

and environmental health indicators in the

marine environment should be a very high

prioriry in the establishment ofU.S. coastal

ocean observing systems.

There are challenges: technical, regulatory,

political, and environmental. These have been

detailed in other reviews and reports (e.g.,

National Research Council, 2002; Pomponi,

1999,2001) and include:

• technical: exploring new environments and

developing new platforms, tools, and tests

to discover marine organisms (including

microbes) and applying that knowledge

to develop useful products and solve

environmental problems;

• regulatory: streamlining government regu

latory requirements for drugdevelopment;

• political: complyingwith regulations

related to the rights ofa country to its

natural resources, aswell as fair and equi

table sharing oftechnologies and revenues

resulting from commercialization of

marine bioproducts; and

• environmental: ensuring sustainable use

ofmarine resources with commercial

potential by developing alternatives to

continued harvest ofmarine organisms.

Finally, commercializing marine biotech-

nology discoveries requires stronger partner

ships between academic researchers, industry,

and innovative small companies. Fostering

such partnerships and facilitating technology

transfer are needed for marine biotechnology

to achieve its full potential.
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