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PREFACE

The accession of Spain and Portugal to membershipghe
European Community in Januat9g85not only brought new vitality to the
European initiative, but served as a powerful reteinof the broader
dimensions of the Spanish — and Portuguese-speakiogds. A
reinforcement of Europe’s natural and historicateinationalism of
outlook was particularly relevant in the contextbidtechnology; for the
sophisticated multi-disciplinary scientific basendathe several broad
application areas, force on biotechnology an irggamalism both for
access to scientific capability, and for accessaddwide markets.

Such was the rationale fSOBELA: a Seminar on Biotechnology in
Europe and Latin America’, which in April987 brought somes0 Latin
American entrepreneurs, policy-makers and acadeaders to Europe and
to Brussels. At the Commission’s Borschette ComfegeCentre, they heard
presentations from eleven of the Community MembeateS, each
emphasising its strengths in biotechnology andintsrest in promoting
industrial collaboration with firms in Latin Amerc

The seminar was opened by speeches from Vice-Rrasidarl-
Heinz Narjes on behalf of the Commission, and by Hkcellency Luis
Ramiro Alfonsin of Argentina, senior Latin Americdiplomat in Brussels.
In the closing session, Directors-General Paol@llagScience, Research
and DevelopmentpG xI) and Jean Durieux (External Relatiomss 1)
welcomed Their Excellencies the ambassadors frogetina, Mexico,
Brazil, Uruguay and Colombia.

The conference itself was preceded and followeddits to the leading
centers in the various Member States. The fruitsheke exchanges were
shown through more than a hundred proposals fausiridl collaboration
which resulted, many of them now converted intooimg relationships. The
Commission through its Directorate-General for Exe Relations is
continuing to promote such collaboration, helpimgn$ in each continent to
find useful partners for trade, investment, tecilrgollaboration or marketing.

The materials presented at the conference have beeéated and
edited, to give in this book an up-to-date pictofeapabilities and common

interests. Although inevitably any book on biotedlogy is obsolete by the
time it appears, there is nothing obsolescent atheutlynamism now being
displayed in the development of the bioindustmelsath continents. We hope
that the presentations assembled in this volumktesgtify to this dynamic
development, and stimulate its further promotion.

The Editors,

Bernardo Sorj
Mark Cantley
Karl Simpson



WELCOMING SPEECH

Karl-Heinz Narjes

Draft text of a speech by Vice-Presidétarl-Heinz Narjes on 27 April
1987, at the opening session of the ‘Seminar on Biateldyy in Europe
and Latin America’, Conference Centre Albert Boettd, Brussels.

Your Excellency, Mr. Chairman, Ladies and Gentlemen

It gives me great pleasure to welcome, on behatfi®@Commission,
the many distinguished visitors who have kindlyegated our invitation to
this international gathering. There are presemnpyesentatives of some
twenty different nations; but let me emphasise ot diversity, but our
common interests. The European Community and it States have
worked together to organise this seminar, and ter @b our guests from
Latin America our hospitality; our friendship; ougleas; and our hopes for
continuing and mutually beneficial collaboration.

The subject on which our common interests will beuksed during
this three-day seminar lsotechnologyMuch can be said, much will be said,
during these three busy days; but even if we thittay, we shall not exhaust
the range of topics covered by this broad subjecipeak with some
confidence on this; the Commission has been talkingut biotechnology,
and developing its policies, for over ten yearspe®f our Member States for
much longer. Whether we adopt a narrow or a braditilon, we have to
recognise that ultimately the biological revolugan progress will influence
or transform every field of application of the lifeciences — including
agriculture and forestry, health care and pharnisads, organic waste and
water recycling, and the care of the environment.

Initially, we saw biotechnology mainly as a reseantatter. Our first
programme, the biomolecular engineering programrar, from nineteen
eighty-two to nineteen eighty-six, and was limitedhe agriculture and agro-
food fields. It sought to remove obstacles to thedfer into practice of the
advances in biological research. It was successfubnly in scientific terms,
but in catalysing trans-frontier collaboration viiittour community, through

transnational cooperation in research, and throtrgining grants for
researchers moving to laboratories outside theirehoountry.

Our current biotechnology research action programmones until
nineteen eighty-nine. It covers a wider range tjexts, including topics of
importance to all the bioindustries, bothrasearch and in improving the
infrastructurefor research. We expect to expand the programmbeiuin
the near future. You will probably hear more abihngise activities during
the course of the seminar.

| should mention also that the breadth of biotetdmo inevitably
involves several other research areas, such aagoiqultural research, our
medical research, and (of particular relevance Hs tseminar), our
programmes ofcience and technology for developmérite first of these
programmes concerned tropical agriculture, headthrautrition. It ended in
Decembern986 and we hope shortly to finalise a substantiahgér effort
in the same areas, including a greater involvenantaboratories in
developing countries.

We also plan a major new biotechnology-based iniga to
stimulate innovative developments at the interfaoetsveen industry and
agriculture. The industrialist, the farmer and thaentist must work
together to demonstrate and develop these innosatidhis programme
will seek to develop:

New crops better adapted to market needs in both food amnd n
food applications;

New processes for cultivating and harvesting créms splitting
them into their constituent elements, and for ti@msing these
into higher value products;

New approaches to theontrol of pests and diseasesd to the
control of nutrition and metabolism in plants amdnaals. In this
or in other programmes, we shall be continuing aede on the
assessment and management of any related risks.

But our policies for biotechnology in Europe go beyg research.
They interact with our plans for agricultural amdliistrial development,
for safeguarding the environment, and for develgpinarmonised
regulatory regimes in the Common Market. They idelumatters
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ranging from price regimes for raw materials, tbrrements of the laws
on patents and on plant variety protection.

In the context of this seminar, | want to emphasiigeinternational,
indeed the global, dimensions of biotechnology. Td@hniques, products
and services of biotechnology are of central imgrace to countries rich
or poor, at every stage or their economic develagmidere in Europe,
we believe we have major strengths and capabilitigdsotechnology, and
we want to talk about these with you during the canpdays. We are also
sure that we can learn from your experiences i yawious countries. |
recognise that we shall have some differences ofiap — that makes it
all the more necessary to continue our dialoguegamasions such as this,
and to understand the basis for our differences.aBove all, we believe
that we have a common interest in learning togelioev to develop and
use biotechnology for your needs and ours, whetfeerspeak of social
needs for health care and basic nutrition, or ndedsommercial and
competitive developments.

Let me cite some practical examples. There is nfashionable
talk about the hypothetical risks of biotechnologshen we talk about the
needs for better vaccines, diagnostics and thesapie are not talking
hypothetically, but about real, current and contigudisasters; about
hundreds of thousands of people round the worldglgaily, to-day and
every day, from avoidable causes, from starvatioml g@reventable
disease. We have the technology to produce the; fwedhave vaccines
and therapies for many of the diseases that atke kiiting people.
Through the methods of biotechnology, we have gpodspects for
developing vaccines against major diseases notwymetble, for example
through our new ability to study the constituenttpaf viruses, and to
manufacture in large quantities and high purityirtfaatigenic proteins.
The development of monoclonal antibodies is prawgdiprecise and
effective diagnostic tools, and the basis for d®ivg drugs to precisely
targetted cells in the body. Such technologies assential in the
continuing battle against parasitic diseases ssc@lemgas’ or to combat
the continuing and ever-changing challenges of rizaldhey are equally
needed to confront novel challenges such asathe virus. The major
risk to be avoided is the risk of unnecessary delay

Concern is sometimes expressed about the impdgiotdchnology
on the environment. Around the world, some two maddmillion people
are engaged in ‘slash and burn’ agriculture. Ofreeuthey are driven by
their local necessities; but by their actions, thene destroying the
remaining areas of tropical forest, with a losspécies estimated at several
hundred per day. We are likely to lose half of @ltrent species within
twenty years; it is an environmental catastrophspecies extinction of a
magnitude unparalleled since the death of the dimss It is not
hypothetical; it is happening now. Yet biotechngl@gn offer the means to
feed the world’s whole population more than adegjyatsing far less land
than we cultivate today. Further major gains in@dtural productivity are
now seen to be possible. By pursuing these, weldghmiable to take the
pressure off the environmentally sensitive areash s the uplands and the
wetlands, the unique ecological habitats. We shbeldble to defend our
forest, be it in temperate or in tropical zones] egstore our environment,
replanting appropriate species in degraded arecls as, here in Europe,
parts of our Mediterranean littoral.

I do not want to be simplistic about the practidificulties which
inhibit the application of the new technologieshe problems of health care,
agriculture and environment. The political and eooit difficulties are often
greater than those of science and technology. Aodeall, the application
of new science demands adaptation to local comditiand integration with
local knowledge. Therefore collaboration and diatgre essential, and our
joint learning will inevitably have to proceed thgh trial and error.

To put biotechnology to work requires men of actidminging
together managerial abilities, local knowledge, itehpand science, and
there must be a functioning system of trade. Tleeesssful application of
biotechnology depends on appropriate exchangegnyptof the ideas and
results ofR&D, but also of the capital investment and tradedondsy and
services which follow from the success of such aede There is no
alternative to progress in the liberalisation ofriddrade. The policy of the
European Community, which is the largest tradingcbh the world, is to
work seriously for the improvement of the curreanditions of world
trade, through theATT framework. For we know, not least from our own
experience within Europe, from Germany’'s Zoll Verén the nineteenth
century to our community of to-day, that trade Ia@n-zero-sum’ game, in



which all players can win. But this policy has te bccompanied by
adequate measures in the same direction by the otiportant trading

countries. We are happy to see the correspondiatgtal and multi-lateral

agreements developing between countries within nLa&&imerica, and

between Latin America and Europe. These develomnenbvide the

context within which biotechnology can thrive, eacged by the prospect
of global market opportunities, and driven by tleeial and economic
needs to which biotechnology is relevant.

A subject which must raise, in connection with wlotirading
conditions, is that of intellectual property. Asrauorld economy evolves
more and more towards knowledge-based industries, effective
international system of respect for intellectuabpmrty is increasingly
essential. It is a mistake to see patents or planety rights as systems
defending the rich against the poor. Many biote@tgoinnovations may
be realised by small enterprises. In order to eragmi innovation, it is
essential to provide adequate protection; and guokection facilitates
technology transfer, where secrecy would inhibit As our biological
science advances, the principles of protectionifiaovation are just as
applicable to plants, foods and medicines as tla lbeen to electrical or
mechanical devices.

We understand the strong desire of developing cmsnt indeed, of
all countries — to have effective control of scierand technology. But if
we wish to enjoy the full benefits of science aedhnology, activities
which are as international in their sources asairtapplications, then we
have to accept the fact of growing internationakchemnges. Recent
historical experiences show that escape from ecanand technological
dependence is not through isolationism, but byeasing participation
through new creative models of involvement of wailite developments
and consequerninterdependence. The need again is to work together to
define fair conditions for such interdependence.

The scientists have delivered the goods, in tefnimsic advances in
understanding and technigues. In Europe, we hawegnised their
importance in the amendments to the treaty whiehcaming into effect:
the Single Europe Act gives an explicit legal bdee our science,
technology and development activities. We have tadsmating with our

Member States the final details of our overID programme, in which
biotechnology is a major element.

So if science and politics are playing their paeliwthey provide to
the businessmen, the entrepreneurs, the meanshangossibilities for
innovation, investment and hence economic developnhéope that many
contacts will be made at this seminar, and thatlseé awareness will be
sown in these three days and in your visits to Member States. We
must develop greater awareness of one anotherdsnaed capabilities,
and hence build co-operative and continuing reteidps, which will
help us to develop and to share our advances itedfinology and to
apply them to the achievement of our social andhesuc objectives.



REMARKS

Phili Viehoff

Remarks by MsPhili Viehoff, Member of the European Parliament and
Rapporteur on Biotechnology for the Committee orrgy, Research and
Technology, at the opening of the second day’sqadings, Tuesda®s
April 1987

Ladies and Gentlemen,

Developments in biotechnology have been looked rataonumber of
occasions in recent years by the European Parliarfrethe past, it was
mainly the Committee on Energy, Research and Tdobypowhich was
responsible for drawing up reports, but for my lasport, entitled
‘Biotechnology in Europe and the need for an irdéept policy’, adopted in
February by the European Parliament, a number afiapgntary
committees were asked to deliver opinions; makimgcHic policy
recommendations for the medium and long term.

| found it of utmost importance that this multidgmary
technology, with such a wide range of applicatissas discussed not only
in the Committee for Energy, Research and Techgoldpw that the
results of biotechnology research are rapidly figditheir way into
commercial applications in many sectors of indysagriculture and health
care, with far-reaching consequences, it is impottia consider the various
policy aspects more closely.

I want to underline the fact that in a represematdemocracy,

Parliaments, beforasersof future-oriented research work, are amongst the

makersof the future. This is important to mention, besmuhere is an
increasing tendency in several European couniiésrgjet or minimize the
role of Parliament in advanced societies. The dealsions are too often
taken by powerful interest groups.

It is true that Parliaments are facing increasiif@icdlties to play
their role to its full and legitimate scope in amm@nd more complex and
fast changing society.

It is not easy to enact laws on fundamental issfiemplex nature
like, for instance, biotechnology. In many instanideimplies a high degree
of confidence in the assessment and monitoringefdng-term implications
and consequences of the decisions taken today.

This is not yet the cas&he decisions taken today do have more than
ever in the past far-reaching consequences foiomdllof people, whose
daily life will be deeply affected in the futuren B modern representative
democracy, it is a must that Parliament has thatibify to legislate on the
basis of honest attempts to forecast and assedsrtgderm implications
and consequences of a given development; so tiapdssible to monitor
and direct the processes in such a way that thadtrip for the benefit of
mankind, not to its detriment. Since it has becafear that developments
in biotechnology have an international-characteernational cooperation,
regulations and legislation are of great importaispecially regulations in
the field of deliberate release of manipulated oymrganisms, because
they are not at all controlled by national borders.

Important is also the democratization of the decisnaking process.
This means that more attention should be paiddgthvision of balanced
information to the public at large in order to iease public awareness.



INTRODUCTION

Karl Simpson

The Seminar on Biotechnology in Europe and Latin efina
(SOBELA) took place in Brussel7-29 April 1987 Unlike many recent
meetings in biotechnology this was not an oppotyuta display the latest
developments, but more importantly a chance to @&xgé information and
prepare commercial agreements based on the tramffeskills and
technology in the biosciences.

The meeting opened with important statements oérést and
goodwill by key scientific and political figuresoim Europe and Latin
America. Later, businessmen and scientists from tihe sides of the
Atlantic described the infrastructures that suppotechnology activities
in their respective regions. It emerged that theme real scope for two way
exchange of skills, materials and equipment.

The Commission of the European Communitiesc, and various
multinational groupings in Latin America were abie compare and
contrast the effectiveness of their enabling pnognes. In both areas
regulation and legislation raise barriers to theefexchange of skills and
commodities resulting from biotechnology. In botheas collaborative
ventures are breaking down such barriers, albeitsowly. Both areas
perceive the greatest competitive challenges tar théotechnology
industries to come from thesa and Japan.

Since April 1987 the stock market has become a less than safe
investment and the US dollar is no longer a safarative to gold. These
developments will have long lasting effects on #ase of raising capital
and the success of exported products from Latin ikaaeMore pressure
will be applied to Latin American governments tayde the means to
enable the development of an internationally coitipet industry.
European biotechnology has moved rapidly from tbsitn described in
‘Industrial Biotechnology in Europe’, edited by Dnam Davies,§EPS CEE,
1986 in which Europe was perceived to be failing tanpete. In the past
year there has been a flurry of supportive and edaton measures at both
national and Community levels.

Why SOBELA?

Europe and Latin America have social, cultural éinduistic ties,
which for many years have supported significant mantial exchanges.
The European Community is Latin America’s secondgést trading
partner (after theisa) and the biggest supplier of development aid.

The present problems of the Latin American econsniead many
Europeans to ignore the wealth of natural resousoésthe size of potential
markets. The good educational infrastructure amdpfesence of modern
technology and science-based industry offer coraidie scope for mutually
profitable exchanges in the area of biotechnol@pspite sometimes being
included amongst the nations of the ‘Third Worldatin America has made
significant contributions to developments in bidteglogy and may have
acted as a stimulus to action in European biotdolggio

Existing training schemes funded by the Europeami@onity and
its Member States do much to enable skilled managerand senior
scientific personnel to keep ahead of the latedtrtelogical developments.
Biotechnology also depends on the availability ighly skilled technicians
for whom fewer international training programme® accessible. The
absence of such personnel is a serious hindrante tdevelopment of the
biotechnology industry in Latin Americ80OBELA participants meeting at
informal events had the opportunity to discussheuat commitment, the
nature of potential collaborations in this and otheeas of interest to the
biotechnology industry.

In the absence of a formal biotechnology link betwé¢he European
Community and Latin America&0OBELA provided a forum for dialogue. The
presentations, summarised in the following pagesgmted existing national
initiatives in industry and in the public sectot. will be immediately
noticeable that this was not a scientific semirtar; more importantly
perhaps, an overture for collaboration in indusing the underlying science,
mediated by diplomatic goodwill and influence. Hoan European/Latin
American collaboration in biotechnology serve nagicriorities?

The example of Brazil's ambitious Gasohol progransmémpressed
France’'s President Giscard d’Estaing during h@&y7 visit, that he
commissioned a report on French options in bioteldgy. The report,
Sciences de la Vie et Societé’ by Gros, Jacob any@iR1979 initiated the
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chain of events that lead to the first ‘ProgrammebMsateur’, designed to
establish France as a leading contributor to the technology, and
participant in the markets of the emerging ‘bioistlies’.

The United Kingdom and other European states in he&gan the
implementation of hastily contrived programmes, iglesd to salvage
national position or pride in an emergent indushigt seemed once again
destined to be dominated by thea and Japan.

The example cited may in one case have acted apua te
development in Europe, but in general the directibtechnology transfer is
predominantly in the opposite sense. What can Euangl Latin America do
for each other? What are the perceived needs sé ttveo widely different
groups of nations? Firstly we shall examine whatean by biotechnology.

The Scope of Biotechnology

Very broadly, biotechnology may be defined as theppseful
application of biological science, thus encapsntathost aspects of current
and traditional agriculture, food production andaltie care, narrower
definitions of phrases such as ‘new biotechnolofyyms specifically upon
the more prominent modern techniques of genetinergng, monoclonal
antibodies, and their applications.

Biotechnology has a prehistory, which predates kkeping of
records or experimental details. Into this areatrfalsthe first examples of
cheesemaking, beer and wine manufacture and someetasof traditional
medicine. The transition from tradition to sciemaek place around the end
of the 18th century. At about that time the scientific methwas becoming
respected, the microscope was becoming a seriseangh instrument and
the value of careful measurement was becomingsezhliThe quantitative
approach saw fruits in the researches of Mendel taedflowering of
organic chemistry, although a century was to padere those disparate
strands could be drawn together in the new biology.

Until the second world war many basic organic cloahsiwere made
by fermentation and subsequent purification. GlgLeacetic acid, citric
acid and many other solvents and acids were egttaftom stirred tank
fermenters using molasses as a raw material. IranJaponosodium

11

glutamate production from strains of aspergillus we first pure product
of the fermentation industry, other than alcohol.

Microbiological development in the same period ha@n rapid as
had the growth of medical genetics, but perhapsribst critical discovery
for modern biotechnology was the discovery of pi#imicaction by Fleming
in 1928 The stimulus of the second world war creatededrfer the large
scale production of antibiotics. Because of theettgyment of several
different strands of appropriate technology it lmeapossible to achieve
the growth of moulds and filamentous bacteria ighhi defined and
controlled conditions. 11940 Florey and Chain succeeded in isolating and
purifying penicillin in a manner which allowed magsoduction. The
development of downstream processing can be tractis period.

The perfection of the hybridoma technique for thredpction of
monoclonal antibodies resulted from the work of Angentine scientist
carried out in a British laboratory. César Milsteiith Georges Kdhler
went on to share the Nobel prize.

In Latin America it is possible to say that muchgé scale use of
biotechnology remains at roughly the stage reaagh&dirope by1945 There
are relatively sophisticated brewing and food tedbgies and increasingly a
degree of competence in medical technologies ssiclaecine manufacture.
The inclusion of state of the art skills will hopky be one of the results of
some of the ambitious programmes described irpteisentation.

There is a real danger that biotechnology is bpnegented as a new
industry. This is quite clearly not the case. Bibt@logy is a set of
enabling technologies which will find applicatiom ithe existing
bioindustries, i.e. the several sectors of actibiged upon the applications
of life sciences and/or the use of materials ofarg origin. It is quite fair
to say that some aspects of biotechnology havevatiadhe launch of new
companies such as Genentech or Celltech, whicheratjusively on the
new technology for their sales. The outlets foirtpeoducts quite clearly
label those companies as newcomers in the phartneadendustry, rather
than harbingers of a completely new industrial @ect

Modern biotechnology has the potential to changefopindly the
nature of several major industrial sectors. Thideptal has as its
foundations two very different sets of skills. Hiys there exists an
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assemblage of biological and engineering skilldthup over centuries of
experience in the fermentation industry. Secondhd in the public eye,
more prominently, modern molecular biology haswedd the tailoring of
genomic material and cells to serve specific golte first biotechnology
revolution occurred, not in thed7Gs, but in thel9406s when the industrial
scale production of antibiotics necessitated rdigiceew developments in
fermentation technology and downstream processing.

In the course of the Seminar Professor Da Silvakiwg in Paris at
the Pasteur Institute, used the example of vacpioduction to identify
four generations of biotechnology.

Generation Vaccine Type Technology used

Fist Traditional Eggs/in vivo extract
Second Polio, Mumps, Ralsie Cell culture isolation of virus
Third Hepatitis Genetic manipulation
Fourth AIDS? DNA/Peptide synthesis

Europe is currently experimenting with Fourth Gertien vaccine
production, while Latin America is locked into tBecond Generation. Can
it become economically justifiable for Latin Ameaid¢o acquire its own
Third and Fourth Generation capacity?

From the viewpoint of a commercial entrepreneuntdahnology
serves to make money from biology. Growing publmnaern for the
environment and public health risks, has in sonsesémited the application
of biotechnology. Such issues as the erosion okd#rth’'s ozone layer and
CO, build up in the atmosphere have sensitized théqidpossible harmful
effects of scientific and technological innovatidhis to the credit of the
biotechnology industry in Europe and North Ameticat their own policing
standards have disarmed most critics. Biotechnolbgyg succeeded in
building up an environmentally responsible imad#hoaigh as Mrs Viehoff
emphasised, there is no room for complacency. hkieagamental record of
the Latin American bioindustry will come under daseutiny if its products
are to be launched on the European market.

Like any innovative industrial activity, biotechogly is underpinned
by an investment in Research and Developntfay. TheR&D financing
comes either from the private sector, the publat@eor a mixture of both.
In the following chapters specific examples of Egan and Latin
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American experiences will be presented, howevdaitegeneral principles
can be outlined here. Industry is concerned wittkinga money in the
medium or short termr&D in biotechnology is very expensive and in
industrial laboratories must be aimed at procegzrarement or product
development, linked to astute market analysis dfifg and long term
success are to be achieved. In the case of modemetigs, applied
industrial research is supported by the resultpudilic sector research,
published in open sources.

To take a very obvious example. The structuremnk, resolved by
Watson and Crick in953 underpins the whole of modern molecular biology,
which is one of the foundation stones of biotecbgyl The discovery abNA
structure was made possible by public sector fundihe synthesis of human
insulin by a yeast or bacteria would be unthinkatitbout knowledge obNA
structure. Human insulin is sold by many reputalepanies, who could not
dream of financing a research programme that ngiglet commercial results
only after25 years. Yet it was only im988that the first genetically engineered
insulins appeared on the market.

The European Commission has been deeply involvedisicussions
about the nature of fundamental research, precdiwpeapplied research
and competitive industrial research, as appliedh® biotechnology area.
Fundamental research in Europe has historically lzeenatter for national
funding programmes, while competitive researchuiteqoroperly the domain
of industry. The middle ground is a difficult area which all available
goodwill must be coordinated so as to realise pukdictor/private sector
collaboration. In Latin America collaboration iretndean Pact states and
between Argentina and Brazil is tackling specif@alg perceived to be of
regional benefit. The European Commission has ateuinto tackle this
middle ground through the Biotechnology Action Reasgme,BAP, which
will be described later. Future European Commumitggrammes will
concentrate on providing enabling technology fer Buropean bioindustry in
order to enhance international competitiveness.nEtere of European/Latin
American collaborations may depend to some extanthe willingness to
compromise such competitiveness in relations vkighLtatin American states.

Ten years ago very few firms could think of a conuradly
justifiable reason for having molecular geneticatstheir staffs. It would
now be considered foolhardy for a European pharotaat company not
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to employ such people. Later on, contributors te Wolume will show why
this is not always the case in Latin America.

At present the agricultural industry is waking upthe promise of
biotechnology. In ten years it will be unthinkalbte a major seed supplier
not to have a molecular genetics team. Dr Sargeanking in the European
Commission, showed that it is likely that the veature of agriculture and
land use may be changed by developments made lgos$ip
biotechnological research. Such consequences m@laf more immediate
relevance to agriculture in the developing wonhdjuding Latin America.

In Western Europe, the United States and Japann#ie thrust of
recent industrial activity in biotechnology has ibeerientated to the
production of therapeutic products and diagnostimsth in the health
sector. The public perception of biotechnology besn strongly influenced
by issues as diverse a®s, the recent availability of highly publicised new
wonder drugs, thrombolytic agents for heart attdackms and the dramatic
application through forensic science of ‘genetigérprinting’.

What can Biotechnology Offer?

The first impact of biotechnology has been in tihheaaof human
health. The public has seen remarkable progrese limathe treatment of
viral diseases and cancer, using the twin techiedogf molecular genetics
and cell fusion. Molecular genetics gave rise toegie manipulation and
cell fusion gave rise to the ‘magic bullets’ of nagtonal antibodies.

Products resulting fronDNA cloning and expression in micro-
organisms include: insulin, lymphokines, clottiragtiors and thrombolytic
agents. Monaoclonal antibodies have been the basirhplified diagnostic
tests and the hope of a cure for several cancesaotlonal antibodies can
be used as guided missiles, carrying a ‘warheadogiin or radioactive
element to a specific target, such as the celésmflignant tumour.

There is a great deal more to biotechnology thamn Hbalth care
sector. As a set of technologies it is poised ferdienefits to a number of
industrial sectors including: Food, Environment,ridglture and Animal
Health, Chemicals, Mining, Energy and, of coursemtdn Health.

Despite the conspicuous successes of some headthapgplications,
some goals have proved unexpectedly difficult toalise. Plant
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biotechnology, for long the Cinderella of the biesces is hastily
constructing a carriage to get to the ball! Destiite early delays, the pace
of discovery in this area is now remarkable.

The prospects of controlled nitrogen fixation byadrporating the
genes of bacteria into flowering plants have prodificult to realise. The
complexity of the problem was underestimated by tlaévely phrased
publicity which portrayed molecular biology as aiuemsal solution in
search of problems to attack. The hopes for alcfiooh wood have also
evaporated as enzymatic means of lignocelluloseadagion have proved
impracticable as a commercial process. Responsthéntists had always
pointed out the difficulties involved, but the madconditioned to a science
which realised the impossible, would not accephstark realism.

Political pressures are also significant. Debate teged on the
introduction of anEEc sponsored bio-alcohol programme, portrayed as an
alternative to adding lead to petrol. Backed byesal agricultural and
fermentation companies, but strongly opposed byywers of industrial
alcohol and more cost-effective lead substitutes,ultimate decision looks
set to be made as much on political grounds asconaenic: finally, the
argument was resolved by the decline in the pri€eoib and the
strengthened Community commitment to budget dis@pl

The Latin American countries with their vast gene&sources could
well harbour microbiological resources that migfffeo solutions to some
industrial process problems. Screening and ideatifin of natural resources
is an aspect of biotechnology that is often ovéwabin Europe and North
America. The potential reward in terms of usefubldigical activities is
immense. Microbial screening using fairly tradigbriechnologies is a key
area in which Latin America can make a contributitm European
biotechnology. A recent expedition to Brazil byfstd the Cranfield Institute
of Technology, uk, underlined the importance of resources held in
developing countries. The expedition hoped to coleamples from the
Amazonian forest, with a view to understanding thpid turnover of
vegetable life on a very thin topsoil. Genes lockedmazonian organisms
could play an important role in the energy and mmwnental industries in
years to come. Obvious applications in the envimmmsector include
sewage treatment. The growing problem of urbanvdgrathe developing
world, makes sewage control a major issue in engient and public health.

16



Mining has received comparatively little attentiom the public,
but micro-organisms have been developed that gr&bda of concentrating
minerals of commercial value from normally unworldeposits. The
same techniques could scavenge environmentallyedang elements such
as Cadmium or Mercury.

Biotechnology can do more than exploit existing kets. As old
markets are eroded biotechnology has the poteatiateate new markets
and revenues. In the context ®bBELA we must address the question of
how biotechnology can serve the common interestisatih America and
Europe. Cynics will find it easy to say that maluropean companies will
exploit Latin America. Collaboration should be aprhed with caution so
as to distribute the benefits equitably betweemngas. The contributions of
the following chapters show that indeed we do hsemething to learn
from each other in terms both of science and manfet®operation.

European Biotechnology

Most European states have taken action at goveitnmesel to
improve competitiveness in the area of biotechnoldational programmes
and coordinating bodies have until recently hatklinterchange of views.
Even the European Commission has had comparatlitty success in
coordinating national strategies in biotechnoloBespite thirty years of
community it is not generally appreciated amongogean governments, to
what extent the European Commission works on thehalf in the
harmonisation of regulations and the eliminatiotbafriers to trade and free
movement of personnel and skills. The probable ahpé the 1992 target
date for the removal of internal barriers to trade gradually being
appreciated by European industrialists, thanksntanformation campaign
orchestrated at national levels.

Total public sector biotechnology spending in Hee member states
may not be far short of that spent in th&a — estimated a$2.7 billion in
1987 by a report from the Congressional Office of Texlbgy Assessment.
Partly because of duplication and fragmentationetibrt and largely
because of differences of commercial opportunisththa absence of a real
Common Market, Europe nonetheless lags behind thetbhsa and Japan
in the commercial exploitation of biotechnology.
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The funding of new ventures has been easier inuthe than in
Europe. Seedcorn capital, venture capital, tax essions and the
entrepreneurial tradition are particularly North émcan attributes. Europe
however has less often had to write off investmamntiailed ventures. The
most conspicuous examples of failure in Europe hawsolved US
companies operating without a tightly defined bessplan. In the past two
years European entrepreneurs have establishedstasudl pool of venture
capital, with several specialist funds able to eas ventures in
biotechnology. The United Kingdom has Europe’s nsoghisticated venture
capital market, modelled on thgsa, but characterised also by European
conservatism. Some analysts now say that theremare new funds in
Europe than thesa, although the pool of American funds, especiallyhie
area of seedcorn capital will continue to be lafgethe foreseeable future.

Europe probably has much to offer Latin Americaway of advice
on business start up schemes. If this can be mtesdjrwith some of the
existing programmes and experience, it may be plessd fund suitably
targeted biotechnology start-ups in Latin America.

In Europe two very different types of company halayed a role
in the new biotechnology. In the first instance med to large
companies, with diverse products and a long estaddi tradition in
product sectors ranging from engineering and chalsido ethical
products, have adopted the new technologies agjiaaloextension to
their portfolios. More recently a second kind ofmgmany has emerged,
backed by risk capital, small to medium sized, véathery few but very
high technology products. Whereas in theAa such small companies
dominate the biotechnology sector, in Europe ithie old, traditional,
medium to large companies that dominate.

The larger companies in Europe, such as Elf-AquitaHoechstcl,
Unilever etc. have addedNA technology to their research programmes in
health care and agriculture. In tbe and Netherlands university/industry
partnership has played a major role in transferaipgropriate technologies.
Many of the resulting small firms, which succeedatiacting investment,
become in turn targets for acquisition by the larg@mpanies with a more
conservative approach to new technology. Large eomeis are often
unwilling to gamble on untested technology, butfgyapo pay the going
price for proven products.
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Even for the largest companies the regulatory agalative barriers
that exist in Europe are a major headache. A laayapany will have a
regulatory affairs department far larger and maoxpeasive than assa
company of the same size that focuses only omtieenalusa market.

Latin American Biotechnology

In Latin America as in Europe, manufacturers oficathproducts
have had to face a number of different regulat@gimes. The cost of
overcoming different national requirements has edoprohibitive for
many smaller companies. In Europe as in Latin Aocaerimulti-national
negotiations are moving ahead with the desire tovige a unified
regulatory systemsOBELA might prove a launch point for European/Latin
American negotiations in this area.

The SOBELA meeting demonstrated the steps taken by Latin
American countries to rationalise, regroup and paéllls in this
important area of high technology. Biotechnology teen the focus of
an almost unprecedented dialogue between the LMatierican states.
Typical results of this dialogue include Argentiné®razil collaborations,
Andean Pact collaborations and an increasing Mexicaolvement in
South American biotechnology.

Whereas there are a number of interesting biotdogpostart-ups
funded by private or state organisations, it isabt# that the local market is
already being assaulted by the established mdutiimals. Many middle
sized European, Japanese and N American firmsstaiblishing marketing
structures in Latin America. Several are contemmigthe establishment of
manufacturing an@&&D facilities. These companies in particular must be
encouraged to enter into a constructive dialoguh thie nascent domestic
biotechnology companies. This route might alsoHgerhost appropriate if
European companies are to avoid the pitfalls ofdécmate patent
protection. It is difficult for companies to defetttkir intellectual property
rights if they are far away from the market or cetifipn concerned — even
where such protection is legally guaranteed. Sévsnaall European
companies have lacked the financial resources fiendenfringements of
their intellectual property rights in thesA.
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The SOBELA Meeting

Introductions by several distinguished speakerditned the extent
of goodwill among the participating states. Thessguent presentations
gave an overview of the status of biotechnologyEurope and Latin
America. Speakers from both sides of the Atlantiirraed their
governments’ commitments to collaboration and savpresenters were
able to speak of specific examples.

Dr Pereira da Silva explained that biotechnologynca be regarded
as a panacea for the problems of a developing ewgnalthough its
application to well defined problems could yieldyweignificant benefits.
Many of his recommendations could be summariseddyng that what
Latin America, and other developing countries, nisdtie establishment of
bilateral accords with developed nations which pertmraining and the
creation of a domestic infrastructure capable ppsuting the benefits to be
wrought by biotechnology.

The following chapters consider the state of bibtexdogy in
Europe and Latin America. To what extent are thalgjof collaboration
likely to bring tangible benefits to participants?
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SECTION ONE

BIOTECHNOLOGY IN EUROPE
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1.0.OVERVIEW OF EUROPEAN ACTIVITIES IN BIOTECHNOLOGY

Karl Simpson

European administrations and industrial organisatibave realised
that they cannot afford to miss out on the explmitaof biotechnology.
European scientists working in industrial and ursitg laboratories have
made decisive contributions to the methodology dfis t ‘New
Biotechnology’. The first University Chair in biatenology was
established in Lyngby, Denmark 905 and the world enzymes market is
dominated by two European companies; Novo, Denmank Gist-
Brocades, Netherlands.

Although total European industrial spending on dxibtiology is
approaching that of thesa, it is in theusaA and increasingly Japan, that
new commercial opportunities are being exploitetle Tunding of new
ventures has been far more difficult in Europe. TUsa offers important
tax concessions for new ventures and there is reaaijability of seedcorn
and venture capital. Perhaps most importantly thea has an
entrepreneurial tradition that respects the rikktta

The most important disadvantages facing Europdharge of internal
language and trade barriers. Despite the actiwfiise European Commission
there are still separate markets in the Europeann@mity, with different
regulatory practices, legislatures and languages\ regulations vary widely
in the community. In Denmark draconian legislaii®ulriving R&D out of the
country to more hospitable locations. The same soay happen in Germany
where a strong, but uninformed Green movement basiderable influence.
Surveys have revealed that oppositiorbtearis most deeply rooted where the
public perceives itself to be uninformed.

The harmonisation of Community regulations, aiméctraating a
single market ready for Januatst 1993 is expected to improve this state
of affairs, although much work will have to be doriehe European
Community has adopted a number of research amdrigaprogrammes to
stimulate and strengthen biotechnology in Europmp®sals from the
Commission from the mid97G were finally adopted by the Member States
in 1981, launching the Biomolecular Engineering Programises: 15
MECU, 1982:86. This addressed specific bottlenecks, applying¢sealts of
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modern genetics and enzymology in the agro-foodosedhe larger
Biotechnology Action ProgrammeBAP’: 75 MECU, 198589, embraced a
wider range of biotechnology topics, including tpof interest to a wider
range of industries, an expanded safety programene, projects on
‘infrastructure’ to strengthen cell- and micro-angan collections and
databanks. At the time of going to press,1@0 MECU programme,
Biotechnology Research and Innovation for Develapnand Growth in
Europe, BRIDGE', 199094 is before Council and Parliament.

In addition to the research and training programrties Commission
has recognised sina®83the value of a coherent strategy for biotechnglogy
embracing not only the programmes mentioned abdmviefive other action
priorities:

new regimes for sugar and starch, to make thesematerials
available at a competitive price to Community indys

new regulations, to provide in the context of theveloping
Common Market a common regulatory framework for
biotechnology and its products;

new regulations for the protection of intellectpabperty (patents
and plant varieties), to ensure in the field oftbétnology clarity
of legislation and adequate protection to maintiagincentive for
research and innovation;

demonstration projects, to stimulate the transfdr new
technology towards commercialisation, in particudaross the
intersectoral and inter-disciplinary boundarieswssn science,
industry and agriculture. Theo MECU European Collaborative
Linkage of Agriculture and Industry through ReséarecLAIR’,
was a result launched 989

a ‘concertation’ action, for monitoring and awarenef emerging
opportunities and challenges, and in order to imgD-ordination
in biotechnology relevant policies between the sgv@ommission
services involved, and between Community and Men3iates.
With the strong support of the European Parliamtris multi-

dimensional response enabled the Commission to lafevan

integrated response to the challenges of bioteoggol
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One of the most desirable consequences of CommandyNational
activities in biotechnology has been the move tbaase communication
between nations, industry, universities and mimstr Inter-national
consultation has been a feature of newly estaldishetechnology
programmes such as those of Greece and Spain.

The European Biotechnology Industry

In the USA the biotechnology industry is dominated by smadjhh
tech companies with few products, brought into texise with venture
funding. In Europe medium to large companies withorg established
pedigree and a diverse range of products fromligens toDNA probes are
dominant. Until very recently only in thek, and to a much lesser extent
the Netherlands, has venture capital allowed thergemce of significant
numbers of small to medium US style ventures1988 and 1989 new
venture capital companies are seeking business llinpaats of the
community. Significantly there is some real seedh@apital available.

All of Europe’s traditional chemical and pharmadeait giants have
now invested heavily inDNA technology, adding it to their mainstream
programmes in the health care and agriculture secdtiniversity/Industry
partnerships have played a major rle in transfeg-rthe appropriate
technologies. In thex this is typified by the ICI/University of Leiceste
relationship. Leicester, where Alec Jeffreys ineeliNA fingerprinting, is
one of Europe’s leading centres ofNA research. In W Germany Hoechst
(still in disfavour with the government after itedision to invest in
Massachusetts General Hospital) has a number tdboohtive ventures
with university laboratories.

What Are Europe’s Strengths?

The fragmentation of Europe has paradoxically miedia major asset.
Firms have grown up in an environment that requigport earnings.
Knowledge of export regulations and a lack of deleace upon internal
markets are in sharp contrast to many US firms ladnee the world’s largest
single market at their doorstep. The old colon@hers of Europe have left
their languages as a permanent monument to oconpdtanguage thus
provides privileged access to markets such as Katiarica and Africa.
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Several areas of biotechnology are dominated bgiaan science or
companies including: enzyme production, agro-bimedogy, biosensors,
waste treatment and speciality chemicals.

European firms are generally willing to contemplpggticipation in
joint ventures, both within and outside the Comrunirhere is some
apprehension about the loss of European propriétaowledge to th&sa
and Japan through mismanagement of joint ventunatsic

A Summary of National Activities in theec
BELGIUM

The governments of the Flemish and French speakiegs have
both implemented support programmes for bioteclgylbarge companies
Solvay and Smith Kline Rit have moved firmly intdotech. Small
companies including Plant Genetic Systems and Rigytowith good
university contacts are making rapid progress teass internationally.

DENMARK

Despite a tough attitude to biotech legislatiorg government has
committed anotheus$60 million in the next four years. A small country,
but strong in enzymes and gene technology. Novdbias active in protein
engineering and European collaboration. Rationatisain the domestic
biotechnology industry is exemplified by the mergéiNovo and Nordisk,
both major insulin producers witbxa technology.

FRANCE

In 1987the conservative government overturned spendingrétied by
the departed socialists, but the biotechnology MNattion Programme
continued in weakened form. Magg8saw the Socialists return under Rocard,
and Minister Curien almost immediately institutedssive new investment in
biotechnology. France has major strengths in bitoes centred on Daniel
Thomas in the University of Compiégne. Agro biotemlbgy is another strong
field, Limagrain has developed artificial seeds Btot-Hennessy is looking at
the micropropagation of woody plants. Club Agri lzas year,us$3 million
programme of club sponsored research.

Sanofi, an Elf Aquitaine subsidiary with major hieatare biotech
commitments had turnover of more thars$600 million last year.
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Transgeéene, thebnA and cell biology firm works in collaboration with
several major French companies and is startingeta bandidate for entry
into the international league.

FEDERAL REPUBLIC OFGERMANY

One of Europe’s biggest biotech spenders. Majotip@xpenditure
by both central s$700 million over 5 years in latest programme) and
regional governments. Central government is beiagceld by Green
movement to enact restrictive legislation. Some mames may look
elsewhere for new&D activity. Biotechnology Centre in Braunschweig is
world class for fermentation development and gdnbiatech activity.
Companies such as Hoechst, Bayer, BASF have baughlitthe new skills,
but are very secretive abo®&D. Hoechst is far advanced in yeast
expression systems, but information about futuredpects is mostly
rumour. BASF is the latest giant to earn governnaisapproval as it sites
its major molecular biology facility in theusa. The Bissendorf
Biotechnology Group have come from nowhere to baingexciting group
of companies with international connections and amapvestments.
Venture capital is opening up and a number of niewsf are taking off.
Middle sized companies such as Biotest have gormicpto fund new
biotech activities.

GREECE

Not really a biotech power, but the Institute foolstular Biology
and Biotechnology, Heraklion, is a major new ingétdevoted to keeping
Greece in the picture. Vioryl is important in flawrs, pheromones and plant
tissue culture. Biohellas is first biotech compamyexploit new legislation
to create high tech enterprises. Old pharmaceutmalpanies such as PN
Gerolymatos are entering the area of biotechnology.

REPUBLIC OFIRELAND

Weak economy undermines the very strong univessistem which
offers top class skills. Small biotech companieseharisen to exploit
Ireland’s Import Substitution Programme. Guinness major bio-tech
investment with top clas®DKA facilities and skills in yeast biotech. The
Agricultural Institute in Dublin funds animal andapt biotech studies.
Several companies such as Biocon, Nochtec, ar@dpauviccess in exports.
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ITALY

Has come rather late into the arena, but is puttingey into a major
national initiative to support industry in a rangé mission-orientated
projects. The government has talked of an ItaliamBin Genome project.
Major companies are in acquisition moods and haxehgld of biotech
skills. Farmitalia, Ferruzzi and the ENI group (uding Sclavo) are
leading firms. Major academic industrial collabayatis being encouraged.

THE NETHERLANDS

Small country, but host to several multination8®technology is of
great importance witfi% of world turnover. The government restructured
biology six years ago and most university reseascamow partly industry
sponsored. After uncomfortable start, applied neteas stronger in
Netherlands than anywhere else in Europe. Natigkibé include enzymes,
yeast, dairy biotech, protein engineering. Majormpanies include:
Unilever, Philips, Shell, Akzo, Gist-Brocades. Masipall companies are
university or institute based and enjoy good refeti with big brothers.
Government encourages foreign biotech investment.

PORTUGAL

Newly arrived in theEec, Portugal has little biotech. A national
Biotechnology Centre is now proposed. Companiedudlec Cipan
(antibiotics) and Franco-Farmaceutica (immunologggccines). The2l
renowned Gulbenkian foundation is not interestedammercial spin off
operations.

SPAIN

Spain until recently had no significant biotechmggiindustry, although
it has first class university facilities. A majorddilisation Programme is
intended to put Spain on the biotech map. Built abst ofuss3 million the
new Biotechnology Centre with a British head, DrcMiel Parkhouse, will
house more thar00 scientists. Biotechnology active companies include
Atom, Laboratoris Girfols, Laboratoris Knickerbockeand Processos
Enzimaticos. University/ industry collaboratiorinsts infancy.

UNITED KINGDOM

Government spending in biotech is lower than tHaBermany, but
UK has arguably the most healthy biotech industrjEimope.uk firms
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pioneered access to venture capital, about halifggan venture funding in
biotech is British (although as much z&» is invested inusA). Despite
cut-backs in fundamental research, applied reseigrelceiving support
from the biotech programmes of several ministri€gants like ICI,
Unilever, as well as smaller firms work with unisity departments.

Celltech is now in profit situation as world’'s lasi monoclonals
producer. It will be the first British start up tonake the transition from
small high tech to tomorrow’s new style middle sp®armaceutical firm.
Although overall spending is limited the&< actually has competence in a
wider range of biotech activities than thsA. Strong points include
biosensors and protein engineerirg The Inmos transputers are being
assembled in parallel to give enormous real timegodor PE applications
in the hands of companies like British Biotechnglogrhich in addition is
perhaps the only firm to offer routine gene synheBheuk has pioneered
the application of the ‘club’ concept for industigiversity collaboration.
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1.1.BELGIUM

Adapted from speech made by Mr C. de Wispelaere

In 1980 the state of Belgium agreed to a substantial deiml of
power to the two regions of French and Dutch spgpgieoples. This move
was to have profound consequences on all aspectsBalfian
administration, including science and industridiqyo

National and Regional funds are administered séglgrdbut despite
the potential for conflict, pragmatic administratonake the system work.

Biotechnology has long been regarded as a strategimology,
and as such has received strong support from katk and regions. In
practical terms the regions have placed greaterhasip on industrial
biotechnology, while the state has emphasised fwmeddal or
precompetitive research and international collabonaprogrammes of
both academic and industrial nature.

The Role of the State

Belgium has a highly developed university systemd aa
distinguished record of achievement in the lifeesces. In1984 the state
made available funds afs$125 million for life science research of which
Us$50 million was designated for biology and biotechmyylo

Funds are administered by a number of bodies:

The Ministry of Educatiomvhich funds the day to day running of
the universities.

The Belgian Science Policy Officeehich carries out three
different initiatives

concerted actions Centres of excellence are idedtiind
supported with grants over a six year period.

impulse programmes fund applied research tools sagh
microbial culture collections and strategic studamed to
optimise the performance of Belgian biotechnology.
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interuniversity attraction poles for high technglogim to
further increase the efficiency of university bidtaology by
‘networking’.

The National Fund for Scientific Researatr\{o IFUR$ financed
by the Ministry of Education provides grants fasearch.

The Institute for the Encouragement of Scientifiesdairch in
Industry and Agriculture IvONL I1IRSIA is funded by the
Ministries of Economic Affairs and Agriculture.ptrovides grants
for applied research.

The Regional Authoritiealso allocate funds to university research
in biotechnology.

Some Prominent Research Groups in the Areas of A&gliure and
Medicine

AGRICULTURE

Professors Van Montagu and Schell from RijksuniteitsGent are
active in plant molecular genetics and Agrobacteriu

Professor Briquet at the Université Catholique deuMain is
renowned for his work on cytoplasmic male sterility

Professors Bernier, Université de I'Etat a Lieged dacobs, Vrije
Universiteit Brussel, work in the area of molecuylaysiology of plants.

Professors Boxus and Semal, Faculté des Scienaesiémiques de
Gembloux, are known for excellence in micropropagat

MEDICINE AND HEALTH

Excellence is found in many centres. Those withatrdased
competence include:

The Institute of Molecular and Cellular Pathologgrj, associated
with the Catholic University of Louvain, was fourdé 1975 by Nobel
laureate Christian de Duve.
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The Institute of Molecular Biology, at the Free \risity of Brussels
(vuB/uLB) carries out basic research in prokaryote and rgoka genetic
manipulation, developmental biology and immunology.

TheREGA institute of the Catholic University of Louvaimgiufnded by
Professor de Somer is a centre for applied res@antiedical microbiology
and immunology. Excellent work in lymphokines, dytes and interferons
has been carried out.

Smaller centres of excellence include:
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Professor Ghuysen’s group at the State Univerditiiége, which
studies the molecular basis of enzyme activity.

Professor Fiers at the University of Ghent elu@dathe complete
primary structure of a gene 972 He is now active in the cloning and
expression of interferons and lymphokines.

Professor Collen of the Catholic University, Louvagolated Tissue
Plasminogen Activator, TPA, currently at the focok attention as a
treatment for heart attack and thrombosis.

Professor Martial's group at Liége has studied ¢hpression of
genes for prolactin, growth hormone and placeatzblgen.

Many other excellent teams exist, suffice it to Hast the quality of
precompetitive research in Belgium is high. Twesiy Belgian research
teams participate in the European Commission’s e8imology Action
ProgrammeBAP.

In the industrial sector, involvement in biotectowy is keen,
although Belgian firms are active predominantly imaditional
biotechnologies in the food, pharmaceutical andicaljural areas.
Involvement in the new biotechnologies of gene malaition and advanced
bioprocessing is concentrated in the pharmaceutiwdistry, although
exceptions such as Plant Genetic Systems havevadhieorid renown.

Biotechnology in Flanders

Flanders is the Flemish (or Dutch) speaking paBeai§ium. Flemish
policy concentrates on the stimulation of contaetween industrial and
institutional laboratories with a view to augmegtinregional
competitiveness. Co-operation models such as LimitResearch
Partnerships are implemented when appropriate.

Third Industrial Revolution in Flandergirv, is the title of the
regional action plan for high technology, desigt@dtimulate businessmen
looking for new technologies and markets and faréityestors looking for
high tech locations for production sites. Biotedbygy is identified as one
of the strategic technologies.
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Nearly 60 companies in Flanders are in some way exploiting
biotechnology. The whole spectrum of biotechnolabiapplications is
covered, but there is an emphasis on food anddignial activities #/3 of
Belgian agro-food companies are in Flanders).

Table 1. Companies in Flanders involved in applicadns of biotechnology.
Flanders Belgium
Food industry 19 26
Diagnostics and therapeutics 7 31
Agriculture and horticulture 13 21
Environment 10 18
Chemistry 2 10
Aquaculture 1 2
Engineering 9 12
Total 60 120

Agro-food applications include refinements of traditional
fermentations of milk products, beer, bread, meatlypcts and sugar.

CEBOBA is a research centre founded by the agricultusalis
associationAVEVE and the Artois brewery. Adding value to starch and
lignocellulose substrates is the focus of activity.

Amylurn in Aalst is studying the fermentation oaith and sugars,
and with Plant Genetic Systen®Gs participates in a Limited Research
Partnership on protein engineering of saccharidgrans.

Plant Genetic Systems merits further attentionhas‘dewel in the
Crown’ of Belgian biotechnology. Founded 982 as a joint venture
funded by: Tienen Sugar Refinery, Radar, Hillesk@¢/olvo subsidiary)
and the Regional Investment Company of Flandess has attracted
attention in the international press for its achmaents in developing
herbicide resistant plants by gene manipulatiomthién work includes new
developments in Plant Engineering, Microbial Engitieg and Protein
Engineering. Close links with Professor Marc van ntégu in the
university of Gent and Professor Shoshana Wodathén University of
Brussels assure excellence in genetics and compidiedl protein design.

Medical Sectordevelopments are underrepresented in Flanders with
only 25% of the Belgian biomedical companies. Those congmfiave
however been active in exploiting the advancesefregional universities.
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Special emphasis has been placed on the developheldgnostics and
the production of biological substances. Two congmrillustrate the
situation in Flanders:

Innogenetics was establishedl®s5to develop and market diagnostic
and therapeutic products for the human and anieeltih care market using
recombinantdNA, cell culture, monoclonal antibodies and otheraaded
biotechnologies. The company has its ®&D competence and a number of
collaborative ventures both in Belgium and abroad.

Biogent was established in982 as a division of Biogerus. It
operates in dose association with Professor Fierthea Laboratory of
Molecular Biology. bNA technology is used to develop products for cancer
treatment, immunological anomalies, viral infeciprtardiovascular and
other diseases.

Biotechnology in Wallonia

The Walloon region (French speaking) has aimedtabdish itself as
a pole of excellence, essentially orientated towatfte outside world.
Several measures have been taken to expeditdrthis a

Direct support to universitiefor applied industrially orientated
research. Examples include development of a vacagenst swine
plague, development of antibiotics by protein eaginmng and the
improvement of plant species hbyvitro culture.

Support to and co-operation with industrigssentially to support
innovation for example by making available ‘Teclogy Innovation
Consultants’ (in French — Responsable d’Innovatienohnologique) and
by funding sectorial analyses so as to tailor apetitive strategy. In
1982 the Walloon Regional Investment Company launcheablaing
company, Companie de Dévelopment de [I'Agro-indastdt des
Biotechnologies.

Intra and extraregional actionsOperation Athena is designed to
alert companies to the possibilities of new tecbggl It aims to:
inform, incite, support, fund and communicate. Lehed in1982 this
venture is increasingly successful and has prodagedrnal; ‘Athena’ a
meeting programme; ‘Journées Athena’ and a annuwarda for
innovation, the ‘Golden Owl'.
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Co-operation is strongly directed to foreign parsneincluding
companies in thesa, Japan, Europe, Latin America and elsewhere.

Number of University Labs Number of Enterprises

| | 42 Agriculture/Sylv. 6 [ ]
| | 24 Agro-Food s |
[ 15 Chemistry 5[]
| 113 Health Care 19
|:| 12  Environment/Energy 4[:|
[ e Equipment 2]

Jw ohers o[ ]

Fig. 2. Biotechnology in Wallonia

The Biotechnology Scene in Wallonia

Fifty companies and more thazb0 French speaking university
laboratories are active in biotechnology. The langéversity contribution
emphasise that prospects for industrial/universiifaboration are by no
means exhausted. More than half of the active camepawere satisfied
with their university partners. Universities haveng to great lengths to
present a hospitable infrastructure by creatingers:m parks, pilot
laboratories an&&D interfaces.

Particular regional strengths includae:vitro plant multiplication §
companies), vaccines, therapeutics and diagnosfics companies),
environmental applications Companies) and extraction and purification of
natural productss(companies). Notable new companies include:

Phytotec, a joint venture of Native Plant Instifutsa, and the
Belgian company, Société Européenne de Sémencestedeto
plant development.

IRE-Celltarg, is involved in the use of monoclomaatibodies as
targeting agents for cytotoxic agents, such asoraditopes.
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Partners in this project include, the Liposome Canmypusa, and
the Institut des Radioélémenigg) of the Catholic University of
Louvain.

IRE-Medgenix, manufacturesn vitro diagnostic agents and
involves partners, IRE and Bioassay Ltd.

In addition Wallonia is host to many Belgian ancefgn multinational
companies including: Monsanto, Smith Kline Rit, iH{dch, NPI, Sanofi,
Noorden, Lederle-Cyanamid etc. The Walloon autlesrihave stated that per
capita investment in biotechnology is the higheshe world.
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1.2.DENMARK

Bruno Hansen

Introduction

Biotechnology has a long tradition in Denmark. $atigal funds have
been devoted to research in both private and puigictors. Modern

biotechnology is used in many different areasafigtry and in the public sector.

The following review emphasises applications of thetest
developments in biotechnology in the following sest

1. Manpower in molecular biology and biotechnology;

2. Public institutions including universities perfomgi research in
molecular biology and biotechnology;

Biotechnological industries and their research;

Government funded research programmes in molebiddgy and
biotechnology;

International collaboration;

Legislation concerning control of research and pobdn.

Manpower in Molecular Biology and Biotechnology

Graduates in molecular biology are produced atuthigersities of
Copenhagen, Aarhus and Odense, but most workerthenfield are
graduates from other institutions which have a wubkr Dbiological
component in their curriculum as summarised intasée below.
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Table 1 Output of potential workers in biotechnology
1987
Institution (s) Number of
Graduates
Universities of Copenhagen, Aarhus, Odense:
graduating in molecular biology, biochemistry, loigy and 215
chemistry
graduating in medicine 560
Danish Technical University: 70
graduates in chemical engineering
Royal Danish School of Pharmacy 70
graduates in pharmacology
Royal Danish Veterinary and Agricultural University
graduates | veterinary science, agronomy, foodrnieicyy, 275
horticulture, dairy science
Total 1190

Clearly the total is large enough to support a icterable expansion
of Denmark’s biotechnology activity. All of the aminstitutes also offer
advanced training and degrees, but a lack of trgigirants and facilities
has limited intake.

The bottlenecks have been identified as limitedlifies and staff at
senior level, but the enthusiastic response of Rekisiscientific community
to the new biotechnology indicates considerabl@esdor expansion.

The new biotechnology programme aims to substéntiatrease
research training in biotechnology. The scientifianpower available to
support the programme has a broad base of app®mdenpetence. The
tendency of Danish scientists to have spent tinfergign laboratories adds
further to the experience base of Danish bioteagyol

Public Institutions Including Universities Performig Research in

Molecular Biology and Biotechnology

UNIVERSITIES

As mentioned above all of the institutions showT able1 carry out
research and award higher degrees. Some of theatakies have achieved
international distinction.
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Basic operating funding for university linked ingtes and
laboratories comes from the university researchgbtjdwhich is almost
entirely provided by the government. To supplenteatgovernment funds
there is competition for funds from agencies whidclude research
councils, private foundations, government reseaioftiatives and
international initiatives such as the European Casion’s Biotechnology
Action Programme.

Almost all of the universities are involved in aeticollaboration,
either with other universities and institutes amieoand abroad or with
industry both at home and abroad.

GOVERNMENT RESEARCHINSTITUTES ETC

Ministry of Interior Affairs At the Government Serum Institute, high
level research is dedicated to the production afuibstics, sera and
vaccines. The University Hospital in Copenhagenk&an close co-
operation with the medical faculty at the Universiind with other
hospitals especially those in university cities.

Ministry of Agriculture Gives support to several institutes active in
biotechnology, notably the Veterinary Serum Labmmat in
Copenhagen, The Institute for Veterinary Virus Redge at Lindholm
and the Research Institute for Animal Husbandigoaium.

Ministry of Fisheries The Institute for Fish Research at Lyngby and

Hirtshals and the Fishery and Sea Investigatiodirééhals are both
active in aspects of aquatic biotechnology.

Ministry of Energy At the Research Establishment in Riso plant

biotechnology and especially protoplast technoleglye focus of effort.

Ministry of Environmental AffaitsHas a largely supervisory role.
Research funding is not a primary objective.

Ministry of Labour At the National Institute of Occupational Health,
steps have been taken to initiate a programmeria tgchnology and
health care problems in related to modern biotdlogical procedures.

Ministry of Industry Several programmes SuppomR&D in
biotechnology. Support is given to Technologicai/&e Institutes,
independent, non-profit institutes working in cceogtion with
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industry and in some fields with the public sectSeveral such
institutes are active in biotechnology, especitigse sponsored by
the Academy for Technical Servicestv. Notable are, the Gene
Technology Laboratory, Lyngby, the Danish Aquaadtinstitute,
Horsholm and the Institute for Biotechnology, Koigli

Biotechnological Industries and Their Research

Alfred Benzom/s
A small highly specialised company operating in tmelecular
biology and active peptide sector. Mag&D commitment.

DaniscoA/s

Investing heavily in biotechnology, Danisco andstdsidiaries are
involved in the production of enzymes, emulsifiéoed additives
and sewage treatment.

De Danske Sukkerfabrikkefs

Active in plant genetics and membrane technologgssBge of new
IDNA regulations has prevented field trials (in Denmaxkf
genetically modified sugar beet.

Chr Hansens Laboratorium/'s
Involved in production of chymosin and lactic abaktteria cultures.

Novo Industry A/S

Novo is a major producer of insulin and industeszymes. With
about4.000employees in Denmark, Novo is by Danish standaroig
company. Almost all biotechnological activities aradertaken by
Novo, andR& D represents a very large proportion of total tuamov

Nordisk Gentofte

Is also involved in Insulin production. Other pratiiinclude peptide
and protein pharmaceuticals including human grovutirmone,
serum albumin and factenii .

United Breweries

Include the Carlsberg Research Centre and Cartitiotd his
company has a long tradition of innovation and gtweent in
biotechnology. Products and interests include: ewsy hormones,
plant molecular genetics, fermentation and progeigineering.
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Other companies

Include; Aarhus Oliefabrik, Convex Biotechnology, a3k
Sojaakagefabrik, L Dxhnfeldt, Ferrosan, FrederiCellulosefabrik,
Kobenhavns Pektinfabrik, Lundbeck.

Almost all Danish biotechnology companies are ingdlin formal or

informal relationships with universities and gowesnt research institutes.

Personal contact plays an important role in estaiply these important
networks. Expensive instrumentation is often shared

Government Funded Research Programmes in MolecuBiology and
Technology

In a well established pattern, the research cosirf@ve provided
funds for scientific research in many areas incigdinolecular biology and
biotechnology. Applications for such funds are cetitjve.

The Ministry of Industry through its Agency of Tewhogy has
supported biotechnology through a number of progmasm Two in
particular were specifically designed to suppootdxihnology.

THE RESEARCH PROGRAMME FOR BIOMOLECULAR TECHNIQUE

Approved in Junel984 Parliament voteakr33.6 million for a five
year programme of research administered by thawrglseouncils.
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Table z. The following appropriations have been made so f¢
DKr 1000

1984 1985 1986 1987 1984
Biorganic chemistr 88( 741 77C 87( 87C
Biostructura chemistn 40C 81¢ 85( 85( 85(
Genetic stabilit 77t 767 86( 101C 101C
Purificatior 15C 46C 69C 84( 84C
Plant cell: 40C 511 67¢ 68( 68C
Plant gene 0 102z 115¢ 116( 116(
Reproductive biolog 30C 734 884 103t 103t
Reagents and vaccines 0 460 901 1150 1150
Total 2905 5513 6792 7595 759%

RESEARCH AS A BASIS FOR TECHNOLOGICAL DEVELOPMENT

Approved by parliament in985 this five year programme totals
DKr300 million, with biotechnology gettingkr 60 million. The research
councils administer the funds.

THE NEW BIOTECHNOLOGY PROGRAMME

Proposed by the government @986 funds were approved in
principle in 1987, but at the time of writing final programme appabhas
not been given, and the following outline is neae$sprovisional.

THE DANISH PROGRAMME FORBIOTECHNOLOGY 1987-1990
Introduction

The recent advances in biological sciences haveymd implications
for applied biology and for Danish production anxpat, as well as for the
environment, health care and nutrition.

Denmark must secure an independent competenceot@cbnology,
characterised by an intensified national effort.e Throposed national
programme has three main elements:

Biotechnology Research Centres
Education
Information and technology assessment
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The programme will have a broad based steering dtie@mwith
representatives from the ministries, universitied mdustry.

Biotechnology Research Centnesdl form the core of the programme.
The establishment d-10 centres is visualised. A centre would not be a
physical structure, but the formalised associatidnresearch groups in
institutes and industry. For a country which ungitently had a clear rift
between universities and industry this is a majep.sThe achievement of an
intellectual critical mass is one of the objectieésuch centres.

Technology transfer from university to industry Mebbe facilitated
by the centres leading to rapid commercialisatioresearch work.

A call for applications for grants was distributedpplications
contain information on the qualifications of paigiting scientists, the
nature of the projects and proposed budgets. Tdtedbinology programme
is intended to supply only part of the costs, etggeimfrastructure being
provided by the participants. Grants would be gif@nthe whole funding
period, and holders would have considerable flébito target fund
according to changing project requirements. Thigiires a radical change
away from closely monitored research funds.

The centres will concentrate on disciplines such taschemistry,
molecular genetics, immunology, growth physiolagigrobiology, bioindustrial
processing technology and research must be direztedtimisation of micro-
organism, cell cultures and molecular biology ajatiibns.

Each centre will focus upon a large area and fumaull depend
upon the quality and distribution of the applicartsis intended that the
following areas be covered:

Molecular biology, biotechnological methods andgasses
Fermentation and down stream processing

Plant production

Animal production

Marine biology, fish farming, use of aquatic resmas
Food production

Environmental protection, ecology, use of wastalpobs
Health care
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At the time of writing more thaB0 applications had been received,
covering the whole target area.

Education

There must be an increase in the supply of biowolgrsts. Part of
the programme appropriation is aimed at increagiagoutput of MS level
graduates in relevant subjects.

DKr60 million has been budgeted for education in theggamme to
be used in the following way:

DKr million

1987 1988 1989 1990
Final year undergraduate stipends 6.0 8.0 8.0 8/0
Bottleneck courses 2.0 2.0 2.0 2.0
Curriculum development 3.5 2.5 1.0 1.0
Retraining 4.5 4.5 2.0 2.0
Instrumentation for education 4.0 3.0 2.0 2.0
Total 20.0 20.0 15.0 15.0

The aim of the funding described above is to irezdhe production of
relevant graduates to a levells0-200 per year, increasing 890 by 199Q

Ph.D. level research will take place in researgctires, which will be
obliged to have a number of graduate students @n staffs. The centres
will also have to arrange courses, workshops etotfter scientists.

Information and Technology Assessment

There has been much concern in Denmark over tke a@isd ethical
concerns involved in biotechnology. Public inforroatis a key need.
Research must also be undertaken to evaluate thmications of
biotechnology for the economy, the environment liputealth and nutrition.

The information programme will focus on providirtgetpublic with
more and better material on molecular biology amtelchnology. This
should not take the form of ‘official informationTranslation of key
literature into Danish could play a part of the graammme. Existing
information channels, including schools, publicrdities etc. will be used
for distribution. Access to international studias technology assessment
will be facilitated. The objective is to providecaherent background for the
ongoing debate.

44



Overall Programme Budget

The following appropriation has been made for thatidhal
Biotechnology Programme:

DKr million
1987 1988 1989 1990 Total
Research centres 50 100 130 130 410
Educatio_l 20 20 15 15 7C
Information and 5 5 5 5 20
technology assessm
Totals 75 125 150 150 500

International Collaboration

Several Danish institutions and companies partieifga the EEC
Biotechnology Action Programmi®851989 Denmark is also a member of
the European Molecular Biology LaboratomyBeL, and is playing an
active role in theeUREKA programme. A Nordic collaborative programme
in biotechnology is being considered, and is se&iagfruits in agreements
on protein engineering. Co-ordination of internadib co-operation and
national programmes is a high priority.

Legislation Concerning the Control of Research aRdoduction

In 1986 Denmark was the first country to enact legislatiomegulate
genetic manipulation (an official English transbatiis available). The law
is wide reaching and precise details of interpiatatvill depend upon
existing regulatory procedures. The law is admiémesd by the Ministry of
Environmental Affairs.
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1.3. FRANCE

Daniel Thomas

Introduction

France has a long and distinguished history in dioenain of
biotechnology. The lasting legacy of Pasteur camtinto be a world class
centre of excellence in many areas of biotechno&dgelevance.

While the early history of biotechnology was digtirshed the recent
past has been less so. The Pasteur Institute espedsthe only focus of
modern biotechnology in France. Many universitiead aindustrial
laboratories were working in relevant areas, bubverall aims or objectives
integrated the obvious potential for excellencest{int Pasteur excepted).
Moved by the growing impact of the ‘new biotechmgylo of gene
manipulation and monoclonal antibody productiorgniee decided to assert
its competence on the world stage. To a large exttés initiative was the
result of President Mitterand’s personal will thigve French preeminence.

The ‘Programme Mobilisateur’

Accordingly in 1982 the ‘Programme Mobilisateur’ was launched
under the aegis of the Ministry of Technology, tiveér a mobilisation in
seven strategic areas of technology, includingeblotology. The original aim
of the programme was to give France’s biotechnologystry 10% of the
world market by1995 Spending in biotechnology by industry and govesnm
was quadrupled from aboe250 million in 1981to FF1 billion in 1982

Professor Daniel Thomas of the university of Comgp&was put in
overall charge of the biotechnology programme. Riexy with considerable
means, both financial and political, the programhs an immediate
rejuvenating and integrating effect on France’stidabnology endeavour.
Special importance was given to the agriculture agrd-food sectors, vital
for long term global strategies. Of great and tagtvalue has been the
building of bridges between the industrial and &caid research sectors.
This process is gaining momentum.

46



France has not failed to see the importance ofrriat®nal co-
operation and the programme is specifically oriatao maximising the
benefits obtainable from such collaboration. No édewthan60 countries
have sought French help in relevant areas of agjiic and France has
much to learn frongEC partners and thesa.

PRIORITIES OF THEPROGRAMME MOBILISATEUR
1. to assure logistical support for biotechnology

2. by consultation with the research administrationga, CNRS
INSERM and INRA, involve the scientific community in
determination of themes and priorities

3. intervene directly to initiate applied researchjgcts that involve
industrial/academic collaboration.

4. the provision of a training programme so as to nieetneeds of a
growing biotechnology industry

5. break down France’s traditional isolation by foigimternational
collaborations.

|. ELEMENTS OFLOGISTICAL SUPPORT

France is moving rapidly to establish the infrastinoe necessary for
a dynamic national biotechnology enterprise. Aspettthe infrastructure
requirement include:

Establishment of competence in bioinformatics, telude
nucleic acid sequence data banks, crystallograplai@ banks,
Microbial data banks etc. There is a real needetetbp a French
competence in molecular graphics. In many casediegiEuropean
resources EvBL for example) imply the formation of regional
nodes and will offer valuable opportunities for ikeh participation.

Il. THEMES AND PRIORITIES

Five theme areas have been defined, including mlaediology,
microbiology, enzymology/protein structure, plaatgl immunology.

Gene manipulation is but a means to an end afmbitld be made
routinely available to all those with a requirement
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Microbial diversity presents a range of untappedepimal.
Classification and studies in microbial physiolagyd genetics hold
out the prospect of valuable new products and gsE= Anaerobes
in particular have been largely ignored.

Enzymes/Protein structure. With the increased dhfyalfor
tailoring genes, it is necessary to develop thasdstwhich make
protein engineering a possibility. X-Ray diffractio molecular
graphics,NMR determinations and the tools of molecular genetics
form an integrated package for protein design aadification.

Plant molecular biology has been recognised asak Wk in the
economic growth of biotechnology. France definad ghriority area
even before theec. Government institutes, especiallyrA (Institut
National pour la Recherche Agronomique) have irdgonal
standing. The main requirement is increased manpowe

Immunology has been the key to dramatic changeBaignosis.
Monoclonal antibodies resulting from hybridoma teclogy have
created a new industry in rapid diagnosis, frongpaacy to swine
fever. French industry has moved fast to remain peiitive, but
investment in basic research and training is esdent

I1l. INITIATION OF PROJECTS

The first area for action is the agro-food sectut the six following

projects have been designated as being of induptiiarity. Research in
these areas will have direct economic benefitséméh competitiveness.

Identification and classification of micro-organisndevelopment
of fast diagnostic tools.

Development of competence in mixed or sequentidtuic
methodology in the dairy and brewing industries.

The optimisation of enzymes in media of economipanance:
complex media, heterogeneous media, non-aqueotsa.med

Special emphasis av&D of milk related bacteria in all sectors of
the French food industry.

Optimisation of fermentation processes, both i@l and modern.
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Improvements in the understanding and control ef \mification
process.

At the end of1985FF35 million had been set aside for these priority
areas.

The second area for action is health, where Fraasea number of
internationally competitive companies. Prioritytis be given to the early
recognition of disease states. Biotechnology hasrmous scope for
applications in preventative medicine: vaccineggdostics etc. for both
human and veterinary applications. The fate of ginst from expression,
through extraction and purification in commercialtares is a priority. This
will be linked to structural studies.

IV. TRAINING

Centres of excellence, ‘Poles’ in the French norauae will meet
the training requirements of the scientists andira®ys needed to steer
France’s biotechnology industry towards the fut@entres at Compiegne
and Toulouse are being followed by several others.

V. INTERNATIONAL COLLABORATION

The ‘Programme Mobilisateur’ is committed to clasalaboration
with European initiatives such as theP andBRIDGE programmes of the
EEC and theEUREKA programme. The contribution of industry to these
collaborative ventures will be critical. The Vet Summit in 1986
defined the need for an international biotechnologiwork. France already
contributes to model structures sucheasL (France contributeg2% of
operating funds).

France has recognised the potential of collabarawath Latin
America. A French delegation visited Argentinal®86 and Brazil in1987.
Mexico has an established collaboration with Fraicethe field of
fermentation in the solid phasersToM concerned with French overseas
relations with the 3rd world is concerned with the potential of
biotechnology to add value to marginal agriculture.
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Public Institutions in Biotechnology

France has an established tradition of excellencenany fields of
fundamental and applied research. The ‘Programmbilldateur’ referred
to above rectifies an omission in the case of blotelogy. The research
organisations active in biotechnology include tlodlofving: Centre des
Etudes NucleairegEA; Centre National de la Recherche ScientifiqidRS
Institute National de la Recherche AgronomigueA; Institut National de
la Santé et de la Recherche MedicaksERM; Institut Pasteur and the
universities.

All of these organisations now have a structure ctvhpermits
academic-industrial technology transfer. The Pastastitute is now a
hybrid organisation with commercial and basic regeactivities.

ThecCEA, rather like equivalent institutions in W Germaanyd the
United Kingdom has peripheral, but significant mets in
biotechnology. These range from the obvious assBoniaf radio-
labelling and diagnostics, through to the develapmef an
independent competence in much of the relevant cutae biology
and immunology.

The CNRS is France's leading agency for the funding of
fundamental research. It has many institutes anpl@m® a large
number of France’s fundamental research workegeésingly the
CNRS s responding to the call for more applied rededrends. The
CNRS has played a major role in developing moleculatdgy and
immunology in France.

INRA has always had a strong commitment to applieccaltural
research. In recent years it has made determinegsno be at the
forefront of biotechnology. Research on animal vwaes and
immunogenicity is world class\NrRA has several exclusive licencing
deals with French companies, particularly in theaanf diagnostics
development.

INSERM, with its responsibility for medical research reways
had applied research as a major part of its pdotfof work.
Immunology research is one ISERM's foci of excellenceINSERM
is moving towards a clearer interpretation of iferin a scientific
climate that increasingly heeds the call of ecomomecessity.
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INSERM has close relations with the newly founded company
Immunotech, which commercialises the results okassh. This
involves a far greater degree of communication wither
institutions and industry. Other areas of activityclude the
development of new bioactive agents, lymphokined artificial
vaccines.

The Institut Pasteur has a purely commercial divisiPasteur
Production, a classic example of government pegatitn. It is
responsible for vaccine production and therapeutisscell culture
facilites are outstanding as are the basic biolegpport services.
Research in the government sponsored Instituteeprssupported by a
number of funding agencies and covers areas assdias chromosome
structure, microbial physiology amdbs. Government funds afF100
million are targeted at the disease, much of trendipg is on the
Pasteur facilities, which have developed senditisgts.

The universities also make a contribution to bibtedogical
research. The university of Compiégne and certtiardacilities are
developing strong industrial and institutional knk

The Biotechnology Industry

The French biotechnology industry is dominated hyee large
pharmaceutical companies, Rhéne-Poulenc, Rousdef-bled Sanofi with
in addition a much less significant ‘second diusiincluding both agro-
food and pharmaceutical companies such as BertiérieMx, Lafarge-
Coppée, Limagrain, Moet-Hennessey, Serono.

Unlike theusa France has not seen a wave of opportunistic gpert
in biotechnology. There have however been a numbeompany launches
from the public sector and from big industry. Comiea such as
Immunotech, Transia and Transgéne would fall inkis tcategory.
Transgéne is a start up funded by predominantlyegowent originated
funds. An increasing proportion of the ownershifs leeen acquired by
private investors. Transia is a genetic engineedogpany set up by a
consortium of agro-food industry. Biosys is a unsity of Compiegne spin
off in the immunoogicals area. Venture capital fethdaunches are few and
include Clonatec.
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A fourth category of biotechnology companies wobkl the large
agro-food companies with a small activity in theldi Such companies are
typified by Fromageries Bel, Moet Hennessey, Gearizanone.

The interest level and commitment to biotechnologyies from
Sanofi's state of the art competence imA and expression systems, to a
straightforward requirement for better processrabim the cheese industry.
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1.4.THE FEDERAL REPUBLIC OF GERMANY

Helmut Zeittrager

Introduction

The government of therRG was one of the first to recognise the
strategic  significance of biotechnology. By1974 the BMFT
(Bundesministerium fur Forschung und Technologa) aAlready begun the
promotion of biotechnology. Dechema (Deutsche Geselft fir Chemisches
Apparatwesen), an industrial representative bodyttfe chemical industry
played a role in dissemination of information and$78was instrumental
in founding EFB, European Federation of Biotechgglo

The  German Biotechnology = Co-ordinating  Committee,
Arbeitsgemeinschaft Biotechnologie, was founded1&yY8 and acts to
integrate biotechnology activities in both indusagd academie sectors.
The first German biotechnology programme, the ‘tgigsplan’
(Performance Plan) was launchedL@ivQ It incorporated many of the key
proposals made by Dechema in collaboration withstheT. In the period
197984 a total ofus$350million was allocated to biotechnology.

Other government departments supporting researbfotachnology
include:

Deutsche ForschungsgemeinschafirG, who focus on basic
research. 984 bioscience funding accounted fog$107 million,
one third of the total fundin@FG is an association of universities
funded by local and federal government.

BMWi, Federal Ministry for the Economy.
BML, Federal Ministry for Agriculture.

The BMFT is keenly aware of both the opportunities and srisk
presented by biotechnology. Their position is sunsead in a booklet
obtainable from themFT in Bonn,FRG.

In a major policy speech in May983 the Chancellor defined the
government position with regard to biotechnology:
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Our society needs technical progress. Globally,eldgments are
taking place at a furious pace, in the informatim communications
technologies, in new production techniques, indmbnology and in
the development of new materials. These offer dppiies, but also
carry with them dangers. We know that not everglhirat is humanly
possible is suitable for mankind. This is the avadle which we have
to face. We must seek to remain master of the téopw.

The Federal government subsequently drew up a @muge for
applied biological and biotechnological research tlte period198588.
Biotechnology was given a central innovative rolmoag the applied
sciences. The following research objectives wefmele:

to promote top quality science in areas relevanth® future
competitiveness of the state.

to evaluate opportunities and hazards, introducpgropriate
safety regulations and debating ethical considmmatat an early
stage of progress.

to promote the training of a new generation ofdxbnologists.

FEDERAL FUNDING

At the beginning of1986 it was announced that the total Federal
funding for the period984to 1989 would be increased tom 1.14 billion.
Roughly 1/3 was targeted to institutions and anotirto four new gene
centres, other centres of excellence and infrastreicincluding support for
new biotech ventures. The bulk of the remaining eyois designated for
development of facilities in ‘bottleneck’ areas kuas cell culture
technology, fermentation, enzymology, plant biotesbgy etc.

One of the essential components of the presenirfgns a generous
investment in the essential enabling science fotebhnology. The federal
government has accepted that this is essentileifcommercial focus of
biotechnology is to be mastered.
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Table 1. Federal Spending on Biotechnology, in mitins ofbm.
1984 1985 1986 1987 1988 1989 Total

I nstitutional funding
EMBL, EMBC, GBF etc. 374 452 592 692 67,1 581 336,2
Gene centres ar 143 190 240 260 320 370 1523
strategic projec
Indirect support o
industry, databanks e
Support for esential
technolog'
Technology Them
Suppor

Microbial technology.
gene technolog

Cell culture
Bioprocessing 10,6 14,0 183 21,8 33,5 42,2 1404
enzymolog'

New technology/ inte
disciplinary activity
Plant and Anima
Researc

Plant culture and ra
material:
Alternatives to anime
research/ biologice 5,6 10,0 186 199 204 22,6 97,1
safety
Totals 111,4 132,3 1753 213,2 2449 264,6 11417

2,0 2,0 150 27,0 350 40,0 121j0

0,7 2,0 3,2 3,8 3,8 2,5 16,4

11,3 13,0 140 168 20,4 24,6 100,1

139 193 16,0 16,2 16,5 16,6 98,b

124 23 2,0 6,5 9,2 13,0 454

3,2 55 5,0 6,0 7,0 8,0 34,1

To achieve these ends tBRFT has instituted a process of consultation
with Deutschen Forschungsgemeinschafts, the federal science research
funding body; Max-Planck-Gesellschaft, the very lwgaresearch foundation
with institutes both in Germany and abroad; andiband der Chemischen
Industrie,vcl, the German Chemical Industries Association.

In addition to the broad themes outlined earliére BMFT has
identified several specific objectives, some ofathare detailed in Table
above. Many of these ‘bottlenecks’ require commiitngf new manpower
resources, available only education at high sclanol university level is
appropriately orientated.

Already mentioned are:
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Genetic manipulation
Bioprocessing
Enzymology
Interdisciplinary measures

At the forefront of much of this work will be theniwersity sector
and government research centres, most notakhy, Gesselschaft fr
Biotechnologische Forschung, in Braunschweig aad#rnforschungsanlage,
KFA, Julich. These two centres backed by both fedmmdl regional funds
have become showpiece institutes. @e& went through a difficult period
in the early198%s and there was even question of closure. Appoimitroe
the Present Director, Professor Joachim Klein mtedea dramatic turn
around in the fortunes @fBF. Strong backing from the regional government
of Lower Saxony has been a major spur to succe&e. ¢BF, KFA is
strongly backed by local government, North Rhinestlealia. Dialogue
with industry will be an essential component ofgderra project planning
for both Centres. Most untypically, tiBMFT is prepared to consider the
funding of projects over a period of upl®years.

THE BIOTECHNOLOGY INDUSTRY IN GERMANY

Approximately 100 companies in Germany have a significant
involvement in modern biotechnology. Many other pamies, notably in
the food and beverages sector, have a peripherallvement. The scope of
involvement is very large. Giant firms such as Hwcare interested in
biotechnology in a number of areas from insulindoiction to insecticide
resistance. Small companies such as Biosyntecloftanservices such as
custom nucleotide or peptide synthesis. On thenieahside engineering
based companies can supply fermentor and bioproeelssology.

Total industrial biotechnologg&D expenditure irFRG for 1985 (last
year for which results are available) amounts toualmm 700 million,
based on biotechnology related saleemf20 billion.

To date it is true that the bulk of investment anaduction has been in
the pharmaceuticals and diagnostics sectors. liptigeterm there will be a
gradual increase in the emphasis of agriculturpliegtions and plant genetic
engineering. The strong Green movement is a forbe reckoned with, even
by the strongest companies. One embarrassing icigevolving the
Heidelberg based firm Gen-Bio-Tec occurred whery faded to notify the
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Safety Commission of their work on expression dii-aotting agents in
bacteria. Gen-Bio-Tec was at the time in receiptn@jor Federal and
regional support. For weeks the future of that suppas placed in doubt.

Facilities to enable new biotechnology start-upes legcoming more
available. Venture Capital, in particular, is bedugnreadily available to
firms with a sound technology. Unlike thesaA, genuinely high risk
investment is unavailable. In the past five yednsoat thirty significant
new start-ups have been establisheeRka

Dechema plays a central role in representing tterasts of German
biotechnology companies and provides a forum feculsion and debate in
the famous Achema congress series. Held every jleaes Achema is one
of Europe’s most important shop windows on chemamadineering and
biotechnology. Themes treated include sociologisalies arising from
public concern at issues such as genetic engirgeerin

The Hannover Biotechnica series of fairs, held alipuwas
launched in985and is already rivalling Achema for prestige ip field of
biotechnology. Although backed by Lower Saxony, Hennover fair has
no direct relation with thesF, althoughGBF and other local enterprises are
given very prominent pavillions.

SECTORIAL CONTRIBUTION OFBIOTECHNOLOGY

Pharmaceuticalss a major business area FRG, with companies
such as Hoechst, Bayer and BASF as giants in tbieréink. Medium sized
companies include Boehringer-Mannheim, Boehringgelheim and its
pharmaceutical subsidiary Thomae. Henkel, Merck Sobering. All of
these have involvements beyond pharmaceutical€id@isé pharmaceutical
companies of medium size would include Behringt@band Knoll. Many
of the new start-ups are active in pharmaceutiaats have staffing levels
of 5 to 100. Examples of these include Bioferon and the BidsenBio
technology Group.

There is a strong emphasis on the latest develdprimehiotechnology.
Pharmaceuticals in trials and production includsulins, coagulation factors,
monoclonal antibodies, urokinase, antiviral ageintgrferons, lymphokines,
interleukines,TPA, TNF, recombinant vaccines. Market projections 105
show a domination by products based on the nevadémiyy.
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Agriculture is receiving more attention now. Both the Fedenad
regional governments are defining this as a pyiositea. Action by the
European Commission is helping to focus attentiorithe prospects for a
post subsidy agriculture. The creation of gendsicahgineered plants is a
delicate issue in therG Field release of such plants is subject to figrce
critical scrutiny by both ecologist groups and gleeernments. The incentive
for carrying out such work in Germany is accordinglery small. In
university departments, such as Hannover and Ridlednd at the Max-
Planck Institute for Plant Breeding in Min, worknatheless continues into
such vital goals as increased nitrogen uptake @ateand other crop plants.

Unless there is a campaign to stimulate awarenesiseovalue of
biotechnology for agriculture, it is likely thatetindustrial contribution to
research in Germany will be limited.

Chemical IndustryThe application of enzymes to the cost effective
production of both raw materials and speciality mloals in stable
bioreactors is receiving dose attention. Centregh sas GBF are
collaborating with industrial laboratories so as dngineer temperature
stable enzymes, capable of working effectively athbaqueous and non-
agqueous solvent systems. Microbial leaching andcexatnation of high
value elements and compounds is receiving attentiom the metal
extraction industry. Many of the large chemical pamies are moving into
more biological applications areas as the potentifal biotechnology
becomes apparent. Such activities would includdiegins of microbial
polysaccharides and crude oil recovery.

ENVIRONMENTAL PROTECTION

The microbial breakdown of waste figures largelyaimumber of
sewage specialist companies. The strong ecologioalps in theeRG make
it politically expedient for the government of tbay to make considerable
moves to meet their demands. Biological treatmehteffluents with
engineered microbes remains unlikely in the preastitrelease climate.

University joint ventureare in favour with the government and there
is considerable pressure on industry to particip@le new Gene Centres
have been founded partly with industrial support.

The University Sectoiincluding the Max-Planck Institutes and state
funded institutes still carries out the bulk of @asch in biotechnology,
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particularly at the precompetitive level. As intied earlier strategic
collaborations with industry are increasing in nemhnd quality, although
fears about industrial confidentiality may causensoconcern. With
government support, general excellence in 0860 departments of
biological sciences has crystallised into the fafamaof four Gene Centres
located at Min, Minchen, Heidelberg and Berlin. S§&hecentres were
established around existing centres of excellebaethe inflow of central
funds has allowed the elaboration of new buildind aquipment.

One of the central weaknesses infRe's biotechnology has been the
traditional University/Industry divide. TherG has jealously dung onto the
demarcation, well after its abandonment by manyeroturopean states.
Among academics pure research still has enormaché& compared with
applied industrial research. Salary differentiaigyile significant, do not
mean the difference between a bearable and gondasthof living. In the
FRG academics earn a comfortable living. Biotechnolitggif is one of the
forces bringing about a reappraisal of the sitmatis fundamental rapidly
becomes applicable. Unfortunately industrial suppbtacademic research is
concentrated on institutes suchGar, Braunschweig okFA Julich, rather
than universities ‘per se’. Institutes such as @erman Cancer Research
Centre in Heidelberg have played a useful role remting a respectable
image for applied researcBMBL, the prestigious international laboratory,
also in Heidelberg, is also strengthening this ensgs by establishing more
links with industrial ventures, including the ligaéng of know-how.

The road to a doctoral level qualification is vdong. A diplom
awarded at ages5 or 26 must be followed by up to five years research
before the award of a doctorate. There is much gifipn to changing the
system, although many percieve it to be overdue.

CONSEQUENCES OF THE BMFBIOTECHNOLOGY INITIATIVE

In the context of enabling technology for bioteclogy, the BMFT
initiative has provided substantial funds for umsites to do work in
bottleneck areas such as: bacterial physiologyntpjahysiology and
biochemistry and bioprocessing technology (seeelgbl

The Gene Centresare designed to radically upgrade German
competence in the field by giving substantial fuadsl prestige to already
recognised centres of excellence. The researchdaithese groups are:
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elucidation of genetic structures;
action and interactions of genes;
control of gene expression.

The Koéln Centre based on the Max-Planck Institateplant culture
research and the University Genetics Institute dacerned with plant
genetics and the use of plants for the expresdidoreign genes, plant cell
culture and micropropagation, the genetic basisifimogen fixation. Other
work focuses on viral genetics and general aspefctsell biology and
biochemistry.

The Heidelberg Centre, located at the universitynwnput from the
Cancer Research Centre focuses on microbial geneticology and
Immunology. Work is targeted at medical problemigdosis, therapy,
neurobiology etc.

The Munich Centre links the University and the Mlanck Institute
for Biochemistry. Work focuses on the developmerfit sequencing
technology and chemical synthesis of genes. Amgillsork in immunology
and cell biology builds upon this competence. Ptatitbiology focuses on
gene transfer.

The Berlin Centre continues the thrust of excelerin gene
technology and draws upon the skills of the MaxaBla Institute for
Molecular Genetics, which is world renowned. Analog to the Gene
Centres are twaMFT designated Centres of Excellence in bioprocessing
technology. These centres are designed to proviskallaand knowledge
base for the fundamental skills which underpin caroal processing
technology. The first centre has been establisnetower Saxony and
receives input from the universities of BraunsclyyveGottingen and
Hannover, and theBF, BraunschweigGBF is the leading German centre
for process and fermentation technology. Its difieegion into other areas
of biotechnology has secured a status unparalleled.

The Lower Saxony Centre will have its centre of vgya in
Braunschweig and will concentrate on the enzymatid microbial
processing of carbohydrates. Antibiotic productfmocesses, animal cell
processes, culture development, cell reactionsnagmsuring methodology.
Computer and information systems research will suppontrol system
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development and data treatment. Bioreactor devedopmill be an almost
automatic consequence of the skill base in Lowep®a

The second centre, associated with the Univerditgtattgart started
work in 1987and1988and consists of five institutes focusing on Bimass
Engineering, Biochemical Engineering, Applied Migi@ogy, Applied
Genetics and Mammalian Cell Culture.

OTHER STRATEGIC PROJECTS

The development of biotechnology worldwide demaadtexibility
of response from the German research base somaaittain competitivity.
Interdisciplinary fertilisation (electronics/enzymechnology) is seen as
critical. New centres could and will be designasedappropriate. Topics
under consideration include biocatalysis, chensgathesis of peptides and
genes, protein engineering, etc. New centres ndllude both institutional
and industrial representation to a greater extert ts presently the case for

the Gene CentressBF has broken this ground by establishing a healthy

portfolio of industrially funded projects.
INDIRECT MEASURES

Might include the financing of studies on aspedtsegulation, or the
provision of training funds for specific problemeas. The provision of
funds in this category is deliberately flexible.

ENCOURAGEMENT OFENTERPRISE

TheBMFT is keen not to lose the innovative potential @fdmmnic staff
and especially staff in small and medium scale rpriges in the
pharmaceutical and chemical industries, in the fdadustry. Such
innovations could have applications in sectors sash plant biology,
industrial scale production, commercial microbiglogetc. Bioreactor
technology could be encouraged by stimulating jeamture activity between
equipment, engineering and research activitiesn&et such need funds shall
be available to encourage product orientated inf@mvian biotechnology.

ENCOURAGEMENT OF THEBIOTECHNOLOGY INDUSTRY

Industrial potential in the biotechnology indusigyto be reinforced by
targetedBMFT support. The basis of support is the provisiotraihing and
support for acquisition of the latest in bioteclogatal methodology. Such
support should cushion the risk undertaken by imgastive in these areas.
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AREAS TO BETARGETED FORSUPPORT

Cell culture

Gene manipulation

Process technology using plant animal and humals esld
manipulated micro-organisms.

Enzyme technology for medical and food applications
Apparatus and equipment development

Bioreactor development, measurement and contrésys

All independent enterprises with an interest inaheve areas should
be eligible for support up to the level 6% of costs to a maximum of
DM600 thousand per enterprise. Other funds for persoraglipment etc
are available. Total budget for this programme firesd at DM100 million
over four years from Januat98a

TRAINING FUNDS

To provide the manpower necessary to sustain groiwehFederal
government has designated training as being a mpajmrity and
accordingly has provide substantial funds. Trairfimgds are targeted at
three areas:

International scientific collaboration
Biological chemistry
Biotechnology further training

Generally speaking the training is orientated talsathe areas
previously defined as important.

ENCOURAGEMENT OFACADEMIC/INDUSTRIAL COLLABORATION

Particularly in the area of precompetitive resedtcis seen that a
dose relationship between factory and universityidbde beneficial for the
Federal Republic. Areas of particular interest hirs tcontext would be
environmental projects and risk assessment prothetscould take place
without any threat to industrial security. The warkthis area could be
chosen on the basis of national and internatiangbitance. Flexibility in
approach and execution of such projects is seessential. To this end the
normally detailed and frequent review procedurel$ give way to a less
tightly controlled assessment procedure. The h@siect areas could lie in
the same theme regions as previously outlined:
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Microbiology and microbial genetic techniques;
Cell culture and cell fusion technology;

Enzyme technology;

Biological processing (including food technology);
Plant and animal research;

Safety research.

Other areas may be defined with the growth of kedgé and
experience. The dialogue between science and ipdudt in itself achieve
further definitions. Many areas of development et&akto long term industrial
competitivity could be developed. In some casedalootations similar in
concept to the British and French club themes wdaddused to provide
enabling technology to a number of client compaaiesuniversities.

To identify just a few project areas noted by BveET.

Microbial Technology

Gene transfer technology to improve microbial calture yields etc.
Genetic stability, ecology and toxicology of mixmitrobial cultures.
Possible applications of mixed culture techniques.

Cell Culture

Development, control, standardisation of bioindaliyr interesting cell
lines
Development of cell storage techniques

Enzymology

Biocatalysis, stability and characterisation of ialitised and carrier
associated enzymes, enzyme complexes and cells.

Bioprocessing

Bioreactor mechanics, construction and applications
Evolution of biosensors for process monitoring

Plant and Animal Biology

Development of plants for food, raw material and/iremmental
applications
Diagnosis, prophylaxis and treatment of animalase
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Safety and Technology Monitoring

Development of safer fermentation and bioprocestolgnologies for
genetically manipulated organisms and their pradubcio-economic
aspects of biotechnological developments

New Areas of Applied Biology

Fusion of biomolecular and microelectronic techgis Enzyme
design and protein engineering, gene synthesis

Other areas of significance include: microbial soreg, effluent
microbiology, microbial collections, gene technolggrojects, human and
animal cell potential, plant cell evaluation, bitadgsis, enzyme production,
biocatalyst based production, new bioreactor systeipstream processing,
control technology, plant breeding and raw matsyrialatural product
screening, alternatives to animal research, eccdbgdinpact of genetically
modified organisms, safety and genetically modifeganisms.

INTERNATIONAL COLLABORATION

The BMFT places great importance on collaboration with o#®=C
member states, especially within the framework E#C mediated
collaborative programmes such ageP (Biomolecular Engineering
Programme)BAP (Biotechnology Action Programme) and projects sash
ECLAIR which seek to study alternative, bioindustrial plagations for
Europe’s agricultural potential.

The OECD initiative in determining regulating principals rfo
molecular genetics is welcomed by #rG. Collaboration with th@EcD is
a valuable aspect of international collaboratiobiotechnology.

Collaboration with industrial nationss largely focused on Europe
and to a lesser extent the United States. Realisafi the Japanese
Human Frontiers Programme may well involve Germamugs.

Collaboration with developing nationis a theme of several recent
initiatives. Notably, thesBF Braunschweig has initiated a programme
of training specifically targeted at the requiretsenf developing
nations.
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The Role of thesBF, Braunschweig

The GBF was Europe’s first dedicated centre for researod a
development in biotechnology. After a period of emainty, the
appointment of the present director, Dr Klein ha®igGBF a powerful and
widely appreciated authority in many areas of libtelogy.

Originally founded by the Volkswagen foundatiorg 8BF has since
1976 been cofunded by the Federal governmeaeqg and the regional
government of Lower Saxonyd%).

The main research areas of s are:

Microbial products of synthesis and biotransforimatti
Molecular and cell biology of biologically activeqteins;
Industrial enzymes and protein design;

Development of bioprocessing.

In addition thesBF has played host to the German Collection of Micro-
organisms, DSM, sinca97Q2 A separate legal entity, DSM is poised for
commercial exploitation as one of the world's famfi microbial strain
deposition.

In addition to precompetitive applied research,dbe has a number
of confidential collaborative projects in hand. Wh&BF can not be as
secure as an industrial laboratory, the induspatners in such contract
research have been well satisfied withde's role in such collaborations.

Protein Design was launched as an intered98% In the past year
development of hardware and software componentshefsystem has
matured and this area looks set to become o@®®$ principal activities.
Potential for partnerships with industry and conuiarexploitation of this
growing know-how is large. The pharmaceutical induss particularly
interested in the prospect of exploiting proteingiagering for the
production of new or modified biologically activegtides.

The fermentation and bioprocessing facilitiespF are first rate and
already act as a focus for industrial developmerd pilot studies. The
‘Biotechnikum’ is equipped with fermenters up %00 liters capacity.
Down stream processing facilities can be used tdehprocesses up to
semi-industrial scale — a valuable national resaufithe ‘Biotechnikum
Service Unit’ gives back-up to process engineeviig@n no commercially
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obtainable support is available. Such back-up migtitide the production
and isolation of materials not available on thekear

Sophisticated computing and spectrographic faedlitback up all
aspects of development work, and contribute toosviig excellence in the
understanding and implementation of novel procesntrol systems.
Licensing ofGBF technology is possible, although offered preféadigtto
German firms.

Almost all of theFRGs major chemical and bioscience companies
have entered into collaboration with thBF in at least one project over the
past ten years. Roughly3 of GBF's industrial partners are foreign, the
majority from Europe. The opening up of new indiastcontacts and
ventures is facilitated by an outward looking attié characterised by
seminars and invitations in both industrial andtiingonal laboratories.
The German Chemical Industries Association hast@tdea GBF support
group to strengthen industrial appreciation ofrésource.

GBF has about25 staff of whom160 are scientists. Th£987 budget
amounted to almosto million DM, including a larges1 element of new
building support, which should do much to alleviatke recent
overcrowding problems.

GBF has noted the potential of developing countriebenefit from
several biotechnological advances. Without adequai®ing and local
expertise such advances cannot be applied. Theispovof trained
scientists is a choke point whigbBF aims to remedy by an in-house
training programme. Already three course have sgntthird world
scientists back to their home countries with anregiption of the modern
technologies and their applicability in a third Vadoenvironment.

Of 250 applicants for the first course tl2® selected included five
from Latin America. All costs, including air faregre born by theBF.

Lower Saxony has made clear its intention to bectimeforemost
region for German biotechnology. Recently it becaommmitted to
supporting three biocentres collaborating with thBF, Braunschweig
Technical University, the University of Hannoverdathe University of
Géttingen. This structure will give the area adaliass of excellence. The
only problem foreseen is that of staff recruitment.
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Growth in biotechnology is characterised by théd&xpansion of the
Bissendorf Biotechnology group. Next &BF they have launched a major
peptide and protein production centre, Braunschevddgptechnologie.
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1.5.GREECE

Presentations by Drs Tzotzos and Dourtouglou

Presentation by George Tzotzos
INTRODUCTION

Greece’s economy has several similarities with tloét Latin
America. Emphasis is placed on services and taauditi agri-industries,
while Greece’s chemical industry was heavy commyoditd obsolescent;
unable to incorporate biotechnological advances.

In Greece as a whole the worldwide trend, of movdnaavay from
manufacturing to service industries, is being olesgr The Greek scientific
community has two components, a small domesticehrand a large and
conspicuously successful international element.

To encourage the development of an infrastructuapalole of
supporting a Greek biotechnology industry the goment launched
incentives for the repatriation of Greek scientigisese took the form of
two international centres of excellence

The Institute of Molecular Biology and BiotechnojpgvsB, at
Heraklion, Crete and:

The Hellenic Institute Pasteur launched a hybridoarad
monoclonal antibody facility.

Participation of Greek scientists and laboratoire€European and
EEC ventures such aBMBL/EMBO and theBEP and BAP programmes has
increased the flow of knowledge and awarenessatetihnology.

With the support of the government the first Grésdtechnology
company, Biohellas, has recently been launched.

These measures have provided a solid basis foruesgiog the
repatriation of Greek scientists working overseas.
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WHAT EXPERIENCEHAS BEEN GAINED IN THE PAST FOUR YEARS?

1. Finance, management and marketing are integrab pHrtthe
biotechnology process. Small economies cannot dexatind for
these skills at an adequate level.

2. R&D scale-up is investment intensive, making redundhst
notion that biotechnology is cheap.

3. Expertise in microbial physiology and fermentatisrembryonic
in Greece and probably elsewhere too. Trainingiachemical
sciences is no panacea.

In the light of the above it appears unlikely thaansfer of
technology and strengthening of the biotechnologlstry can be achieved
without a coherent policy focusing on target déffam, commitment of
resources and openness to the scientific and eatreprial communities
beyond national borders. The latter is of paramaupbrtance particularly
in cases where national economies are unable t@isusechnological
growth at the required pace. Greece’s efforts teraame the problems,
briefly outlined above, is presented in Dr Dourtiouds paper.

Presentation by Dr V. Dourtouglou

Greece has come to appreciate the potential of mode
biotechnological innovations. Interest in governinaircles was first
stimulated at the beginning of the8Gs, when a national support policy for
both private and public sector involvement in bitit@ology was outlined.

Of primordial importance in assisting Greek biotealgical
development is the provision of training. In thedien term such training
should be geared to industrially relevant aspefchsotechnology such as:

enzyme engineering;

bioreactor use and development;

diagnostic kit development;

agricultural biotechnology, micropropagation etc.

With no advanced industrial base available to adssdevelopment of
biotechnology and no suitable funding structure&iaek financial markets,
it must be assumed that only k994 will Greek biotechnology enter a
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positive cash-flow situation. The role of stateiwention is therefore critical
to the development of a domestic biotechnologyrprise.

ROLE OF THESTATE

A number of ministries have interests in biotecbggl and the
following all have a budgetary allocation for bici@ology.

Ministry of Energy, Industry and Technology, Gehe&acretariat
for Research and Technology;

Agricultural Ministry;

Health and Social Security Ministry;

Ministry of Environment and Urban Planning;

Ministry of the National Economy.

As yet there is no formal interministerial co-oraliion, but the
Research and Technology Secretariat has drawnplgnavhich considers
other ministries and research interests in bioteldyy.

The Research and Technology Secretariat may geiuthority to
steer national biotechnology policy with the ap@iosf all ministries.

Three laboratories in Greece can be considerechve Bignificant
resources in biotechnology. These are:

IMBB Heraklion
Centre for Biological Research of the National Reste Foundation
Hellenic Institute Pasteur, Athens

Since 1979 university research work has received government
backing, but as explained elsewhere, Greek uniiessiare viewed
primarily as training, not research, establishments

Despite the identification of biotechnology as &ioval priority, the
production capacity of existing related industrys Hamited both project
development and proposals.

With the support of the government, two investmbabks a the
Pharmaceutical Producers Association of Greececlhashthe first Greek
biotechnology company, Biohellas, i884 Today two companies in Greece
have a significant biotechnology commitment, theosel being Vioryl.
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Having manifest the industrial application of biheology as a
priority, the government passed legislation to iaikstment in advanced
technology. Guidance was given to universities sexbndary education so
as to achieve an output of graduates able to stgpanmitment to high
technology. The universities have responded by nisgey training
programmes inDNA and other aspects of biotechnology.

With 20% of the national workforce in agriculture, it wasgical to
place emphasis on agro-biotechnology, including shpport of small
companies active in micropropagation and biomagheiOareas include
waste treatment and diagnostics of agriculturaivance.

To obtain a redeployment of skills, retraining arebrientation
towards high technology is perceived to be of ingace.

FINANCING BIOTECHNOLOGY

A rapidly growing slice of the totaR&D budget of15.56 billion
drachma is being spent on biotechnology.

Year Dr Millions
1984 160
1985 358
1986 638

A relatively large percentage of biotechnology sjiem is being
devoted to agricultural applications, centred omiiaber of sites and institutes.

Healthcare biotechnology is an important area afevant research
is focused on thevBB and the Hellenic Institute Pasteur. It is stith tearly
to see the consequences of spending in health azateagriculture. In
industry the first concrete manifestation of pragrés Biohellas, but here
too many projects are in development rather thamneercial exploitation.
Biohellas has a privileged relationship witkieB, with a licence to
commercialisemBB developed innovations.

Vioryl is more independent of government supportd ahas
successfully commercialised pheromone technologyis Inow trying to
master monoclonal antibody production. Other irsisranclude biocatalysis.
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A number of small firms are commercialising agriatdl aspects of
biotechnology,n vitro technology and micropropagation. The Ministry of
agriculture should be approached for informatiorif@se firms.

EEC support is helping both industrial and academioidatories to
build fruitful relationships with other biotechnglp laboratories operating in
the EEC. These ventures will make a large contributiontie Greek
knowledge base in precompetitive research relaadribtechnology industry.

There is, in conclusion, much in the Greek expegenof
biotechnology that could be of direct relevanced&veloping countries
interested in the possible benefits of biotechnplmsed industrial ventures.
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1.6.THE REPUBLIC OF | RELAND

Brendan Finucane and Staff of BioResearch Ireld@hdlin

Prepared by the biotechnology group, National Bo&od Science and
Technology (now replaced by BioResearch Irelanddsgnted by Brendan
Finucane

Introduction

An Irish National Biotechnology Programme was ati¢d in1983 by
the National Board for Science and Technology, dhd Industrial
Development Authority. The programme’s objectivetas promote and
assist the application of biotechnology in Irisldustry, agriculture and
other areas of social and economic development.

The major areas of application in Ireland are incafure/food, and in
the healthcare and pharmaceutical industries. Aljuie@ occupied5% of the
Irish workforce directly, and the food and drinklirstry employ6% of the
industrial workforce. Exports in1986 of food and drink were worth over
Us$3.2 billion or 23% of total exports. It is thus a very important seand
one in which biotechnology can play an importaie.ro

The healthcare and pharmaceutical sector is algwortant for
Ireland and has undergone considerable growth oenteyears. The
Industrial Development AuthoritylpA, has been very successful in its
efforts to attract pharmaceutical and healthcarapamies to Ireland. Over
100 overseas companies in this sector now have Irebe@seéd production
plants, including10 of the world’'s top 15 pharmaceutical companies.
Exports totalled IRA.5 billion in 1985and are growing at0% per annum.

There has been a patrticularly encouraging growthha Medical
Diagnostics area of the healthcare industry. Amiodggenous companies,
Biocon, Bioprep and Noctech Ltd are manufacturingaiage of products
based on enzyme immunoassays, while Beckman, TamhnDrganon and
Flemming GmbH are examples of transnational congsawnihich produce
diagnostic products in Ireland. The industrial styth of this sector and the
fact that biotechnology has great immediate apfitinamade it an obvious
area for national development.
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There is also activity in other sectors, eg Biotdth manufactures
enzymes and other speciality chemicals for the fowtlstry. Interbio
Laboratories also manufacture microbial cultures Weater and waste
treatment and other purposes. A number of cheraim@lfood firms are also
using biotechnological processes in their manufaaju These include
Pfizer Chemical Corporation (Citric acid manufaejurWheat Industries
Ltd (Glucose/Dextrose Plant) and Carberry Milk Rrcid (Alcohol
production from by-product whey).

Biotechnology Research Centres

As in many countries, much of Ireland’s expertisdiotechnology is
located in universities and other higher level egds.

Because almost half of the Irish population is urgg Ireland has
invested heavily in scientific and technical edigratin line with our policy
to develop Ireland as a centre for high technolagystry, new colleges and
new laboratories have been built to cater for teethreducation. Science,
engineering and other technical graduates arecaedsing proportion of the
output of these colleges. They represdss of the primary degrees and%
of higher degrees awarded by Irish collegesoBb The research facilities in
biotechnology have also been improved and individoleges have agreed
on specific priority areas for biotechnology restar

Other centres of expertise include the followingggmment funded
agencies:

Institute for Industrial Research and Standardsichviperforms
research on fermentation process scale up, enzyohadlogy and
monoclonal antibodies.

The Agricultural Institute, which has a staff 0800 in 7 major
research centres throughout the country, is algaved in research
and application of biotechnology in food and agtime.
Areas of Biotechnology Expertise
The major areas of expertise in Ireland are:

Genetic Engineering
Diagnostic Technology
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Specialty Chemicals and Pharmaceuticals
Biopharmacology

Mammalian Reproductive Technology
Plant Biotechnology

GENETIC ENGINEERING

Research is conducted & of our 7 colleges; but particularly in
Trinity College, Dublin and the University CollegesCork and Galway.

Microbial Genetics is the main area of intereshatDept. of Genetics,
Trinity College Dublin, where the research teanPodf. David McConnell
have performed work for many companies, includinthé Guinness and
Co., Biocon Ltd., andcl. This Group have recently signed a research
agreement with the Agricultural University of Baij to jointly done the gene
for Porcine Growth Hormone. The research for AriBuinness was to done
the gene for glucanase into brewing yeast stragwsnness have recently
located all their corporate research in a new egntbublin.

Another interesting area in Trinity College is iaceine development
at the department of microbiology. Among other @otg is one with the
objective of developing a vaccine for mastitis.

In animal genetics research is in progress at sitye College,
Galway, in collaboration with the Agricultural litste to develop transgenic
animals including fish. This work is funded by tBecC in association with
French researchers.

The Dairy Microbiology Dept., at University Colledgeork, and the
Agricultural Institute at Fermoy, have developedsiderable expertise in the
genetics of dairy starter culture organisms: Sgrahbacteriophage resistant
bacteria developed by this group are now used ddyme almost all of the
50.000 tonnes of cheddar cheese produced in Irelandhé&umork on the
genetic manipulation of other important dairy miorganisms is under way.

DIAGNOSTIC TECHNOLOGY

Ireland has much expertise in this area. The doséacts between
the biological and clinical scientists in Irelanaishbeen an important factor
in the development of this area of technology.
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The major centre for research on diagnostics Idriversity College
Galway, where work is ongoing on solid phase imndiggnostic
technology, and on the development of kits for masi human and animal
hormone indicators.

Veterinary diagnostics is an area of particulagrest because of our
large livestock population. Work at University Gaje Galway resulted in
the development of the first animal progesterorgayado be put on the
market. This was the progesterone measuring sylstemNoctech Ltd. This
Irish company has produced Reprostrip, a rapidydesgrogesterone.

Ireland also has a very important thoroughbred énarglustry.
Research on behalf of this sector is conductedéyrish Equine Centre, a
privately funded organisation, in association withiversity researchers.
This centre is currently researching indicatorstoéss, eg travel stress, in
performance horses with a view to developing diagjndkits for equine
health. Diagnostic kits are also in preparatiorotiner centres for Epstein
Barr Virus, Chlamydia and others.

BIOPHARMACOLOGY

Ireland has a large pharmaceutical and healthodresiry. To service
the needs of this industry, both for technical e and for trained staff,
Irish colleges have developed centres of expdrtiseveral relevant areas.

Of particular interest are:

Development of in-vitro tests for pharmaceuticalesaing and for
toxic effects. Among the projects in progress & tfoment are in-
vitro assays for detection of drug-related speaigeral tube defects,
eg spina bifida and also an assay for assessiigeatfy and toxic

effects of cancer chemotherapeutic drugs. Develapaienovel drug

delivery methods.

MAMMALIAN REPRODUCTIVEPHYSIOLOGY

Ireland is one of the major milk and meat exportogyntries in
the world and breeding of sheep and cattle is fbege of great
importance. Both the universities and the Agricrdtunstitute perform
research on many topics of relevance to the brgedid production of
cattle and other livestock. A topic which is of eehnce to
biotechnology is the area of mammalian reproducpigsiology. The
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research group of Prof. lan Gordon at Universityl€e Dublin, was
among the pioneers of Embryo transplantation.

Work by this group and the associated group of Breknan at the
Agricultural Institute at Beldare, Co Galway conmi@s on areas such as
immunological control of reproduction, embryo sextetmination, oestrus
control andn-vitro fertilisation.

PLANT BIOTECHNOLOGY

The major crops of interest to Irish biotechnoltgjisre potato,
cereals and ornamentals. Ireland has a large ssatbpndustry based on
exports to Mediterranean and N African countrielse Thajority of these
exports are two varieties which were bred at theiddifural Institute,
Oakpark.

Forestry research focuses on the use of mycorrhizagssist the
reafforestation of our marginal lands. Research inaculation of
seedlings with candidate strains of mycorrhizaenderway in the Forest
and Wildlife Research Laboratory and at Univer§itilege, Dublin.

Biotechnology Infrastructure

The major agencies responsible for the various ehesnof the Irish
National Programme for biotechnology are containettie table below.
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Agency Role

*National S & T policy and programme
formulation: advice to government:
promotion of specific technologies,
including biotechnology and
coordination of research

Biotech activities olNBST have been
privatized. BioResearch functions as a
contract research and technology transfer
organization. Staff and mandate similar
to that ofNBST.

Attraction of overseas investment,
support for Irish enterprise

National Board for Science and
TechnologyBssT, until late 1987

From beginning of 1988
Bio research Ireland

Industrial Development Authoritypa
The Agricultural Institute — An Foras
Taluntais AFT

Institute for Industrial Research and *Industrial Research and services;
Standard|irRS Establishment of national standards

Agriculture and agricultural produs&D

*These two agencies were merged in January 1988rto EOLAS, the Irish Science &
Technology Agency.

The Irish National Programme for Biotechnology wpsntly
developed by theBsT and theaDA.

The NBST's role within the Irish National programme wasnparily
to develop national biotechnology expertise andif@s and to maximise
its application to Irish industrial and economiwel®pment.

TheNBsT achieved this end by:

Funding basic and precompetitive research in usities.
Promoting and assisting university-industry reseaa-operation.
Promoting and assisting international researchpsyation.

A very important part of the programme is the inyenment of
linkages between industry and researchers in luisiversities and the
development of international linkages. Irish reskars are actively
encouraged to perform research for industry in rotloeintries, and also to
form partnerships with othegecC researchers from participation EEC
research programmes.
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The process of linking university researchers amtlistry has been
one of the major activities of theBsT. To this end a newsletter, Irish
Biotech News’ was published and distributed widalyreland and abroad.

Mechanisms for Biotechnology Promotion

As mechanisms for co-operation are of specificregieto participants
in SOBELA, it may be useful to point out some of those lséddkland:

1. Publication of a newsletter — Irish Biotech Newshieth is
distributed free of charge to both industry andeagshers and
highlights co-operative opportunities.

2. Running of seminars and workshops on topics of cominterest.
For each chosen topic both researchers and relawaiistry
representatives are specifically invited so astmarage contacts.

3. Grants of up t®0% of the cost of university/industry co-operative
research, are made available.

4. Funding assistance is given towards the employwofesttientists and
technologists by companies with a low level of téchl employees.

NBST put a very high priority on international co-op&ra in
research. Irish researchers have a particular gmobh that our island
position makes the travel necessary for co-operatiore costly than on
mainland Europe. To alleviate this, thesT provide assistance towards
visits by researchers to other research centres Mechanism proved
highly successful in developing collaborative reska teams for
applications toEec research programmesBST also strongly promoted
involvement inEeCc and in other international programmes as a meéns o
developing contacts and collaboration. We have falsned scientific and
cultural exchange agreements with many countries.

Regulation of Biotechnology

A National RecombinarmmiNA Committee advises planning authorities and
others on the safety of genetically engineerednisges used in the state. The
committee is composed of experts, and represezgat¥ the public, unions,
industry and government. The guidelines of thedWatilnstitute of Health, NIH,
in theusA have been adopted by the committee with some iTetitin.
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Recent Developments

In 1988 many of the activities of theBsT were merged with those of
thellRs to fromEOLAS — the Irish Science and Technology AgerayLAS
is geared to generating income for the state. BseReh Ireland represents
biotechnology activities withireoLAs, and is focused on three national
centres:

National Cell & Tissue Culture Centre
National Food Biotechnology Centre
National Diagnostics Centre

The National Cell and Tissue Culture Centre is tedain the
National Institute for Higher Education, Dublin, iwh was set up in98Q
The focus of work is monoclonal antibody productimd all aspects of
animal cell culture, including toxicity testing djmations. Contract
research is going on with a number of companiéauope and elsewhere.

The National Food Biotechnology Centre is locatad University
College Cork. Genetically manipulated organisms deeeloped to enhance
food bioprocessing and flavours. Cheese microbjoie@ particular strength.

The National Diagnostics Centre, located at Uniter€ollege,
Galway joins many skill bases to develop innovatliegnostics, including
DNA probes. Custom synthesis of oligonucleotides ifeature of this
facility’s competence that could be of interestdatside clients.
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1.7.1TALY

Carmello lacobello

Recently there have been major changes in the isagam of Italiar
biotechnology. In1985 biotechnologyr&D was fragmented without re
direction or co-ordinatiorNo national priorities had been defir

Most of the nation’s biotechnology programmes vegrat time focuse
on human health and supported by the National REs€auncil CNR.

Table 1 Finalised Biotechnology Projects 1985 National Rearch Counci.

Oncology

Genetic Engineering and the molecular basis ofritdtkdiseas:
Infectious diseases

Biomedical technology
Improvement of agricultural production
Fine and secondary chemistry

This initial set of projects gave rise to competent sever: key
aspects of biotechnology, such as monoclonal asyibaroduction an
molecular recognition. Significant short term adwes were made in tt
area of gene manipulation and the production asmésnant product

In the context of the fine chemistry peots several advances
enzymology were funded, and in the domain of agxice some
rationalisation of modern plant genetics was uraken at national levi
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The investment made in this first round of fundings judged
inadequate, but none the less it demonstratedsitabymmitment to meeting
the levels oR&D expenditure sustained by other developed countries

Figure 1 compares the rate of growth e&D expenditure as a
%age of GNP up to 1984 The data are derived from a report of the Italian
Chemistry Federation, Federichimica, on biotechywloentitled ‘Le
Biotecnologie in Italia: un opportunita di sviluppaustriale’. Milano1986

In 1985 a National Biotechnology Committee had been crkate
supported by the Committee for Development and vation in the
Chemical Industry Federation. These bodies recordatkthe pursual of a
National Biotechnology Policy, charged with orgamgs funding and
directing programmes.

The National Programme represented a logical deveémt, for
24% of Italy’s revenues are based on organic or bialagoroducts with
a 1984 value of112 billion us$ (see Figure2). This percentage is higher
than for other countries and illustrates why bibtedogy is of such keen
interest; several key market areas of relevanttaltan industry are affected.

The areas illustrated in the following diagrams daseveral
common features:

They are big markets with potential for large exgpieme;

They are characterised by imported products;

SMEs have a high profile in this market. They needommon
development policy.

The ltalian health care market was wou$6 billion in 1984 about
35% of that spending going on diagnostics, pharmacaigtiand biomedicals.
By 1990this area could b25-35% dependent on biotechnology products.

Agriculture accounts for total invoices 08$32 billion, spent mostly
on animal breeding, cereals and vegetables. Congumpmcreases are
causing an import boom. The animal feed sectoraitiqular, worthus$26
billion (1984 is characterised by a significant excess of ingover exports.
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% of production from organic sources in respect tahe global internal product (1984)
Countries % Close-up of sectors in Italy (1984)
Sectors %
Italy 24%* — Agricul@ure 51
_ — Extractive 1.0
UK 22% — Manufacturing 13.2
Feed 2.4
U.SA 20% Texture 33
Wood 1.0
France 19% Chemistry 2.9
Paper 0.7
Germany 18% Others 2.9
% | — Health 4.7
*24% = 112,000 milliorus$ % Total 240
Fig. 2. Comparison between various industrializedntries concerning their percentyal
production from organic sources. From the report l@aflian Chemistry Federation
‘FEDERCHIMICA’ on Biotechnology ‘Le Biotechnologien ltalia: un’opportunita di
sviluppo industriale’, Milano 1986.

Several factors influence this:
Feed habits orient towards a strong feed indusiisn (with low
cost);
Trend to ‘natural feed’ with high quality food frodirect agricultural
sources and wide availability throughout the yeath(high cost).

Biotechnology might solve the problem by providihgh quality
food at low prices. Production and storage techgie might also be
favourably influenced.

Ecological considerations will play an increasinghportant role in
the industrialised nations. The processing andvesgoof industrial and
agricultural wastes is a market worth perhagil5 billion within a decade.
Lack of ecological surveillance could precipitaighhcosts in both social
and economic terms.

Ecologically relevant companies have increased bserthan75% in
number sinca98a
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In the Chemicals sector the global market for dtalproducts was
estimated aus$26 billion. This potential is compromised however, &y
massive dependence on imported products.

All sectors of industrial activity are thereforeempto the influence of
biotechnology. An industrial representative comedthas considered the
following theoretical areas of application.

40% of biotech products would be new, not realisahjeekisting
technologies.

60% of biotech products could represent the conseguerfc
improvements to existing processes.

70% of ideas generated could be realised in the dlborhedium
term that is up té years from now.

In 1985 in response to these ideas the National Resd2ocimcil,

CNR, created a Task Force to mobilise activity in weltused research
areas. Focused @NR and university laboratories the resulting prograanm
Strategic Project, Advanced Technology in Biologws divided into three
major subprogrammes:

Biotechnologies

Agro-industrial technologies

Aquaculture

Table 2. National Research Council:
Strategic Project Innovative Technologies in Biolog (1986-1987)

Funding:us$2.1 million
Subprojects:
1. Biotechnologies
Enzymology, natural or modified enzymes
Agro-industrial biotechnologies
Oligonucleotide synthesis and molecular probes
Cellular carriers
Biosensors
2. Agrotechnologies
Cultivated plant technologies
Molecular and biological control of parasites abibtc stresses
Models of agroecosystem productivity
3. Aquaculture
Artificial reproduction and genetic improvemenffish breeding
Reproduction and breeding of new fish species
Breeding of molluscs
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In the first two years the budget for this prograenmas low, only
uss$2.1 million, but the idea was to orientate a numbeeséarch groups to just
a few well defined technologies.

Following on from this programme is the: Specialojéct:
Biotechnology and Bioinstrumentation, with fundiafjus$68 million over
the five year period, 9871991 This programme will focus on precompetitive
aspects of biomedical and chemical areas. Additbnimportant new
subprogrammes in vaccines, cell culture and tranggation biology is a
feature. ThecNR will involve universities and research instituties the
programme.

Table 3 National Research Council:
Special Project ‘Biotechnology and Bioinstrumentamn’ (1987-1991)

Funding:us$68 million/5 years
Subprojects
1. Molecular and Cellular Engineering
Innovative vaccines and bio-diagnostics
Biosensors, cellular bioreactors
Applied biotechnologies: cell culture, organ trdasts
Bio-drugs
Bio-instrumentation

AWM

Table 4 Ministry of Scientific and Technology:
National Project Advanced Biotechnologies’ (1988-22)

Funding:us$308 million/5 years
1. Medicine and veterinary areas
Diagnostics
Plasma proteins
Fibrinolytics enzymes
Biological response modulators
Immunotherapeutics

2. Chemistry, Energy and Environment
Biocatalysis
Biopolymers
Biological control of pollution
3. Agriculture and Food
New plants
Micro-organisms
Animal husbandry
Food bio-conversion
Food diagnosis
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A third major programme designed to stimulate indals
competitivity and innovation through government o, is entitled:
National Programme, ‘Advanced Biotechnologies’,ded by the Ministry
of Scientific Research and Technology. This progremenvisages
expenditure totalings$308million over the five year period 992

Table 5 Nonmedical applications of biotechnology.

Chemistry, energy and environment

A) New enzymes

B) Innovation on bio-conversion and enzyme catalysis
C) Polysaccharides from natural sources

D) Control and recovery of environments

E) Bioprocessing of minerals

Agriculture and Feed

A) In vitro plant generation

B) Introduction and expression in plants of exogergrres

C) Plant nitrogen metabolism

D) Biological defence of plants

E) Improvement of growth and nutritional propertiesoéeding animals
F) Enzymes for feed industry

G) Treatment of agricultural wastes

H) Control of food safety

In Table5, two of the areas considered above are examinetb&er
detail. There is broad accord with the aims expresBy the European
Commission, particularly with regard to the stintida of agro-industrial
development.

The Italian response to the recent Commission ‘@alExpressions
of Interest’ on the theme, ‘Stimulation of Agro-ustrial Development’,
was most encouraging (see Ry Some70% of the Italian ‘expressions’
were from industrial organisations (see Ejg
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Agro-industrial developmentResults of call for intere Other public programmes with an element of biotetbgy are
1 summarised in Table

DK | In the planning stage is an agricultural programvite a provisional
F budget of several hundred milliays$. Focus will be on crop production,
D animal breeding and adding value to agriculturapbyducts.
GR | Total = 856 interest forn — —
AL Cost + 580 millions U S. Table 6 Other publicly financed programmes in biotechnolgy
I Programme Focus Valueuss
] million
L CNR Special Projects
N L |
o] Fine c_hemisf[ry: _ Biologically active products 18
£l Genetic engineering: IDNA technology vs genetic disease 23
UK | Ministry of Science and
: : Technology, National
0% 5% 10% 15% 20% 25% 30% Programmes
Fig. 3. Results of call for interest concerning tt&tifmulation of Agre-Industrial Technology in oncology | Monoclonal antibodies armhA 14
Development’ fronEEC expressed as natial percentual of the total responses. F probes
EEC documentUBE-XxI1/233/87. Pharmaceuticals: Targeting of cytotoxic drugs 4

Industry Interest

In Figure 5 the present state of national funding programnmes i
biotechnology is recapitulated. The overall commaitinof funds is seen to
exceedus$430 million over the present five year period. Thisjondunding
is intended to bridge the gap between industrinbwation and academic
research, so strengthening the Italian presenttisikey area of technology.

Total = 266 (31%) forn
Cost = 318 Millions U.S.

Fig. 4. Industry interest for stimulation of agnedustrial development. Results
expressed as percentual of total responses from @amtry. From eec dument
cube-xii/233/87

87 88



Public fundings for Biotechnologies

Fig. 5. Comparison between two periods of public fundirigs
biotechnology in Italy. PN MRST: National Programorh Ministry of
Scientific Research and TechnologgnrR PF: Finalized Project from
National Research Council.
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1.8.THE NETHERLANDS

Henk C. van der Plas

In September1984 Professor Schilperport, then Chairman of the
Programme Committee on Biotechnology, PCB, suggektd in thel99G the
Netherlands might be the biotechnology delta obperIs that fiction or reality?

The Netherlands posses an industrial base of dleodtiotechnology
firms, together providing ar&D potential of1,100 manyears (inL98s.
Sales of traditional biotechnology products in thairy, brewery and
antibiotics industries accounted for sales of abos$4 billion. New
products such as recombinant vaccines and diageostased on
monoclonal antibody technology are contributing1887 sales of about
Us$40 million.

A few major companies dominate biotechnology in Netherlands.
These have a base in traditional biotechnology leange rapidly included
new technology in their ranges of competence. Mamych smaller
companies have emerged recently, partly becaudheotelatively easy
access to investment capital.

Figure 1 summarises the scope for biotechnolog&D in the
Netherlands. The role of the major companies igrcle

Because of the small size of the country and tligaiive of the
government in pushing activities in biotechnolodglyere exists a solid
network of contact and communication among all Buteotechnologists,
in industrial, university or government laborataerie

The standard of excellence in Dutch universitiesn®ng the highest
in Europe, and although there was considerabldedispre somé& years
ago when the government first sought to stimulgbecaluctive orientation,
almost all would now admit that the scheme has lseenessful.
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Composition of industrial base 1985 a total of 1100
manyears was commited to biotechnology F
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Fig. 1. Scope for biotechnologg& D in the Netherlands

The small size of the country cannot hide the tflaat it plays host to
some of the more prominent multinationals. The rimal power of big
companies, combined with experience and marketmayvkhow has made
it possible to exploit the opportunities in biotactogy.

Small is effective for the Netherlands. Communmati are no
problem as all locations are geographically close.

The government has made biotechnology a priorigaanot only
because of the solid industrial base, but also usxabiotechnology
provides fast growing market opportunities in mardustrial sectors.

The Role of the Government

The government launched its Innovation-Oriented t&ibnology
Research Programme 1981 This formed part of a series of similar such

91

programmes in a number of strategically criticaleaar including:

membranes, polymers, composites, carbohydratesnesrng ceramics
etc. The primary goal of these innovation orientesiearch programmes,
IOPs, is to stimulate research in universities anttutes. The goal is three
pronged, seeking:

to stimulate research.

to structure the knowledge infrastructure throughstbn of tasks,
co-operation and market orientation.

to set up a communications network.

Let me explain these three points. Stimulation otdzhnological
research at universities and institutes is beirngmaplished by provision of
an extraus$20 million betweeni981and199Q The money is shared out by
a high level body, the Advisory Committee on Bid¢tealogy,ACB, which,
although government appointed, works at arm’s Ilendtom the
government. Its membership includes representatifdsth industry and
research institutes. The indirect, co-ordinatirfipa of this extra financial
stimulation is, in my opinion, even greater thaa direct impact.

The Advisory Committee on Biotechnology seeks adise the entire
threefold goal simultaneously. As in some countriggvernment funded
university research in the Netherlands is beingrtred, owing to budget
constraints. The division of tasks is thereforeratispensable element for
structuring the knowledge infrastructure (e.g.\void overlap).

Biotechnology is a multidisciplinary science. Coeogtion between
research teams is a sheer necessity, becausentedyation of knowledge
can produce practical applications. The third eleinw restructuring the
knowledge infrastructure, finally, is more markeaieatation. Extensive
consultation with industry was found to be a simpiel effective way of
learning exactly what the market needs.

An inventory of the wishes and needs of indussygegards both research
objectives and research teams, served as a hatis fiodustrial orientation. The
inventory was made through confidential interviethas, results of which were
generalised. This guaranteed an open industréaitation.

The third goal, that of building upammunications networlks vital
for the rapid growth of a new technology, which maindevelop without
dose co-operation between everyone concerned.
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Central to theloP network is the Advisory Committee on
Biotechnology,ACcB, which co-ordinates the overall stimulation of foer
sub-programmes on Biotechnology under the supervisf four separate
Programme Committeegcs. Each of the four PCs receives money from
the Ministry most closely involved.

The ACB together with the four Programme Committees has al
succeeded in creating the conditions for good finescommunication
between research institutes, industry (including#tors) and government.

In the first stage of theop, from 1981 through to 1984 financial
stimulation was used to raise the level of biotetthgical research on a broad
scale, while building up a communications netwéitkthe same time inventories
were taken to determine the direction of the itfuature structuring.

In the second stage from985to 199Q structuring is being selectively
programmed and anchored in the infrastructurehabindustry will be able
to continue making optimal use of the governmemdéd knowledge
infrastructure after the programme has ended.

The following tables show the range of activitiesc@untered in
government funded institutes and universities.
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Table 1 The Major University Biotechnology Centres in theNetherlands.

Centre

Activity

BDL, Biotechnology Delft-Leiden
(Technical University Delft & State
University Leiden)

Agricultural University Wageningen

BCA, Biotechnolog Centre
Amsterdan (Free Universit
Amsterdam & University of
Amsterdam)

State University Utrecht

State University Groningen

Chemical

Incomplete oxidations

Plant cell biotechnology

Yeast physiology/genetics
Environmental biotechnology control
Bioreactor design and downstream
processing

Biocatalysts
Food and animal feeds
Waste and environment
Plant cells
Animal cells

Opimisation of product formation by
micro-organisms

(yeast & prokaryotes)

Plant biotechnology

Monoclonal antibody production
Enzymology

Vaccines
Peptide and polypeptide hormones
Monoclonal antibodies

Fine chemicals and stepecific
reactions
Development of host-vector systems for
industrial micro-organisms
Biological oxidation, biodegradation of
waste

Optimisation of dairy micro-organisms
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Table 2 Some of the Important Biotechnology Research Indtites in the

Netherlands

Institute

Activity

Plant Biotechnology
Wageningen: SVRTAL

ITAL

VT
IPO, IVT
Baarn: CBS

Agroprocess Biotechnology

Wageningen: SprengeswL
IMAG

Ede: NIZO
Groningen: NIKO
Zeist: TNO

Animal Cell Technology

Lelystad: CDI
IVWO

Wageningen: ITAL
Zeist: IVO
Medical Biotechnology
Amsterdam: CLB
NKI

Bilthoven: RIVM
Rijswijk: TNO

Environmental Biotechnolo

Amsterdam/Delft: TNO

Bilthoven: RIVM
Lelystad: RIZA

Genetic engineering for plant breeding

Secondary metabolite production for high grade
chemicals

Horticulture
Disease and pest resistance
Central Bureau for Mycology

Processing of waste flows
Treatment of manure

Dairy production and processing
Carbohydrates

Food and animal feeds (incl. biocatalysus and
bioprocess technology)

Vaccine and diagnostics development
Livestock feeding/nutrition

Malaria control by insect genectics
Animal production

Blood/blood factor research tissue culture
Cancer research
Human vaccines and other biological

Monoclonal antibodies for
diagnosis/therapy/researabna technology

Fermentation and bioprocessing recycling,
purification, membrane technology

Microbiological soil and water treatment
Waste water research
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INDUSTRIAL BIOTECHNOLOGY POLICY

Since 1983 the Dutch government has encouraged industry to
participate in ambitiouR&D programmes. Two forms of subsidy have
backed up this encouragement.

theINSTIR subsidy scheme
case by case assessment

INovation sTimulation Regulation, is a scheme which offers wage
support forrR&D. Given the massive cost of wages in modern ingukts
incentive dramatically lowers cost thresholds aad heen provided for a
number of promising technologies, including biotealogy.

Although university collaboration was not a preatind of these
subsidies, it is a testimony to the establishmeénthe communications
infrastructure that, in practice most projects wetarried out in
collaboration with universities or institutes.

The recent economic upturn has made financing much easier for
companies, who are now less in need of governmgpast. Sincel987the
Dutch government provides incentives only for testbgies in which the
support policy results in the highest added value.

Biotechnology is one of the four high tech areast ttontinues to
benefit from public support. The technology polayabling the knowledge
infrastructure through theop is being followed up in the form of a
programme policy concerned directly with industry.

At this stage the goal is to increase the numbdirmk engaged in
new biotechnology operations from0 or 20 to 100 More than 100
potentially promising firms that we now have arengeprevented from
achieving high-tech production in the near futuret so much by lack of
money, but by a low level of in-house researchvigti

Subsidies do not play major role in the governnmgmrogramme
policy, although they do perform a valuable supgpertrole. The
programme for thea00 companies target covers a number of synergic and
mutually complementary activities.
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INFORMATION AND CONTACT

A vital factor in pulling firms across the threstiolowards new
technologies is information. This part of the pangme is already in full
swing, with the publication of booklets and a babtieology magazine in
Dutch. Printed information does not suffice. Peatocontacts through
consultants paid for by the Economic Affairs Minysbften produce better
results. The consultant acts as a broker betwedusiry, the knowledge
infrastructure and government.

IOP BIOTECHNOLOGY

Already discussed in the earlier part of this pnégtion.

STIMULATION OF INDUSTRIAL R&D PROJECTS

An important criterium for selection is co-operatiwith a university
or institutional research group. This industriaimslation is therefore
closely linked with theor stimulation.

ESTABLISHMENT OFNEW COMPANIES

Can foreign companies be persuaded to set up iNetieerlands, as
a consequence of providing the appropriate infuasire? We have been
successful, as the establishment of subsidiaries thef American
biotechnology firms, Centocor, Mogen InternatiorRdomega and recently
EuroCetus demonstrates.

EDUCATION

Without suitably skilled manpower, no innovatiorpisssible. We are
busy setting up a postgraduate training facilityldimtechnology engineers,
a joint initiative of Delft and Leiden.

INTERNATIONAL CO-OPERATION

For a small country like the Netherlands, crosatfes co-operation is
important, particularly within the context of thei&pean CommunitygC,
and EUREKA. Non-European collaboration also receives dosmtain from
the government, particularly the third world coiegr The Netherlands have
initiated biotechnology collaborations with Indoi@gdndia and Thailand.
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OPTIMISING THE CHANCES FORSUCCESS

General policy actions relating to the approval baftechnology
products, patent matters, supplies of cheap rawenmadt for the
fermentation industry and last but not least —alaatceptance.

The Dutch government is working for industrial ination in
biotechnology along these lines.

WHAT HAS BEEN ACHIEVED?

A number of products have emerged from the Dutatéghnology
initiatives. The following are just a sample thiiastrates the breadth and
potential of the Dutch biotechnology enterprise.

Anaerobic purification of waste watela co-operation between
universities;TNO and Gist-Brocades

Development of a vaccine against diarrhea in calwmed piglets:a
co-operation betweerivm and Amsterdam University.

Pregnancy test using monoclonal antibodi®sganon

Preparation of D | L amino acids by enzymatic satian of D, L
mixtures:Dutch States Minegsm.

Production of aspartamesm, Toyo Soda

Biofilters for air filtration, production of chymos with rDNA
technologyGist-Brocadesyizo

Many other products and processes are well on #yetavrealisation.
The last table gives evidence to support the assethat growth in
biotechnology will be gradual, but steady. At thant | return to the claim
that The Netherlands might become a BiotechnologifabDin the199¢s. It
is still premature to say that this is more thatidin, but we are working
hard to create a really strong base for indushia@lechnology in the next
decade. We are full of confidence and so far,nfay say so, we have not
been unsuccessful!

| hope this introduction to Dutch biotechnology hasised your
interest and that it may lead to the next step rdéring into dose co-
operation with Dutch partners. The Netherlandgasly for it.
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For anyone wishing to learn more about Dutch bimetogy, a
highly informative and illustrative brochure candrelered, as well as a list
of names and addresses of Dutch firms and inditatéve in the field.

Table 3Biotechnology Sales for Various Industries: (fiegim millions of Guilders)
Industrial sector Total Biotechnology sales

1982 1985 1990 1995
Fine Chemicals Human & Veterinary 6500 460 555 655
Health Care 2500 750 1000 1350
Food and Beverages 64000 8500 9400 10800
Equipments and Instrumentation 13000 275 310 350
Engineering Contractors 1500 90 160 210
Source CIVI
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1.9.PORTUGAL

Julio Novais

In Portugal, biotechnology has become integratéal time traditional
biology dependent industries. Microbiology and enalogy are now
finding new applications. Many scientists have me¢d from training and
employment overseas. This new resource of largatggean trained scientists
is now helping to create new poles of academiciaahgstrial excellence.

The promise of biotechnology is being hindered amt&yal by the
lack of entrepreneurial tradition. Human potenéiatl favourable political
conditions do not alone create new industries aod@mic development.

The government is sympathetic and started the mmgheation of a
Mobilisation Programme in987 Funding levels for biotechnology have
increased each year and are being complementedutgys ffrom the
European Commission and wish.D.

This presentation attempts to identify the impdcbiotechnology
on Portuguese industry and agriculture as well tas potential in
research and education.

INDUSTRY

The industries involving biotechnology can be déddinto two
sectors, one more traditional and the other of aemmeodern kind which
can be situated in the post antibiotic era.

In the first case, it is justifiable to start byfawing to the wine
industry, which has acquired great importance ba#rnally and for export
income. Port, Madeira and some Rosé wines congrifmaist.

The fruits of yeast research are now being enjo$ain selection
and slow fermentation conditions are being optighise as to minimise
undesirable contamination or side products. Thekipg wine industry is
exploring the possibilities offered by immobilisegeast cells and
continuous fermentation.
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In the cheese industry microbial enzymes are uselarpe scale
production, but the best cheeses, called Serra, sttt produced
traditionally. Cardoon flowers are immersed in gizemnilk, a process prone
to contamination and quality variation. Family pmoton methods are
being studied in the laboratory so as to identifytgases. It is hoped that it
may be possible to produce cheede Vitro' with suspended and
immobilised cardoon cells.

The old olive oil industry could be improved witletter extraction
processes and regeneration of the older plantatides technologies such
as micropropagation could play a useful role.

The beer industry has achieved a sophisticatedrsiaaheling and
control of the processes of malting and fermenmatio

Antibiotic production is a significant export earnaith more than
90% exported. The major products include: penicillitetracycline,
oxytetracycline, erythromycin, gentamycin and antinc

A new ampicillin process was developed in Portugdiereby 6-
aminopenicillinic acid was formed by passing pdhicithrough novel
bioreactors containing immobilised penicillin acsga The technology has
been successfully exported.

The fine chemicals industry carries ®&D, often in collaboration
with university laboratories. Products have incllidgeroids and some
diagnostic Kits.

Baker's yeast is produced at two locations, whilacgse and
glucose/fructose syrups are obtained with enzynpaticesses.

Alcohol factories depend upon imported molassesnésd5%
produced domestically). This traditional industyniow moving towards an
incorporation of the new biotechnologies.

Environmental considerations have not been oveslhokSeveral
wastewater treatment plants have been constructitg ua variety of
technologies: activated sludge, percolating fileerd a variety of ponds. Several
cattle and poultry raising installations have bigiftks for anaerobic digestion,
using the resultant biogas for ambient heatindgotrecal energy production.
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AGRICULTURE

Portuguese agriculture is a very traditional dikog and the only
biotechnological input has been from classical tieseIn the future
biotechnology will affect agriculture in two waysirstly, the fruits of
research will influence the growth and multiplicetiof plants, possibly by
species improvement by gene transfer and clashidaidisation etc. The
sum of many developments in Nitrogen fixationyitro propagation and so
on might radically modify the culture of a givengi@n. Already some
hybrid cereals have dramatically improved the pobidity of some
regions.In vitro propagation has so far been applied only to higlues
decorative plants and exotic fruits. Many techn@egare unexploited, for
example the knowledge of coffee developed in foroodonies.

The second major influence may come about whem@grie is in a
position to provide industrial raw materiais. Thatroduction of new
cultures or the modification of old ones may bradgput changes. At the
moment trials are underway with an inulin producillegusalem artichoke.
Suitable for fructose, or by fermentation, alcolpobduction this could
become both a food and energy source.

Native biological resources are not overlookednBlaof the semi
arid interior might be used to produce commerciargities of lipids from
marginal lands. Euphorbia is presently being stlichie a candidate for
exploitation.

RESEARCH

In recent years there has been an important ineieasiotechnology
research. Little has yet emerged from this new ldgweent. In traditional
areas such as yeast physiology and fermentatiotydRese scientists have
established a high standard of excellence. Fieldspplication would
include yield improvement and alternative methoidfeomentation product
extraction, so as to reduce the energy costs tifiaisn.

Immobilised enzymes and micro-organisms are quibeitime
applications in the fields of antibiotic producticand sparkling wine
manufacture.
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Plant cell culture has yielded important developtaén the areas of
callus production, micropropagation and suspendeltl eculture. Other
applications are in development.

In the area of environmental biotechnology a towhn 18.000
population is successfully demonstrating the udeigti photosynthetic rate
ponds for sewage treatment.

At least three of the nation’s research centre H@en looking at
the technologies of fermentation and down streamcgssing. Purification
and separation of fermentation products using filttation membranes,
and supercritical extraction of natural productsraglify this interest.

The bio-conversion of energy is being studied lmugs whose focus
is on energy mediating enzymes such as the hydasgenin vitro
reconstitution of such activity could yield commatdenefits.

Other small groups are looking at genetic engingeiimmunology,
virology, monoclonal antibodies, etc.

Most research is carried out in university labatiaand public and
private institutes. Industrial concerns only rarkbve established a®&D
competence, relying instead on outside agenciess st change if
industry is to face a sound future.

An Institute of Chemical and Biological Technolagiés being
commissioned with the purpose of establishing linksetween
biotechnology, agriculture and the agro-food indast

EDUCATION

Several new courses have been inaugurated tograduates in the
skills required by tomorrow’s institutional and umtrial needs. The New
University of Lisbon launched an Applied Chemistgurse with a strong
biotechnology component. In the Technical Univgrsif Lisbon, the
Instituto Superior Técnico, a biotechnology cousstaught during the five
year Chemical Engineering degree. In Oporto a fendineering course
was started four years ago within a Faculty of &bnology.

At postgraduate level two courses exist, at the Néviversity of
Lisbon, in conjunction with the Gulbenkian foundatiand at the Instituto
Superior Técnico.
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LINKS WITH LATIN AMERICA

Portugal has a long standing tradition of opentetise outside world, a
consequence of the past colonial tradition andcieted migrations.

Brazil and Portugal have particularly dose tiesuling from a
common history over several centuries and a comianaguage. At present
high level talks are aimed specifically at creatiag collaborative
relationship in the field of biotechnology. Joinorkshops have been held,
with a view to establishing common programmes.

One type of link that may develop between Portugadl Latin
America involves technology transfer from biotediagy using industries.
A new antibiotics factory in Brazil, CIBRAN was dgsed in Portugal and
at least initially was dependent upon Portuguesientgogy.

Portugal's interest in fermentation and downstrepracessing,
alcohol and biocatalysis may be of particular ieser Support for
developing these technologies has come from thedean Commission.

Tropical agriculture, pest control and diseasepmiats of common
interest and expertise with a potential for frditfa-operation.

Educational links are particularly favoured withaBil. Portuguese
universities receive many Brazilian students oieirt M.Sc. courses and
are willing to accept Spanish or Portuguese spesafito Ph.D. degrees.
Both Latin American and Portuguese workers havevahite willingness
to travei so as to learn or teach new technology.

The mobility of research workers and teachers sedmsmdamental
importance if Portugal and Latin America are tokemace with modern
developments. It is essential to create bridgewdst Europe and Latin
America. The funding of a programme to this end iddne of great value.
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Annex: List of Organisations Active in Biotechnojoip Portugal

Industry
Antibiotics

Cipan
Soc. Port. Leveduras Selecionadas

Fine Chemicals:

Quatrum
Hovione
France-Farmaceutica

Plant Genetics: EAN
Estacéo de Melhoramento de Plantas de Elvas
IGC
Universidade de Tras-Os-Montes e Alto Douro

Fine Chemicals, Diagnostic kits: | LNETI
IST

Baker's Yeast:

Propam
Soc. Port. Leveduras Sellecionadas

Food Biotechnology: LNETI
Escola Superior de Biotechnologia, Porto
Instituto Superior de Agronomia

Starch: Copam
Breweries: Centralcer
Unicer

Plant Micropropagation

In Vitro Plants

Research

Yeasts:

Instituto Gulbenkian de Ciena@g
Universidade do Minho

Alcohol Fermentation:

Instituto Superior TécnicxT,
Faculdade de Engenharia da Universidade do Porto
Laboratdrio Nacional de Engenharia e Tecnologia
Industrial,LNETI

Environmental Biotechnology:

Universidade Nova d&bba,uNL
IST
Universidade de Aveiro
LNETI

Wine Research: ISA
Estacgéo Vitivinicola Nacional
Aqualculture: ICBAS
INIP
Monoclonal Antibodies: IGC
ICBAS
Lignocellulose degradation: ISA
LNETI
Biogas Production: LNETI
UNL
Virology: IGC

Human Biotechnolgy: Instituto Nacional de Saudelieéb

Animal Biotechnology: Escola Superior de Medicinet&finaria

Laboratério Nacional de Investigacéo Veterinaria

Immobilised Biotacalysts:

IST
Universidade de Coimbra

Universidade de Coimbra

Immunology:

Algal Biotechnology:

Instituto Nacional de Investiio das Pescasip
LNETI

IST
Energy from Biomass: LNETI
Bioreactor design and DownstreapfeuP
Processing: IST
UNL
Hydrogen and Methane Productigrunc
Genetic Engineering IGC
Instituto de Ciencias BiomedicasBas
Plant Cell Biotechnology Faculdade de CienciasdaskcL

Estacdo Agrondmica NacionahN

Tropical Plants:

Centro de Investigaces do Café
EAN
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Further information on Portuguese biotechnologytresncan be
obtained from the speaker or from the followindiingions:

JNICT — Junta Nacional de Investigacdo Cientifickeenologica, Av. D,
Carlos 1,126-10, 1200LISBOA, PORTUGAL

Sociedade Portuguesa de Biotecnologia, c/o Instiuperior Técnico,
1096LISBOA CODEX, PORTUGAL
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1.10.SPAIN

Armando Albert

Biotechnology, understood as the application ofptfreciples of science
and engineering to the treatment of materials bgnmaef biological agents, for
the production of goods and services, comprisega field of study.

The economic and social importance is now unqueshie,
especially if it is understood that in our couritng production value of the
potential users amounts to sotri®so of the Gross Domestic Product.

Mobilising Programme

Spain has a scientific community capable of incoafing
biotechnology into its production systems, and imoimprovement of its
services. For this a series of objectives have béefined and the
necessary economic resources for the Biotechnolddgbilising
Programme have been made available. This Prograwasenitiated by
the government in response to the perceived gaperorganisation and
execution of biotechnology research and applicatiime situation was
explained in the volume: ‘Programa Movilizador deotBcnologia’,
published by the Ministry of Science and EducatioRine 1985

So far the execution of the Mobilising Programmes haeen
satisfactory, with objectives being attained. Thates has made funds
available and no major contradictions in proposald financial realities
have emerged.

Present Situation of the Biotechnology Sector

More than250 groups are working on biotechnology in the public
sector (universities and government research latmiea) and nearlyp0
firms have expressed an interest in biotechnolagyp. The situation
indicates sufficient activity to generate a biotealogical ‘critical mass’ in
the near future. The response to the MobilisinggRnmme has been
encouraging and early results are promising.
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STAFF TRAINING

Spain supports ovarooresearch fellows. A furthego + fellows have
spent at least one year in foreign centres.

CENTRONACIONAL DE BIOTECNOLOGIA, CNB

Initiated in 1987 this centre should become fulbe@tional this year,
representing a total investment of abou$28s million. Director, Michael
Parkhouse has been appointed and recruitmentefsethior staff is going on.

Fifty research projects are being financed in pmub8ector
laboratories, and a furtha0 projects involving companies, with a total
budget of abouvs$s million.

The research projects fall into the area of appboaorientated basic
research18 studies are ongoin@,in genetic engineerin®, in human and
animal health9 in chemical and agro-food industg/jn Agriculture andb
in biomass and pollution control.

Industrial projects focus upon aspects of human amdhal health,
the chemical industry and the food industry. Thent@e for the
Development of Industrial TechnologycDTl, has taken up the
responsibility of supporting0 R&D programmes with a total value of about
US$30 million.

The conclusion of the Mobilising Programme has slated the view
that it is necessary to continue and increasetsfforthis area with &&D
National Programme in Biotechnology, along thediimadicated below.

Planned Actions
The following major themes encapsulate the Nati®magramme.

1. Human Resources — Staff Training

The Mobilisation Programme confirmed the need twéase efforts
in training. During the five year period of the Maial Programme it is
proposed to train a furth@es biotechnology PhDs, and to senab to 150
scientists to foreign centres of excellence, withviaw to covering
deficiencies in areas such as: biochemical engimgerdownstream
processing, cell culture, etc.
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This effort must be accompanied by the establishnoérrelevant
courses for specialist engineers and technicians anticipated that the
National Biotechnology Centre will play a decisiage in this training effort.

At least100 scientists are going to be recruited into the joudctor
so as to reinforce Spanish biotechnology. At |eastf these new posts will
be in thecNB.

2. Instrumentation and Utilities
This part of the programme will concentrate on tetions:

Support for the acquisition of equipment and insieats of middle
to high price for the&Ns and other public sector laboratories.

Creation of regional centres of excellence in labt®logy,
associated with theeNB and other public institutes in their scientific
environment. Financing is expected to be a mixtafenational and
regional. The creation of at least five such regiaentres is foreseen.

3. Financing ofR&D Projects

According to needs identified and the scientifiad @aechnological
possibilities, research and technology developmeihtbe supported, with
emphasis on the following priority areas:

a) basic research in biotechnologydreas)

b) agro food and agro-industrial aspe@sieas)
¢) health @ areas)

d) industrial technologyHareas)

e) biodegradation and pollution contr@ reas)

Ninety projects in universities and public laboras, and between
35 and 40 concertedr&D projects are expected to be partly financed by
industry, over a three year period within the fjears of the programme.

4. International Relations

The participation of public research centres indpean Community
programmes will be actively supported. Specialofgihip programmes
will be established for graduates speaking Spawistfrom the same
geographical area. In th@TED-D, the Research Programme related to the
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50ah anniversary of the discovery of America, a numbk projects in
biotechnology have been established with Latin Acaer collaborators.

5. National Biotechnology Centre

The creation of a National Biotechnology Centre veme of the
specific objectives of the Biotechnology Mobilisifgogramme. Designed
to house soma00-350 scientists this Centre of Excellence will requéadid
support during the launch phase. Such support véllprovided by the
Mobilising Programme.

Such is the significance of this venture that ibést considered apart
from other aspects of the Mobilising Programmehalgh of course it will
interact with all parts of that Programme. Stafiifing

STAFF TRAINING

The Centre should be able to commence trainingghf talibre staff
by the middle ofi989 through the organisation of courses and speethlis
workshops. A graduate fellowship programme williigated at the outset,
with due regard to the specific needs that musbéiein Spain. In accordance
with its international interest the National CerafeBiotechnology will have
a specific programme of scholarships for gradutaies Latin American and
African countries. About5 such scholarship places are envisaged.

In the early stages it is envisaged that senidir with be supported by
4 Visiting Professors15 graduate technicians and engine@ts|aboratory
technicians and son®® young postdoctoral scientists.

EQUIPMENT AND UTILITIES
During the launch phase som@0 million ptas will be required.
PROJECTFINANCING AND COLLABORATIVE RESEARCH WITHINDUSTRY

The National Biotechnology Centre is expected tdigipate on a
competitive basis for projects and funds managedithyer government or
industry.

Management

The Mobilising Programme is to be managed by a r@rmme
Committee consisting of scientists and technolsgithey will take the
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responsibility of making proposals according teestfic merit, technological
interest and economic practicability in the follogjiareas:

1. Personnel selection for their training in Spain antbreign centres
of excellence;

2. Infrastructure endowment (utilities and equipment);

3. Selection and funding of research projects and raot# with
industry after appropriate peer review procedures;

4. Evaluation and follow up of results obtained,;

5. Madifications to the Programme in consultation witith academia
and industry;

6. Temporary programming of the aforementioned actiand co-
ordination with related programmes, especially ¢holsthecDT;

7. Direct promotion of R&D programmes of special interest not
covered by existing recommendations.

Priorities

In accordance with the needs identified by the Rnmgne
Committee, taking into account the scientific aechinological competence
available in Spain the following fields will be pnoted by the Programme:

General Interest:

Development of systems for genetic manipulatiomriganisms of
interest for biotechnology;

Development of animal and plant cell cultures esdato their
potential applications in biotechnology;

Development of enzymatic and other biochemical gsees with
potential biotechnological application.

Agriculture and Food Area:

Genetic improvement in plant breeding;

Nitrogen fixation;

Improvement of fermentation processes (wines, daigducts,
fermented drinks);

Improved microbial starter cultures;
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Bioconversion of lignocellulose materials
Pesticides.

Health Area:

New generation antibiotics;

Immunology: vaccines, diagnostics, antigens, adesgy
Blood proteins;

Peptides, proteins and enzymes.

Industrial Area:

Microbial mining;
Recovery of heavy metals;
Organic acids;
Bioconversion-bioreactors.

Biodegradation and Pollution Control:

Residue and effluent biotransformation;
Microbial ponds for water purification;
Microbial purification of metal contaminated waters

PREDICTED COST OF THEPROGRAMME

Iterr Millions of pesetadMillions of ECU % of total cos
Staff training 1622 11.2 18
Researchers and contracted personnel 1380 9.5 15
Infrastructure 2 000 13.8 22
Projects 1600 11.0 175
R&D industrial concertation 2 240 155 24.5
Business plan, other expenses 270 1.9 3
Totals 9112 62.9 100

Note: rurning costs (salaries, maintenance etc.) of thearebesystem are not included in

budgeting
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1.11.THE UNITED KINGDOM

Roy Smither

Introduction

During the last half century biotechnology has ugdee radical
changes. Historically British scientists and tedbgists have played a key
role in this development.

Table 1 A few dates in the history ofuk biotechnology

1796 Smallpox vaccination, Jenner

1843 World’s first agricultural research stationrfided at Rothamsted
1923 Isolation of insulin, Macleod e al

1928 Discovery of penicillin, Fleming

1946 Large scale penicillin production, Glaxo

1950 Food preservative antibiotic, nisirRD

1950s Modified penicillins, Beecham

Cephalosporins, Oxford

1953 DNA structure, Crick, Wilkins and Watson

1957 InterferonNIMR, London

1958 Insulin structure, Sanger

1961 Foot and mouth disease vaccirg

1967 Marek’s disease vaccingc

1975 Monoclonal antibodies, Milstein

1980 Pruteencli

1980s Fungal protein for human consumption, RHM

1980s Cloned oil palm trees, Unilever

1984 Monoclonal antibodies for purification of gammterferon, Celltech

Government Spearhead

In 1980the Spinks Report paved the way for acceleratedldpment
in both industrial and academic biotechnology. Mothan 20
recommendations were made, of which most have meplemented. The
Department of Trade and Industpyl, took over the lead responsibility for
biotechnology and in982the Secretary of State launched a campaign to
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foster the development of biotechnology in industriyh the objectives
shown in Table.

Table 2 Five key objectives obTI support

— Raise awareness of opportunities for biotechnologonsultancy support

— Raise level of industrial research & developmeimnovation support

— Improve biotechnology infrastructure — culturdexdive, information services

— Identify and tackle strategic weaknesses — expeRgricultural raw materials

— Identify and promote sectors of biotechnologyt tearesent particularly
important opportunities fask

To implement these priorities the Government Chesstablished a
Biotechnology Unit,BTuU, staffed by civil servants and secondees from
industry. With eight staff theTu has been effective in ensuring the proper
appraisal of proposals for support from industrpe BTU has also been
pro-active in identifying and promoting biotechrgyosectors of industrial
significance, described in more detail later.

Key Objectives

1. Awareness

The Department’s initiative in supporting bioteclogy is part of a
wider scheme known as Support for Business’, whislo embraces other
key technologies. Various levels of support werailable to companies
(ranging from large multinational to the novice,eoman start-up) to
employ a consultant to provide specialist skillattthe company did not
possess. TheTu had more than00 candidate consultants which it could
call upon. Discontinued now, largely because of dteccess, thedTi
provided almost €64 million for consultancy support. Waste treatment
proved to be a surprisingly interesting sector. <tdtancy support was
followed up to assess the impact achieved. A heylell of success was
achieved as judged by further development withammpany, according to
the follow-up studies.

Other awareness raising activities include the dauof a pilot
scheme to provide fermenters to secondary scheofgort to the Open
University to produce a series of videos, and thiglipation in1984 of the
Directory of British Biotechnology. A second editiavas produced by a
private company at the end 1486
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2. Research and Development

Support for innovative research encourages companispend more
on high risk projects that would not have proceed¢derwise. This
involves the largest element of spending to datgrat of up ta25°/0 of
eligible costs is payable to a single company, matsingle project has
received support for more than three years. Abailit the 200 proposals
received have been funded. Company support foptbgcts outlined is
estimated at arounds@ million (April 1987 figures) withDTI support at
£13.179 million. Additional support for collaborative remeh exceeded
£10.323 million.

Although biotechnology is moving at a fast pacés oo soon to see
any commercial benefits, although sor&D projects are beginning to bear
fruit. Two examples of the fruits ¢#&D support are (i)ci Agricultural
Division — production of polyhydroxybutyraterds, from micro-organisms.
(i) Amersham International — the development ofe thAmerlite,
luminescent immunoassay system.

3. Infrastructure

Although the DTI takes the central role in supporting industrial
biotechnology, many other Departments are concemitll aspects of
health, agriculture, environment, energy etc. Gilir@tion is maintained by
the Interdepartmental Committee on BiotechnolaggT, for which the
BTU supplies the secretariat. This co-ordinating #gtikras resulted in the
production of a simple guide tok regulations and regulatory bodies, a
document of particular value for companies newitbelshnology. ThesTu
also provides the secretariat to the Industrial SDiative Committee on
Biotechnology, chaired by aTI Minister and consisting of senior
industrialists. Its terms of reference are to idgnand recommend to
government, priorities and policies that encourdlige exploitation of
biotechnology byk industry.

TheBTU underpins certain strategic technologies by miajoding of
two public sector laboratories, widely regardedcastres of excellence:
Harwell and the Centre for Applied Microbiologidaésearch, Porton.

To facilitate access to data from thex’s 9 microbial culture
collections, the BTU has instigated the formation oWicls, the
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Microbiological Information Culture Servicslicis went ‘on line’ in March
1987and enables subscribers to make cost savings aobial selection. It

is hoped thamicis might eventually become part of a pan-European dat
bank.

A DTI survey on regulation revealed that theregime is regarded as
sensible, pragmatic and generally preferable terottational regimes. It
allows innovation to flourish, while offering adexje safeguards to the
worker and consumer. Patenting has produced prablparticularly with
regard to the basic patentability of biologicaldmations. Plants cannot be
patented in thek, although thedTI’s view is that the protection offered
under the Plant Varieties Act is no longer adequEteICBT is of the view
that UK law on patents should be harmonised with the EaopPatent
Convention in restricting access to cultures depdsior patent purposes.
TheDTI feels thatuk law must change to harmonise it with the situation
theusaA and elsewhere.

With regard to control of genetic manipulation, the is concerned
to avoid the imposition of new controls on industexcept where clearly
justified. In view of the anticipated large increda type and frequency of
environmental release, it is likely that the exigtiAdvisory Committee for
Genetic Manipulation case-by-case review system nesd revision. The
OECD report 0f1986 provides a framework for new controls. Th@ has
recommended to the European Commissianthat risk assessment should
figure largely in new biotechnology programmes.

TheDTI is prepared to co-ordinat industrial input into th&c risk
assessment programme and assist in making linksBuitopean and other
countries. It is keen to stimulate interest in ara@ness campaign about
biotechnology aimed at the general public, to dispyy ill-formed public
perceptions, especially with reference to planmdebise.

Most organisations active in biotechnology haveresentation on
appropriate committees. Two bodies stand out atepte the British Co-
ordinating Committee for BiotechnologgccCB, representing professional
bodies and the Association for the AdvancementrifsB Biotechnology,
AABB, acting for industry and open to companies, nariporganisations
and individuals.
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4. Priority Sectors

Because the scope of biotechnology is so broadsthéhas analysed
the technology on a sectoral basis, taking int@atcthe following aspects:
market characteristicsJk sectoral characteristics, technology development
characteristics, the relevapnk technology base and a suggested strategy for
future development. An action plan gives five sectopriority status:

Enzymes (biotransformations)
Diagnostics (biosensors)
Agriculture

Food

Process plant/instrumentation

It is believed that these sectors, taking into aot@wk strengths
and weaknesses, will afford the country major opputies in future.

Gradually the major biotechnology firms are agrgeinith the
notion that collaborative research, particularlyhet precompetitive stage,
is a sensible and viable solution to very costlyesrch, especially when
the DTI is prepared to fund up t80% of programme costs. Successful
ventures include the development of biosensors bmesham
International, Thorremi and the National Institute of Medical Research
and also the development of the novel food, mycmmmodeveloped in
collaboration by Rank Hovis McDougal amti. Examples of the larger
consortia are listed in Tab® below. The largest of these, the Plant Gene
Tool Kit' is a £million/3 year programme involvingl companies2
universities an@ research institutes, which will develop routinethosls
for the transfer of genes into plant material. lEE@articipant has free
access to all research results.
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Table 3 DTI Sponsored consortia

Consortium Obijective Members

rDNA and antibiotics To improve understanding? firms + SERC at 6
and control of antibiotic ~ universities
production

Institute of To extend useful life of
Biotechnological Studies immobilised biocatalysts
in bioreactors

To improve expression of5 firms at 1 university
foreign proteins in yeast

To develop gene 11 firms at 2 universities
manipulation techniques and 2 institutes
for crop plants
Enzyme supplementation Make low grade animal
of animal feeds feeds suitable for non-
rumants

Rapid microbiology using Development rapid 5 research organisations
ATP bioluminescence detection and enumerationand many firms
systems for bacteria in
industrial situations

7 firms at 3 universities

Leicester Biocentre

Plant gene tool kit

7 firms at 2 research
organisations

Even whens or 6 firms collaborate, large research programmes are
expensive. This expense can be reduced if a ultivess research
organisation is used as the focus for the estabést of a club with a
specific research activity. This situation allowsmbers to tackle problems
of general interest, producing state of the arborespfor the benefit of
members. It is expected that membership fees cat/égast50% of the
costs so that viability is ultimately linked to ungtrial interest. Th@&IOSEP
club focusing on downstream processing and separatechnology
involves overs0 companies, some foreign. Thel supports a number of
clubs and could consider the support of others.

The organisations that can be supported are list€dble4.

Training

The universities and Research Councils undertalst ofdhe basic
research and provide the kernel of trained manpofeer industrial
biotechnology. The quality of basic research inukds high and arguably
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second only to thesa, with its huge resources. Generally the provides
the right blend of talent for its industrial needdthough there may be
shortfalls in specific areas such as immunologye €ducation system in
the UK is flexible enough to be able to respond rapidig aedress any
adverse trends. Education is thus in a state ofamjm equilibrium,
carefully pivoted to cope with the increasing dedsaaf industry.

Table 4 Who Does thedTi Support?

Single companies directly
Other companies
Consultants

Companies Research organisations
Educational establishment
Hospitals

Consortia of companies (and other organisations)

Clubs

Centres of Excellence
Certain public bodies
Certain foreign companies wishing to research aadufacture in thex

Clearly to achieve the right blend of academic artiistrial talent
requires large resources and a co-ordinated agpifoaa government. To
this end theBTu, along with a stron@Tl Regional office network, works
closely with the four relevant Department of Ediaratand ScienceDgS)
Research Councils. Significant liaison is maintdindth the Biotechnology
Directorate of the Science and Engineering Rese@ozthcil, SERG set up
in 1981 with separate resources for funding research. érhphasis of the
Directorate’s support is for high quality sciencedatechnology in the
university sector, which, while addressing basiabpgms, will also provide
information from which industry would benefit inglshort or long term. Its

priority sectors listed below, Table sensibly complement those of the

BTU. Much of SERC supported research is also through the mediuntubf ¢
or collaborative activities.

To ensure that thek does not miss out on some of the exciting work
conducted at thaFRC and MRC research institutes, each research council

has spawned a company, backed by city investmedrnthwhas exclusive
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rights to certain areas of work conducted in theispective institutes.
Celltech, which exploits much of thesrC monoclonal antibody
developments is now the world leader in bulk moaoal production.
Agricultural Genetics CompanwyGc, unlike Celltech, does not have its
own laboratories, but acts in a venture capitad tol ensure exploitation
with industry of high calibre research in certafRC institutes.

Table 5 serc biotechnology directorate, priority sectors.

Process engineering
Bioconversions

Animal cell biotechnology
Plant cell culture

Whole plant biotechnology
Host-vector systems
Biosensors and bioelectronics
Protein engineering

Public Sector Funding of Biotechnology

Since the definition of biotechnology, as used iffgrént funding bodies
is variable, it is difficult to estimate precisélgw funds have been allocated.

Table 6 Governmentr& D funding of biotechnology in theuk
Source Commitment £million

Medical Research Councilirc 27
Agricultural and Food Research Coungi#RcC 21
Natural Environmental Research CoungiRC 1
Science and Engineering Research CousgRc 3
University Grants Committe@GcC 3*
Ministry of Agriculture, Fisheries and Foods\FrF 4
Department of Trade and Industoy; 6
Other government departments 2
Total 67*
*uGc specifically allocated £3M for new biotechnologpjects. A much larger level
of funding benefits general funding of biotechngl@g part of universitp&D.

The MRC distinguishes between work with a clear intenfptoduce
something of commercial value and basic researah,classes it all as
biotechnology. In contrastERC spending by the Biotechnology Directorate is
included above, but the support to relevant biosei@esearch is far greater.
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International Collaboration

TheDTI is keen to encourage international collaboratioceirtain areas
of biotechnology. Thek plays an active part in tiee Biotechnology Action
Programme and would like to see this further depeso providing it involves
industrial collaboration. Things should be bettar the EC Framework
Programme as there are agreed priority sectoes, algectives for evaluation
and a relationship between Framework and EurekaekBis philosophy
involves the exploitation of advanced technologigith a global sales
potential best achieved collaboratively within Epgpwhere companies lead
in identifying and conducting projects. Biotechrgyohas had until now a
rather low profile in Eureka for a number of reasdwithin certain sectors
such as pharmaceuticals, the notion of near madddaboration is
countercultural, as the companies have a longtitvadof self sufficiency.
However DTI has come dose to stimulating collaboration in wecc
development. There could well be more potentiaHareka in the diagnostics
area, where technology is changing at a prodigfmace and all European
companies are threatened Uy majors. A particularly important, but hidden,
aspect of Eureka, relates to its value as a leveefjulatory change.

There is also scope for bilateral collaborationieein companies in
different countries. Examples include Celltech #mlJapanese companies,
Sumimoto Corporation and Sankyo, as well as DeltéeBhnology and the
Us company Stroh.

| have outlineduk collaborative programmes covering a wide range

of biotechnological interests. Thex would be willing to internationalise
these if other countries would make equal contiiimst The areas
identified as contenders for international invohesth include protein
engineering, the genetic manipulation of plantsvall as the industrial use
of agricultural surpluses. Equally we would be happ consider other
countries’ suggestions and help to identify possibldustrial participants
for such collaboration, especially under Eureka.

Inward Investment

Many overseas companies are becoming interestedeink as a
centre for investment anei&D in biotechnology, not least because of its
record of a commonsense approach to product réguland effective and
predictable approval processes. US biotechnologypemies have already
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invested in manufacturing facilities for healthgdrmchemicals, biosensors
and micropropagation. They have been attractechéysame combination
of excellent manufacturing sites, strength in Bgencer&D, and high
quality clinical trials that have made thex the predominant European
country forus pharmaceutical investment for many years. Examales
Welcome and Schering Plough who both recently abthik Government
approval for the sale of-interferon, a major event in the development of
therapeutics through biotechnology.

The BTU works closely with the Invest in Britain Bureau attract
further investment. Seminars have been held inutle Japan and other Far
Eastern countries to persuade companies in thesgr@as that thek is the
natural focus for investment to meet the needee&uropean market.

Conclusion

It is the belief in theuk that the prime motivator of biotechnology is
industry, although this is complemented by a faéécdl and regulatory
regime. The country has a lively and successfukbimology industry, with
tariff free access to the European Market of oM@ million people. It is a
centre for growth in which products can be devealoped marketed quickly.
It has a strong academic base and a large podgblyttrained manpower.
With its regional investment grants and its higthyveloped private financial
sector, theJk is one of the preferred locations for biotechnglog

There are numerous opportunities for improved rgdonal
collaboration and theJk is ready to do its part in seeking parties for
projects appropriate for collaborative research.

Postscript

Since Januaryl988 a change inDTI policy has transformed the
focus of industrial support for technology, inclugibiotechnology.

The emphasis is away from providing support to viatlial
companies and now concentrates on exploitationeofirtology through
collaboration. There are several ways in which the, with other
government Departments in some cases, will enceuraigd finance
collaborative research:
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LINK encourages companies to undertake joint, pre-ctitimeebut
industrially relevant research with the academiseb@iotechnology
programmes have been agreed in eukaryotic genaiimeering
(EA.7TM/4 years), biotransformations 48M/4 years), selective drug
delivery and targeting @0M/5 years) and food processing sciences
(E14.0M/5 years), whilst a further programme of protein aegring

is in the pipeline.

National collaborative/ general industrial reasearprogrammes
encourage collaboration between companies in prpettive
research outside the specific focusLofk, and may or may not
involve academics.

EUREKA encourages industrially led projects witt or other
European partners. These should both strengthenopEamn
technological capability in world markets and cinite to the
completion of the Single European Marke24?

Up to50% government funding is available for all of theshemes.
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SECTION TWO

BIOTECHNOLOGY IN LATIN AMERICA
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COMMENTS

Luis Ramiro Alfonsin
By His Excellency Mr., Ambassador of Argentinahis=eC

It is an honour for me to be able to participatehis Seminar on
Biotechnology in Europe and Latin America’ in thengpany of a group of
scientists, industrialists and government officials

Some aspects of biotechnology are presented asofotize most
stimulating sciences of our time.

In Latin America, one has managed to successfullgipulate some
of the most traditional aspects of biotechnologichsas the improvement
of plant and animal species.

Our progress is not as obvious in other sectorgnofe recent
discoveries such as new genetic engineering teghsiq

Some scientists agree that progress in biotechyola have a
negative effect on developing countries. Othersikhihat it will be
difficult for poor countries to benefit from nume®advances which take
place in this sector.

| personally think that no futurologist feels afsh@ase when his
forecasts do not come true. But whatever the firallt, Latin America
will not be able to remain outside the developnudrigiotechnology. This is
why | enthusiastically congratulate the organis#r¢his seminar for their
idea to gather men and women of both continentsvistgoan interest in
these themes.

Many of the businesses created to use genetic esiig for the
discovery of new processes or products have rekfiten the vision and
enthusiasm of the scientists who have imaginedpttential results from
these recently introduced tools. It seems thata$ wot very difficult for
these pioneers to communicate their enthusiasmvestors willing to take
the risk and to accompany them in their dreamss Tas followed by
hardship, frustrations, and elusive results forchtone has had to make an
effort in order not to be despondent. This is hbig tyoung industry has
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had to mature in a very short time and without igjvivay to despair, has
had to learn to be satisfied with more realistifeotives or be more patient,
but always keeping in mind the possibility of maksurprising discoveries.

One sees today an industry which is starting toergteadily, even if
this sector is not suitable for people without eémér or for those who do
not want to take risks.

I imagine that from the point of view of the scishtthe researcher,
the present climate of biotechnology is somethirike |an ideal
environment. It appears as an enormous sectorriegegreat possibilities
which researchers, as well as entrepreneurs aedtsic research policy
makers, should distance before deciding whererexdihe efforts and the
resources, which are always limited.

It is certain that Europe will attempt to dedicatself to highly
sophisticated small scale productions wherein castsingredients coming
from plants or animals have a relatively small imiaoce.

| think that there are three different sectors imol biotechnology
can bring fundamental advances for humanity.

Undoubtedly what is most important is the pharmécal sector
which appears to present an almost unlimited rarfigssibilities both for
medicines as well as for diagnoses. Possible psegrethe pharmaceutical
sector is the one most stimulating our imaginaémal our hope. Results
which were hardly envisageable have been obtaihé dentury. This
brings to mind insulin, tissue plasminogen activateaccines against
malaria or Chagas’ disease which preoccupies nsust, or more efficient
vaccines against foot and mouth disease and ofkeptine whole area of
immunology and fight against cancer.

A different fundamental sector for biotechnologyhe production of
basic chemical products from material of organigior One should start to
be ready for the time of scarcity of reserves of raaterials. For several
decades, Argentina has produced acetone, butanethade from cereals
and sugar through fermentation. Brazil producegelajuantities of ethane
through fermentation of sugar. Microbial processesld help to solve
problems relating to environmental contaminatiom @ the same time
produce fuel and chemical products. In contradictthese advances, it is
surprising to see large projects proposed that b@ased on European
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agricultural production which is produced at tdgribigh cost and which
requires enormous subsidies in order to be abldetoused for these
industries. It seems to me more reasonable tollinkise industries in
countries with a more efficient system of agrictétwhere the investors
will not depend on political change, protectionisnto subsidies.

The other interesting sector for biotechnology igriaultural
production. Possibilities for improvement are atszarly infinite and the
needs of humanity are very urgent in this sectamweler, Europe also
needs to correct immediately the expensive inefficy of its agriculture. It
would be wrong to continue to produce at exceedglifgh costs whilst
sheltering itself inside a protectionism which caiprejudices. Europe
needs to start looking for new varieties of culsuvéhich do not require as
many fertilisers or pesticides to be ready whentitne comes to honestly
compete at a world level. The research in new sgtitbsystems has to be
intensified which will enable the exploitation diveospheric nitro-gens for
surface plants reducing costs and water contaroimalti is very interesting
to discover new varieties adaptable to zones dé liainfall or finding
methods of cultivation which reduce water requireteeThe utilisation of
bacteria in the fight against the effect of froséms very promising and it

should be possible to introduce new cultures tasahaving short summers.

Europe could profit from annual cultures productedjulose at acceptable
costs. It is also interesting to find saline resistcultures.

The European consumer will want many agricultureddpcts to
regain the flavour and the quality they had in plast and which were lost
because of technical methods that can be only usdtie community
market which allows high prices independent of ifyal

With so much work to be achieved, it does not seeasonable to
devote efforts and scarce funds to try to incrgaseluction by high cost
technical methods which make it impossible to telstsmest competition.
The Latin American technicians want to collaborate this scientific
research. Latin American agriculturists are notidfrto compete on an
equal footing with European agriculturists. It istrpossible to compete
with funds from the North American Treasury or Coumity budgets.

This does not mean that Latin America must giveagicipating in
the development of sophisticated techniques. Oncthatrary, we feel
obliged to reduce the gap which separates us froen industrialised
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countries in the biotechnological sector, as wslliraother scientific and
industrial sectors, especially if we take into ddagation the fact that the
development of some products, without economiaéstefor the developed
countries, may be of vital importance for us.

Europe and Latin America can collaborate and beptementary in
this exciting adventure of biotechnology. | thitiat there will be advances
in research, development and production which cbeldealised at a lower
cost in Latin America than in Europe.

This first meeting will help to make experts fronotlb continents
familiar with each other. | expect that this megtiwill be successful.
Interesting ideas for all participants will be bgbtiforward. | hope that at the
end of the meeting they will already be thinkingtieé next seminar. Along
these fines, | allow myself to urge the organisersiched by the experience
gained during this meeting, to continue with theaidf maintaining this kind of
contact which will certainly be of great interasbibth regions.

128



2.0.OVERVIEW OF LATIN AMERICAN
ACTIVITIES IN BIOTECHNOLOGY

Karl Simpson

It has been too easy for Europeans to dismiss lAatiarica as being
a collection of underprivileged third world statds.is true that debt
continues to be a pressing problem for almost &lLatin America’s
economies, but in988 Brazil and Mexico seem to be regaining the
confidence of the world’s financial centres. Argeals recent re-entry into
democracy is a further cause for optimism and inleCkignored in
SOBELA) there is growing hope of a democratic conclugimrPinochet’s
regime.

Each of the Latin American states, but most notaBlggentina,
Brazil, Mexico and Venezuela, has a substantialnless class, enjoying
access to European standards of education, heaith @nsumer
commodities. Industrial output, while largely loeeh, has increasingly
focused upon new technologies emerging fromrR&e based cultures of
theusa, Japan and Europe.

In several areas of biotechnology a number of Latimerican
nationals have made substantial contributions. IQddatein (Argentinean
citizen) gained his Nobel Prize for work on hybraas. It cannot be
overlooked that in the event of substantial improgat in living and
working conditions, Latin America may be able tdl cgoon the skills of
many technically qualified expatriates working ientres of excellence
throughout the world. Both Argentina and Brazil &atraditions of
excellence in basic research and have a numbeongf éstablished and
internationally recognised laboratories.

In 1984 the United States Office of Technology Assessmemh,
suggested that the Latin American market for bimtetogy would be
exploited by thessa and Japan. Europe, they reasoned would not beéable
establish a presence. Bg88it has become clear that Europe has moved
and is now establishing a strong position in Lafimerica, although
Japan’s involvement is very strong. Paradoxicdllysithe UsA that has
failed to capitalise upon its proximity to Latin Amcan markets. This has
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been aggravated by a hostile reaction to Latin Aca&r generally ‘Laissez
Faire’ approach to intellectual property protection

A growing sense of community is emerging in Latiméyica and
this is manifest by an increasing number of jointiaties in areas of
strategic interest such as biotechnology. The stEft¢he Andean Pact have
effectively devolved national responsibility to theupra national
responsibility of the Pact. Professional Assocraiosuch as Brazil's
ABRABI (Associacdo Brasileira de Empresas de Biotecnaddgiare
spreading throughout the region.

A sense of realism prevails in most of the stalies realised that
commitment to biotechnology is not immediately gpto force a dominant
position in world markets. It seems more likely ttithe short term
advantages of developments will be a reductiorirign imports, such as
AIDS diagnostic kits or insulin. In the long term itpsssible that relatively
cheap labour costs and a well educated professitersd might permit the
exploitation of world markets on an equal footingthwcompanies in
Europe, thessa and Japan.

One of the consequencessafBELA may well be the establishment of
joint ventures that realise these hopes in thet sbion.

In the following lines we paint a very brief pictuof biotechnology
in the states presented at H®BELA meeting.

Argentina

The election of a civil government ih984 gave impetus to the
National Biotechnology ProgrammernB, launched in 1982 Nobel
Laureate, Dr Luis Federico Leloir, heads the ExgeuCommittee of the
PNB. With major support from the National DepartmefitSzience and
Technology and the National Council for Scientifamd Technical
Research, as well as significant input from othenisiries, thePNB is
orientated towards servicing the needs of industiyman health and
livestock health and improvement have been defegbriorities for the
PNB. In the periodi984-86 Us$1.6 million was divided betwee0 projects
in 70 centres. From a European point of view such expanedwould seem
to be spread very thinly.

130



Training is a key issue in the Programme and granés made
available for scientists to train in foreign coues: TheEEC has been
asked for financial support in this area. T#es is orientated towards
international collaboration and links with severalntries in Europe exist
already (Belgium, France, Federal Republic of Gewnaltaly and
Sweden). Internal cooperation and particularly ¢eenentation of strong
industry/university links are essential if the Piamgme is to meet its
goals. Individual entrepreneurs are expected te tdie initiative in
establishing such finks, while thene will support the activities of a
representative body, the Argentine Forum of Biotexdtbgy. Launched in
1986 its President, Dr Aldo Ferrer is also Presidenthsf Bank of the
Province of Buenos Aires.

A fiscal package has been agreed which accord# cestificates to
a value 0of60% of the cost of approved projects. This is alsoilakke to
foreign entrepreneurs investing in Argentina.

Argentina has developed particularly dose links hwiBrazil,
manifest in the foundation of a joint centre footeichnology. On this
background of activities there is an increase terigst and investment in
industrial biotechnology.

Brazil

With an academic tradition in the biological sciesnaating back to
the mid19th century Brazil has a commanding lead over itghimurs. S&o
Paulo, active from the beginning has become theisfolor institutes
operating in the areas of vaccines, immunology &teccessful public
health campaigns are making progress in the congfltyphus,
leishmaniasis and other diseases. Agrobiotechnolag/ achieved some
notable successes, using very traditional techiedogBrazil has
established commercially valuable Maize hybrids.

There is a strong commercial base for exploitingoiation in
biotechnology. Agroceres, the seeds company, wasdied in thel94(s.
In the 196G Brasilsul and Agropecuaria were founded. Thesepamies
can trace their evolution to the work of plant gaésist, Cruz Martins in
the 1920s. Other distinguished Brazilian geneticists ineludDr
Theodosious Dobzhansky.
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Companies with an interest in biotechnology havarguateed Brazil
self sufficiency in insulin production, and are kiwg closely at the local
manufacture of products including the interferodgable and stock
farming is served by many universities and ingsuseveral of which now
boast competence in gene manipulation. Selectiosogh cultivars has
resulted in arB0% increase in nitrogen use efficiency in the 2&tears.
Genargen has established germ plasm banks, whidh heip offer
protection from North American, Japanese and Ewogempanies hoping
to exploit Brazil's vast phytochemical resources.

Biotechnology in Brazil cannot ignore the ProaldoRoogramme,
although this is coming under increasing intermaictsm. The programme
did much to stimulate local biotechnology relatediustry and incited
contacts with companies such as Denmark’s Novo, kdtame interested
in the prospects of selling starch converting ereynPerhaps the long-term
benefit of the programme will have been the accatimt of know-how in
all aspects of the sugar complex.

Although the Ministry of Science and Technology egus
responsibility for control and co-ordination of Bilean biotechnology, the
government, as in Argentina, looks to entrepreneiarsprovide the
industrial impetus to the programme. More so thagwdere in Latin
America industrialists have come forward to laurc@dmpanies in areas
ranging from micropropagation of plantsams diagnostics.

Examples of companies include: Biobras, interested the
manufacture of genetically engineered insulin. Blanta in association
with Native Plants have set up an agrobiotechnologgearch centre.
Cibran, the antibiotics company is implementimgu& technology in its
R&D facility. Embrapa is a public sector company whiels a commitment
to the exploitation of Brazil's germ plasm resow.ce

In the public sector the Oswald Cruz Foundation #Hrel Butantd
Institute make a major contribution towards biotedbgy R&D. Many of
the new companies will participate in the formatmnregional poles of
biotechnology, where private/public sector inteigratwill be a feature.
This activity mirrors what is going on in France.

In Brazil there is a growing concern that biotedbgg may threaten
the future of employment in the agricultural indyst Increased
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productivity may seriously damage the organisatidnsociety in areas
removed from major cities.

Mexico

Although Mexico has a number of university deparntaewith
competence in several aspects of biological sciénde true to say that
industrial exploitation of biotechnology is domiadtby first generation
technology. Such technology is manifest in the potion of beers and
spirits. Second generation technology is used fo¥ production of
antibiotics, amino acids and aspartame sweetenaus, all of this
technology has been imported from foreign countries

Several small scale industrial enterprises haven Haanched to
capitalise upon the market for the products of théhinology. Enzymology,
based in Monterrey, is a company manufacturing réesmpe, phenylacetic
acid and related chemicals. Bioenzimas, in Saltiioahuila, is an agro-
biotechnology company with interests in improvedaigr yields,
insecticides, giberellic acid and agricultural emeg.

Modern biotechnological innovations such as micoppgation are
being initiated by a small number of firms incluglinndustrial biogenetics,
involved in the micropropagation of strawberriesparagus and violets;
Genin, who are working on immobilised enzyme biotess and the
Forestal Center of Genetics, dedicated to genficavement of forests by
micropropagation.

Gene manipulation and hybridoma technology are doonly in
government funded Ilaboratories and universities. these centres
biochemistry and related sciences have been edtablisince tha93cs.
Biochemical engineering degrees are awarded by thare20 institutions,
with 7 centres offering postgraduate training.

The Andean Pact

Bolivia, Columbia, Ecuador, Peru and Venezuela

The Andean Pact is a structure similar to #ec. Most of the
member states do not have the resources requiredurid major
programmes in high technology. Under the auspideth® Pact central
facilities and concertation measures optimise thebdiés and technologies
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available. An Andean Biotechnology Programme hasted sincel986
Within the members of the pact there is consideraflriation in wealth
and scientific competence. The Andean Council fariel®&e and
Technology has principal responsibility for conaédn of biotechnology
actions within the Andean Pact.

Bolivia is not advanced, but does have a prograrfomoasing on
Embryo transfer between species of South Americamélidae. Work is
carried out in the Instituto de Genetica Humanagn&ta programme on the
molecular biology of diarrhoea is also active. 11885 Peru and Bolivia
launched the Andean Mining/Metallurgical ProgrammepMA. One aspect
of this titled, biohydrometallurgy, concentratesonpthe extraction of
metals by microbial leaching.

Columbia has a very ambitious National Biotechngl&yogramme,
but given the present level of trained personndlapropriate facilities it is
difficult to see how the programme can be implemeéiim its present form.

Ecuador has indulged in some limited biotechnolalgigork since
1983 but a realistic government cannot contemplategaifecant National
Programme. Training is singled out as the most mand requirement in
the National Plan for biotechnology. Governmenblalories are carrying
out R&D in aquaculture, in collaboration with commercialerests. Inexa
SA is a small company carrying out meristem cultareollaboration with
university laboratories. Pronateg is studying the commercial exploitation
of natural extracts. LifsA in collaboration with the Instituto Nacional de
Higiene is manufacturing vaccines for animals. lpara is developing
fermentation technology. There is hope that it faypossible to stimulate
the pharmaceuticals industry by applyingNA technology and other
aspects of modern biotechnology.

Peru has little infrastructure capable of suppgréidvanced applications
of biotechnology. It is the mining industry whictashturned to bacterial
leaching as a possible tool for the extraction ataifrom unworkable
deposits. The government sector has some actiintiglant biotechnology. A
joint programme with Bolivia, supported by the Fadi&kepublic of Germany
expands upon national competence in microbial legch

Until recently Venezuela has had the privilege a¥ihg the highest
per capita earnings in Latin America. Decline ihrevenues is forcing a re-
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evaluation of national goals. Biotechnology is sesm a tool with
considerable potential and a programme launchei®ga concentrates on
three major areas: Agriculture, Medicine and Industn Agriculture the
focus of effort is upon the production of pathodese plants through
somatic hybridisation and tissue culture. The potaid yucca plants are
the targets for exploitation. Medical prioritieslinde assault upon regional
diseases and the development of competence in tamab@nd polyclonal
antibody production to back up a domestic competeimc diagnostics
targeted at cancemniDs and epidemiology. ONA technology is on the
agenda for developing gene probes and therapadits
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2.1.ARGENTINA

José La Torre
Sara B. de Rietti

Structure and Operation of the National Biotechnajg Programme

The National Programme of Technologwg) was created at the end
of 1982 even if it only became popular 1984 with the inauguration of the
constitutional government of Doctor Raul R. AlfamsiThe information
supplied by this Programme is rich in experiencé ¢mrresponds to a
starting phase. Argentina has a long tradition imsdiences (with three
Nobel Prizes) as well as an important pharmacdutaca biochemical
industry. In1984 during the initial phase, there were already mane high
qguality research centres in areas linked to the eldpment of
biotechnology. Even if the National Programme of géatinean
biotechnology is new, its foundations are solide Hrogramme has been
organised as an advisory, co-ordinating and fimancinity with minimal
administration and wide ranging executive powerfe Thead of the
National Department of Science and TechnologgclT) is directly
responsible for theNB and its management is co-ordinated through the
Secretary of Sciences and Technology. The progratmmsean Executive
Committee of four members and an Advisory Committde twenty
members headed by the Honorary President, Dr Ledefco Leloir, Nobel
Prize for Chemistry.

The Advisory Committee represents public and pevatsearch
centres and State and University Institutes as aslihe body linking the
industrialists of the biotechnological sector. AHe members of the
Executive Committee, and nearly all of the membairshe Advisory
Committee, are specialists in disciplines finkedtotechnology from the
various regions of the country. The actual compmsiof thePNB appears
in Appendix A of this report.

R&D Financing in Biotechnology

One of the basic functions of tiaB is the granting of subsidies for
R&D related to biotechnology. The word basic is usetabseR&D
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administrators know that it is a very powerful ingtent in the implementation
and shaping of policies. The funds are provideohfsobsidies budgeted by the
SECYT and by support from the National Council for Stifenand Technical
ResearchdONICET) operating in co-ordination with the Programme.

This specific financing is an addition to that dgexh by other
organisations and sectors of tRecyT with similar aims. One can thus

mention the support of theoNICET for selective basic and applied research

which at least doubles the value of theB grants, and the role of the
National Institute of Farming TechnologintA) which has considerable
resources and programmes. Other support is offdsgd National

Programmes of theEecCYT related to biotechnological aspects of Food

Technologies and Non-Conventional Energies, andidigs granted by the
SECYT through ‘Apoyo Institucional’, in the same waythePNB.

The financial support of thens is mainly directed to the centres and
laboratories of the public sector. In all its otlemtivities, such as the
interaction between science and production or rtigonal co-operation,
those depending on private companies and institsittoe also included. In
this way thePNB is a common point for public and private initiasvwhose
realisations very often result from a disinterestedllaboration of
researchers and private industrialists. Subsidiegented as a function of
standards and priorities established for each progre.

Interested parties have to present a Pre-Projeatticch approval is
indispensable to allow detailed examination ofRneject. It is advisable to
co-ordinate Pre-Projects with similar topics into ktegrated Research
Programme. Financial support is organised as farpessible for a
maximum period of three years subject to a contblacademic and
budgetary administration, which is made by rhe.

The priorities established by the Programme for distribution of
subsidies are based both on the research topicshairdconnection with
the general development of the sector and with Iével of technical
innovation reached including the socio-economicadatf the Project. For
the productive importance of research it is esaknhiat the results are
applied in the most direct way to the productiogobds or services.

One of the basic objectives of the Programme isplace the
scientific work at the service of the productiveities. This is especially
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so as Argentina, in its present state of developmesmnot afford the

luxury of maintaining expensive, hon-productivesibaesearch in a sector
such as biotechnology, which historically presefus the country an

interesting academic development, and that at #mestime offers an

enormous productive potential at an internatioea¢l.

As far as the research topics are concerned, phigirity has been
established after many long debates and prefefeeedeen given to those
concerning human health and agricultural livestpadduction. Productive
applications rather than specific research topagehieen considered as a
determining condition for the approval of a projeat this does not exclude
a proposal favouring the development of any weakoéshe sector.

In particular, priority topics of research are thellowing: 1)
Development of biotechnological processes with ispbeenphasis in the ones
which concern the application of advanced biochaimengineering;2)
Biological fixation of nitrogeng) Plant biotechnology with special emphasis in
molecular biology of plants and cultures of plassues;4) Production of
vaccines and biopharmaceutical produgit®iagnostic reagents.

Between Decembet984 and Decemben98g the PNB approved
subsidies for a value equivalent to more thes$1.6 million distributed
between more tha®o research projects and various plans for equipraent
more than70 centres and research laboratories throughout dahetgy of
which a substantial number are related to biotelciyyo

Vocational Training

Argentina has a rich tradition of professional etion in bio-
sciences and has trained high level researchersmgHoon very advanced
topics in several parts of the world. However, ndey to cope with this
challenge of providing a scientific and techniadrastructure capable of
supporting the development of production methodsonpmorating
biotechnological advances, an effort is requirettaming and re-education
which implies a qualitative and quantitative changke PNB is aware of
this situation and in co-ordination with tf@NICET has developed an
intensive plan of external grants which will beigiafrom 1987 onwards.
The support of the European Community will be sadudbr the
development of this plan and the process of prargain intense horizontal
co-operation with Latin-American countries has begu
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The PNB has given its support to this for the last threarg by the
promotion and financing of various activities diext towards the training
and re-education of the researchers such as: imeetiseoretical courses,
seminars and conferences organised by researchegenmiversity and
private institutions which has been able to workthwiforeign or
Argentinean specialists living abroad. Internatlona-operation and a
growing emphasis on the activities obNICET has channelled support
towards this goal. The purpose of the programni®e isitensify activities
finked to training in biotechnology in which intetional co-operation
plays an important role. All methods such as dateoror postgraduate
grants and specialists missions are utilised to dareign or external
support. In the particular case of Argentina tianing must reach all levels
of university lecturers as well as all aspectsdrhiistration because of the
scarcity of specialists capable of dealing withestfic projects of the
complexity or the extent required for new technasg

International Co-operation in Biotechnology

From its inception, thePNB has given preferential attention to
everything which is connected to international pemtion in
biotechnology. With the objective of using offeré ap-operation from
countries of higher scientific technological deyefent, Programmes have
allowed the realisation of meetings and sciensgminars which officials,
researchers and foreign entrepreneurs have atteridegarticular, the
French-Argentinean meeting in Buenos Aire1986 has brought about an
important exchange of ideas and created contactsveba the
biotechnological enterprises of both countries. Ti886 cooperation
agreement with Sweden has included five bioteclyicéd projects which
have been completed by Argentinean and Swedishutest implying an
important economic and technical contribution.1884 an agreement was
made between the Argentinean Republic and the Kimgdf Belgium
which foresees the realisation of twelve joint pot¢ including one on
wheat covering aspects linked to biotechnology. ifaldally, Italy and the
Federal Republic of Germany have expressed intentfor co-operation
which are expected to be realised before the end98f. To promote
regional co-operation, taking into account the graé complementary
economic policy of the Argentinean Government, #RRe has allowed joint
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meetings of officials, researchers and entrepraniinked to biotechnology
with other Latin-American countries, especially Bka

It has actively taken part in setting up the RegidArogramme in
biotechnology for Latin-America and the Caribbeasirpnized by the
PNUD, UNESCO and UNIDO and has a large responsibility for
commercialisation, which is of great importance foe development of
biotechnology. The first director of the ArgentindBrazilian Centre in
Biotechnology €ABBIO) serving a three-year term is a member of the
Executive Committee of thenB.

Models for Internal Co-operation

The PNB has started a number of interdisciplinary co-opeza
activities inside Argentina to realise policy.

The fundamental objective of the Programme is tmiobas close a
contact as possible between the productive sentbthe research centre as
well as the various State run or supported labdegtoThis inter-relation is
established through active participation of repmésives of private
enterprises and activities promoted by the Progrejreither in national or
international meetings or in a Commission or WagkiGroup. The
Programme also stimulates the activities of therodtees of scientific and
industrial co-operation which are encouraged by ¢®NICET. These
committees specify agreements, tasks and resultes® D Centre and the
nature and amount of payments made by the compamsisting of fixed
yearly amounts or sales commissions for a fixetbder

Finally, in order to enlarge the market or to inmmate advanced
technology which allows the support of large indestthePNB organises
meetings between Argentinean and foreign induitialsuch as those
bilateral meetings between France and Brazil. Aanmgle, involving
France at the end af8g was the mission linked to the biotechnological
sector of th&UREKA plan, during which co-operation between Argentimea
and French companies was established.

The link between universities and enterprises iabdéished through
agreements created INICET when there ar&@&D centres or university
laboratories capable of completing such co-opeamatim general, the
national universities, particularly the best orfemye experienced a serious
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recession because of the political vicissitudesnduthe decades prior to
the present Constitutional Government which prodo&ereduction of the
teaching and more qualified scientific staff whaeal contribution to the
development of biotechnology helps consolidate @peration process
with which thesecyTis deeply involved.

As for the proposed entrepreneurial models, #he prefers the
actual entrepreneurs to take the initiatives rexguin each case. On the
contrary it has been concerned with the creatioa oépresentative body
where both private associations and enterpriseweallsas public sector
centres linked to biotechnology have a say. Thieaw the Argentinean
Forum of Biotechnology was created in Octolhe86 whose president is
also president of one of the main state banks gkAtina and is presently
part of the Consulting Committee of tR®B. TheSECYT has created a law
promoting development and technological innovatiorproduction. The
PNB has taken part in these discussions which wersepted to the
Congress of the Nation 1986 and which establish the basis of an
institutional rule in this field. Three possible dadities for the execution of
entrepreneurial technologica&D projects have been establishejtotal
execution of the project by a national centreR&8D contracted by the
company;2) execution of the project by the company and #natR&D
centre in which each of the parties must realisérdit and complementary
tasks and3) total execution of the project by the company amtixed
conditions determined by the law and subject techrtical and accounting
verification by thesecyT. The concept of the natione&D centre covers
laboratories, professor-ships and state institsti(guch as theNTA) and
others allowed by theecYT.

The benefit for the company consists of the dejivarfiscal credit
certificates for the payment of national tax eqleéa&to60% of the cost of
the approved project. This type of benefit is asailable to companies of
foreign capital established in Argentina and thprapal for these projects
is given by thesecYT. This is subject to priority criteria fixed by lawhich
takes into consideration the contribution to théomal economy and to the
promotion of exports.
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Scientific and Technological Co-operation betweenrBpe and Argentina

As already mentioned, Argentina has realised -coatjpn
agreements linked to biotechnology with Belgiumartee and Sweden and
is in a very advanced preparation stage of progmsrior which it shows a
great interest, with Italy, and the Federal RemubliGermany.

To reinforce the existing co-operation and the @aremt how of
information the following is suggested:

a) The initiation of intensive training, education aocmaching of the
R&D staff at all levels including the administratiori projects
within the framework of the plans drawn up by Ens.

b) The completion of joinR&D projects in biotechnology on topics
considered as priority ones by tmB with the exchange of
specialists and contribution to the technologicalipment needed
by Argentina.

c) The establishment of industrial plants which briagvanced
technologies and employ local personnel at all llev&hey are
obliged to dedicate a substantial percentage ditprm R&D for
which local professionals trained by investorsrasponsible and a
substantial percentage of production to export.

d) Association of European companies with Argentine@mpanies in
which the effective transfer of technologies brdudly the
European side is certain.

e) Establishment of international services of scigmtifand
technological data bases related to biotechnolodyclw are
accessible to public and private entities in Argent

f) Creation of information and documentation commite
European cultural diffusion agencies operating igehtina.

In particular, support is needed to set up€a centre for industrial
farming production in the rich damp pampa of Argeatequipped with a
system of enormous productive potentiality. The emstific and
technological training tasks of the new centre Wwél closely linked to the
production activities of the area characterised thg very interesting
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problems of dealing with the natural environmetanpand animal health
and productivity.

APPENDIXA: DEPARTMENT OFSCIENCE AND TECHNOLOGY
NATIONAL BIOTECHNOLOGY PROGRAMME
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Dr AlbertoDIAz, Director of Biosidus SA.
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Dr Alberto KORNBLIHTT, Assistant Professor, sector of Molecular Gengtics
of the Faculty of Exact and Natural Sciences of thaversity of
Buenos Aires.

Eng Agr Carlos OPEX SAUBIDET, President of thexnTA.

Eng HugoMACCIONI, Independent Researcher of theNICET. Titulary
Teacher, Chair of Biology, Faculty of MedicineN. of Cordoba.

Eng EnriguemARTINEZ, President of thenTi.

Eng Agr Luis MROGINSKI, Independent Researcher of tla®NICET.
Institute of Botanics of the North East, Corrientes

Dra ElsaseGURA Director of the Institute of Research of the Drépant of
Public Health. Director of the Institute of Resdafor Chagas’illness
‘Dr Mario Fatala Chaben’.

Dr Hector TORRES Director of the Institute of Research in Genetic
Engineering and Molecular Biology and Dean of tlaelHty of Exact
and Natural Sciences of the University of Buenagai

Dr Raul E.TRuccq, Director of the PROTEP Programn@o(ICET-CITEP),
Mar del Plata.

Dr Ruben H.vaLLEJOS, Director of the Centre of Photosynthetic and
Biochemical Studies, Rosario.
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2.2.BRAZIL

Antonio Paes de Carvalho

Background to Brazil's Biotechnology Policy

Brazilian biotechnology began in the middle of tast century when
pioneer work was carried out in Sdo Paulo on varigpecialized fields of
microbiology, notably bacteriology, mycology, prmtology, phytopathology
and virology. As a result of the work of these piengroups the first institutes
devoted to research on bacteriology, vaccines,céinital, pharmacological
and immunological analyses sprang up in Sao Paulo.

Brazil benefited greatly from the results of thesaly initiatives
which paved the way for successful public healtmpgaigns against
epidemics of yellow fever, trypanosomiasis, leishiasis, bubonic plague
and typhus. Important institutes such as Oswaldoz,CAdolfo Lutz,
Butantd and Pasteur were also set up, and thesemwaréully competent to
maintain national progress in the field of biotezlogies applied to health.

In agriculture the technical progress made in theyedays of
biotechnology studies applied to seed productionam@razil the second
country in the world, after the United States, tain uniform and high-
yield hybrid maize from fines developed from logahetic stock.

As a result of this process of development and alutegion of
various branches of traditional biotechnology, artizular those related
to agriculture, the first private enterprises ie geed production markets
such as Agroceres sprang up in the forties follgwadthe sixties, by
Brasilsul Agropecuéria.

As regards the development of genetics, the babisnadern
biotechnology, Brazil’s historical development ligsroots in the work of
Cruz Martins, inL924 together with the Instituto Agronémico de Campina
The development of Brazilian genetics is also cotetewith international
names such as Dr Dreyfus, Dr Kriig, Dr Brieger amddBbzhansky who
were the pillars of Brazilian genetics and left inpedhmany disciples who
became top-level researchers.
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Again in the field of health, Brazil is carrying toinitiatives in
diagnosis methods and biopharmaceuticals of higkeeatar weight; it is
self-sufficient in insulin and is carrying out raseh into the production of
interferon and also has the technology to produkmmdo derivatives,
including human albumin and anti-haemophilic fastor

Arable and Stockfarming

This represents a great development potentiahfoicbuntry since we
now have a number of excellent research institatesuniversities covering
various areas such as genetic engineering, celtissue culture sp, IAC,
UNICAMP, EMBRAPA, IAA, UFRJ UFVICOSA ESAL, IAPAR), and biological
fixing of nitrogen and mycorrhiza (inoculants)APNPBSOLJ EMBRAPA,
UFRGS CENA, IPT, IAC, UFV and others).

The most impressive example of nitrogen fixinghie tesult obtained
by the constant research carried out over the tpasity years with soya
cultivars which, today, can extrag0% more than their nitrogen needs by
biological fixing.

Noteworthy Brazilian technological developments tire field of
plant health, owing to their importance and possilses, are techniques for
disease detection, pest control, resistance toididels and resistance to
diseases and weeds, from endogenous technologeadlopment. As
regards pest control in particular, it should bessted that Brazil is one of
the first countries in the world to undertake ayéascale project to spray
nearly600.000 hectares with bacullovirus.

Mention should also be made of the experience ofa€gen whose
work has proved to be of growing importance for thgstematic
identification and establishment of active germpidmnks.

Bioconversion and Energy

The example of Proalcool, among others, is a deamonstration of
Brazilian potential for making use of its bioclintatonditions, coupled
with its technological development, to resolvengshative resources, the
serious question of alternatives to oil. In thigagrthe Department of
Industrial Technology of the Ministry for Industand Trade is investing
mainly in the field of alcohol fermentation, aimatithe production of fuel
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alcohol and the genetic improvement of yeasts ¢tlifermentation of
starch to alcohol; this work is being carried out the Institute of
Chemistry of theysp).

This being the case, the Department of Biotechyatiighe Ministry of
Science and Technology sees itself as an agentegfration and co-operation
and acts as national co-ordinator of the Goverrimbigtechnology activities. In
this context it should be private enterprise wiaicts, with public-sector support.

The policy proposed by the Department of Biotecbggl leading up
to 199Q assigns the following roles:

a) Public sector

a.l. guidance, co-ordination and stimulation of biotedbgy
activities;

a.2. supervision of national work in the sector, so@take account
of the priority economic- and social-developmemgsammes
in a long-term strategy;

a.3. participation in production sectors, on a completagnbasis, in
the national interest and/or in cases where prieaterprise is
unable or unmotivated to act;

a.4. provision of guarantees for national production;

a.5. establishment of appropriate conditions for fullestific and
technological skills to be developed in the sechyr the
strengthening of research centres and trainingeafms with
guaranteed resources for these activities;

a.6. stimulation and guarantees for the development ational
technology and the economic, financial and comrakrci
strengthening of Brazilian enterprise, to ensurat thh can
compete on an open market.

b) Private sector

b.1 exploitation of the results obtained from technalayresearch
in biotechnology, bringing products within reachsotiety;

b.2 suggestions to the Government, on an interactigspaf the
areas most needing investment for national produogti
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b.3 Raison with areas in which knowledge is generaitstth a view
to providing conditions for the satisfactory ass$ation and
dissemination of knowledge.

In order to give substance to this proposal for ithtegration of
scientific and technological development work, bymplementing and
incorporating the other fields addressed by theigitin of Science and
Technology ¢NPg andFINEP), the Department of Biotechnology will have to
allocate someus$60 million for the period198789 over and above the
biotechnology budgets of the other areas of theefadéénd State authorities
(source: sBiO plan of objectives). Approval was recently giverr fbe
allocation of resources for the award between nush1a89of 4 650 grants in
the country and2 700 abroad, with the aim of stepping up training of
researchers and technicians in biotechnology, melrend abroad.

One of the principal means of distributing the abaventioned
resources will undoubtedly be the implementationttad Biotechnology
Integration System.

The Biotechnology Integration Systemis) is a national technical
and scientific cooperation network which bringsettgr, under a number
of subject headings, the centres of scientific sauthnological production,
devoted to the same line of research or the subseégievelopment of a
product or provision of services using biotechnglog

The system will examine, on the one hand, thecalitareas of
science and technology to be introduced in the wpumith a view to
reducing the present difference in level betweee tational and
international contexts and, on the other hand, alve to bring existing
know-how in science and technology within the reaththe national
production sector, for the development of goods@mducts.

In this system, input data will be taken to be th®@rmation and
requests resulting from scientific and technololgpraduction, at national
and international levels, the production secta,abiministrative authorities
and related institutions and, in particular, theedives issued by the
national government, as embodied in the state dliot@ogy programmes,
which are being implemented in various parts ofdbentry, such as Rio de
Janeiro, Sdo Paulo, Minas Gerais, Rio Grande doPawana and Bahia.
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The input data also include those opportunitieerefi by inter-
national co-operation programmes, with special exsjghon horizontal co-
operation, the main example of which, to datehées Brazil-Argentina co-
operation programme.

At the operational level, thais will make use oBIcs (biotechnology
integration centres).

BICs will be structures for co-ordinating centres ckraowledged
research capability, organized at state or regitaval, intended to support
biotechnology application projects integrated with production sector.

The Bics will take part in the Biotechnology Integratiorysg&m
within the context of activities and lines of restaof national interest,
managing their activities entirely independentlytioé sys-tem as regards
local and regional integration initiatives.

The administration of the system will be the resploility of the
Department of Biotechnology, and general coordimatvill involve full
representation of institutional bodies and the afi@nal sectors.

The system will have a matrix configuration and wiffer as output data
the products established in its planned objectiwdth feedback based on a
system of continuous assessment, to be implembgtgeneral co-ordination.

Therefore it is expected that, coupled with thesofhitiatives taken
at federal and state level, the biotechnology irggegn system will be a
key means of bringing about the quantitative ledgat t Brazilian
biotechnology needs.
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2.3.MEXICO

Rodolfo Quintero Ramirez
Rosa Luz Gonzalez Aguirre

Introduction

Biotechnology in Mexico is represented by a mixtafgesearch and
development as well as industrial and promotioralvities realised at
different levels of scientific and technologicalng@exity. To evaluate its
development and position in the country as wedistignating the potential and
possibilities of technico-economic multi-lateral@geration, it is necessary to
define and delimit this techno-logical sector usihg parameters available.
The definition of biotechnology used in this docutris as follows:

A multidiscipline which has evolved from the initiabjective of

manipulating micro-organisms in the production obds and ser-vices
to include the use of enzymes, as well as vegetainamal cells,

aggregates or components thus amplifying its praictitilisation and

now including the modification of superior organgisuch as plants
and animals. All this was made possible thanks etchriological

breakthroughs such as: recombinarh, cell fusion, cell and protein
immobilisation, molecular synthesis with enzymaticaracteristics
which have all reinforced fermentation technologyture of plant and
animal cells and enzymatic technology(Quintero,5)98

A classification of the different types of biotedhogy is shown in
Table 1 (Gonzalez and Zermefia986 Quintero,1985. Based on these
elements, the first part of this work presents raegal view of the situation
in Mexico describing the biotechnological activityw research and
development, industry, vocational training and d&gion.

In the second part, some potential options forr@mtheconomic co-
operation between the members of tEe and Mexico are discussed within
the framework of shared interests and equalityghfts and duties.
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Table 1. Categories of Biotechnology

Parameter First generation| Second generation The&deration | Alternative
Age Ancient Modern Modern New Applicatio
Scientific Elementary and | Elementary and Advanced Elementary and
Content Advanced Advanced Advanced
Technological Elementary and Elementary and
Content Advanced Advanced Advanced Elementary
Type of Micro-organism
organism or | Micro-organisms| Micro-organisms |Plant cell Micro-organism
its part Animal Cell
Origin .Of Natural Natural NaFgrgI Natural
Organism Artificial
. Farming and
Food, Chemistry Forestry, Food
Health, Energy . .
Type of . ) Chemistry, Farming, Food
Food, Chemistry| Agrochemicals,
product i Health, Energy, |Energy
Contamination —
Contamination,
Control
Control
. Control of nearly
Interaction all variables that
with Socio- | Control of nearly| Control of nearly al . The process is
. - : can be influenced
Economic |all variables that|variables that can l:el_h ) adapted to the
: - e process is !
setting and | can be influencednfluenced setting
X adapted to the
Environment !
setting
Technology |Reduced and |Reduced and RedUCEd.’ .
) : Intermediary and | Intensive
Users Intermediary Intermediary -
Intensive
Growth Level of | Growth Level of
Demand Demand Growth Level of
Range of Growth Level of | Modification of Modification of |Demand
Application |Demand Demand Demand Modification of
New System of New System of |Demand
Demands Demands
Developed . . . .
Applications Simple Simple Complex Simple Complex  Simple

=

Source Gonzalez and Zermefo, 1986
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The Present Situation of in  Mexico: eRearch,

Development and Industry

Biotechnology

FIRST GENERATION INDUSTRIAL BIOTECHNOLOGY

Industrial biotechnology of the first generatiomsbtutes the most
important category in Mexico in terms of marketesiZhe main products
are fermented drinks, milk derivatives, cereal a#ives, industrial yeasts
for baking, alcohol (for industry or for consumpt)p acetic acids and
edible mushrooms (Tablk. The most important application of this type of
biotechnology is found in the fermented drink seabwhich beer is the
greatest user (Gonzélez and Zermddag Quintero,1985

Research and development in this biotechnologieahrique is
scarce and production is oriented towards an iatemmarket. Generally
speaking, traditional Mexican biotechnology in thst decades has been in
a state of saturation due to a sustained popularowth with a better
standard of living and because international trade been of a marginal
nature (Gonzalez and Zermeiog6).

Despite the fact that there are different ranggsaducts, the traditional
biotechnology industry is of a strongly oligarchioature. The competition
between these industries from one point of view tiedactual maturity of
technology from another, has led the stronger priggrs to rationalise and
standardise production through more and more augzhpocesses.

The most consolidated industries such as thoséforented drinks
like beer, wine products and liqueurs are importamtrces of employment
not only in production and distribution of theseghucts but also of the raw
materials, and are factors of economic developrakenther products. This
industry has reached a state of prolonged sataraBart of the industry
handles high production volumes which helps imprpraduct quality and
productivity and which represent the most importzoriditions to maintain
and improve the internal market as well as to eméw international
markets (Gonzélez and Zermeiliego).
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Table 2 Mexican Biotechnological Industry

Table 2 Continued.

Category Products Companies

Category Products Companies

Beer Cerveceria Modelo
Cerveceria Cuahutemoc
Cerveceria Yucateca

Wines and brandies 68 companies

Derived products 431 companies

and milk products

Yeast for bakeries Acidos Organices\.
Industria Mexicana de AlimentosA. de
C.V.
Fleischman

Asociacion Nacional de Productores d
Alcohol

Acetic Acid Compaiiia Beneficiadora Del Coyah.
Antibiotics Fermics.A. dec.v.
Orsabes.A.
Cyanamid de Méxiccs.A.
Pfizeer,s.A. dec.v.
Centro Industrial Bioquimica.A.
Second Upjohn,s.A. dec.v.
generation Abbot Laboratorios de Méxics,A.

Biotechnologies Sinbiotik, Beneficiadora e
Industrializadoras.A.

Enzymes Enmexg.A.
Velfer, S.A.
Pfizer,s.A.
*Genin,S.A. dec.v.
*Enzymologas.A.
Amino acids Fermentaciones Mexicanas,
Organic acids Bio- Quimica Mexicanas.A.
fertilisers Pfizer,s.A.
Nitragin, S.A.
Diamond Shamrock
Pagador
Quimica Lucava

First generation
Biotechnologies

Ethyl alcohol

Vaccines Gerencia General de Biologicos Y
Second generation Reactivos
Biotechnologies Laboratorios Dr. Zapata
Other companies**
Micro-propagation  Biogenética Industrisla.
Mexicana de Propagacion de
Plantas

Third generation
Biotechnologies

Alternative Methane Digestors exist in various parts of
Biotechnologies the country

Silage Various parts of the country

Cell usage Various parts of the country

* Dedicated to technological development.
** Dedicated to the final packaging.
Source Quintero, 1985
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Such increments in quality and productivity coule &chieved by
small technological innovations. These are likeytake place in the near
future since a number of fermented drink manufactuthave shown an
interest in national research groups working onutsmis to service
problems in the industry.

The consumption of food products such as ediblehnaasns and
milk derivatives can be increased by encouragimgetocost and smaller
scale production processes than those predomimame icountry.

The culture of mushrooms and other macro mycolégiceducts can
be developed both for export and internal conswnpéit production sites
that make use of favourable climatic conditions émydintensively using
manpower (Leal1985.

It must be emphasised that the production of edibleshrooms
constitutes one of the rare possibilities of biesfarming lignocellulosic
residues without submitting them to a pre-treatnwgmth is presently still
very expensive. This is of great importance becais#he abundance of
this type of residue in the country (TaB)gLeal,1985.

The production of macro mycological products willistapproach
requires that the culture technology is adaptetthéolocal conditions from
the point of view of both availability and investmieas well as cost and
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skill of local labour. The same applies to the depment of new methods
for the preparation of substrates from local rawtemals, new types of
materials and locally adapted climatisation (Leags).

Table 3 National Agricultural Production in 1978 (NPTSD, 1984)
Agricultural harvest Production (tons)
Corn straw 16.613.532
Sorghum straw 2.492.874
Wheat straw 1.723.670
Bean straw 1.320.716
Sugar cane straw 1.205.557
Wheat husks and brans 750.172
Barley straw 534.746
Oat straw 131.321
Non-commercial fruit and vegetables 79.855
Rice husks 59.309
Peanut straw 43.379
Chickpea straw 25.134
Total 24.980.265
Source: Leal, 1985.

Milk derivatives such as traditional cheeses canntegrated into the
production of milk, which in turn forms part of theormal agricultural
production, through fermentative processes usiagubproducts or the excesses
as forage. This improves the profit of small prate@nd reduces competition in
the production of the basic grains which form tbputar diet (Viniegral98g.

The above implies the availability of specialisegdipment, technical
assistance and a means of commercialisation forsthall cheese co-
operatives. These services are necessary to egeowanad sustain the
production chain at an elementary technologicalelleand include
information, transport and distribution methodsontler to commercialise
the products in a way adapted to the local conusti/iniegra, 1986).

SECOND GENERATION BIOTECHNOLOGY

This type of biotechnology is actively used in tpeduction of
antibiotics, amino-acidic enzymes and in the tremimof effluents as
shown in Table2. All the technology used comes from abroad (Gaezal
and Zermefiol986).
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A well equilibrated investment in this categorygbbbal bioindustries
does not apply to groups of products in the same &ar this reason foreign
investment appears to dominate the area of enzgmeertain antibiotics.
However, there are national and public enterpruggsh are dedicated to the
production of amino acids as well as penicillin ssame of its derived
products (Quintera,985.

Because of the international effervescence in biotelogy a number
of new, mostly small sized, national enterprisesehappeared in this
biotechnical category (Tabl. It must be emphasised that newly created
enterprises have a more open attitude towards nedsemd development
contrary to the vast majority of second generatiotechnological
enterprises in which this type of activity is almosn-existent.

Table 4 New Biotechnological Organisations in Mexico

Enzymology (Monterrew.L.) Phenylglicina (enzymatic), phenylaceti¢
acid, phenylalanine and aspartame (of
interest)

Improved grainsaaticides, gibberellig
acids and other agricultural
biotechnological products (enzymes)

Micropropagation of strawberries,
aspergus, Violet (tissue cultures)
Technological development of
immobilised enzymes

Forestal Center of Genetics (Texcoco,Genetics improvement and forest
Edo of México) micropropagation

—

S

Bioenzimas (Saltillo, Coahuila)

Industrial biogenetics (Méxicp.F.)

Genin (Méxica.F.)

Source Quintero, 1985

Research groups are concentrated in universitiesitres and
institutions of higher education (Tal# It is in this type of biotechnology
that the country has the largest and most quali&edarch group even if most
of its efforts are devoted to applied researchtantinological development.
However, no technological development in this dnea been applied to
production methods (Gonzalez and Zermeafeg Quintero,1985.

In the case of enzymes and new pharmaceutical ptedine
internal market is insufficient and the competitiarinternational markets
is very difficult. With amino acids, the importantonditions for
industrialisation exist but expansion presents lgmols with economic
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resources. This type of problem also affects thieallnlar proteins and
the microbial polysaccharides. In the case of xamsh for example, the
technology has developed in this country and haxhed a semi-
commercial level with a specific application foetproduct. However, at

a national level, there are insufficient econom@isaurces to make use of

it even if it shows a high profitability in the ¢ent conditions in Mexico
(Gonzalez and Zermefin986 Quintero,1985).

Table 5 University Research Centres with Adequate Faciliés and
Experienced Staff

Genetic and Biotechnological Engineering Researehti@ UNAM), Cuernavaca
Mor.; covers an area of 5.000 m2. Areas of intergsnetic engineering an
biotechnology applied to health and food.

o

Research Centre for nitrogen fixatiooNngm), Cuernavaca, Mor.; covers and area

of 4.000 m2. Areas of interest: molecular biologyd agenetic engineering applied
to plant cells.
Research and Advanced Studies Centray),( Department of Biotechnology and
Bioengeering, México,D.F.; has an excellent pilot project facility and we
equipped laboratories. Areas of interest: fermé@nmaind enzymatic engineering.
Research and Advanced Studies Centiren),( Unit of Modern Plant Biology
Guanajuato, Gto; covers and area of 8.000 m2. Afdaterest: conservation and
preservation of grains, genetic engineering appbeolant cells.
Research Institute of BiomedicineJNAM), México, D.F.; has an operational pilot
project and is generally well equipped. Areas ¢ériest: industrial microbiology,
fermentation and enzymatic engineering.

Department of BiotechnologyAm — lztapalapa, Méxicop.F., has pilot projec
facilities and good equipment. Areas of interesad; transformation of substrates
via solid fermentation, water treatment.
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Source Quintero, 1985

Other countries show a great interest in acquitigytechnology. This

could be very positive for national productionrorease its confidence in the

local development and the resources obtained foyaties could be used to
finance national developments.

The lack of economic resources is critical withih aategories of
biotechnology but particularly for second generatigpes as, even if they
have rapidly restricted themselves, they offerdsethort term possibilities
because of the world wide scale of development f@lez and Zermefio,
1986 Quintero,1985).
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THE NEW ORTHIRD GENERATION BIOTECHNOLOGY

Micro-organism manipulation work is exclusively trdsted to
research in centres and higher educational inistitsit It is currently being
linked with industrial projects especially for thanprovement of
pharmaceutical processes.

It must be emphasised that pharmaceutical prodémts the
objective of the majority of research projects. yrare internationally
highly competitive with high development costs aeduire a long time
before commercialisation. Such projects are: hunmasulin, growth
hormones, some vaccines, diagnostical tests, @ntar$, etc.

There are many qualified research groups in thd bé plant cells,
particularly cultures of plant tissues\T), in the country which, although
they presently work on micro-projects, could deubigr work to topics of
importance in the agricultural sector. Two of thecantly created
enterprises belong to the plant biology area whicbvers the
technologically less sophisticated aspectscoff such as the micro-
propagation (Gonzéalez and Zermefiegg Quintero,1985).

The genetic engineering of plants is becoming al welctured
sector. A centre has just been opened and whab& mmportant is the
integration of very high level human resources. &tmal cells the human
and technical resources are scarce compared vatpreévious sectors and
they are mainly dedicated to the development addsimial production of
vaccines against measles and poliomyelitis but satme work on embryo
transplants at a commercial level.

These elements, even if briefly presented, allow thllowing
prospects for third generation biotechnology tecbesidered.

MICRO-ORGANISMS

This sub-category could have an important rolehm improvement
of micro-organisms both for known second generapoocesses and for
future modifications to processes used in the nawtufe of existing
products. Both cases link the existing researcluggdn the country and
firmly localise their participation in the chain odbmplete biotechnological
processes. The second option requires an undeirsgaiodl the present
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productive methods and capacity in the technologieish are intended to
be substituted (Gonzalez and Zermefgs6).

New products, and particularly pharmaceutics, hgreatly reduced
prospects as the human and economic resource<i@bpéhe latter) are
limited and the risk involved in new developmeistséry high.

PLANT CELLS

Simpler applications such as micro-propagation oiltivares-
valiosos’ have a considerable potential market bseahighly skilled
scientists are available to develop the technigunek if moderately skilled
technicians are trained, the use of the availabieatic conditions, the
market access and the cost of labour will enab&e ¢buntry to both
compete with external markets and open new markéss, the economic
resources required to make use of these productdtvities are not
excessively high compared to those required by rothgpes of
developments (Gonzélez and Zermefg6 Robert,1985.

The production of ‘metabolites secundarios’ usifgnp cells in
biological reactors for the processing of raw matsrof for agricultural,
food and pharmaceutical products is a sector inclvtiighly skilled
scientists are available but in insufficient numbercover all the stages
necessary for complete technological developmenteblver, an adequate
infrastructure is needed to allow development totdleen beyond the
laboratory stage (Gonzélez and Zermefdg6).

There are, however, important limitations relatedthe type of
products. For example: the development of new paeentical products is
very expensive, very long, and involves many riskee production of
natural substances for food use, such as flavamospatics and colorants is
less costly and faster than the previous procebsesexperiences high
international competition which demands a very ftdreselection of
development projects.

Without any doubt the most important potential agtion related to
plant cells is a genetic improvement. Both in Mexand internationally,
agricultural production currently faces a seriedimitations which are: a
lack of cultivable land, environmental stress, s&ds and plague (Gonzélez
and Zermefiol986 Robert,1985.
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For each of these limitations, plant biotechnoldgs an answer
which could be the development of varieties adapiedever better
controlled conditions (which is not much differefftom the ‘green
revolution’) or varieties more and more adaptedst¢eio-economic and
environmental conditions. This type of answer coulevolutionise
agricultural production, have large repercussioms imdustry and the
economic and social activity of each country. Tauld particularly apply
to those less industrialised countries which, foweirt development
requirements and the diffusion of this kind of teclogy, could have access
to the benefits that the latter could relativelgilaprovide (Gonzalez and
Zermefio1986 Robert,1985).

In the particular case of Mexico, the conditiorisvalboth solutions to
be applicable. There are highly qualified sciest#stailable who can develop
either of the technological solutions. The foodgohdopted will determine
which solution will be emphasised (Gonzalez andvi&io,1986)

Before ending this topic, it is very important tote that genetic
manipulation research groups are aware that theynatoreplace the
traditional work of agronomists and botanists. Hts reason, a contact
with them is being sought and mechanisms are h@miegrared to promote
interdisciplinary research.

Finally, the existing animal cell groups, even dry scarce, have
extensive experience in producing vaccines and thaye recently
succeeded in using a national development forntastrial production of
anti-measles vaccines with diploid cells and atesely working to modify
the production of polio vaccines (the diploid célistead of monkey renal
tissues). The experience of these groups formsxaellent basis for the
promotion of this sector especially for the impnment of processes.

ALTERNATIVE BIOTECHNOLOGY

Less conventional biotechnologies, which try to testdues in order
to produce biogas or cattle feed, should alsodrgdlve the problems of
regional contamination caused by specialisatiomatile and agriculture.
However, the scale of production must be maintaimedrder to reach
intermediary dimensions. To presume that thesethmiologies exist in the
rural environment only at the level of one or savdamilies is very
optimistic (Gonzéalez and Zermefi®86 Quintero,1985).
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From this viewpoint, alternative biotechnology &tter considered as
a subcategory of all other biotechnologies rathanta separate category in
which its scope of application would be very linditend the technological
content more basic (Gonzalez and Zermafeg Quintero,1985.

Based upon previous success, the development amdhgpotential
of certain biotechnologies applied to aquacultutlee cultivation of
mushrooms or other species and food processing beillstimulated as
conventional technology is more compatible andithact much greater.
What is most important is to acquire experience emgdite a basis to be
able to benefit from the possibilities offered bgtbchnology. This also
means a change in the tendency towards specialis#s long as diversity
is increased by more integrated processes whiclkessdntensive in capital
and energy and more adapted to the environmenprtifés related to the
scale of production will be less and less importand the level of
development of the country will be raised with lesgio-economic and
environmental costs than the current mode of deveémt (Gonzélez and
Zermefo1986 Quintero,1985).

Vocational Training

The history of scientific training in biotechnolodgy this country
dates back to the second half of the thirties attitne when the studies of
enzymology and biological chemistry were created ariented towards
industrial biological processes. Both studies ldtecame biochemical
engineering 1957. Nowadays, a degree in biochemical engineerimgbea
obtained at more than twenty educational instihgidistributed throughout
the country (Quinterd,985 1986).

Postgraduate training began earlyl®70 and the seven institutions
which offer such courses are fisted in TafleAll offer master of science
degrees and, recently, two of them offer doctorateost of the
postgraduate programmes cover the most generalrsauit biotechnology
(fermentation and enzymatic technology, genetick ganetic engineering)
and two are dedicated to plant biotechnology. Adtfdegree as well as at
postgraduate level the main subjects are orierie@rtds the food sector
without particular specialization (Quinter®86
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Table 6 Postgraduate Biotechnology Programme (Leal, 1985)

No. Institution Programme Degreg

D

1. Research and Advanced Studies Centre/ Biotechnology ™

2. Research and Advanced Studies Cemte/ Biotechnology WM™

3. Research and Advanced Studies Centre/lrapuato oteddinology M, D

4. Technological Institute of Mérida/ Scientific  Biotechnology ™
Centre of Yucatan

5. Technological Institute of Veracruz Biotechnglog ™

6. Technological Institute of Veracruz Biotechnolog ™

7. Research Institute of Biomedicine, National Biotechnology E, M, D
Autonomous University of México

E = Technical training

M = Master’s degree

D = Doctorate

Source: Quintero, June 1986.

Historically, vocational training in biotechnolodyas only covered
biochemical engineering with postgraduate degreebiotechnology and
bioengineering but the available number of possiiciated to biotechnology
is much higher in the country. In plant relatedtdsibinology there are more
than 100 higher education establishments for agriculture lziology with an
equal number of experimental sectors.

There are several institutions which offer a masteegree in a
speciality linked to biotechnology and which havedh doctorate
programmes in biochemistry, cellular and molecuiéslogy, genetics,
microbiology, chemistry and biology. Moreover, fndhe Mexican
government considers biotechnology as a prioritgaeit assigned special
resources for all of the scholarships granted98s for postgraduate study
abroad by the National Council of Sciences and fieldgy (NCST) of
which 17% corresponded to biotechnology.

The basis of the above indicates that degree Iénahing in
biotechnology is actually based on the possibditié absorption by the
existing biotechnological industry which requirestinicians of an average
level of education. In the case of the first getiena the specialised
technical assistance is obtained from abroad threugpliers of machinery
and equipment; in the case of the second, mostpersies are branches of
multinationals which import this technical assistamnd, as far as both the
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third and alternative ones are concerned, theynaneexistent. (Gonzalez
and Zermefiol986).

Finally, at postgraduate level, the system is ned zas produced in
the last ten years more than twenty master's degresciences and more
than forty without any degrees. An exhaustive dismim was recently
completed in the food sector in which biotechnoldagyincluded for
practical reasons. As a result of this work, speecgcommendations have
been made for each of the postgraduate programmtég icountry relating
to food with the expected result being a sharpeiase or development in
the short or middle term of this level of bioteclogy. Relative to this, it is
important that scientific training at a nationaldémust be directed towards
the interdisciplinary work and to the development mtegrated
biotechnological processes through educational raromes and research
linked to the production sector1G, 1985.

Legal Aspect

The country’s legal requirements relating to tedbgical and
economic multilateral cooperation are: patent arddamark laws, laws
relating to registration and control of technol@jid¢ransfer and those
concerned with foreign investment.

The patent and trademark law dates bade®and has recently been
reformed and expanded partly in dose relationshilh Wwiotechnology.
According to Mexican law the following are not sedtjto patents:

1. The plant and animal species, their varieties, tued essentially
biological processes necessary for their creatraniiiding those of
a genetic type.

2. The biotechnological processes for pharmaceut@sergl medicines,
drinks and food for animal consumption, fertilizeemnti-plague
products, herbicides, fungicides or biologicallyiae products.

3. Chemical products, chemico-pharmaceutics, geneediaines, food
and drinks, food for animal consumption, fertilzerherbicides,
fungicides and biologically active products.

4. Food and drinks for human consumption as well asg®ses to
obtain or modify them.
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According to the present Mexican legislation, eepatioes not cover
biotechnological processes and products; howeter piossible to obtain a
certificate of invention for processes and prodmeentioned in paragraphs
b) and d).

The invention certificate is a non-exclusive rigianted by the
Mexican State for a period a# years to allow the holder to commercialise
an invention. Anyone else who is interested in cemuialising the product
pays the certificate holder the corresponding dufldnis certificate is used
when a patent is not granted because the inveistiohsocial benefit where
a monopoly is not permitted.

The invention certificate allows royalty paymerisbe made even if
it is not possible to practically apply the invemibecause it does not
oblige the exploitation of the invention.

This is not the same with a patent where exploitatif the invention
should start within three years from the date difeiing granted. If it is not
exploited, the patent becomes invalid and the itiverbecomes part of the
public domain.

Mexican law states that one can register a ceatdicof invention
concerning any invention susceptible to be proteete a patent. This has
been done to give an incentive to individual cretivia advantages and to
protect the rights of research and development evsrkwho are
concentrated in universities. If the only meangtotect their inventions
was through patents, they would lose their righteey did not manage to
exploit them within a three-year period.

Technological transfer in Mexico is regulated bwdacovering the
control and registration of the transfer of teclogi¢s and the use and
exploitation of patents and trademarkeTT). The main objective is not
exclusively to maintain control over technologynsger but also to ensure
that its own technological work is promoted. Thgamisation responsible
for the enforcement of this law is the Secretaf@t Commerce and
Industrial Promotion gc1P), which controls the National Register of the
Technological TransfengTT).

Iltem 2 of this law catalogues the legislation used withire
national territory where registration is compulsofjhose related to
technical and economic multilateral co-operationbintechnology are
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presented in Tablg These acts or agreements are covered by Mexican
laws, by treaties or international agreements attviMexico is part and
which are applicable to the case.

Table 7 Licences, Contracts and Activities Related to théMultilateral Co-
operation in Biotechnology that have to be registexd with the ‘RNTT".

— Licence for use or authorization for improvemengexploitation of an invention
which is patented or covered by an invention de#ié.

— Licence or authorization to use commercial names.

— Communication of technical knowledge through pladiagrams, models,
instructions, specifications, personnel training aducation or any other means.

— Technical assistance of any type.
— Provision of basic or detailed technical aseista
— Operational services or company administration.

— Advising, consulting and supervising servicesahtrolled by foreign nationals,
or their representatives, independently or theiidence.

— Computer programs.

The following are required to apply for registrativith the NRTT:
Mexican nationals as well as foreigners living he tcountry, foreign
agencies or foreign branches established in Meagavell as nationals
residing outside the country but who are involvethwagreements or
contracts which affect the country.

Registration is necessary to be able to benefihftbe profits, the
encouragements, the assistance or the facilitieeeséen in the
governmental plans and programmes, as well ashforestablishment or
expansion of industrial enterprises. The legistatmpntained in article
number2 which has not been registered with N®rT (or which has been
cancelled by thecip) is null and void and cannot be made valid in frof
any authority and its application cannot be reqkbly the national courts.

The law also provides a chapter covering the caaflesing the
NRTT to reject an application for the following reasaife protection of the
applicant regarding any detriment to his financisituation, his
administrative autodetermination or any restrictiomisr&D activities.

Within the legal framework, and in policies dirgctélated to foreign
investment, the law enforced sinc®73 which promotes Mexican
investment and regulates foreign investment, tagethith the policy of
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selective promotion of foreign direct investmentjioth started in1984
clearly promotes the direct foreign investment iotdchnology. From this
viewpoint, it is important to note that one of thmst regulated foreign
investment sectors, that of secondary petrochemisivatives, has
recently been freed from the restriction of usiragional capital for the
majority of investments relating to the expansiérihe range of products.
Current technological advances (including biolobitechnology) have
made this possible using either different processasaw materials which
are not petrochemical. In Figute the percentage participation of foreign
direct investment is presented according to thecgwf origin.

Options for Technico Economic Co-operation

Biotechnology has direct applications in most of #ectors of economic
activity and can be used at different scientifid &&chnological levels with a
variety of raw materials for similar types of prathi This results in a group of
technologies with different characteristics anduisgments and with a
tendency for interchange between them. The cousntmeeting on this
occasion are all at different levels of technolagiadvancement. For this
reason it is important to consider any proposaltedl to these differences
and this is why the possibilities of applicationtbe various options are
closely related to the scientific and technologiaspacity of the
participants and to the level at which their poétj economic, and social
interests can merge.

1984 % 1985 %
United States 66,0 United States 67.4
Federal Republic of Germany 8.7 Federal Republi@@imany 8,0
Japan 6.3 | Japan 6.1
Switzerland 5,0 | Switzerland 5.3
Others 14,0| Others 13.2
Sourcesscrl, 1986

Fig. 1. Foreign investment per country of origin (perege)

It is important to underline that, in Mexico, steslihave been made
for some time to define the sectors which requiferis to be made to
develop and diffuse biological technology whilskitey into account the
requirements, the scientific and technological cijgs, the economic
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resources and the availability of raw materials (gadez and Zermefo,
1986 Quintero,1985 1986).

The establishment of priorities was no easy taskafcountry with
the population size of Mexico. However, it has bmeoapparent that the
multitude of applications made possible by biotetbgy cannot be coped
with simultaneously. Accordingly the applicationslected for a recent
study on the evaluation of opportunities in biotemlbgy, which was
financed by the National Council of Science andhhetogy, are: food,
agriculture and health (Quinterty85 1986).

Taking into account the above factors and otheneitgs considered
as important for the scientific and technologicaliqy of the lasti5 years
in order to make sure that research has an econandcsocial impact,
(NPTSD, 1984 NPST, 1978 as well as the situation concerning biotechnology
(Quintero1985 we consider that the following types of co-operatare the
ones which would have the greatest potential focess.

Vocational Training

High level technical training is mainly orientedverds interdisciplinary
education and research programmes which integraiyer the different
stages of the development process of biologicdin@ogy. The sectors
which should be mostly emphasised are: designpgsiand operation of
biological reactors as well as recuperation andfipation of products. This
type of training should preferably be given in ersb laboratories of the
production sector as well as in technological dgwelent centres.

RESEARCH ANDDEVELOPMENT

R&D collaborations should be aimed at the realisatbmesearch
projects in previously mentioned applications. Fossibilities offered by
biotechnology for the co-existence of differingdés of technology would
allow different countries to participate in precseivities throughout the
project according to their respective scientifid dachnological capacities.
As a consequence, third generation and alternaivechnology provide
several applications in which the processes musiadmpted to socio-
economic and environmental conditions, and in wisicime of the stages of
the project must be realised at the site of thdicgifon.
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To take care of this, the country has provided aedte and
technological development centres with experienggilot and commercial
level projects allowing specific agreements of aodiration to be agreed.
Some of these centres have highly qualified staffowbelonged to
international research groups at the time thesaipgrowere realising
considerable achievements in third generation biotelogy.

APPLICATIONS INPRODUCTION

Establishment of new undertakings in selected egigtins. The most
appropriate option for multilateral co-operation dsnsidered to be joint
ventures as this would imply an intermediate inwestt level compared to
the establishment of a branch and the financile$ rigould be shared.

This option not only allows the partners to shée technology, but
also offers the possibility of gathering togethemian, technical and material
resources to continue with research and developaogmities. In our opinion,
this is very similar to previous statements thaltitateral co-operation should
be founded on shared interests and in a mode afiggof rights and duties.

Finally, the options for co-operation that haverbegentioned in the
case of Mexico should be based on third generaind alternative
biotechnology. The advantages and the disadvantafdéise analysis of
some of these options is shown in Tahle

Table 8 Types of Associations for the Production Sector.

Type Advantages Disadvantages

Association Cost and risks are low for the
via licence technological partner.

Financial profits limited for the
technologist

Risk that the technology is not
adequate for the socio-economic
and environmental conditions

Greater control for the financial
partner

Joint ventures  Shared financial risks
Access to patented technological
information.
The optimization of resources to
develop new technologies.
The access to reputation, market
distribution network and
knowledge of local culture.

Whatever disadvantages remain
after defining the following:

— Proposals

— Objectives

— Contribution of each party

— Adequate methods to evaluate
tangible and intangible assets

168



Bibliography

Vocational Training Guidance, Conacyt, ‘Evaluatibsm programas de pos-
grado del pais, en la area de alimentos’, Méxica,January1985

Gonzalez, R. L. and R. Zermefio, ‘El desarrollo ¢tdégico y su
promocién’, ‘El caso de la biotecnologia en Méxipogsented to the
Cuban Seminar Il on the interferomt the Cuban Seminar | on
Biotechnology, La Havana, Februa@g; 1986

Leal, H., ‘La utilizacion microbiologica de despigids lignoceluldsicos.
Potencialidades y perspectivas’, in R. Quintero.Edrospects of
biotechnology in México, Foundation Javier Barraer@ and the
National Council of Sciences and Technology, Méxi@85 pp.93-
114

National Programme of Sciences and Technology, oNati Council of
Sciences and Technology, Méxid®,78

National Programme of Technological and Scientiievelopments4-88,
Federal Power Executive, México, Auguss4

Quintero, R., ‘Biotechnology in México: Needs angportunities’,

presented at the Symposium: Development, Achiev&nen

Aspirations and Problems of the BiotechnologicalieBces in
México, organised by The Society for Industrial Kigiology, 43th
Annual Meeting, San Francisco, California, Auglst5, 1986

Quintero, R., ‘El desarrollo de la biotecnologia Maéxico: Evaluacién de
Oportunidades’, National Council of Sciences andhhelogy (in
preparation).

Quintero R., ‘Prospectiva de la biotecnologia erxid@, in R. Quintero
(Ed.), Prospects for biotechnology in México, Foatimh Javier
Barros Sierra and the National Council of Scierares Technology,
México, 1985 pp.461-468.

Quintero R., ‘Role of Government in food, scienasd aechnology in
México’, presented to the Symposium on Food SciereceViéxico
organised by the Institute of Food Technologiststh Annual
Meeting, Dallas, Texas, Juns-18, 1986

169

Robert, M. L., ‘El Cultivo de tejidos vegetales Eigxico’, in R. Quintero
(Ed.), Prospects of biotechnology in México, Fouima Javier
Barros Sierra and National Council of Sciences @&edhnology,
México, 1985 pp.367-373.

SCFI, ‘Panorama de la Inversion Extranjera en M@xiDepartment for
Social Communication, Méxica986

Viniegra, G., ‘La biotecnologia en la agroindustaiimentaria’, in R.
Quintero (Ed.), Prospects for biotechnology in MéxiFoundation
Javier Barros Sierra and National Council of So#sncand
Technology, Méidco1986 pp.115130.

170



2.4. THE ANDEAN COUNTRIES *

B. Carlos Aguirre

2.4.1. Andean Technology Policy: Its Nature and Far-Rdang Effects

The Technological Policy adopted ¥969 by the Andean Group
(GRAN), was defined to handle the demands genefayethe economic
integration process, whose goals were: the opeoirgpssibilities to link
technology to the building of a large market, tbbadination of foreign
investments and technology transfer to national suoregional interests
and to link technology to the very process of patdun and services as one
of its main factors.

The Andean Technological Policy was an essent@aineht of the
idea which tried to assert a process based on dienhedbilities, displaying
its own capacities and promoting the utilizationlafal production factors
as an important component of an independent denwiop model.
Handling problems related to foreign investmenteptrights, technology
transfer, information, permitted a step forwardhe understanding of the
matter. It also made possible to enact new rulethese matters allowing
the definition of the action to stimulate technabad development.

The Andean Programmes for Technological Developr(lRADT's)
are the tools of the Andean Technological Policg have become a new
experimental area within the GRAN (Andean Grouphaiks to their
execution, it was possible to realize that thegradon process can take
upon itself different co-operative forms to reduttee possibilities of
conflict that can arise because of the complemignttirat creates them.
They lead to the interaction and the union of e$féihat outline the Andean
Group as a new unit of international co-operation.

! This document was prepared for the European/\tirerican Seminar on Biotechnology
which, under the auspices of the European Econc@domunity, held in Brussels,
Belgium, between the 27th and 29th April 1987. Tthieument represents the opinions of
the authors and does not necessarily reflect tlesvsiior opinions of the Cartagena
Agreement, nor those of the member countries oftidean Group. The present document
is based on works done by experts of each Andeantgg propositions by the Cartagena
Agreement to the Andean Council of Science and feldyy, and the results of a co-
operation programme carried out since 1975.
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This instrument eventually became one of the mogiical
contributions of the Andean Group. As a matter aftf through their
execution it was possible: to constitute multinagdiloteams of experts and
technicians; to obtain external financial resourteseduce the differences
among the projects; to exchange specialized infoomaand, to develop
new techniques and methods for technology transfer.

As indicated before, the Andean Technological jolas steered to
demand knowledge from an ambitious project of gyibreal industrialization
and a growing market. However, the far-reachinge@$f of a joint
industrialization were partial and could not copdthwthe proper
characteristics of an incomplete industrializatioh the Latin-American
region. The enlarged economic space, a key faavor téchnological
development, did not trigger the expected demarneabinology.

The strategic scope established by the Technolo&ickcy of the
Andean Group intended the combination of many fifeln commercial
and fiscal elements, but there were multiple digamgs among the public
powers, and between them and the private sectareryacommon problem
in the Andean countries. The lack of concertatieriosisly restrained the
complete application of the Andean Technologicdidyo

2.4.2. Guidelines for a Reorientation of the Andean Swidic and
Technological Integration

NEW CHALLENGES

The application of the Andean Technological Polayvanced with
the achievements and limitations already notethénmeanwhile, and after
a period of dynamism and growth, the integratioacpss went through
phases of stagnation and even regression.

Simultaneously, there is an unprecedented acceler&dward the
technological change in the more developed cowtf@ourable to the
upheaval of a new pattern of industrialization whiends to ignore the
comparative advantages of developing countries.

On the other hand, as a counterpart to the ctisssmodernization
gaps within the countries constitute a great chghe from social,
productive and technological points of view.
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In spite of the growing attention placed by the egyonnents of the
Andean countries on science and technology, thewverss are still
insufficient for a National Policy to face problemsch as those cited. The
new technological elements playing a role deependifferences between
the Andean countries and the more developed cesntiihe intrinsic
weakness of the existing scientific community, fiseal crisis and the
public debt, exacerbates the brain-drain and temalntlement of the sub-
region’s research centers.

Reorientation of the Scientific and Technologicahtegration: Bases for a
New Concept of Joint Action

A series of orientations directed to consolidate ¢ihtained results,
overcome limitations and face the new challengesatibnal, sub-regional
and international levels, have occurred over tls three years in the
Andean Group.

The ‘Reorientation Programme of the Andean IntégmaProcess’
(1983 contains a conceptual basis that should be mmadiolt points out
that integration should offer the countries newsperts and alternatives for
their development processes in fields necessitatifigrts beyond the
national boundaries and, therefore, requiring taapproached by a joint
and concerted action. It also underlines the ndgdasswork with a flexible
and pragmatic criterium in order to complete thpligption of the existing
tools with all the possible forms of co-operatiogading to a major
interrelation among the countries.

Science and technology will help the developmenthid idea of
reorientation. Two central aims are at the basethef new Andean
technological strategy:

a) ‘To create a joint capacity of scientific and teological response
to the challenges of the countries’ development suigregional
integration process’

The problems, already described, show the advastage
association. The current crisis makes it urgenunde efforts. In the
technological field, it is more and more obviousttliisolated positions
are insufficient. A joint action is the new suppddr integration.
Besides, scientific and technological co-operatiena must for the

173

Andean countries, since none of them can establisindependent and
viable scientific and technological community.

It is worthwhile to insist here upon the elemenfsan Andean
scientific and technological community. To achi¢his, it is imperative to
combine human, institutional and financial resogsyrg®t only those of the
member countries, but also those of an interndtioco@peration.

A pragmatic and urgent effort of permanent harmaton must be
made to identify areas susceptible of integration.

b) “To contribute with science and technology to therying out of
sectorial strategies for the Andean integrationqess’

The sectorial strategies for integration enablel¢ntify scientific and
technological requirements. From them and throwdggaate programming
and planning, the appropriate mechanisms and msiits to them can be
recognized. Among the strategies, the followinguthbe mentioned:

Food safetywithin it new prospects for research and applcabf
biotechnology: improved seeds, production of aniwetcines, nitrogen
fixation, development of a variety of plants rasigtdiseases, etc.

Different political decisions give priority to theecessity to develop,
appraise and protect renewable and unrenewedblgal resources

On the other side, the industrial sector strategiptp out common
methods to develop the agro-industry sector. Thiduie to its potential not
only in the expansion of the production of existopgpds, but also in the
incorporation of new products responding to the idbaseeds of
consumption, and the restriction on imports of lfipeoducts and basic
materials which can be substituted by subregioatlral products.

The capital goods sectoa little behind but having a great potential
for development in the subregion. It must be talkém account because of
its implications on the use of skilled labour, magutonomy of industrial
development, commercial potentiality, margin to towre the substitution
of imports, and beginning exports on an extendedkeba

Electronics and telecommunications sect®ecause of its numerous
links to other areas, such as industry when itltesn capital goods, it is
one of the ‘most promising’ themes to work on sceerand technology.
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Priority is given to the evaluation of potentiaHmers investing on projects
for development and production of equipment and ¢bestitution of
Andean multinational enterprises.

2.4.3. Fields of Action of the New Andean Technologricy

To reach the enumerated goals, the Andean Strdibeg$cientific
and Technological Integration has suggested assefipolicies focused on
fields of action that permit a kind of viable pragiming, that is to say
ready to be applied under Andean realities. Theyitay out of these
policies should integrate efforts and resourcesraddkey matters, and give
to the Andean Group a more specific outline whenkig on science and
technology, and using for its development the envaspace of the five
member countries. Thus, new opportunities are opecause of the
deliberate utilization of a subregional space foodpicts and sectors —
carriers of technology.

Three areas of action have been defined and witmpethe
organisation of therRAN's efforts on science and technology:

A) MANAGEMENT APPLIED TO THE DEVELOPMENT OF TECHNOLOGIEL
INNOVATION

The lack of an adequate management makes it difftouapply
technology to production. What has been tested dsenintuitive than
systematic. At present, it is clear that to obtaimeal benefit from the
research results, it is necessary to combine copiabelfinancial, etc.
market mechanisms, as well as feasibility studies$ technology transfer.
This stage will require higher expenses. ‘The gmise, in general terms,
must play the role of a technological innovatiomrpoter and open the
access to more appropriate and modern technolodiesiust be said that
without an improvement of the management appliedntwvation, no
concrete results can be obtained.

B) TECHNICAL AND INFORMATION AREA

As indicated by the Andean Strategy for Scienadncl Technological
Integration, one of the areas requiring a major leasjs is the one which
will permit ‘to collect, process, and offer to tlweuntries technical and
economic information at subregional and internatidevels’...‘to prospect
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on trends of technical and economic change thrdughches and products’
and ‘to support the strategical thought of the egiam’.

Confronted with technical change, it is necessamyadays to adopt
a watchful and prospective attitude, more rigor@xsgent and permanent,
as part of the subregional strategy, including gbting up of alternative
models for development, taking into account the testinologies and the
availability of subregional natural resources. @eénition of best elements
in order to determine a future technological plisral] must consider the
improvement of traditional technologies.

It has been underlined that ‘the creation of infation susceptible to
support the concrete decisional process, in thdgasbility studies, is of
vital importance. It requires the combination alustured information on
alternative technologies, their economy and theoanemic conditions of
access. This information is not spontaneously aktgl It must be created.
Data must be organized to produce information, smdo say, likely to
modify representations and behaviours. The comistituof technical,
commercial and economic information must be madhetvery foundation
of the new activities.

C) SCIENCE, RESEARCH ANDADVANCED TECHNOLOGIESAREA

The present scientific and technological revolutisninfluencing
multiple aspects of production, health, educatiod aervices, which are
matters, because of their nature, of great intéoeshe Andean Group.

The encouragement given to science in the subregamuires a
different perspective. It becomes the conditionassimilate the present
current of technological advances. There is talkawofindustry based on
science. The development of intellectual factordl we the key of
competition between countries and group of coustritn the more
developed countries, the scientific policy is gagniconsideration after a
period of stagnation.

In the light of a series of new demands that tlutosial strategies of
the Andean Group would lay on scientific and tedbgical areas, it is easy
to remark that it is impossible to step forward hwiit a good dose of
organization, programming and effective supporthia field of personnel
training and its utilization through research atgsg.
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The ‘Caracas Programme’, approved by Decisit88 of the
Cartagena Agreement Commission, claims to fulfié tvoid on those
matters, setting up arrangements and compromisegagi harmonization
and concertation.

A proposition of interest consists of structuringound the
Programme a strong supporting movement to the tifatedisciplines that
serve as a basis for advanced technologies, demeodi common needs,
that is to say, scientific research and trainingersonnel.

Therefore, the human resources policy becomesirggrptinciple of
the Andean strategy as announced at the Cartaggneerent, ‘...the
unique policy compatible with a shifting future attte dynamics of the
technical change, is the training of specialist®whould be given a solid
scientific knowledge and good practice in reseanghthods. These are the
right tools that will enable a fast adaptation toiestific changes,
technological innovations and exchange of reseasche

2.4.4. The Andean Programme of Biotechnology

The Cartagena Agreement has promoted diegethe programming of
the Andean Strategy for Scientific and Technolddigagration in concertation
with ruling organisms of scientific and technol@igolicy of the member
countries, which constitute the Andean Councilaé&ce and Technology.

The new stage, expected to be startetbdy, proposes to re-appraise
the meaning of integration, especially its potdnti@onomic space, as a
means to promote technological innovation withia slubregion and to use
this process to fortify the Andean integration.

The effort displayed till now to structure the AadeProgramme of
Biotechnology is an important part of the framewdrl this purpose, there are
national and community experiences, which will balgzed in this document.

In general, the programme will try to organize jooapabilities on
Biotechnology, especially in areas of social andnemic interest to the
Andean countries, such as the agriculture, healthf@od safety areas.

In the management area of biotechnology innovattoa programme
will include financial incentives and a growing rket. These actions allow
the promotion and establishment of Andean multmeti enterprises or
similar forms of association, with the participatiof the private sector and
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research institutes. Special attention will be thon problems such as
technology transfer and intellectual property.

The programme must consider the degree of advamteaiethe
results already obtained in the Andean countrie¥orination on
opportunities and sources, where a subregionabradi advisable, will be
collected and analyzed. The programme’s basicipcis/the analysis and
evaluation of economic, technical and commercit@rimation.

An immediate requirement is to promote the edunasiod training
of personnel research techniques. The establishrmEmetworks and
specific projects oR&D is part of the initial effort to identify requireants
and common means for training.

2.4.5. National and Subregional Experiences

NATIONAL EXPERIENCES

The outline of the Andean Programme of Biotechnglsgbased on
the experience of each member country in the Hiwigogy field.

At national level, there is a group of importantidties in execution
or planned at short or middle term, not only tarafate policies but also
programmes and projects.

BoLIVIA

The development of biotechnology in Bolivia has smffar reached the
level of the other countries of the subregion. Heeve at the Academia
Nacional de Ciencias and the Universidad Boliviaiere is a group of
researchers working together with those of theaggigector, which constitute
the basis on which a short-term nationwide progransnbeing discussed.

It is convenient to indicate as background thatousr efforts have
already been displayed to establish a critical nehss-searchers on which
the programme will be based on.

Particularly, the activity developed by the Natibi@o-ordination
Committee for the development of biological sciendeas increased the
scientific level of experts on biology through mathl and international
courses and lectures, fellowships and training.pfdsent, there are in
Bolivia experts concentrated mainly at Instituto @enética Humana,
founded in1972 Instituto de Investigaciones Bioldgicas of theademia
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Nacional de Ciencias, founded 961, Department of Biology of the
Universidad Mayor de San Simén and at the Facul@dioquimica y
Farmacia of the Universidad Mayor de San Andrés.

At the industrial sector level, the pharmaceuticalustry, although
in the initial phase of formation has an importpatential within a reduced
number of national laboratoriestTi, VITA, ALCO, SIGMA and others, which
have a high technological level. In the pharmacealtfield, Bolivia can
develop biotechnology for the production of antilti® through available
natural resources.

There is also an important potential for biotecbggl development
and its application on farming. On the other hamithin the framework of a
subregional project, Bolivia acquired important eéxgnce in the application
of biotechnology to the mining and metallurgicattse.

Within the framework of policies and strategies tioe development
of the biotechnology programme, the Academia Nadiale Ciencias of
Bolivia proposes to prepare the right ground fer tleanagement of a larger
international co-operation, both regional and N&tuth, according to the
programmes previously developed bpNDECIB and enlarged with new
specific projects, which will integrate the sciéintidevelopment sectors to
productive areas of the nation.

The specific projects will constitute a coherenbolehthrough which
products and services of national and subregiariatést will be obtained.
They will contribute to the development and stréieging of science in the
country and the Subregion.

The basic activity of these programmes or subprogras will be
made up of specific projects for research and dgweént of products and
services. The programmes will be carried out by maeaf subcontracts
between both the ruling and the executive organisms

In its initial phase, the programme will analyze #stablishment of
an information network, the development of legabldopermit-ting the
protection of the obtained results, and the orgditn of biotechnology
laboratories so as to increase the interactionggrtieem.

The general goals of the programme will be:
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a) To promote integration and links among the actsitito be
developed on biotechnology in the country, allowihg techno-
logical advance for development, implementing tle&nition and
execution of biotechnologies and supporting theindefn and
execution of joint actions in order to find solutgoto local and
regional priority problems, through the obtainmeoft process
products and services.

b) To generate projects of regional interest, whicli permit the
obtainment of international funds in order to try $olve the
problems which action will have to face within thetional borders,
giving a remarkable social and economic impact kmglio clear
up and solve problems through biotechnology teakasgq

c) To develop diffusion and demonstration mechanisinsctéd to
both state-controlled and private companies in rotdepromote
investments.

d) To fortify the scientific and technological infrastture of the country
in order to carry out the programme for the beméfiolivia.

Regarding present research work in Bolivia, theitint® de Genética
Humana is carrying out a research programme, speddry theo.E.A., on
Americanae Camelidae with the objective to implaicina embryos in
llama uterus.

Another programme, in execution at the present, timemolecular
biotechnology on diarrhoea diseases (enteropathgl) the transmission of
viruses; to combat the drug resistance of the gatho strains through plasmids.

The Instituto de Biologia of the Academia Naciodal Ciencias, is
carrying out a study on the neurobiological effestsnake venoms, and
later, will prepare serums and vaccines.

COLOMBIA

The National Programme of Biotechnology set upCoyCIENCIAS
endeavors the creation of a working mechanism withigh degree of
participation and consultation with both the sdlemttommunity and the
national productive sector. It also attempts thal@shment of relations of
active exchange and co-ordination with other coestof the region which
have similar problems as those of Colombia, and algh countries in
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which biotechnology is well developed, marking tinéernational trends
whose social and economic impact must be analymddnzade known at
the right time.

The basic activity is the permanent evaluationh& programme’s
progress, the redefinition of its objectives anidnities in accordance with
the results, new trends, identification of needadies of feasibility and
new opportunities.

The programme’s basic activity as well as the wheégies of
necessary and essential activities for its perdeselopment, must rely on
sufficient financial and human resources besidegfaitive planning in
order to reach the objectives. For this reasonh ea® of the essential
activities has been structured as a subprogramfireedawith concrete and
specific goals and its proper order of prioritiesgive an answer to the
needs of the NationaProgramme.

Another of the Programme’s essential actions, diredructured as
subprogramme, is the establishment of an intemactietween the
productive sector and the scientific and technalalgsector. To fulfill this
requirement it is necessary to undertake an agygeepslicy of reciprocal
diffusion between both sectors by means of a sefiseminars attended by
international experts, and later on, to promoteaviiets resulting in an
effective transfer of knowledge, technique, methadd services between
the sectors above mentioned.

Concerning the international relations, the comesing sub-
programme promotes the exchange with outstandingese binational and
multinational projects which encourage the nationedearch activity,
courses, congresses, and any other scientific ngedti order to satisfy
specific needs of the research groups; organize$ e@iffuses any
information received from abroad and from interoaél organisms to the
scientific community of the country; establisheqtemts with technical
missions of the embassies and, through them wilteroscience and
technology organisations of the countries represkrand keeps an active
relation with regional and international programroashiotechnology.

Up to now, the following activities have been caoesed as
necessary for the efficient execution of the redegrojects:

a) Training of human resources.
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b) Establishment of a scientific and technologicaloinfation and
documentation network.

c) Setting up and running of a system of evaluatioth @ntrol of the
programme’s development and other projects.

d) Monitoring and analysis of world-wide developmemnénds of
biotechnology, and anticipation of its economic &op

e) International relationships and regional integmati€o-ordination
with other national programmes.

f) Setting up and running of communication mechanismsveen
both the scientific and technological and the potidm sectors.
Encouragement of a university/industry co-operation

g) Enterprise management and development.

h) Projects for scientific and technological developine

i) Economic projects.

Each one of the activities mentioned above willegikeir support to
research projects. The activities have been chafien consultation with
the scientific community and some representativés tie national
productive sector according to the country’s neadd priorities and the
presence of active groups in the different areas Ghart).

The establishment of priorities for the developmehbiotechnology
products and their production at commercial lestebuld be based on detailed
economic surveys and on the predominating neetlfeeafountry and region.
Studies envisaged by the National Programme aitt sbon.

However, there are certain product lines and sesvimquestionably
essential because of their strong demand or imiteedipplication and,
therefore, receiving financial support frooOLCIENCIAS through specific
projects for development and research, which wilabshort and middle term
the object of negotiations for technology transiied adaptation.

These lines are: development of vaccines; produabib antigens,
monoclonal antibodies, diagnostic kits for tropicdiseases; plant
micropropagation through tissue or cell culture;piovement of the
symbiotic and asymbiotic fixation process of nieag in plants;
biodegradation of organic polluants; recovery aigais and biofertilizers;
production of single-cell proteins for animal fegumpduction of enzymes
for industrial use, lactic starters, organic a@dd antibiotics.
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In the middle-term, there are also, at nation-wileel, projects with
significant economic prospects such as: the amepabduction through genetic
techniques; the production of hormones, diagnédscfor plant viral diseases,
secondary metabolites from plant cell culturespdsiticides for the biological
control of epidemics, and bacterial leaching preeesf certain metals.
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ECUADOR

The National Council of Science and TechnologpNACYT) has
promoted activities on biotechnology sint@3 At the very beginning an
advisory group was created, composed of researcbkermstitutions
working in biotechnology fields.

This group has helped to define priority areas masarch projects
which need to be developed. On the other sidegstdupported the analysis
of propositions made by international organisatiamsich have urged the
country to adhere to development programmes oredfioiology. In the
policy guidelines proposed lyONACYT, biotechnology is considered as a
scientific and technological priority to solve somwiethe serious problems
the country is facing, taking into account the wagedented development of
this sector at international level.

The policy guidelines will be concretized in a Natal Plan which,
on the one hand, will gather the activities devetbpgn the ‘Grupo
Ecuatoriano de Biotecnologia’ and, on the otherdhanill determine
actions directed to the production, applicatiorp@dtion and diffusion of
biotechnology in the agro-food and industrial proithn; and will also
attach health and environment preservation problems

The National Plan for Biotechnology Development |wibntain
harmonized programmes as part of the actions wab®ed out in order to
reach objectives and goals.

Among the planned programmes, the following onesseamentioned:

a) Manpower Training Programmethrough which a review and
harmonization of the study plans on the basic semill be done at
medium and high levels. It will support and fortifye disciplines of
basic sciences in order to provide a basis fortrdiaing of human
resources in biotechnology, such as: cellular bilomolecular
biology, biochemistry, biophysics, virology, enzyogy, genetics,
microbiology and immunology, at postgraduate leitelill permit the
identification of Master and Ph.D. programmes oatdahnology,
which will be followed by Ecuadorian experts, ir tbountries of the
region and in the developed countries.

184



b) Research and Development Programtheough which the following
points will be carried out: the evaluation of stin and
technological potential; the survey of researcldaes biotechnology,
giving priority to research Unes; identificationreSearch projects on
biotechnology which could be carried out by comtiaetion of both
the university and the industry; backing the fouimta of a
Biotechnology Research Centre whose objective lvél]lon the one
hand, to stimulate the execution of research pi®jec problems of
social interest, encouraging sectorial biotechnplagduction, and,
on the other hand, to enrich the manpower traipnogirammes and
provide technical advice on governmental decisiosigpporting
research projects planned by institutions and reBezentres, which
are presently developing surveys.

c) Programme to encourage international and technmaloperation
aimed to fortify the participation of the country iesearch projects
on biotechnology, at regional and internationaélsy

From a strategical point of viewONACYT intends to defineate the
scientific and technological policies in the secarmd the National Plan,
suitable for being applied to the country’s cormis and according to the
evaluation of the scientific and technological i, in co-ordination
with the ‘Grupo Ecuatoriano de Biotecnologia’, whiishould be changed
into a Technical Committee.

Concerning the research at present on executierCkart2. Besides,
the following institutions of public and privatecsars are developing research,
some of them at industrial and semi-industrial leve

Instituto Ecuatoriano de Investigaciones AgropeiasaiMerismatic
Culture.

Instituto Nacional de Higiene: production of humatcines.
INEXA S.A.: merismatic cultures.

LATIN-RECOS.A.: food production.

PRONATECS.A.: Natural extracts.

Centro de Adiestramiento Leches@a..: Lacteal fermentations.
LEVAPAN S.A.: Development of fermentation processes.
Laboratorios farmaceuticos Ecuatorianosg) S.A.: Production of
animal vaccines.

ALCOLESA S.A.: Alcoholic fermentation of molasses.
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Chart 2. Current Projects
Institution Executive unity| Research fields
— Histocompatibility
Universidad — Immunology and infections
Central del Faculty of | peyelopment of Bioreactors
Ecuador Medical Science, Purification of plant dyes
— Purification of fuels
— Fermentation in solid material
— Dairy technology
Universidad SChOO.I of — Meat technology
i Chemical ;
Tecnica Engineering — Fruit and veg_etable t_echnology
— Post-harvesting studies of perishable
products
— Larval development of Macrobrachium
penamensis
— Sexual maturing of Bocachico (Bocacciq)
Universidad de Faculty of — Sexual diphorism and reproduction of
Guayaquil gjitrziles Aeuides mivulatus, in aquaculture
— Culture of Mytella guyamensis mussel
— Phytoplankton culture
— Sellfish of commercial interest
Oceanografic |- Sea phytoplank and primary production
Armada del Institute — Sea zooplankton
Ecuador (Division of Sea |- Sea Benthos
Sciences)

In order to accelerate the biotechnology developnikis required, on
the one hand, to encourage the training of humswourees, strengthening in
this way the country’s scientific level through fgyaduate courses in the
countries of the region and the developed countied, on the other hand, to
set up a teaching and permanent research prograatmender- and
postgraduate levels for the education and traiofngational researchers.

On that account, it is expected in Ecuador to atgtiin 1988 the
postgraduate programme on molecular and cellulatodpy as basic
sciences in order to develop biotechnology.

At last, research projects to be carried out inmtinddle term are:

Pharmaceutical productdNation-wide development of the industrial
production of pharmaceuticals; study of plant &ctprinciples and

186



their application in the pharmaceutical industig; Vitro’ production

of antibodies from hydridoma to determinate: a)tdyda and viral

antigens through etiopathogenic studies in animals; vaccine
production from characterization of surface antiyer) detection of
blood markers of malignity for diagnosis of tumoribeases; d)
therapy methods using monoclonal antibodies finkedalently to

drugs in order to attach malignant cells.

Food productsLiquid and solid fermentations for the productinmd

industrial transformation of food; in high-protdood, it is planned to
carry out genetic modifications of the quinoa tor@ase its nutritive
value; microbial culture collections: implementatiof a microbial
culture collection for the maintenance and distidou of strains of
industrial interest; aquaculture: culture of segaorsms to improve
production and nutritive value of shrimps, oystansl fish; biomass
processes: production of biomass to obtain animadihg-stuff
biological control of insect vectors: studies of lecnlar biology,

cellular biology and cytogenetics for the controltlze life cycle of

insect transmitters of malaria, oncocercosis, trgpamiasis; plant
culture: production of vegetable clones to obtdianis with high

productivity and higher resistance to diseases.

Genetic engineeringinterferon production for the treatment of
cancerous diseases. Diagnosis of hereditary diseds®ugh
recombinanbNA techniques.

Environment pollution Treatment of industrial wastes, especially
waste waters.

PERU

In 1986 the Peruvian National Council of Science and meldgy
(conNcYTEQ created the Consulting Commission of Biotechnpltiganalyze
and propose activities for the application of libt®logy in the country.

Peru is far away from having a critical mass ofeegshers in this
field. The country requires an adequate co-orddmatf the international
organization and the existing research activittedtie development of this
field allowing it to reach the phase of goods aexvises production and to
improve the standard of living of the population.
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In Peru, there is a deep gap between the indusiriois and the
universities; that is why initial actions of mutuaénefit should be started,
and whose quality and quantity would be graduafigrioved and increased.
On that account, the teaching centres could ofiality control and
advisory services, permitting an ever growing exgigaand a real activity
of co-operation in the future. A possible form bfst co-operation is the
establishment of industries which, rooted in academstitutions, can
benefit from the human resources, equipment intiemmal advisory and
consultancy available for those institutions, amdtgbute to their entire
work on teaching, research and services.

An important aspect to be considered for the dereimt of
biotechnology in the country is the manpower tragniln this direction, the
National Programme must first contemplate the gtteming of different
systems of advanced education (postgraduate counsefessional
specialization, training, etc.), as well as trainesearcher exchange and the
utilization of international and regional co-opévatfor that purpose.

The Consulting Commission of Biotechnology conssdewur sectors
in which the application of biotechnology in Peswof great importance:

Biomedical and Veterinary Sectdrhere are good reasons to back the
biotechnology development in the health sector. ptegramme embraces
promising technologies, of fast development, nquireng large investments
for their implementation, depending on the existen€ a critical mass of
skilled specialists, and could be established & ghesent centres wherein
biologists, chemists, pharmacists, veterinariarischemical physicians,
microbiologists, immunologists and other reseachare educated and
further trained.

It is likely to aim to a nation-wide production diagnostic elements
of biotechnological origin that will substitute, neo or less quickly,
expensive culture techniques and for which basieria is still imported.

With regard to therapeutic products, agreementddcprobably be
concluded to ask national companies to take upemsklves the production
and commercialization of bioproducts and to assthmedevelopment and
production of products according to the needsémigar future.

Concerning vaccines, the World Health Organizaagmad the Pan-
American Health Organization, working jointly witliational Institutes of
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other American countries, will probably offer coligg services, support
the technological development, set up productined;j quality control, etc.
The areas of major interest are the following:

Diagnosis of enteropathy, tuberculosis, acute ragply diseases,
transmitted by vectors and parasites;

Thermostable vaccines and new vaccines;

Other biological products such as antidotes, insuknd
plasminogen activator.

Agro-Food Sector This is a prior-right sector because of the
agricultural situation of the country.

In several points of this sector, thim situ application of
biotechnological processes is feasible, which candite the development
of rural industries, with a very large social impakhe application of these
processes would also increase the production awdliptivity of the land.
However, the promotion of a biotechnological adtime will require a
good control of its production and an appropriagtpanded work from the
corresponding governmental organisms.

In the agro-food sector, there are already someeréxpces and
preliminary results which should be encourageddbrtaining short-term
success, including their transfer to other coustrief the region.
Experiences and results within the following areas:

in vitro cultures;

micropropagation and genetic stabilization of mant

production of basic seeds;

bioconversion of materials and agro-industrial washto animal
feeding stuff, enzyme production, alcohols and mothlkemical
substances;

production of biogas and biofertilizers;

nitrogen-fixing micro-organisms and mycorrhyzal din

. production of diagnostic systems for plant viruses.

arwnpE
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Chemical and Pharmaceutical Industry Sectdonsidering the import
balance of basic materials for the chemical andrpheeutical industries, it is
essential to substitute imports and to develoddhewing areas:
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1. alcohol production as raw material for chemical ustties
(chemistry of alcohols);

2. production of solvents (butanol, isopropanol, acet@tc.);

3. production of antibiotics through fermentation &mbkynthetic methods
(penicillins and semi-synthetic cephalosporins, nagilycosides and
rifampicin);

4. production of organic acids (citric, acetic, lacfionaric and others);

5. production of essential amino acids (lysine, metime and
glutamic acid) and vitamins (riboflavin and ascoracid);

6. production of steroids (cortisone, prednisone) atier molecules
obtained from yams;

7. production of alkaloids and other substances thrauagetable cell
cultures.

Other SectorsThe following four areas are important:

metal extraction from metallic sulphates througbtéaal
leaching;

tertiary recovery of petroleum;

biodegradation of pollutants;

monitoring of environmental pollution.

arwpdpE

Generally speaking, it is extremely important torgaout in these
sectors a national evaluation of economic, poligeal technical nature.

In order to set up a programme, the Consulting Cisgiom has proposed:

a) To carry out an evaluation of the national biotextbgy, developing
its prospects.

b) To analyze biotechnology abroad at three levelsvelaped
Countries, Third World Countries, the Andean Caestr

c) The elaboration and regulation of a policy respogdo a national
demand and adjusted to the situation of the coumryrder to
reach results enabling the improvement of the stahdf life of
the Peruvian consumer. The regulations must inclad@atent
Register’ for the protection of biotechnologicabpesses which do
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not have a directly human and social incidence, afdourse,
underline the priority of working areas.

Besides the Commission has proposed:

To create a National Network of Biotechnology agrestitutionalized
system of co-ordination and intercommunicatiorgdoordance with the
existing national laboratories.

To recommend the creation of a special fund forteblmology
research and development, giving to theTEC a part £2%) of the
resources provided by the industry, and thus hameaasearch teams,
activate the laboratories of the National Networld sencourage
researchers. This fund would be managed bgdheYTEC

To promote meetings and communication among erneorrs,
researchers and users of biotechnology to makecte#e the
utilization of the National Network.

It is necessary to clarify to what extent basiceriats and scientific
equipment, essential for the development of biateldyy, represent
a significant point in the Peruvian import balangestrategy must be
planned to put an end to this dependency in omlatevelop the
national production of these basic materials ai@htific equipment.

The permanent problem of imports has also beerusisd. By
general consent;ONCYTEC should try to speed up the regulations
concerning customs clearance so as to be ableast, Ito receive
radioactive materials with preserved good spedéfpacity, really
fresh biochemical supplies, laboratory reactiveslogically active
and special strains.

VENEZUELA

The National Programme of Biotechnology was sahu®84 after the
President of the Republic created by Presidentgi&® No240the National
Commission for Genetic Engineering and Biotechnglagjthin the National
Council for Scientific and Technological Researtth,act as an advisory
organism to the presidency of the Republic ancefme policies and elaborate
plans for the development of genetic engineerimbtaotechnology.

The Programme’s main objectives are the following:
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a) To promote scientific and technological research genetic
engineering and biotechnology areas.

b) To formulate and co-ordinate the National Plan faenetic
Engineering and Biotechnology.

c) To co-operate with organisms whose task is to pteym@an and
finance the scientific and technological develophudrihe country
in this area.

d) To attempt the establishment of scientific and rtebébgical
networks of information on genetic engineering hiadechnology.

e) To spur the training of human resources in this.are

f) To co-operate with organisations which represeatRbpublic on
international matters; especially when relationship the
biotechnology area are concerned.

With the aim to get the Programme started, a sgiyatgas been
adopted to sort out projects, including the essabfient of research co-
operative groups in agriculture, agro-industry, ametlicine areas, in which
the participation of the teaching and the indusagtors is expected.

The principal projects of the biotechnology Prognmen already
selected, are the following:

Agriculture Production of potato and yucca mother plants athdr
products, through tissue culture techniques, samdtybridization,
induction and selection of mutants.

Obtainment of pathogen-free plants using tissutuiltechniques,
followed by massive clonal propagation and develepimof diagnostic
reactives for pathogen detection.

Industry Purification technology of glucose and fructosgups.
Design and evaluation of processes for the produaif fructose syrups.

Agro-industrial waste recovery for the productioh grotein-rich
animal feed.

Enzymatic degradation of lignocellulose wastes.

Biomedicine Studies of diagnosis, prophylaxis and epidemiplofy
diseases such as: leishmaniasis, trypanosomiagdiseprosy. Research in
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this field will include pathogen isolation and aut, cloning and antigen
identification, obtainment of monoclonal and potythl antibodies, etc.
Biochemistry and immunology studies are also pldnne

Another group of studies in this area are: Canodragds diagnosis,
therapeutics and epidemiology. Research in thia amuld be aimed to
gene isolation, recombination, production of RNAdanNA probes,
oncogens, transformation factors, etc.

SUBREGIONAL EXPERIENCES PADT-COBRE AND THEMINING-
METALLURGICAL PROGRAMME

The Commission of the Cartagena Agreement, by ReEs$6 and
87, approved the Andean Projects for TechnologicateBgpment in the
Copper areaPDT-cobre), whose activities started i873and came to an
end in1981 The general objectives bADT-cobre were the following;

a) To form specialists teams, competent enough torgtnand improve
technologies applied in the area, from laboratevgll to the planning,
design, maintenance and operation of industrialtgla

b) To create in Bolivia and Peru laboratory facilitfes the analysis,
evaluation and development of existing studies eaching of
copper ore.

The projects executed within timaDT-cobre framework, in which
Peru and Bolivia participated, were:

Project I Copper-oxide ore treatment through leaching wiitphuric acid
and cementation with scrap iron.

Project II: Bacterial-acid leaching of copper ore in coluronsvastes.

Project 1ll: Copper recovery from copper sulphate solutiomeuth ion-
exchange electro-deposition.

NOTEWORTHY RESULTS INBOLIVIA

a) Equipment, fitting up, and operation of the laboratbelonging to
the Department of Special Metallurgical Projects tbé Sub-
Direction of Projects oEomIBOL, in Oruro.

b) Fitting up of the Krupp pilot plant typel for copper recovery
through ion-exchange electro-deposition.
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¢) Education and training af3 specialists, among them engineers and
technicians on acid-leaching technologies; and, tlwa planning,
design, building and operation of pilot and indasiplants for copper
treatment through hydrometallurgical methods. Tégfinical team has
up-to-now elaborated two studies of feasibility r@mro’ and
Solivar’, and two of pre-feasibility ‘San Miguelhd ‘Telemayu’.

NOTEWORTHY RESULTS INPERU

a) Equipment, fitting up and operation of the labamatef the
Department of Metallurgy ResearchaeNTROMIN, in La Oroya.

b) Plan, design, fitting up and operation of the Pi&amplex of
Toromocho which is composed &copper ore columns with more
than150,000 MT, reaching, some of them, an extraction rategsh
and a throughput 8.5% per month; a cementation plant of nearly
15 MT per month; and a Krupp plant for ion-exchange tedec
deposition with a capacity af4 mT of electrolytical copper per
year. Approximately400 MT of copper cement (worttis$470000)
were produced in the cementation plant.

c) Education and training &b specialists, among them engineers and
technicians, 0cEENTROMIN Peru, Ingemmet and Minero Peru.

In general, the following concluding remarks camimntioned:

a) The development oPADT-cobre has permitted the utilization of
technologies in the copper hydrometallurgical aapplied to the
benefit of lower-grade copper ore in the followiaggas: chemical
leaching, ferro-bacterial leaching, extraction byolvents,
cementation, electro-deposition and crystallization

b) As a result of the above mentioned developmentinieal and
economic studies have been worked out, such agltdming,
design, building and operation of the Pilot CompdéxI oromocho
in Centromin Peru.

¢) The mastering of the technologies developed invBoland Peru
will enable their incorporation to the industriahda productive
sector of both countries.
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d) The utilization of technologies developed in thbregion in the near With regard to financing, it is necessary to intlcthe support for

future will allow the incorporation and developmehinew sources of technical co-operation, not refundable, from thgegoment of the Federal
foreign exchange. At the same time, they will havgrowing effect, Republic of Germany, thanks to an accord with thet@@ena Agreement.
which will permit a larger industrial activity anthe creation of THE ANDEAN COUNCIL FOR SCIENCE AND TECHNOLOGY AND THE
‘satellite’ services parallel to the establishmaitew technologies. CONCERTATION OFACTION ON BIOTECHNOLOGY

e) The technological achievements attained througledheerted effort of The Andean Council for Science and TechnolagyclyT) strives to
the Cartagena Agreement and the Member Countriéis ipresent case promote, at subregional level, an adequate sderaifid technological
Bolivia and Peru, are a clear example of what eareached by means capacity to satisfy the demands for economic asdhkdevelopment of the
of a clearly defined technological integration @pliprovided with Member Countries (DecisiczL3).

mechanisms and tools for its efficient application. _ N _ _
ThecCACYT is composed of top authorities responsible, imaae of

f) The adopted technologies open the way to recoygeroand other the countries, for the scientific and technologmgtem and the orientation
valuable metals from lower-grade ore constituted dut-falls, of activities considered in the ‘Caracas ProgranforeCo-operation on
effluent residues, wastes, etc. Two million tondawer-grade ore Research and Scientific and Technological Educationd Training’
has been estimated in Peru and Bolivia. The aadjié@ehnological (Decision183).
knowledge will permit not only a more important émee for both o )
countries, but also a great contribution to fighmvieonmental During its second meeting (La Pa#84 theCACYT recommended to
pollution provoked by traditional mining methods. enter upon biotechnology all together, and alsemuped the creation of a

] ] ) work team composed of Colombia and Venezuela irerotd elaborate

On basis of the experience above described, thetagzara preliminary actions, initiating a process of cotagon and programming.
Agreement began im985 the development of the Andean Mining- _ . _ e
Metallurgical Programmer(iMA), whose general objective is to strengthen To achieve its goal, this task took form at the c@a Meeting’,
the technical and economic integration of the ngmimetallurgical sector of celebrated between both countries in Septernégs further details will be
the Andean subregion. given in the next section.

Particularly in the bio-hydrometallurgical area, fwds at present ~ Another source of discussion for concertation ontdmhnology
carried out on technology transfer of bacteriathéag, obtained during the during the FourtlcACYT (Caracas]198¢ were the topics identified in the
PADT-Cobre, and its application for polymetallic extracti On the other national plans for Science and Technology, by meains document
side, research on the application of other hydrtathegical technologies, prepared by the Cartagena Agreement.
which will permit the recovery of other metalspis the way. The FourthcacyT adopted the idea of ‘problem-areas’ in order to

These activities are possible because of the dolasion of the identify action lines and to programme, at thetfplsase, joint activities on
research and application centres for this techyolog the Member biotechnology.

Countries, and of course the training of humanuesss. In the health area: Tropical diseases, malaria,g@$iadisease and

The technologies constituting this programme, il applied in leishmaniasis were considered as targets for iatdogy applications.
deposits chosen by the Member Countries. In the agriculture area: The improvement of prouhtgt through

nitrogen fixation and micropropagation of pathode®e plants were
considered as priority lines.
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In the agro-industry area, priority was given te improvement of
nutrition through the production of protein-rictoth

In the natural resources area, an adequate ublwatf natural
resources will allow work on biotechnological raséa and especially in
fields related to promising products, treatmenwvafers and wastes.

In the energy area, the development of new sousted) as those
generated by biomass, was considered as a prioritie first stage.

The FourthcacYT recommended that the programming of scientific
and technological activities on action lines abawentioned, must arise
from the necessity to link research and productma, to take advantage of
the Andean growing market to boost intensive presluttechnology, and
fixing the financial mechanisms to obtain them.

THE COLOMBO-VENEZUELAN MEETING ONBIOTECHNOLOGY INHEALTH
AND AGRICULTURE AREAS

The Colombo-Venezuelan Meeting on Biotechnologythie health
and agriculture areas, sponsored bydheyT, was held between thisth
and20th Septembet98a Delegations of each Member Country presided by
the top governmental authorities on scientific éxhnological policy, the
Ministry of Science and Technology of Venezuela ahe Director of
Colciencias. Representatives of the Cartagena Awet EEC and BID
attended the meeting too.

The participants contributed to the elaboration spkcific project
outlines intended to apply biotechnology in theltheand agriculture areas
through the creation and support of a series afpaErative networks to which
other Member Countries would be later invited tdipg@ate in (see Chas).

The Programme’s main objectives will be the expamsof the
scientific and technological capacity on biotecliggl and the potential
market for the products resulting from its applicat obtainment of
products and services of significant economic aedlth interest for the
subregion; and the co-operation on education aadhitig of human
resources to attain these goals.
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Chart 3. The Cucuta Meeting: outlines for specific projets
Biotechnology on Health

Project | Leishmaniasis

Utilization of biotechnology for the developmentdgftection techniques of leishmaniasis.
Subprojects

1. Standardization and production of leishmania fagdbsis and prognosis of leishmaniasis.

2. Employment ofbNA probes for identification and classification ofshkemaniasis in
vectors, for epidemiological control.

3. Use of monoclonal antibodies for identificatioragtiosis and prognosis of leishmaniasis.
4. Isolation and characterization of specific antigefieishmaniasis for diagnosis

Project Il Creation of New Techniques for Diagnasfishe Chagas’ Disease

Project Il Diagnosis of Malaria
Subproject AEntomological diagnosis.
Subproject BHuman blood cell screening.

Project IV. Animal Health

Subprojects

1. Bacterial and viral agents affecting bovine reputidn, brucellosis, bovine viral
diarrhoea, bovine rhinotracheitis.

Hemoparasites, babesia and anaplasm.

Vesicular diseases, vesicular stomatitis and fadtraouth disease.

Viral agents provoking diarrhoea in porcines, besifrotavirus, reovirus).
Viral agents affecting poultry raising.

Biotechnology on Agriculture

oD

Project | Tissue Culture
Subprojects

1. Selection and programming of promising banana sla@ieegional interest for Colombia
and Venezuela.

2. Production of healthy potato plants for sowing.
3. Development of methodologies for clonal propagatiboacao.
4. Development of a technology for pelleting embryosdpiced in vitro’.

Project 1l Diagnosis and Prevention of Viral Diseasin Food and Industrial
Cultures

To that effect, it has been suggested the creatican integrative
programme embracing the different aspects of coatips in the area, and
precluding the arise of a package of independestip projects. A two-
fold objective is in mind to face mutual deficieesiwhich would hinder the
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success on the intended projects, and allow theoduattion of new

products as soon as areas of interest for regumradertation are detected.
The programme will probably last four years in arde enable the

harmonization of the goals fixed in projects idifiachosen and those
which could be introduced in the programme’s fitsige.

The programme is subdivided in three subprogramrf@shuman
health; (b) animal health; (c) education and tragrof human resources and
scientific exchange. The first two subprogrammesragce a series of
specific projects in their respective areas. Rgiomwas given to these
projects because of the available information ie thirst Colombo-
Venezuelan Meeting on Biotechnology, but the infiitbn of projects for
co-operation by well-known laboratories in both w©wies in areas not
considered within the first stage, will be accetieda

Every financed project will be directed by a cowatior appointed by
the heads of the participant laboratories, anebiexution will be periodically
evaluated according to international rules, emplgyas far as possible
technical commissions and the mechanisms estathlisbe follow up
programmes for international co-operation G@YNICIT and COLCIENCIAS,
including the help, if necessary, of internatioegberts.

The manpower training and scientific exchange @gne will
embrace the usual activities in this area tryindgpagomonize the respective
needs of the specific projects and, in more gerterahs, the goals of a
programme for integrative development of biotecbgg! To that effect,
mechanisms to ease the research exchange betwelemb@o and
Venezuela will be established, and also the useoofses and training
programmes of common interest.

The three subprogrammes will be run by an ‘ad hslearing
Committee created bgoNICIT and COLCIENCIAS and will oversee the
accomplishment of objectives and the attributioedch sub-programme of
the necessary resources.

THE BIOTECHNOLOGY PROGRAMME OF THEANDEAN CORPORATION FOR
DEVELOPMENT (CAF)

In order to contribute to the development of bibtemdogy in the
countries of the Andean Group, through supporhtresearch areas and
spurring the creation of structures which will pérta link research results
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to the producing activity, the Andean CorporationDevelopment adopted
a programme that will enable:

a) To promote communication among specialized reseamaties and to
stimulate the exchange and harmonization of relseard information.

b) To back the development of specific projects ofliedpresearch with
the purpose to settle the ground for a more sethsed development.

c) To support the constitution of operative structutest will bridge
research sectors and users. (For instance, féiojtthe association
of research groups, farming centres and privaterprises.)

d) To support the establishment of enterprises speedlin the
culture, propagation and commercialization of aobtained by
biotechnology applications.

e) To organize programmes for the education and trgirof the
personnel, to ease technology transfer and advisory

In the first phase, the programme will concentrate the tissue
culture area.

Selected research centres or companies carryingproabnceiving
biotechnology projects will be supported. Choicesetection of projects
will basically depend on the degree of their paadtuse.

Support will include personnel training and spezédion, as well as
technical assistance and consulting services. It also include the
equipment and the supply of research material. €ointg training and
equipment areas, an important task has been platimeesearch of support of
international organisms in order to reinforce ¢iAg possible contributions.

At later stages, and after evaluation of the ihéiions, new areas of
biotechnology and genetic engineering will be idtroced according to
applicability and utility criteria.

The programme is expected to carry out the follgwmain activities:

1. The establishment of an inventory of the subrediaagacity in
biotechnology, including:

a) Research areas.
b) Availability of laboratories.
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¢) Availability and needs of skilled personnel.
d) Degree of application and present and potentiabtibiotechnology
in the productive sector.

2. Selection or choice of programmes or projects,aabu in course
of preparation.

Organization and outset of the projects.
Organization of a specialized seminar at subregienal.

Intervention before international organisation®lain support on
personnel training, consulting services and equiime

6. Evaluation of the programme’s results after thet frear of operation.

The program will last two years and cas$$1.0 million that will
finance the following activities:

a) Inventory of the subregional capacity in the bibtestogical sector.

b) Further development and identification of biotedogy
programmes or projects.

¢) Organization of meetings and specialized seminasalaregional
level.

d) Promotion of participation of specialized interoatl agencies
in the programme.

e) Budget support to specialized centres on biotedgyoln each
country of the subregion.

The programme will be financed with resources @& #und for
Development of Genetic Engineering and Biotechnplog the Andean
Group. The Assembly of Shareholders of the AndeasunCil for
Development¢AF) has been urged to create the above mentioned &mad
to grant itus$1.0 million from the accumulated net income of ther on
the31st Decembet986

The programme will be conducted by a unit speciatBated to that
effect and composed of the Head of the Programme, ar several
consultants, according to needs, supplied withowt eost for CAF by
specialized governmental or international ageneied,a secretariat.

201

2.4.6. Andean-European Co-operation on Biotechnology

A future Andean-European Co-operation in the biotetogy sec-tor
may rely on the Agreement for Co-operation signgdbbth integration
groups. To that effect, it is convenient to identifie main points of the
above mentioned Agreement.

The Agreement has a global and integrative coneeptf co-
operation which is defined as ‘a broad economicoperation to
contribute to the development of the Parties radpgeeconomies and to
raising their standards of living'. It is no longesmething as punctual as
the supports theeEc was offering to certain sectors in the past. The
Agreement’s global task is to spur more adequatgest according to the
degree of maturity of both integration processespens an ambitious
outlook with far-reaching effects.

A ‘more equitable distribution’ of development patiels encloses a
redistributive criterium maintained by the Andearo@® and must lead to
the planning of operation in which science and netbgy transfer would
play an important role; and this because of theargements and
commitments for teaching and transmission statethénAgreement. The
Agreement must therefore serve as an ambitiousrumsint for
redistribution at subregional level.

To recognize that the Andean Group is made up okldping
countries, and within it of less-developed coustrie to give to Bolivia and
Ecuador a special treatment, above all in the daucand training.

The co-operation for development enunciated in GFAN/EEC
Agreement recognizes the necessity to co-ordimme member states
efforts to back integration projects, in the preésease scientific and
technological. For the Andean Group it implies agéam capacity of
harmonization and concertation so as to enablantiegration projects to
seize major opportunities which will probably berad out by means of
the European effort for co-ordination. The resgltmationalization should
be considered as a growing and profitable potentath will depend on a
more active and efficient position of the Andeano@r during the
execution of the Agreement.

Scientific and technological co-operation was somes$ confined
to certain activities with detriment to others, foublic agents
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disadvantaging the private sector. The Agreemepligiy embraces
co-operation in the fields of science and technglogndustrial

development, agro-industry and farming, mining, héides, infra-

structure, transport and communications, energy &mism. The

possibility to form joint ventures was not consigerby theGRAN/EEC

co-operation in the past. This leads to the netes$iseeking synergetic
effects. Science and technology, as proposed byAthdean strategy,
must be the common denominator to all the sectdfected by

modernization processes within the framework of Amelean Strategies
for Science and Technology. Knowledge becomes #eté the whole
integration process in various areas.

Concluding Remarks

a) We face an Agreement whose potential must be awolitin its
far-reaching effects. It may be used, within thespnt crisis, to
transfer of knowledge and capacity necessary fer Ahdean
Group for a more self-sustained development.

b) It is important to point out mechanisms or toolsnir the

GRAN/EEC Agreement to make viable the knowledge and

capacity transfer, and realized through the coatjmar above
indicated or in exclusively detailed activities.

c) The Agreement requires an explicit and feasibléoactrame-
work for scientific and technological co-operation.

d) Completing this idea, a strong support would beesgivo the
relationship of horizontal co-operation among #&RaN member
countries in order to create a joint action througlources,
capacities and abilities from tleec.

The GRAN and EEC Member States must come to understand each

other’'s experiences in science and technology.riBrics placed on the
better understanding of the rationalization andatiaation of recent
resources in order to create a new and more itig@operation scheme.

GRAN is stepping towards a scheme of harmonizationcandertation
of needs and will, soon be ready to initiate thaskt The subregion’s
‘harmonized’ demands are already known, particplaml the subregional
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personnel education and training area which coeltbime one of the most
important channels for capacity transfer fromehe to GRAN.

An unavoidable subject which has been discussed fmertain time
by theGRAN member countries and in consequence has beenvappas a
Special Fund by Decision83 is the organization and setting up of a
financial mechanism to support joint actions. Thecjse identification of
mechanisms for co-operation will come to light fréhe experiences and
opinions exchanged during the European/Latin-AnagriSeminar.

204



HEALTH IN THE THIRD WORLD:
THE ROLE OF INTERNATIONAL CO-OPERATION

Luiz Pereira da Silva

Expectations of the benefits from the introductiai new
biotechnologies on the health of people in thedthorld is reflected in the
immense publicity given to them not only in the @pkzed press but also
in the mass media.

Therefore, it is not necessary here to re-emphdbzenew possible
applications to health sciences provideddma recombinant techniques,
molecular genetics, monoclonal antibodies and atietern techniques for
the diagnosis, prevention and treatment of humseadies.

Taking for granted that most if not all of the pkom the audience
are aware of these potential benefits, the spaakmore inclined to discuss
a few general points related to the introductiomeW biotechnologies in
the third world. By assuming an ‘against the streattitude, the speaker is
conscious of the fact that he will probably be ddeed as having
conservative views. He accepts this blame and faskhe comprehension
of his younger colleagues.

The speaker will try to define some problems whiehthinks are
specific to third world conditions, to raise somelestions on the
introduction of new biotechnologies and to devedoguments in favour of
particular policies he thinks must be followed lywgrn-mental agencies,
either national or international to provide a ratibbasis for the use and
development of biotechnologies. Finally, he wilf to define the type of
international co-operation that he thinks could tdbote to accelerate
socio-cultural progress in the third world and veblgad to an improvement
in the infra-structure necessary for the develogro€health policies.

Specificity of Third World Problems

The first thing to define is the existence of specproblems of
health in the third world. They consist first inetmature of the health
problems: malnutrition, high incidence of infectioand parasitic diseases,
high rates of maternal, neonatal and infantile alyt low quality and
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insecurity of housing and working conditions, wittigh incidence of

accidents. Most of these problems, which drasticalecrease the
expectation of life and seriously deteriorate tlning standards are
determined by social and economical structures.idaédare measures are
only of limited effect and correspond to the usdraflitional products like

antibiotics and chemical drugs.

The second important feature of health problentheénthird world is
the inadequacy or absence of the structures negessgrovide health
care: hospitals, welfare centres, and the lowr(sufficient) qualification of
the staff responsible for health care. In respethé subject discussed here,
namely the introduction of modern biotechnologyheulth sciences and in
medical practice, one important deficiency is thHesemce of national
pharmaceutical and chemical industries for drugd pesticides in most
countries of the third world and the weakness @eabe of a biological
industry for vaccines, sera and blood products dedivates. As a
conseqguence, all the medical measures of the hpalities in the third
world, from the public health level to the privaténical medicine are
entirely dependent on the importation of technologyhe form of drugs,
products, machines and equipment.

A Rational Policy for the Introduction of New Bicte@ologies

With this picture of the health problems in thedhwvorld we will try
first to describe some errors and illustrate hogytban be avoided.

1. New biotechnologies cannot, in any case, replacasures at the
social-economical level responsible for the basiblems of health.

2. New biotechnologies are not obligatorily giving thest solutions
for health problems in substitution to traditiob@technology.

3. New biotechnologies cannot (or are difficult to) beroduced
independently of the complex economical and tedwiodl infra-
structures necessary for their functioning.

4. New biotechnologies cannot be employed out of cdrgéa solid
scientific environment and a precise evaluatiomtérdisciplinary
and technological interactions.
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5. New biotechnologies will not be an area in whicim gaoliferate
small new enterprises full of original ideas andmipg fantastic
opportunities for imaginative young people.

6. New biotechnologies applied to health will not be area of
activity from which important financial benefitseato be expected.

After having considered all of these negative viewshe use of new
biotechnologies in the third world, the speakei @iscuss some positive
ones which are important:

1. Some of the important problems of public healthhia third world
would benefit enormously from the introduction ofewn
biotechnologies, like for the diagnosis and prexenbf hepatitis,
malaria,AIDS and other diseases.

2. Most of the countries in the third world, in additito a majority of
poor people, have also a fraction of the populatuaih relatively
high socio-economic conditions, and consequentithgroblems,
equivalent to those of developed countries.

3. The absence of strong local industry occupyingsaoéa&conomical
activity and using traditional technology liberateuntries of the
third world from conservative pressure of lobbies.

A rational policy on the introduction of modern taohnologies in
health sciences and in medical care in the thirdldvenust take into

consideration both the positive and negative caimds discussed above.

According to the speaker’s point of view it mustpect some basic points:

Development of scientific and technological eduwatiscientific
and technological research without any dicotomy lboking for
equilibrium and association of both activities;

Acurate planning of investments to provide, throughe
development of economical and technological baakgs, the
opportunity for the flowering of different innovati;

Stimulate the participation of the scientific commiy through an
open and large debate on selecting priorities ahdosing
technological alternatives;
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Define social priorities and integrate public hiegrograms in a
general project of socio-economic development.

International Co-operation

The difficulty in defining a rational model for thedevelopment of
international co-operation in the area of new Mkibt®logies is the
difficulty in defining the protagonists. Since teciogies are finally to
produce goods and since the production of goodsfisiction of Industry,
‘new biotechnological products’ are as result pemtl by the different
branches of the ‘Industrie de pointe’ in Pharmaclemistry, Mechanics,
Electronics, etc. As we know these industries awadays developing a
tremendous international commercial war for conmgemarkets. To create
artificial needs is often more important than teisfg a real necessity.
Marketing is more decisive than scientific accuracy

The past experience of the third world of co-operain Industry is
quite negative. The example of what happened with gharmaceutical
industry in Latin America in tha96Gs is illustrative. During the Second
World War, and in the years just after, many L&merican countries had
developed a promising pharmaceutical industry. ,Thisvever, collapsed
when confronted with the multinational enterprisegading the market
during the economical ‘boom’ of the960s which offered a series of new
products like antibiotics, neuroleptics, trangaélis, etc. (which, of course,
were all covered by patents).

If we wish to avoid the repetition of this phenomenwith new
biotechnologies we need to have very clear ideashenmechanisms by
which international co-operation and technologicahd commercial
exchange must be oriented. For the moment there isason for an excess
of optimism, since all the available indicators rgoto an undesirable
evolution and this for a series of reasons:

New biotechnologies and their derived productsiapgpio health
sciences and medical care are more and more tiagréabf giant
chemical-pharmaceutical enterprises, which are attynmore
interested in selling products than in transferrkmpw-how. In
the 197G we observed the creation of a large number ofsreall
enterprises dealing with biotechnology, especiglyhe USA but
also in Europe, nowadays most of them have disapgea have
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been absorbed by the giant industrial conglomeratitiser
national or multinational.

To regulate the exchange of technologies betweeslalged
countries and to conciliate conflicts arising fréme industrial and
commercial activities of national and multinationajiant

enterprises, European countries have created wwtegctat the
supranational level, like theec, which have all the political
support from national governments and which arevigesl with

the necessary social, political and economical aiith to

guarantee and support their role.

Apart from some political tribunes in United Nat&rihere is no
equivalent international organisations to regutai interactions
and exchanges among developed and underdevelopedries
with the exception of those in charge of the poBapervision at
the financial level likemF.

In these conditions it is easy to realize that fiwect interactions
between industrial protagonists, bringing togetbarthe one side
experienced giant enterprises and on the otheparenced small
and poor companies will more often generate goainiess for
the first than useful technological transfer fag #econd.

Therefore, the natural tendency of trade, intesastiand ‘co-

operation’ will be (and already is in many respgttie invasion of

nascent markets in the third world countries by mencialized

products, either imported or produced by local slidages of

multinational enterprises. They will satisfy theeds (real or

artificial) of the fraction of the population refed to above as being
similar to the consumer society present in devel@peintries.

If following this model, transfer of new biotechongies will
reinforce economical and technological dependetiagte artificial social
needs, create foreign commercial exchange imbalamck deform the
priorities of national health policies.

The only way that third world countries have totpo them-selves
against all these negative consequences of ‘freagges’ and ‘open
borders’ is to refuse them and to regulate thermatgonal co-operation
according to their national interest and healthicped.
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Conclusion

The speaker has already defined some of the mantiples he
thinks must be followed by third world countries amder to favour a
rational introduction of modern technology obtainédm developed
countries.

If we assume that all men are alike and that athefm would benefit
from a general improvement in the health of thedthworld, then it is
possible perhaps to express some wishes concerrpragtical
recommendations that could be addressed t@&tkaeo favour know-how
transfer in the area of new biotechnologies.

Creation of permanent bilateral structures betweea and the
equivalent regional inter-governmental organizatiorior the
study, regulation, financial support and controltethnological
transfer projects.

Developing and amplifying the already existing peogmes of
scientific co-operation between third world and dpgan
laboratories. Give priority to institutions of titgird world directly
involved in research in health sciences to alloenthto elaborate
new adapted techniques and products.

Developing programmes of scientific and technolabicaining for
third world students giving preference to projeztiaducted in local
laboratories and institutions. The organization @érmanent
summer schools with a minimum of permanent adnratisin and
the participation of relevant European techniciamsl scientists
would be a welcome formula.

Elaborate programmes to drain the surplus of tchipeople in
Europe to work for periods of one to a few yeartalvoratories of
the third world with financial support from tiee=c or international
agencies. In this respect, a welcome initiative lidne to stimulate
well-trained young Europeans, during their militagrvice, to go to
work in third world laboratories.

All these and other possible initiatives might beveloped in co-
ordination withwHO and their regional agencies. A dose interactioti wi
parallel projects related to agriculture would agntly increase their impact.
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CONCLUSIONS AND ANALYSIS

Bernardo Sorj

The three days of discussion confirmed the impagarof
biotechnology for Latin America not only in suchelfis as tropical
medicine and nutrition which are vital to basic fagt, but also in areas
directly contributing to economic growth and deysient.

Biotechnology has a role to play in strengthenirai. America’s
growth prospects and trade performance by:

improving crop yields;

favouring import substitution in agriculture andlirstry;
extending the pharmaceutical industry into newsrea

and, perhaps above all, capturing the creativenasrd
entrepreneurship of Latin America’s smaller techggibased firms.

If these hopes are realised biotechnology will fémt structural
adjustment efforts and so contribute to relaunclgimayvth, and overcoming
the debt problem.

But these hopes will not be realised overnight:

there is a shortage of scientists able to place¢lcessary expertise
at the service of Latin American industry;

research institutes and universities cannot keepe paith the
demand,;

information concerning available technologies whimbuld be
adapted to the needs of Latin American industryagritulture is
lacking;

smaller firms possessing such technologies in Eurapd else-
where may, because of their size, lack the meansstablish
contacts with counter-part firms in Latin America.

This situation poses a challenge to research st industry,
governments, regional organisations in Latin Angeand to the European
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Community. SOBELA was an impressive demonstration of the will of all
parties concerned to meet this challenge.

Where do we go from here, now that a certain nunaberontacts
have been made? What can Europe and Latin Amenicaarking together
as partners, to further co-operation in the fieldbiotechnology? How in
particular can the Community, by virtue of its oexperience in promoting
cross-national research on biotechnology and meremlly of economic
co-operation help assure a follow-up which is wpii the many valuable
interventions made at the seminar?

There are at least three fields which call for imdmate action:

A. Information The improvement of the two-way flow of informatio
between Europe and Latin America on new developsnémt
biotechnology: the Commission is ready to explayssibilities for
improving data bases, facilitating exchanges betwessearch
institutes, organising specialised seminars andfecences to
ensure that researchers in our two continentsrdoenied of each
others efforts, within the normal constraints imgubs by
commercial considerations;

B. Training. Latin America is producing an increasing numbér o
scientists but their number falls short of thatuieed by the rapid
growth of biotechnology.

The Community and its Member States can help oweecthis
problem by:

making available experts to work with Latin Amenceesearch
institutes and biotechnology-based enterprises;

arranging traineeships for Latin American sciestistvith
Community firms and research institutes;

providing assistance for Latin American biologigts pursue
advanced studies in Europe;

improving information on training possibilities dughout the
Community.

C. Industrial Co-operationThese three days’ discussion have shown
that both sides have an interest in joint ventares other forms of
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collaboration between firms and research institatesither side
of the Atlantic. Such arrangements are among thst reffective
instruments for technology transfer.

The Commission has recently proposed to the Couhatl hence-
forth the Community should do more to promote iridalk co-operation
with enterprises in our partner countries in Latimerica and elsewhere in
the developing world.

We will examine together in the coming months hastlthese ideas
can be applied to the field of biotechnology.

You can rest assured that the European Commissibdomvhatever
is within its power to support those efforts whigbu, who are dose to the
reality of industry and research, decide jointlytwertake.

Together we will examine the kind of instrumentswvidyich we could
develop and implement joint initiatives in the diglcovered by this seminar.

For us this seminar has served as a valuable fgpmiperience, an
example of the kind of initiative which can helpingy researchers and
industrialists in Europe and Latin America closmgdther.

The many suggestions put forward will help us teellep new forms
of co-operation not only in biotechnology but alsamther advanced fields
where Europe and Latin America can learn from edbhbrs’ experience.

SOBELAAnNalysis

Advanced technologies pose new challenges for dpirej countries
and their relationships with the developed worldwHan high technology
be integrated into a development strategy? Whé#tasbest basis for co-
operation between Europe and Latin America in tbetext of a global
market challenged by Japan and tisa?

It is the belief of the Editors that tls®BELA seminar and this volume
provide some valuable indications of how the prewpduestions might be
addressed.

SOBELA was organised in two parts: the meeting itself amdimber
of satellite visits to European countries by mershrthe Latin American
delegations. Proposals for possible co- operati@mewevaluated by a
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guestionnaire distributed to Latin American delegatoth before and after
SOBELA. The following table shows the level of response.

Table 1. Questionnaire replies.

Country Delegates Replies Percentage
lAndean Pact 9 (11)* 4 45
IArgentina 10 6 60

Brazil 17 (26)* 11 65
Mexico 5 3 60

Totals 41 (52)* 24 59

* The number in parentheses includes journalistsgmvernmental representatives, not
directly involved in biotechnology.

The number of co-operation proposals advanced bly dalegation
attests to a broadly similar level of interestniimbers are extrapolated to
include all delegates from Latin America sor2@0 proposals for co-
operation may have been initiated.

Table 2.Co-operation proposals by delegation.

Country Total Extrapolated total* Average propospés delegate
Andean Pact 28 58 6.4

Argentina 23 38 3.8

Brazil 36 56 3.3

Mexico 10 17 34

Totals 97 169 4.1
*extrapolation to 100% rate of reply for each dekam.

The following table summarizes proposals on a eguby country
basis.

Table 3.Co-operation proposals, synopsis.

Countries B F GR NL IRL | P E GB D LA Total
Andean Pact 6 4 - 2 1 4 - 2 1 5 2 2y
Argentina 6 7 - 1 - - -1 7 2 - 24
Brazil 12 11 1 7 - - 2 1 1 2 - 36
Mexico 2 - 1 2 - - - 2 1 1 1 10
Totals 26 22 2 12 1 4 2 6 10 10 3 98

The above figures reflect the special efforts ntagd8elgium, France
and the Netherlands who organised visits withinirtimountries for
members of the Latin American delegations. AlthotlghUnited Kingdom
did not host any visits it is notable that a straraglition of co-operation
served as the basis for a number of proposals.
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Table 4.A sectorial analysis of replies.

Countries Health Agro Energy Others* Total
IAndean Pact 8 6 - 13 27
IArgentina 10 4 - 10 24
Brazil 4 24 1 7 37
Mexico 1 4 - 5 10
Totals 23 38 1 35 38
* Refers essentially to training programmes inval fields.

There is a clear division of interest among ther_American states,
with Argentina and the Andean Pact focusing on the@lare and Brazil
and Mexico focusing on Agriculture. Almost halftbe proposals related to
agriculture and a quarter to health care.

The type of European institution interested in peration with Latin
America is indicated in the following table.

Table 5.European Institutions interested in proposals.

Countries Private Public Total
IAndean Pact 3 24 27
IArgentina 11 13 24
Brazil 21 16 37
Mexico 4 6 10
Totals 39 59 98

Overall there was a balance between private andicpulector
proposals for co-operation. The Brazilian deleggtiovhich included a
significant number of entrepreneurs showed thetgseéendency to private
industrial co-operation.

It is still unclear how many of these early ovegsiof interest will
ultimately become manifest as contractual agreesndifiis will depend in
some measure on the active involvement of states iadividuals in
initiatives discussed in the concluding remarks.

A most important consequence SIHBELA was the stimulation of an
identity amongst those Latin American institutionsivolved in
biotechnology. Strong institutions, both public amtivate, are of
fundamental importance in promoting and sustainkEwopean/ Latin
American co-operation. It is important to note ttreg timing ofSOBELA in
April 1987 was critical, coming just as Latin American coiggrwere
taking the first steps in the establishment of aggdévand governmental
enterprises in the field of biotechnology. Braz#dhjust launched the
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Association of Biotechnology EnterprisesABRABI). The National

Secretariat of Biotechnology of the Ministry of &te and Technology, in
its second year, was defining its programme ofvdgti Argentina, with a

lesser degree of institutionalisation, had a govermt body responsible for
promoting biotechnology, and a forum for encourggihe interaction of

entrepreneurs. Mexico has long had government spedsactivities in

biotechnology, but no private industrial sectornote. The Andean Pact
countries are only now formulating their biotectogyl programme.

The first important, and unforeseen, rolesoBELA was to crystallise
the institutionalisation of Latin American biotediogy. The seminar
functioned both as a Latin America/Europe meetind as a rare Latin
American forum, where representatives from theedifig Latin American
states were together able to discuss strategy. $OBELA stimulated not
only inter-continental co-operation, but also irtomtinental co-operation.
The massive Brazilian delegation probably had muéting effect on the
other Latin American delegates, especially in thase of emulating the
Brazilian association of enterprises with its lgpg®ate sector representation.

SOBELA fulfilled a second role in indicating a ‘modus ogadi’ for
European/Latin American co-operation that may swumhomany of the
problems encountered in such international co-dperaventures. The
inclusion of representatives from government, itgusand research
institutions  allowed the different influences to uoterbalance and
complement each other. Too often there is a terydengolicy makers to be
rhetorical, entrepreneurs narrow minded and acadeumrealistic. In Latin
America, political instability and sometimes idegiltal pressures, can
increase those tendencies. It is fundamental thaeetors work together to
ensure the continuity and efficacity of internatibco-operation.

As an exercise in awarenesseBELA filled a third role, allowing
Latin American and European delegates to evallmgeativantages of co-
operation. Latin American delegates were most emistic as exemplified
by the following comments:

‘We felt that Europe is capable of confronting Amarand Japan
at the scientific and technological level’

‘SOBELA was the first but important step in a difficulime
consuming, process’
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‘European-Latin American relations should be baseda fair
exchange by which the first receive technology, tiedsecond an
important consumer market’

‘The formation of human resources is a centralr@gefor Latin
America and a precondition for the effective ab#orp of
European technology’

‘We need to create direct links between Europeath batin
American entrepreneurs’

‘We need greater selectivity in the field of indiedtco-operation,
taking into consideration existing infrastructurenarkets,
technical capacity and patent laws’

‘We need to study the mechanisms by which Europeeases the
links between enterprises and universities’

‘We need to consolidate realistically our natiopedgrammes of
biotechnology in order to make clearer what we naed have
to offer’

‘We need to discuss negotiation models capablatiéfging the
expectations of both sides’

‘We discovered that Europe has technologies thhtfind their
ideal application in Latin America’

‘European documents related to legal problems, |atign and
promotion of biotechnology should be diffused andi@kshop
organised on specific topics of common interest’

‘I was impressed by the diversity of interest adidsyncrasies of
the various European countries, and at the same hiyntheir
conviviality within a common framework’

‘SOBELA was important for us (Andean Pact) because wénaae
stage of definition of our national programme andrgies’

‘The interpersonal relations established durB@peLA will be
central to our future co-operation with EuropeBELA expressed
the will of the Commission to increase links withatin America.
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These efforts should have continuity through opemmunication
channels, and the realisation of new meetings’

The Challenges

The quality and quantity of contacts that were ldisiaed between
Latin American and European biotechnology entreguies) and the facility
with which they were set up indicate that the lmbtelogy sector is
particularly well placed for the development of eomic co-operation
between the two continents, especially between Isaml medium scale
enterprises §MES). The reasons for this lie in the special natofe
biotechnology basesiMES. Relatively small amounts of capital are needed t
launch a joint venture operation, and importantiynpany directors often
have an academic back-ground with internationguages and experience.

In a sector where industrial and academic skikshaghly integrated
it is possible to exploit the well established in&ional programmes in
scientific training and research to the benefiscence based commercial
developmentSOBELA raised the prospect of using biotechnology asoh to
for promoting international co-operation. Many pesbs still exist and will
need to be resolved if effective inter-continerpaktnerships are to be
effected. It will be critical that in such relatghips a fair exchange is
effected: for European firms, a reasonable retum imvestment and
presence in a developing world market, and forr_&merican countries
and organisations, the production of essential gawithin the framework
of a favourable technology transfer and co-openatiavironment.

In order to advance the interests of both sidethéurexchange and
experience is required. The controversial topipatent legislation must be
confronted. This topic is a subject of debate itin.dmerica, and indeed
the world press. ThesA has recently adopted a most hostile stance towards
Latin American latitude on the patents issue. mkrdebate is moving
towards a consolidation of opinion and in someestatlexico for example,
legislation is being enacted to give full paterdgtpction to pharmaceuticals
and food products. Europe should seek active aation in these
discussions, at European Commission, national govental and industrial
levels, thus shaping Latin American positions fog future. This will not
be achieved by confrontation and polarisation,dyuexchanges of opinion
and political concertation.
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Europe’s presence in Latin America is mediated gmadantly by
large companies. There is however much scope éoattive participation
of EuropearsMEs, which are usually more open to the technologgdier
schemes expected by Latin American countries.

Increasing co-operation between European and latiaricansSMES
is a difficult objective to realise, not least basa of limited information,
provincial attitudes, and simple ignorance of tkepe of possibilities for
international co-operation. On the basis of argumeresented in drafts of
this volume the European Commission will exploreysveo make available
the information, interface operational units andatation activities needed
to transform the spirit d§OBELA into a permanent and expanding reality.

SOBELA was not simply a seminar on biotechnology in Earapd
Latin America held in AprilL987 It is an ongoing activity, in which Europe
is demonstrating its capacity to be the activengarand focal point for the
constant effort needed to turn around the econoafidsveloping countries
through the medium of high technology.
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