United Nations Panel Discussion — World Oceans Day

John J. Stegeman remarks

Honorable Director, Professor Freestone, fellowetiats, ladies and gentlemen: Thank
you very much for the opportunity to be here, an@drticipate in these events to mark the first
UN observance of World Oceans Day. It is indepteasure and an honor for me to participate
in this important panel discussion. | think tHa¢ tomments you heard from the last speaker
concerning ocean acidification and the potentigdant of increased levels of carbon dioxide on
ocean pH, and the consequences for organisms, enagnbng the more important comments
made here today.

| would like to applaud the United Nations for thegognition of World of Oceans Day,
which should foster greater recognition of the estaital role in life on earth. A number of
years ago, there was a cartoon in The New Yorkeyaaiae, which depicted several women
sitting, talking. One said: “I don’t know why | di care about the bottom of the ocean, but |
don't”. Hopefully, events such as those assediatith World Oceans Day will increase the
global awareness of just how critical the ocearg@all life on earth.

As | grow older, | find that | am given more to tlghts of just what an amazing planet
this is. And it is amazing in large part for thetanishing diversity of life that exists here.
Consider if you will, that you were able to trat@lsome newly discovered extrasolar planet, and
were to discover oceans of water, green plantsredlflowers, and animals in the air, on land
and in the water. Such an astounding discoveryidvcapture the interest of the whole world.
And yet here it is; it i®ur planet that has these oceans and this stunniegsitiy of life! This
diversity is leading to a greater knowledge ofploéential for the use of biological systems in
meaningful and appropriate ways that help humankiftaere is a growing knowledge of this
diversity, which is greater in the oceans thanaml]| greater numbers of species live in the
oceans than on land and we know far less about.thgns diversity is fuel for the growth of
marine biotechnology.

The topic | was to address is the industrial appilony of marine biotechnology, in the
context of managing ocean resources; “Our OceamsR@sponsibility”. So what is marine
biotechnology? In simple terms it is the techgatal use of marine organisms, biological

processes, materials or genes, in some way thafitehumankind. Experience to date



indicates that biotechnology has enormous potetttishpact areas that are important to
humankind; in aquaculture, agriculture and proecegsf foods, in medicine and health, in
industry, in research, and in maintaining a headthyironment. Potential areas also include
generation of energy. There are a number of ingpresand often repeated, examples of marine
biotechnology successes that can be found by sagrttte web. Not all can be mentioned here,
and so only a few are highlighted.

There are hundreds of marine natural products ifteshthat have properties indicating
potential utility in industrial processes, healtir@search. The discovery of enzymes in sponges
that catalyze the synthesis of silicon-based pofgroédefined structure at nanoscale levels has
great potential for use in biotechnological gerierabf silicon nanomaterials, with applications
in many areas. Adhesive proteins synthesizedtio by genes from mussels are able to form
strong bonds underwater, to substrates difficulotber adhesives to adhere to. Pharmaceutical
agents have long been sought from marine spe€aadidates include compounds that are
potential antibiotics, antivirals, anticancer ageminti-inflammatory agents and so forth.
However, there still are relatively few such progutat have been approved for clinical use.
However, there appears to be a resurgence of stterexpending the effort to bring such
compounds to the market. There are growing nuntdfesther interesting processes of marine
microbes that are being considered for developniecitjding the use of biological processes for
mediating environmental cleanup of spills of cheatsr petroleum or such.

The impact of marine natural products on healthf isng standing. In the 1950’s
analysis of natural products from sponges led ¢agblation of novel nucleosides,
spongothymidine and spongouridine, that have aosleimather than ribose as the sugar
component. These nucleosides, with a differenaisogiety, prompted a synthetic modification
of nucleosides for potential interference with DNynthesis. This led to the development of
arabinose-cytosine, or Ara-C, that is widely uskaiaally against lymphomas and leukemias,
particularly Hodgkin’s lymphoma and acute myelogenhteukemia. Members of my own
family have been treated for leukemia, quite susfodly, with this clinically important drug
derived from the hint in spongouridine. Whilerthare other drugs in development from
marine sources, it is important that these comecgoally from marine natural products
chemistry. The pace of discovery has been googdars, but moving along the path to a

clinically useful drug has at times been agonizirgibw.



The impact of marine biotechnology on health dogsweed to be direct to be important.
Enzymes from deep-sea vent organisms, for exanvelet DNA polymerase” are used in
polymerase chain reactions or PCR, a technologibehnce that has touched virtually every
aspect of biology for cloning genes and for meagutineir levels of expression. Limulus
amoebocyte lysate, derived fro horseshoe crab bieagsed to detect bacterial endotoxin to
ensure the safety of intravenous fluids. A verpamiant discovery of the fluorescent proteins
from coelenterates has had a major impact in odergtanding of conditions in health and
disease. This green fluorescent protein is thaiglinectly used in treatment or as a therapeutic
agent but in research to understand how gene esipreis involved in health and disease. The
gene for green fluorescent protein can be attatdhéite promotor regions of various other genes,
and when in a transgenic organism the gene ofastés turned on that causes the expression of
GFP, which lights up green so that you can see @asjyty the location and timing of when the
gene if interest is expressed. This is substdyniportant, evident in the awarding of the 2008
Nobel Prize in Chemistry for green fluorescent protliscovery and development.

So this is the present. There are more than ateeesses, and the value estimated for
biotechnological exploitation of resources in tka s in the hundreds of millions and indeed
billions of dollars worldwide. What about thedw? Where does the future come from?
Where will the new discoveries come from? And v/ we exploit further the diversity that
exists in the oceans for biotechnologically usefiakerials?

| can offer my own view of how this future will lzehieved, how we will be able to
efficiently and wisely exploit diversity in the seto identify new chemicals, processes and
genes. | consider five important features of howchieve this. These are wise searching,
biological knowledge, a prepared mind, genome e8jdind data handling, and these features
are interwoven as well.

An example of wise searching is how we go aboukiagemicrobes that may generate
chemicals that will affect the growth of other nobes, involving biological understanding.
Such growth-inhibiting chemicals would be potenaatibiotics.

A recent Danish expedition, Galathea 3, scienéisiged from around the world in part
searching for bacteria that may influence the ghowi¥tbacteria, that is bacteria that may
generate antibiotics. What is now known is thatlihcteria that live in the water column are

less likely to produce chemicals that interferewtite growth of other microbes than are those



bacteria that live on surfaces. This makes sem#asaon the surface of a copepod or the surface
of a fish or the surface of a rock or a small géatithat growth of one species may be effected
by the growth of another species competition fepteces, etcetera. So it is reasonable to
expect that antimicrobials may be elaborated bgispegrowing on surfaces. Searching for these
interactions can be done quite simply using thevgiglate technique that led Alexander
Fleming to the serendipitous discovery of penitilliThis kind of approach is something that
could be done simply, to explore coastal watersratidhe world for raw materials potentially of
biotechnological interest, including in areas amdoastal states where the cost of doing the
elaborate natural products chemistry and gene lsegrmay be cost prohibitive. We should
seek out opportunities to employ simpler techn@edo take advantage of and perhaps exploit
diversity that exists in coastal states all overworld.

The second feature is biological knowledge, andxample would be improved
understanding of methods for culturing organisrspresent, the vast majority of microbes that
are being discovered have yet to be cultured,asdhditions for obtaining these organisms in
culture are simply not known, haven’t been ideatlfi As understanding of requirements of
organisms improves, then culturing of organisms megease and as that happens then the
opportunities to identify organisms that producefulsproducts, whether antivirals or
antibacterials or anticancer agents becomes masible.

A third feature may increase the exploitation ofedsity is a prepared mind in ecological
studies. As an example of this, a group at thea®agraphic Institution in Woods Hole have
been studying interactions between phytoplanktahaawiral control of phytoplankton
populations. Viruses that infect phytoplankton raayto determine or influence the abundance
of viable phytoplankton cells. In examining thesigefor the viral interaction they stumbled
upon two chemicals that influenced the infectioogass and the survival of phytoplankton cells.
These two chemicals are now being examined cayefuiltheir potential, one as an anticancer
agent and the other as an antiviral agent. Tépgved mind of the investigators allowed them
to think that the action of these chemicals in ppiankton had possible biomedical
implications.

A fourth feature that will lead to growth of futuegploitation of marine resources is
genomic studies. The current approaches for DNjfaesecing have expanded the amount of

information that may be gained from a single samguhel that information is revealing a greater



abundance of microbial species than had been th@awgn a few years ago. There may be as
much as tenfold or a hundredfold greater abundahspecies than thought, and the rare species
may possess unusual metabolism or genes that poadle raw material for all sorts of uses.
Genome studies are also showing that there maydagey numbers of genes in gene families
that have importance in biological processes inmglehemicals. For example, in sea urchin
there are twice as many genes in a gene family kraswcytochrome P450, that code for
enzymes that degrade pollutants, than there drarnmans. The suggestion is that there may be
unusual properties of these genes in sea urchiratBdargely involved in defense against or in
metabolizing toxic chemicals, which may find us®, éxample, in dealing with contaminated
environments. A gene from one species that istabheetabolize chemicals could be put into a
species of bacteria or phytoplankton that may leel e metabolize and remediate contaminated
environments. There would be questions aboutdlease of such transgenic organisms yet the
potential may be there.

The fifth feature is one that may not be thought@hmonly, but that would be of data
handling. There are massive amounts of data l@iggired on genetic and other properties of
marine organisms and handling this amount of daterstanding the implications for a
particular genomic feature requires an ability éaldwith this.

An additional area to these five is technologdamlelopment that will allow exploration
and sample retrieval from sites not previously ke or available only with great difficulty.

For example, within the past weeks there has besrc@essful re-visitation of the Challenger
deep in the Mariana trench by scientists at the 88ddole Oceanographic Institution and other
places. They have constructed a remotely opexagieidle that was able to successfully visit the
very deepest part of the ocean. With this deejmgikemote vehicle the entire world ocean is
now accessible and samples of these areas maydiaaboffering new raw material for
discovery of biotechnologically interesting projest

So what are the limitations in being able to exgloe marine biodiversity for
biotechnological purposes? Three come to mind¢hvhiable discovery, development and
distribution of benefits. By discovery, | mean @stment in research, which as a principle
limiting factor. As an example, the identificatiof potential drugs is mostly by academic
natural products chemists, and funding of resemrthat area is key to identification of new

compounds. Likely, this will require cooperati@mong agencies, partnerships with



commercial interests, and cooperation among goventsn There is progress in such
partnering. An example partnership between théoNal Institutes of Health and the National
Science Foundation in the U.S., which resulted aorapetitively funded program of Centers for
Oceans and Human Health. The subtitle of the C@kddram is‘Risks and remedies from the
sea’. The prograntdeals with risks from pathogens, risks from harnalgal blooms (which are
increasing worldwide) but also supports effortsligcover and for identify new pharmaceutical
agents or other agents of direct relevance to humalth. While this example is cooperation
between agencies within a government, | think toafperation between governments as are
equally feasible. Examples of such cooperatidhink, should be highlighted, recognizing that
cooperation is a way to enhance the rate of disgove

Secondly, the development of biotechnological resesithat are known is a big
impediment. For example, the effort and cost nexglior bringing a potential drug, identified
from any source, can be enormous. The time to laxipgtential drug to and through phase Il or
phase Il trials can be years, often a decade. fihaacial support for this is difficult to obtain
and without a strong indication that there wouldaldaancial recovery for investments, public
or private, then it is questionable whether theoeilt be a development even with signs there
would substantial benefit to society. Generaligre needs to be a champion, someone who is
interested in this for the sake of the scienceAdud can see the potential and will do what it
takes in order to bring that potential to a realiifany examples of drugs in the pipeline are
there because of the dedication of an individush&science and subsequently to seeing the
potential is actually used.

Lastly, an impediment to successful developmetiiesconsideration of distribution of
benefits and materials to the global community.tiMdiscovery of raw material in coastal state
jurisdictional waters, it is important that there & reasonable financial benefit to those who have
undertaken the effort and financial risk. It isiatly important that financial and material
benefits accrue to those coastal states and watidwilaterial benefits may for example, be
antiviral drugs important for the health of the ptgtions worldwide, and thus distribution
globally, in particular, in regions of developinguntries, where financial possibilities for
purchase are limited, is very important. Seconpligns for distribution of financial benefits of

biotechnological materials discovered in the opegaa or in the commons beyond any



jurisdictional waters, need to be examined cangffidir benefit to all states including landlocked
states that do not have their own marine bioteauicél resources.

In closing, I think that all coastal states havéeptial biotechnical resources, and
countries the world over have centers or institofesarine biotechnology. In preparing
remarks for this meeting, | happened upon an articthe Jakarta Post, of Aprif'72009,
considering marine biotechnology, and | quote: ¢Bwally marine biotechnology will
influence, in one way or another, virtually allmfinkind's productive activities, whether they be
agriculture, health services, industry, energy pobidn, or environmental remediation. Marine
biotechnology will fuel this exciting new frontiand provide enormous economic potential for
future generations to take advantage of. Althaundhstrialized nations have benefited greatly
from this new frontier, developing nations haveragh or more to gain from advances in
marine biotechnology.”

| agree with this sentiment, that all coastal stéi@ve potential biotechnological
resources. To develop these requires investmendétification of those resources, for
example bacteria with the potential to influence gihowth of other bacteria, could be done even
with limited resources. | think that the cominggewill see increased attention to the
biotechnological potential and also increased #tierto maintaining the diversity and ensuring
that those species on this planet which may beusfiwill be safely, and successfully exploited.

Again, | thank you very much and am grateful to threted Nations for World Oceans
Day, for this panel discussion, and for the oppatjuto be here.



