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Thank you very much for inviting me to this meeting and to this Workshop. I
send greetings from the Manaus of the United States, that isSaint Louis,which
meets at the convergence of the mighty Mississippiand the Missouri.I live in
that area. I rather think of paraphrasing a quote from T. S. Elliot where he
mentions: "The strong brown God keeping its seasons and its rages." The
flooded Missouriat the moment reminds us of what men choose to forget:
that is that nature is out there as a force which we cannot control. It is
something which, if we try to control it, if we think we can control it, will end
up by destroying us. So, I think that sciences must always be humble in the
presence of the power of nature.
I am going to talk to you about the screening program which is actually an
admission of defeat. It saysthat we cannot predict the chemical structure of
a drug. Our way is to humbly return to nature and to look for cures for our
diseases,as men have done for centuries. I am going to show you how we do
it at the end of the Twentieth Century, but in concept it is not very different
than that used by our ancestors.
Monsanto is a worldwide development, manufacturing and marketing
company of high value agricultural and chemical products, pharmaceuticals
(that's Searle), and food ingredients (people might have heard of
NutraSweet). In 1992Monsanto had salesof 7.8 billion dollars worldwide.
I am going to tell you about a program which we have had for four years
with the MissouriBotanical Gardens where we obtained approximately ten
thousand plant samples from the United States and Porto Rico. These were
used on our drug discovery and agrochemical discovery programs.
It has been estimated, based on the work of Farnsworth,that the worldwide
value of medicines derived directly or indirectly from natural resources in 1984
was greater than 20 billion dollars. In order to justify this program I took
another tack and asked how were the top twenty best selling drugs in the
United States discovered. These drugs earned six billion dollars in the United
States in 1988. What was the role of natural products in their discovery? In
seven of the twenty, the natural products, themselves, helped define the
pharmacology but were not the basisof chemistry. In eight of the twenty, the
products were used as a medicine at one stage, but had now been
superseded by synthetic chemical molecules. Three of twenty are used as
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semi-synthetics that is, the natural product is modified chemically, and there
are currently two products which are used as they come directly from nature.
Another question then was: how were these drugs discovered? Random
screening, in which you take chemicals and you test them for the required
pharmacological activity, was responsiblefor half of the drugs discovered.
The other way was to use directed synthesis,where you start with knowledge
of the biochemical properties of a molecule to make an antagonist of its
action. Forexample: in the histamines,if you want to make an anti-histamine,
you start with histamine itself and then make chemical analogs until one is
found which acts as an anti-histamine. This is sometimes called rational
design, although I think that the concept of directed synthesis is better,
because you still need to know about the natural molecules in order to start
the work.
A really important discovery route is unexpected observations and,
interestingly, Monsanto has two major projects based on that route. One is
Round-up, a herbicide, and the other is NutraSweet, an artificial sweetner.
NutraSweet was found when they were trying to synthesizea drug to cure
gastrointestinal disease. They ended up by finding that the material they had
made was sweet, thanks to a chance tasting. Anyone who is talking about
the cleverness of our rational approach should look to their history books and
study the real way in which drugs are discovered!
We have random screening for seven; analog synthesisand testing, three;
unexpected observation, three; natural biochemical itself, one. That is how
the fourteen lead compounds were discovered which led to the top twenty
best selling medicines.
In the Monsanto Screening Program I will talk mainly about the plant screen
although we also screen microorganisms,marine organisms and a chemical
library. The plants are collected by the MissouriBotanical Gardens thct goes
to various parts of the United Statesand collects plant samples. They ore then
extracted for proteins and also for small molecules, and w~ then screen these
extracts for the desired biological activity. If we find an active protein, for
example, it is purified, sequenced, and the gene responsible for its production
identified and cloned into plants to enhance. the ..performance and the
productivity of the crops.
In addition, small molecular weight extracts are screened for activity against
crop diseasesand for new medicines. Chemicals isolated have their structure
elucidated. They are then used as they are produced or, more often, they .
become part of-chemistry programs which yield synthetic or semi-synthetic
blocctlve chemicals.
.
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In order to make this happen, you need advanced biotechnology to identify
the targets and the receptors and to understand the biochemical basis of
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disease in plants and animals; you need advanced chemistry in order to
isolate the chemical. For the structure elucidation, you need high powered
analytical instrumentation. We use 500 megahertz instruments and can now
get structures out of micrograms of sample. Finally,you need a fundamental
understanding of the molecular basisfor bioactivity.
Asa result of the plant program, we have many "hits" which are being
pursued against many targets. In our programs there are many targets being
screened simultaneously, and you are running many different approaches to
. curing similardiseasesin parallel.
It is still too early to see, with this particular program, if history is going to
repeat itself and will get to usefuldrugs. Butthere isan example: Butyl DNJ isa
potential AIDS medicine which is in phase two clinical trials in the USA.DNJ
was isolated from plant material by a group working at Kew Gardens in the
UK.Actually, they were looking for antifeedants from mulberry trees. Due to a
chance meeting and a discussion, it was decided to try and test this
compound as an AIDS drug in a random screen. It came out as being
positive. However, it was too toxic to be used as it came from the plant so it
then entered into a chemistry program and analogs made until one with
reduced toxicity was found. That product has now advanced into the clinic.
We do not need to go to the plant to get this material, as it is made
synthetically, but we discovered it via the plant. I think in the majority of
natural product leads thiswill be true.
You can see the benefit it can have for Monsanto. What about the benefit for
the Missouri Botanical Gardens? This program has allowed the Missouri
Botanical Gardens to resample North American plants. This has provided
them with data which they are using to update the flora of North America,
and thus made a usefull contribution to this program. Thisscientific reference
will help those who are wrestling with the problem in the United States of how
to conserve our biodiversity. It was my privilege, a few weeks ago, to testify
before a Congressional Committee of the United States on the importance of
biodiversity for drug discovery - a similar meeting to this one with the
involvement of the governments in a wordwide recognition of the
importance of thisresource.
So what is the benefit of biodiversity to society? In addition to the medicinal
uses of natural products I believe the more land we can conserve for
biodiversity, the greater are our options to improve agricultural efficiency
through the discovery of new agricultural agents or via gene screening to
introduce improved traits into plants. We can use these products to improve
agricultural efficiency. For example, Monsanto has taken a gene from a
bacteria and put it into cotton plcnts. Theseplants are then made resistantto
attack by many insects,which means you can use much lessInsecticides than
you did before, and we improve our environment The more effectively we
can use land for agricultural production, the more land is made available for
conservation of biodiversity. We've got to preserve and operate this positive
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fe-edback loop if we are to meet the quality of life demanded by an ever
increasing world population.
Monsanto's research programs have a major interest in seeing that the
correct balance is struck between conservation and the use of natural
resources. These programs will result in products which increase the health
and welfare of the population by providing new medicines and efficient
agricultural basiswhich isessentialfor maintaining a continuing prosperity.

DISCUSSION

JAMESD. McCHESNEY
Stephen, I would like to comment on one of the points that you've raised
relevant to transgenic plants: the movement .of genes into plants which
provides them with enhanced protection to insect damage, etc. There is
another very important aspect that we often are not thinking about in terms
of the importance of biodiversityto the environment.
We are faced today with increasing prevalence of toxic materials in our
environment, toxic materials which have been produced as a result of human
activities. Yet, if we look historically,those toxic materials have in many ways
been in our environment for a millennia, not all the chemicals specifically but
certainly the toxic heavy metals, things of that sort. Many plant species have
evolved mechanisms to deal with those intoxicants, to concentrate and, in
many ways, neutralize those toxicants from the environment. That is an area
where great potential exists.
One of the great issuesin the United States,right now, is the controversy over
lossof wetlands. We have always viewed wetlands as swamps which breed
mosquitoes, which carry malaria or worse. But, in fact, wetlands, we are
discovering, represent one of the major ways that nature purifies itself from
these toxic materials and so their preservation, the preservation of the
organisms found in those wetlands to deal with these toxic materials, is a very
very critical issue. That'san issuewhich we have not researched adequately,
which we have not exploited adequately in terms of controlling the impact of
mining operations, the impact of agricultural run-off'swhere we have used
pesticides of one sort or another, the impact on city run-offs. A major source
of pollution is the drainage of rain-water from our cities into our waterways,
etc. Can we, in some way, take advantage of this natural capability of plants
to deal with toxic substances and exploit that capability even for
development as a businessopportunity?
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We are in a incredible position to take advantage of our ability to move
genes effectively between plants, animals, and microorganisms to plants.
There isobviously a big PRproblem to convince people that this issafe. But in
the United States, bovine somatotrophin has finally been released by the FDA,
which is a real triumph. It also demonstrates the ability of a company like
Monsanto to stay with a project for many years. Companies have a longer
time horizon than most governments and are very sceptical of short term
government interferences with the free market system (which turns out to be
a very powerful tool for ensuring the distribution of goods and services
amongst people). Set sensible strategies and any industry working in a free
market economy will behave in the same manner.
Concern for the environment in the USAisa major issue,at the moment, as it is
here. One of your great technical achievements was to improve farming
techniques by understanding how to deal with the presence of toxic
materials in the soil. You overcame that problem and now you have vast
productive areas. I visited an experimental farm yesterday looking at which
technology can allow people to sustainably live in the Amazon basin. You
cannot stop the vigorous, joyous people I see here, and have met over these
few days from that ''will to life." Again I am reminded that I live now in the city
of Saint Louis, with its Arch which represents the westward expansion of
people across the plains. I don't think a committee like this met then to
considerer the conservation of biodiversity during that expansion, and yet we
can go back 150 years later and still find the same native plants. The United
States has big reservesof biodiversity as national parks. We could do it better,
and manage it better, but there is a ''will to life" in nature which will surive,
whatever you do to it. All you can do ismake things a little bit better or, if you
are not careful, you can make things very, very much worse. We have seen
that happen when a simplistic scientific hypothesis goes into a world of the
incredibly complex. Biologistslive at the cutting edge of the very complex,
where linear equations don't work. I think the role of scientistsis to observe
nature, describe what has ocurred, and accept our limitations in predicting
the consequences of our actions.
I think the best way to address these issuesis to have many small projects
testing different solutions, starting from the ground up, as long as there is a
good government strategy and an environment in which they can thrive.

WALTERB. MORS
Please don't take personal what I am going to say now. About twenty years
ago three big international organizations established research centers in
Brazil,supposedly to do research without having in mind immediate financial
return.. These three were: Roussell-Uclaf,from France, Rhone-Poulenc from
France and Monsanto. Monsanto had this research center in Campinas. All
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three were closed down. All three were shut down. Now, why did this
happen? And what can we do so that such a thing will not happen again in
the future? Because, at the moment that such research centers continue to
work here and will not go away, at this moment we are crossing the threshold
into the FirstWorld.

STEPHEN
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I have sympathy. Working in industrial research, I originally come from the
United Kingdom where I worked in a Biotechnology group. Monsanto bought
my company. Guesswhat? They closed us down as well, and I ended up in
the United States. The free market forces you into maximum productivity. It
works very well and all attempts to control an economy fail. I don't know
what the details of the closure were, but I suspect they were not making
money out of the operation. The role of commerce is to make wealth and
that process uses the free market, which appears to be the best way to
distribute goods and services. As professionals,yes, it is a difficult system to
work with, but as a professional working in industry you have to adapt and
move where required as a result of those forces.

WALTERB. MORS
Of course, but the moment you have established such a research center,
certainly you have in mind a financial return but on a rather long run.
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For company the size of Monsant6 there are some theoretical arguments to
say that it will have a time horizon of about 25 years and that is how it is trying
to project itself into the future. That is actually relatively small to most
academic scientific researchers who may be working on projects that have
got a hundred year time horizons but, even so, this is probably very much
longer than most political organizations which have time horizons of maybe
only five years. So one advantage of a very large organization isthat they do
have these long time horizons and will develop research programs
accordingly. It takes ten to fifteen years to get the drug to the market. We
have to try and work on drugs which we think will cure diseases in 15 years
and to believe we will make money at that time. The marvelous thing about
working for a company like Monsanto isthat you bring a group of very clever
people together to do exciting research and, at the end, you have cured
diseasesor made agricultural products which can really help the world. But,
alii can say is: commerce seems to work and the free market seems to work
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i the same way that drug screening seems to work; by an admission of our
inability to control what we don't understand. We must use the strength of
commerce, natural resources,and technology to drive ourselves forward and
meet the material needs of the people within responsible government
strategies.

H. WALTERHAEUSSLER
I think the point that you make that research centers and research activities
begin and end isa reflection of something that is happening in the world and
scientists are ill prepared to deal with. It is a discussion we had at lunch
yesterday that in the United States there was a time when there was a great
deal of funding for science. Thisyear the National Science Foundation, in the
area of cancer, isonly funding 10%of the proposals, 90%of the proposals are
going unfunded. Many young researchers in the United States are not having
funding now as they were used to having in years past.
So it is a universal problem. Scientistsare competing around the world for a
shrinking amount of money, and they are competing with poor mothers for
food for their children.
It is not enough to get a politician to give you money, you must talk in terms
of job creation, of economic benefit for the society, and so scientists must
learn to package themselves in different ways to keep the research center
open. They have to focus their research, and they have to somehow indicate
to society that society isgoing to get a benefit beyond books in a library.
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