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NOTES

1. The evidence on which this inquiry is based is contained in the Minutes of
Evidence published separately after each session (Education, Science and Arts
Committee, Session 1981-2, Biotechnology, Minutes of Evidence) between 24 March
and 26 May 1982 as HC papers (1981-82) 289-i to 289-vii. References in the text
to questions in this evidence are indicated by the letter “Q’" followed by the number
of the question: references to memoranda by “Ev” followed by the page number.
References to Appendices are given by “Appendix™ followed by the page number.

2. The individual replies to the Questionnaires sent out by the Committee have not
been printed, though the Report includes some references to them. (See note 2 on
p. xxii.) An analysis of the Questionnaires is included at Annex 1. Copies of the
individual replies are available for inspection in the Committee Office. Application
should be made to the Clerk to the Committee. For the convenience of Members
copies have been placed in the Library of the House.
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SIXTH REPORT

The Education, Science and Arts Committee
have agreed the following Report:

BIOTECHNOLOGY : INTERIM REPORT ON THE
PROTECTION OF THE RESEARCH BASE

SECTION | : INTRODUCTION

1.1. The decision of your Committee to undertake an inquiry into biotechnology®
stems, in part, from an incomplete inquiry of the former Select Committee on
Science and Technology. The need for an urgent Interim Report became apparent
later. The history is as follows.

1.2. On 3 April 1979 the Genetic Engineering Sub-Committee of the Select
Committee on Science and Technology, who were engaged on an inquiry into
Recombinant DNA (dexoyribonucleic acid) Research, although they had not
concluded their work, decided in view of the impending General Election to make
an interim Report.? This Report was confined to examining the public policy issues
raised by the creation of novel genetic material by recombinant techniques, the
industrial production and utilisation of organisms containing recombinant DNA
and the import, export, and distribution within the United Kingdom of such
organisms.?

1.3. The Sub-Committee were surprised to find that the Department of Education
and Science (DES) was the lead department for genetic engineering.

1.4. The Sub-Committee received evidence to suggest that considerable potential
benefit could be achieved by the industrial exploitation of recombinant DNA
technology, and emphasised that UK researchers and companies were in the
forefront of technical developments.

1.5. The Sub-Committee expressed the hope *that a Select Committee on
Science and Technology will be established in the next Parliament and that the
Committee will continue this inquiry™, on which they regretted that they had been
*“unable to take all the evidence to come to conclusions™.

1.6. However, after the General Election of 1979, the next Parliament established
a new system of Select Committees. Since the Genetic Engineering Sub-Committee
of the former Science and Technology Committee had established that the DES
was the lead department in the field of their inquiry, we undertook the responsibility
for continuing this work.

1.7. In our discussions about the inquiry we realised that the scene had changed:
the relative importance of the several public policy issues that had concerned our
predecessors in 1979 had altered, and we felt that a broader inquiry into biotech-
nology was now required.

"'We have found the following definition generally acceptable: “the application of biological
organisms, systems or processes to manufacturing industry”. For the source and an elaboration
of this concise definition see Section 2, paras. 2.2 to 2.6, below,

*HC 355, Session 1978-79,

"Op. cir, para. 4.

hid para 11,
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biotechnology comprises, but throughout this inquiry we have found the definition
used in the Spinks report, so named after the chairman of the working party who
produced it,! to be adequate and generally acceptable to those who have given us
oral or written evidence.

2.3. The Spinks Committee defined biotechnology as “the application of
biological organisms, systems or processes to manufacturing industry”. Bio-
technological processes have generally involved the use of micro-organisms,
including bacteria, yeasts and fungi, or products derived from these organisms, to
carry out biological reactions. Recent developments in cell-culture techniques have
allowed cells derived from animals and plants to be similarly used. The cultured
organisms can be harvested for use as a foodstuff, can be used to carry out a
conversion, such as that of sugar into alcohol for the drinks industry, or can act
as a source of biologically active molecules, such as an enzyme or an antibiotic.
Rapid advances in cell and molecular biology, especially the development of
methods for the manipulation of genes and their transfer between organisms,
have led to the potential for completely novel industrial processes. Parallel develop-
ments in process engineering, control engineering and fermentation technology
have amplified the prospectus of a biologically based industrial revolution.

2.4. In addition to technological advances, a second major stimulus to bio-
technology comes from changes in the economic climate. The escalation of oil
prices since 1973, with the associated increased awareness of the finite nature of
fossil fuels and other resources, together with the improved living standards of
some Third World countries, have led to a growing need for cheaper and more
secure supplies of energy and chemical feedstocks, as well as an increased demand
for agrochemicals and the products of the pharmaceutical industry.

2.5. The importance of biotechnology is that it appears certain to be an area of
exciting expansion and opportunity, pervading many sectors of industry, including
agriculture, (plant cell culture was singled out by Spinks as one of the key areas of
particular potential), food and feedstuffs, chemical, pharmaceutical, energy and
water industries. It can confidently be expected to play a substantial role in the
production of new drugs, vaccines, hormones and antibiotics; cheaper and more
secure supplies of energy and chemical feed-stocks; more efficient production,
storage and distribution of foodstuffs; and improved environmental control and
waste management. An important consideration is that it will largely be based on
renewable and recyclable materials and therefore suited to the needs of a world in
which energy is expensive and scarce.

2.6. Two conclusions immediately follow from our original definition: first,
that biotechnology itself embraces a wide range of disciplines and subjects, and,
second, that the term applies to processes that have been used in the past, as well as
those developed now and in the future.?

' Biotechnology : A}{gr of a Joint Wprkfug Party. Advisory Council for Applied Research and
Development (AC. ), Advisory Board for the Research Councils (ABRC), and the Royal
Society. HMSO, March 1980. Hereafter “Spinks’™. We regret the death of Dr Spinks in the year
after this report was published.

*Useful summaries which we have drawn upon here are given in Parterns of Change in Biotech-
nology. P K Marstrand, SPRU, University of Sussex, June 1981, and Biotechnology, Laing and
Cruickshank, London, March 1982,
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central guidance. The Royal Society has no formal connection with government.
We reproduce the terms of reference of ACARD and the ABRC below.!

3.18. Our own views on the nature and efficacy of our central science-policy
making machinery are borne out by the findings of the House of Lords Select
Committee on Science and Technology in their inquiry into science and govern-
ment. While conceding that there is no one way in which these matters should be
handled, they found clear defects in the arrangements that existed in late 1981:

“The Committee are convinced that the UK suffers from the lack of a body
overseeing the whole of scientific endeavour, not least the relevance of S & T
to Government policies, provoking strategic thinking, and encouraging
conditions in which research of quality can flourish and results can get
assimilated and exploited. At present there is a vacuum at the centre, which,
for example leaves the work of the Research Councils and universities and
the scientific advice they can provide ineffectively linked with either Depart-
mental policies or with the scientific and technological needs of industry and
its contribution to research.”®

We have no reason to believe that the situation is any different now.,

The response to Spinks

3.19. The Government's response to Spinks appeared a year later.® It was
unenthusiastic both to Spinks’s diagnosis and to his recommendations. Itsreception
by those most closely engaged in the subject reflected their disappointment. Thus
Biologist, the journal of the Institute of Biology, may stand for others when it
said that the White Paper “poured cold water” on professional expectations; it
was “‘a masterpiece of bland platitudes™ and *underlines the failure of Government
to appreciate the importance of the subject”. Linking its comments to a summary
of the 2nd European Congress on Biotechnology, held at Eastbourne in April
1981, the journal reported that it was believed that there had been no consultation
in the period between the publication of Spinks and of the White Paper.* When
witnesses were asked for their views on the Government’s response to Spinks they
were uniformly dismissive, ®

LACARD: To advise Ministers and to publish reports as necessary on

(i) applied R and D in the United Kingdom and its deployment 1n both the public and
private sectors in accordance with national needs;

(1i) the articulation of this R and D with scientific research supported through the Depart-
ment of Education and Science;

(iii) the future dewlc- and application of technology;
{(iv) the role of the ted Kingdom in international collaboration in the field of applied
R and D,
ABRC:

(i) To advise the Secretary of State for Education and Science on his responsibilities for
civil science with particular reference to the Research Counecil system, its articulation
with the universities and departments, the support of post-graduate students and the
proper balance between international and national scientific activity;

(ii) To advise the Secretary of State on the allocation of the Science Budget amongst the
Research Councils and other bodies, taking into account funds paid to them by customer
departments and the purpose to which such funds are devoted;

(iii) To promote close liaison between Councils and the users of their research.
*First Report, HL 20-I, Session 1981-82, para IV 17.
3 Biotechnology. Cmnd. 8177, March 1981.
A Riologist, June 1981, p. 123,
Ev.p.1:0Q. 6.
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properly constituted or sufficiently strong to devise and then carry through a
coherent, coordinated national strategy. Spinks (p. 8, para. 6) states that:

“We are not convinced that in our mixed economy the tasks posed by the
problems we have identified can be met by the private sector alone. We
believe that, in the interests of improving industrial competitiveness and
paving the way for industrial innovation, a concerted approach is now needed
from Government and industry to provide the coherent framework and
mechanisms necessary for the successful development of biotechnology and of
industries based on it.”

Much of the evidence we have received shows a strong desire for a lead from
Government.

4.17. We must bear in mind that the difficulties we have pointed out here relate
to the first of our problems, the lack of a coordinated coherent science policy in
this country. The Secretary of State for Industry told us that he had no doubt that
he was the “lead” Minister for biotechnology.! We recommend that the Government
should make this explicit and that the Department of Industry, because of its financial
stake in the successful exploitation of biotechnology, should be responsible for its
overall promotion. In making this recommendation we are conscious that very
much more positive action is required on the part of the Department of Industry
to improve its links with the University Grants Committee.

SEcTiON 5: THE UGC: DUAL SUPPORT SYSTEM

5.1. University research i1s funded through the dual support system. General
unmiversity funds, made up of student fees and grants from the University Grants
Committee, are supposed to provide for the basic research infrastructure, allowing
academic staff to pursue a basic level of innovatory research. As areas of work
develop promise, these are further supported by additional grants from external
sources, particularly the Research Councils. External grants are meant to cover
only the additional costs of a research project, and they rely on there being adequate
background support through University funds. We received the Merrison Com-
mittee’s report on the Support of University Scientific Research® late in our
inquiry, and we refer to it in more detail later. It did however cover much of the
ground in this section.

5.2. It is now accepted in universities, scientific societies and by the Chairman of
the UGC? that the UGC support to universities is becoming increasingly inadequate,
both for equipment and for recurrent expenditure. The run-down of major
equipment imposes a serious problem, not least in creating a severe drain on
recurrent resources because of the inevitable increase in associated maintenance
costs. The inadequacy of the recurrent funding no longer allows a signficant level
of exploratory activity, making serious research completely dependent on external
funding. A major impact of this aspect is the collapse of the dual support system.*
The financial pressure within the system as a whole is so severe that institutions are
unable to replace stafl. There has been little protection for biotechnologically
orientated departments, and even groups with international reputations in the area
are suffering severely. This problem is equally apparent at academic and technical
levels, and represents a dire threat to the maintenance of an internationally com-

Qs 342-44.

Wmnd, 8567, HMSO, June 1982,

(s, 451, 4358,

Cee c.g. s, 14; 233-235; 283: Ev. p. 91.
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research and stimulate innovation”.! We therefore recommend that priority should
be given to the restoration of support for scientific and technological research within
the dual funding system. We also recommend that further earmarked support should
be given for research biotechnology both through the UGC and the Research Council
mechanism. We have already recommended that there should be much closer links
between the Department of Industry and the UGC,? and we believe that this could
be used to facilitate the creation of a more coherent policy for the support of
scientific and technological research in this country.

The Research Councils

5.13. Whilst all the Research Councils fund research, their systems operate in
slightly different ways. The SERC operates exclusively through the universities
and polytechnics, while the MRC also funds research in its own research institutes.
The ARC’s system we have already referred to. The Councils in their different
ways have recognised the potential of biotechnology and made considerable
efforts to support activity in this area.

The Science and Engineering Research Council

5.14. The Science and Engineering Research Council has established a Bio-
technology Directorate, with a senior full-time director having responsibility for
stimulating and coordinating national effort in biotechnology. The director and
his management committee, made up of both academics and industrialists, take
an active role in identifying areas of biotechnology that require increased attention
and in persuading universities and industry to interact in bringing ideas to fruition
in commercial development. The Directorate’s interests span a wide area of bio-
technology, including not only biology but also engineering aspects, downstream
processing and process control. The Directorate has its own funds available for
financing research projects and taking necessary initiatives. The SERC currently
spends £1 million annually on biotechnology research, but expects to increase this
to about £2.5 million by 1985-86. The Council also fosters interaction between
the universities and industry through its Cooperative Awards in Science and
Engineering (“CASE") scheme for post-graduate training and the Cooperative
Grants Scheme.

The Medical Research Council

5.15. The Medical Research Council is largely concerned with the application of
biotechnology in medicine, though wider industrial applications are occasionally
pursued. MRC-funded groups have been prominent in the development of two
major areas of current interest, genetic engineering and monoclonal antibodies.
The Council’s involvement in the area ranges from basic underpinning research,
on which £17 million was spent in 198081, to more directly biotechnological
projects, on which £1.7 million was spent in the same year.

5.16. The Council funds work both through grants to universities and through
financing its own establishments. It also promotes activity in the area through
special schemes such as research studentships and postdoctoral fellowships for
training in recombinant DNA techniques.

10p. cit., p. 1, para, 3.
*Sec para. 4.2 above.
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reply to the query “Are you satisfied that there is a sufficient number of academic
staff at this present time to provide the training envisaged?”, Professor Kingman,
the Chairman of the SERC replied *“No, there is not™.! The Committee strongly
support the suggestion that a solution would be provided by the UGC earmarking
money for specific areas of biotechnology.? We recommend that the practice of the
Research Councils in earmarking a proportion of their funds for biotechnology be
rapidly improved in future years.

SECTION 6: DEPARTMENT OF INDUSTRY AND OTHER GOVERNMENT INVESTMENT
IN THE RESEARCH BASE

Department of Industry

6.1. It is now recognised in most of the advanced industrial nations that bio-
technology is an important area for government investment. The Japanese
Ministry of International Trade and Industry is supervising a $110 million (£64
million) 10 year grant to 14 companies led by Mitsubishi Chemical Industries Ltd.,
for the long-term promotion of biotechnology.®? The West German Government is
increasing spending on biotechnology research through the Federal Ministry of
Research and Technology from $22.7 million (£13.2 million) to %29 million
(£16.9 million) p.a. The French Government has selected biotechnology as a
priority area for R and D expenditure and is offering to defray 50 per cent of
universities. It has been estimated that the French Government is spending
Fr 1,100 million (£91.7 million) on biotechnology a year. The Dutch Government
has recently announced a $29.4 million (£17.1 million) programme in biotechnology
applied to agriculture and dairy products. Canada has established a 3100 million
(£58 million) fund over 10 years to prosecute research and development in bio-
technology. In the USA the Federal Government is spending about £55 million
in 1981 through the National Institutes of Health on biotechnology and renewable
energy.

6.2. Against this our own Department of Industry estimates it has given financial
assistance of £15 million over a period to industry for biotechnology and has
established a £2.5 million annual fund for industrial research.! The Department of
Industry, in its submission to the Committee, and in a subsequent letter from the
Secretary of State for Industry,® described the Department’s involvement in
research through its own research requirements boards, laboratories and services.

6.3. The Department of Industry has a close haison with the SERC’s Bio-
technology Directorate: as the Research Council states in its submission to the
Committee “wherever possible the SERC wishes the research it supports in bio-
technology to be relevant to the needs of British industry, and to be carried out in
collaboration with industry™.® Later in the paper it adds “the Directorate provides
some services for the Department of Industry’s programme and thus has an
overview of the support of biotechnology from basic research in universities and

=

‘.A.p;;e.miix 15, p. 47, M D Rogers: “The Role of the Japanese Government in Biotechnology
M‘E“?glﬂm'j Development™.

SEv. pp. 114-5; pp. 132-4.
*Ev. p. 64, para 9.
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are symptomatic of the relations which have been developed with the NRDC,
We agree with Dr Walker of TDC when he told us:

“the dimensions of investment the UK makes in its universities do not make it
appropriate to give a state body total monopoly rights to patentable inventions
because of the onerous task that is placed upon them (BTG) to execute that
and be seen to be fair to everyone involved . . . we should have a system
whereby people who are patenting inventions—the owners of the inventions
with the universities and the universities themselves—should feel a responsi-
bility and want to identifv themselves with clear commercial success, and that
is the case with a lot of them who do not get their letters answered, where
developments may not be commercial. If you do not answer, if you have
not got an organisation that can reach these people, they will never think
about invention and I think this general air of disillusion that you see in
large parts of British universities has got to be overcome.™

6.9. The Committee were pleased to hear from the Secretary of State for In-
dustry that the BTG monopoly was “long overdue for examination™ and that
he intended to take a decision on the matter “quite quickly”.? We recommend that
the BTG’s monopoly rights over research funded by the research councils be removed
and that, while it should have the right to be informed of all patentable inventions,
the restriction on scientists taking their research to the open market be abolished.

Cellrech Lid

6.10. The creation of Celltech Ltd. in 1980 must be accounted the most im-
portant recent initiative. It was established as a vehicle for the commercialisation
of genetic engineering and hybridoma technology. The company, based at Slough,
was formed with a share capital of £12 million by a group of shareholders including
the National Enterprise Board, Technical Development Capital, Prudential
Assurance, the Midland Bank and British and Commonwealth Shipping Co.?

6.11. The formation of this company represented a positive response to the
Spinks Report (para. 4.14.). But whilst Celltech has been described by one com-
mentator as “probably the jewel in the British biotechnological crown™* 1t was not
brought to birth easily. MRC witnesses were not willing to talk freely about this,
but it was apparent to us that a great deal of obstructiveness was demonstrated
along the way.® Not all of our witnesses were convinced that it was an entirely
necessary or desirable conception.

6.12. Dr Copsey, of Prutec, drew attention to its privileged position:*

“I would say if Celltech had been a company like the other venture companies
that had to go out and create opportunities for itself, develop relationships,
draw up contracts with individual universities and it was unable to do so,
then everything that David Beattie [Head of the Biotechnology Investment
Division, BTG] has said would be fair—that it should really be up to Celltech
to decide whether to transfer technology if it was not going immediately to

(). 186.
. 367.

"%ec Annex 4.

Laing & Cruickshank, op. cit. p. 49.

SHC 58-i (1981-82), Qs. 45-51 and 95-102,
"Q. 194,

s
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SecTion 7: INDUSTRY'S INVOLVEMENT AND THE RESEARCH BASE

Industry-University Relations

7.1. The Department of Industry takes the view that “The successful industrial
development of biotechnology in the UK will depend mainly on the efforts of
private industry to invest and undertake research. The main sources of funds will
be the profits of companies and capital provided by private financial institutions™.!
Because of the long lead time it expects that investment will mainly take the form
of common stock seeking long-term capital growth. Dr Walker illustrated this
from the application of biotechnology to agriculture. He said, “The complexities
of invention necessary to make breakthroughs in this area require that investment
in research, development and application are continuous over a 10 or 20 year
period”.* Unfortunately a good deal of evidence was put to the Committee that
although there were a number of UK companies expert in the field, UK industry
as a whole does not appreciate the overall potential of biotechnology. Moreover,
perhaps because of the number of biotechnologists attracted abroad there is
according to Prutec Ltd., ““a shortage of well presented ideas which are capable of
commercial exploitation and offer the relatively high rates of return on capital”.® It
is clearly vital to encourage industry to invest in research and development in
biotechnology. Both the Royal Society and Technical Development Capital
believed that tax allowances against capital expenditure for new projects would
encourage investment in research.' We recommend that the Department of Industry
undertake a study on tax incentives for research.

7.2. The future success in the development of biotechnology depends very much
on the ability of industry to draw effectively on university research. Dr Walker
of TDC summarised the problem as follows:

“The fundamental research within universities is of a high standard bui the
universities don’t have sufficient understanding or real perception of market
opportunities to present invention in the right form to make it attractive to
industry. On the other hand | do not believe that industry focuses clearly
enough on the real opportunities arising in universities,”®

7.3. It is therefore of great importance to bring industry closer to the universities
so that it can participate in the invention stage. A good example of how this can
work in practice is the joint laboratory with ICI funded at the University of
Leicester, and the further proposal there that four companies, John Brown Engineers
and Constructors Ltd., Dalgety-Spillers Ltd., Gallaher Ltd. and Whitbread and
and Co. PLC, should jointly fund a programme of pure and applied research at the
University. The four companies submitted evidence to the Committee that “public
funds should be the catalyst for cooperation between the universities and industry
and they should be more readily available”. The SERC have been particularly
active in promoting schemes such as the Cooperative Awards in Science and
Engineering (CASE) and the Cooperative Research Grant Scheme. Although we
intend to refer to these in greater detail in Section 8, we think it appropriate to
include them in our recommendations here.

1Ev. p. 115, para. 12,

*Ev. p. 48, Answer 5,

"Ev. p. 47.

“Bv. p. 173, para. 17; Ev. p. 49, Q. 10.
SEv. p. 49, Answer 9,
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7.10. On the other hand we found evidence of a growing interest among scientists
in the commercial possibilities of research. Dr Cain of the BTG said that there
were “‘some very eminent scientists” who wanted “to be very intimately involved
in their (inventions) commercial development™.!

7.11. A solution to this problem lies in improving the relations between
academics and industry, between those who discover and those who exploit. The
work of the SERC’s Biotechnology Directorate in this area is examined in Section 8
of this report, and its role in helping both sides can hardly be under-estimated. As
Professor Kingman, Chairman of SERC, explained: “without someone taking an
active entrepreneurial view there is a danger that the universities and industries
together will not come fully to realise the potential that there is in their skill, time
and ideas™.?

7.12. We reiterate our strong support of the role of the Directorate in improving
the relations, and forwarding schemes of cooperative work between the two sides,
and can only hope that this positive approach will be adopted by other organisations.

Threat 1o Pure Research

7.13. There is a strong and understandable feeling that a too vigorous pursuit of
commercial success could have a damaging effect on the strength of the fundamental
research which must provide the intellectual basis from which applied research and
subsequent developments eventually stem.* As Dr Vickers explained, it is the
MRC’s managerial problem “to make sure that one does not prejudice the spirit
of research, which i1s essentially an unstructured thing at this very high level of
innovation, by trying to impose on it commercial constraints™,*

7.14. The problem seems to lie in the fact that biotechnology and industry are
inextricably involved. Industry is being encouraged to fund research in uni-
versities. Industry however, is understandably reluctant to fund work with no
apparent commercial application in sight, over a period of years and at some
considerable cost. These are three significant deterrents to investment. Ideally
industry wants a programme of research strongly weighted in favour of the applied
side. Not surprisingly many academics are concerned lest this drive be at the
expense of pure research. The MRC may take justifiable pride that its faith in the
“unstructured™ research into molecular biology that it is has supported for many
vears has now paid off so handsomely and confounded the scepticism of some
eminent commentators on science policy issues.

7.15. We recognise that there will always be different views about the right
balance in British universities between pure and applied research. Though we do not
believe that the pendulum has yet swung far enough to endanger our high standing
in pure research there is no reason for complacency.

Consultancies

7.16. We have received evidence on consultancies to the effect that they can be
both beneficial and detrimental to the universities. Professor Hartley told us
that it was an activity “‘hallowed by tradition™.* Professor Lilly explained that

10. 184,
H2. 212,
"Ev. p. 21, para. 2.

0. 103,
"L M.
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There was a large measure of agreement among the answers to the main question. One
reply may stand for many:

Biotechnology is not a discipline in itself and should not therefore be presented as a
full 3-year undergraduate course. The most appropriate undergraduate training is
provided by broadly-based honours degree courses in biochemistry, genetics, micro-
biology or molecular biology, but there is considerable scope for such single discipline
courses to be broadened for 3rd year undergraduates to provide exposure to various
facets of molecular and cellular biology relevant to biotechnology. Training in bio-
technology can therefore begin in the 3rd year of an honours degree course in an
appropriate science and/or be given in a postgraduate course, New courses are

needed. Courses in biotechnology should be offered by about ten universities. These
universities should be those that have strength in the supporting disciplings of bio-

chemistry, microbiology, genetics, immunology and biochemical engineering (12).

There were, not unexpectedly, divergences from this view. For instance, other respon-
dents thought that no new courses are required, and that MSc courses have little value
(7, 10); they offered a different number of teaching centres from the ten stated above, e.g..
six or seven (9) and 12 (4), which latter were named:

Centres should be developed in London at: Queen Elizabeth College, University
College, Queen Mary College and Imperial College; apart from London, appropriate
centres could be at Manchester (UMIST), Sheffield University, Kent University,
Warwick University, Hull University, Strathclvde University, Cardiff and Swansea
University Colleges.

The need for training in collaboration with industry through short and sandwich courses
was mentioned several times.

5. Which areas of biotechnology would you regard as requiring long term research
support and why? Is funding available for this research in the UK?

In answering this question several respondenis drew attention to the replies they had
already given to the first question, to which it is related. Not surprisingly, respondents
saw the long term as a logical extension of the short and the medium term; and similarly,
the problems that will afflict the near future are likely, without a substantial change of
policy, to affect the period beyond. A number of respondents suggested that they foresee
a trend away from a concentration on high value but small volume products to one of
bulk products and processes, such as agriculture generally, protein, fuel and biomass
production, polymer manufacture and pollutant treatment (2, 7, 9, 14). Some specific
areas were mentioned for their expected wider significance, e.g., the molecular biology of
yeasts, because of their widespread use and the fact that they yield no toxic by-products
(11). Only one respondent suggested the need for long-term planning (4), but another
pointed to the need for periodic reviews: *“We do not want to produce fertile ground for
the grazing of a new generation of white elephants™ (2).

6. Does the dual support system provide an adequate basic support for university
research in the biotechnology field?

The answer was a universal and resounding **no”. Some typical comments were:

At present I think there is virtually no University supported research in biotechnology
Mt%ﬁgﬂ of staff. In my own department all such research is supported from
outside es (1).

I suggest that the Research Councils now recognise that the dual support system is
dead and that they provide the full costs for the scientific programmes they wish to
support. The relative needs of the country for graduates in difference disciplines must
be carefully evaluated and student numbers in those disciplines which are important
for the economy should be expanded. It must be recognised that this is a problem
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Insufficient support from industry was widely commented on. Industry was criticised
for seeking only quick returns (4) and for favouring fashionable topics (8). The contrast
with the USA was pointed to (6). But another respondent indicated that the problem
was perhaps not quite so simple:

The level of support from industrial and commercial sources for research in university
departments varies enormously from institution to institution and from department
to department. This can often be influenced by factors such as geography and lack
of information. More could be done to encourage contract research and the inter-
change of personnel between industry and university departments (7).

Another thought that the wrong question was being asked:

The balance of support from public sources and industrial/commercial sources is not
the relevant question. The more meaningful point is that the type of support is actu-
ally wrong. Its level is also inadequate. In a large number of areas industrial and
commercial interests need to be much more closely identified with the invention
opportunities of a fundamental and applied nature arising within the universities (14).
Getting access to such public funds as are available seems to be a needlessly complex
task. More and better guidance to applicants is required (11).

8. Are there any comments you would make about the kind of financial support which
is available, e.g., the need for more long term support for basic research or for more
project-orientated research?

The overriding impression given by the answers to this question was that respondents
wanted to see dependable support extending beyond the short term. Thus the need for
long-term appointments was mentioned (6) as were more earmarked studentships and a
career structure for researchers (12). While the desirability of having more project-linked
research, possibly subject to periodic peer review, was indicated (2, 13), it was at the same
time acknowledged that this would imply greater funding from industry; but this should
not detract from the independence of academics to pursue their long-term work (8).
It 1s vitally necessary to preserve the strength of basic research and not to sacrifice this in
favour of short-term gains (7, 10). One suggestion was that support for buildings and
major facilities should come from public funds and that industry should sustain the re-
search projects themselves (11). Another was that help for the inventor in getting his
findings into development is what is greatly wanted. This means more than money alone;
it also means production and marketing help (14).

9. Do adequate mechanisms exist for transferring research (whether carried out n
universities/polytechnics or Government research laboratories or industry) from the
laboratory into the market place?

A clear division of opinion also emerged on this question. But whereas those respon-
dents who thought that the transfer mechanisms were adequate merely said so, those who
thought they were not usually explained their views at greater length, thus perhaps leading
to the conclusion that the latter had the stronger case. A lack of initiative and of a willing-
ness to take risks on the part of industry was commented on (6, 9, 13, 14), as was the lack of
contact between the universities and industry (worries about confidentiality were men-
tioned in this connexion) (8). The attitude of industry to academic innovators was criti-
cised (12) and its failure to recognise the importance of strategic research (4), but there was
also academic uncertainty about what industry was likely to be interested in (9, 14).
Some respondents gave the impression that there was a factor in the British academic
psyche that virtually impeded such transfers. The remedy was seen by one respondent as
requiring new institutional arrangements (13), but by another as being primarily the
responsibility of industry:

This is the most difficult but the most crucial area of all because the natural facility
that the British have in research does not extend into the successful commercial
development of the fruits of research. This, therefore, is an area that requires very
-special attention.
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encouraging the development of biotechnology within both universities and com-
mercial companies. The role of the NRDC in recent years has left much to be
desired (12).

The universities should be able to choose between the services of the NRDC and the
alternative of being able to take out patents themselves with the assistance of patent
agents other than the NRDC. Neither the NRDC nor any other government agency
should be given a monopoly on rights. This conflicts with the promotion of industrial
co-operation by introducing a layer of bureaucracy between the interested parties
which can and has proved prejudicial to new ventures (13).

We hope that the British Technology Group will do better than NEDC. We would,
however, urge that more scope should be given to university industrial liaison com-
panies for the exploitation of patents. If Research Councils could be permitted to
grant patent rights directly to these companies, the essential functions for which
NRDC was created would be preserved, the proceeds would benefit this country and
possibilities for exploitation would not be neglected. Indeed, the enthusiasm necessary
to carry a project forward would be generated within a university in a way which a
large organisation cannot match. It would always be possible for the university com-
pany to negotiate with NRDC, if that was the best way to exploit an opening, but it
should not be obligatory. We believe that university staff in the present financial
climate would welcome the opportunity to be more closely involved in the exploitation
of their inventions, especially if they felt it would benefit their institutions as well as
themselves (8).

The situation here is confusing and unsatisfactory. One of the factors that encouraged
the collapse of the original Leicester Biocentre scheme was the demands made by
NRDC in respect of the distribution of royalties from patents. As an example of con-
fused thinking, financial support can only be obtained from SERC if the work is not
profit-oriented, although the ultimate purpose of new technology is wealth creation!
Indeed the agreement which has to be signed to obtain SERC funds assumes increased
profitability since it contains a clause which makes rovalties payable to NRDC on
sales of products or the use of processes developed from the research. The Govern-
meni’s deep concern over patents seems somewhat excessive, bearing in mind the
difficulty and expense of obtaining them and the small proportion that actually
yield worthwhile profit (11).

As we mentioned in our report we regard the role of NRDC as it is now exercised as
being obsolete and we drew attention to very progressive new national schemes which
have been started in recent vears in France and Sweden . . . T would conclude by sav-
ing that, whereas NRDC's policy tends to be that of a bank which seeks a relatively
early return on its investment, the French and Swedish schemes rightly take a long-
term view in order to encourage a healthy innovation climate. The danger which
MNRDC represents is all the greater because it has a monopoly position concerning
the exploitation of Research Council funded research and, in the first place, we have
recommended that this monopoly should be terminated. In the second place, we
would like to see two new initiatives. Firstly, a national de-centralized scheme with
the local offices having powers to give relatively large sums for one project (£100,000
in France and £400,000 in Sweden), with decisions being made with 34 weeks. The
money can be spent along the complete innovation chain from patenting at the
beginning to marketing at the end and this, of course, provides a very coherent
approach (5).

The present patent arrangement, whereby the NRDC has patent rights on practically
all government funded research, is a major disincentive in the UK system. It is a
negative incentive system. If the university worker puts in a large amount of effort
to produce patent exemplification he has no incentive to complete. What is required
is that the NRDC should operate as competitively as any other venture capital
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R3. We do not support the establishment of a new Government research establishment
for biotechnology. But the Steering Group should consider how more use could be made
of all the existing establishments, eg the Centre for Applied Microbiology and Research
(CAMR), AERE Harwell and the Warren Spring Laboratory (WSL), to advance bio-
technology. For example, the Department of Industry should co-sponsor CAMR to
strengthen the industrial side of the CAMR programme. (4.11)

R4. The Confederation of British Industry, the Association of the British Pharma-
ceutical Industry, the Chemical Industries Association, the Food and Drink Industries
Council and other trade associations, including that proposed in RS, should actively seek
to identify opportunities for advances in biotechnology in the fields of potential interest
to their members. They should then take effective steps to inform members of neglected
opportunities and to inform Government, trades unions and others of any constraints
that need to be removed. This last step might be pursued with in the appropriate Sector
Working Parties of the National Economic Development Office as recommended in the
ACARD report “Technological Change: Threats and Opportunities for the United
Kingdom™. (4.12)

RS5. A trade association of suppliers of process plant and equipment should be formed
to provide, inter alia, for closer contact between suppliers and research scientists. The
proposed trade association should give particular attention to the export potential pro-
vided by developing countries and the way it is best pursued. (3.14, 4.13)

R6. The National Enterprise Board in conjunction with the NRDC should investigate
the possibility of using some public funds to establish a research-oriented biotechnology
company of the kind now taking shape in the United States. A sum of £2 million annually
for five vears should be sufficient to determine its value and establish the scale of further
investment. (4.14)

R7. We strongly support the initiative of learned and professional bodies in establishing
the British Co-ordinating Committee for Biotechnology (BCCB) and commend it to
industry and Government as a valuable forum. It should develop close contact with the
process plant industry. Industry should do more to assist the BCCB financially and be
more active in its support for university research. (4.13)

R8. The University Grants Committee (UGC) and the Research Councils, with the
backing of the universities, should support the expansion of a limited number of centres
of excellence in biotechnology from the best existing in universities. A minimum of 20
new teaching and research posts should be created over the next five years with a capital
investment of around £2 million to provide adequate laboratory facilities. We ask the
Department of Education and Science (DES) to note the need for additional finance.

(4.15)

R9. The Committee of Vice-Chancellors and Principals (CVCP), the UGC and the
Committee of Directors of Polytechnics should, with the DES and the Department of
Employment where appropriate, consider urgently how to provide an adequate, appro-
priatelv trained workforce to match the expected growth of biotechnology and how to
encourage greater interaction between departiments and undergraduate courses in the
biological, chemical and engineering sciences, The DES should take account of these
likely manpower demands in its forward planning of the provision for higher and further
education. Young scientists and engineers should be made aware of the potential benefits
and opportunities which biotechnology can provide. (4.17)

R10. Collaboration should be fostered between universities, Research Councils and
industry in postgraduate training in biotechnology. The Science Research Council’s
CASE award scheme provides a suitable example of a pattern for achieving collaboration
of this sort. Attention should also be given, by the Councils concerned, to the promotion
of collaborative arrangements with industry at post-doctoral level, for example by en-
couraging the use of industrial funds to support research workers from indusiry working
in Research Council and university laboratories. (3.3, 4.15)
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In downstream processing there are available a wide range of laboratory processing
operations for which plant scale equivalent or alternatives will be required but are not
currently available. In the financially important area of processing the fermentation broth
the controlling variables are not well understood or even quantifiable by present tech-
nology and current practice only uses a very limited part of the potential range of methods.
There are also specific operations which can be identified, e.g. biomass drying which
because of their high cost are limiting the development of the industry.

The processes concerned are essentially controlled by the physical or physico-chemical
properties of the systems which have to be handled and the relation of these properties to
the mechanisms of the unit operations used. There is consequently a need for work on the
physico-chemical nature of broths and their constituents and of specifically microbiological
products which cannot be isolated by conventional chemical processes, i.e. of large and
chemically and physically delicate molecules—and on the physical mechanisms of unit
operations in relation to these properties. Improved understanding of these factors is a
necessary basis for the improvement of downstream processing technology both in terms
of present operations and in the selection and development of new commercial scale
operations to meet future needs and improve present performance.

(b) Examples of Innovation

That innovation is both possible and practicable is illustrated by a number of develop-
ments in recent years which have achieved both processing and commercial acceptance
within downstream biological process engineering and by others for which acceptance
appear inevitable.

(i) Liguid CO, Extraction
This process has been developed for the extraction of bittering substances from
hops as an alternative to extraction based upon organic solvents.

(i) Biomass Support Particles
These particles allow high biomass concentrations in continuous fermenters and
have provided the basis for biomass recovery based on decantation and com-
pression as an alternative to sedimentation, filtration, centrifugation, eic.

(i) Whirlpool Separator
This separator allows the batch processing of brewers’ wort and produces a
clarified liquor and concentrated slurry. The vortex principle established by
Einstein describes the operation of the separator but the phenomena involved
are those commonly experienced in the deposition of tea leaves following stirring.

(iv) Enhanced Liguid-Liguid Extraction
Electrically enhanced extraction occurs when a dispersed phase is passed through
a high voltage nozzle. This results in small droplets moving at high velocities,
with high mass transfer coefficients, i.e. conditions appropriate to the separation
of materials which are sensitive to prolonged exposure to either heat or solvents.

(v) Cross-Flow Filtration
Rigid porous membranes of appropriate structure allow the high rate passage of
clarified liquor while excluding microorganisms, thus producing a concentrated
slurry. Such filters can be organised in shell and tube and similar arrangements.

MATTERS FOR CONSIDERATION

The above remarks describe the situation where the difference between the possible
selling price of the product and the cost of the raw materials used in its preparation is very
small. This difference in cost defines the allowable cost of processing. Clearly under these
circumstances the concern is with a high level of process engineering technology and the
implications are that large scale biological process engineering requires an initial pro-
cessing capability greatly in excess of that which has usually been necessary in the past
when developing new processing areas.



Unable to display this page









EDUCATION, SCIENCE AND ARTS COMMITTEE 11

APPENDIX | TO THE MEMORANDUM SUBMITTED BY THE
UnIVERSITY OF CAMBRIDGE, SCHOOL OF THE BIOLOGICAL SCIENCES

Chemical Engineering in Cambridge. It is perhaps too much to ask, in these days of
severe recession, for another such bold and imaginative stroke from one company but is
it too much to expect that Government and industry acting together should have enough
foresight to provide for the continuing supply of biotechnologists which will be needed if
the new technology is to feature in Britain’s future on a scale commensurate with the
contribution which British fundamental science has made to the foundations of the
industry? The Government money need not all be UGC money. The Department of
Industry has a brief to encourage industrial innovation and support it financially: it
should not interpret that role too narrowly but should be prepared to put money into
relevant educational (teaching as well as research) projects of the kind described here as
well as into research and development in industrial laboratories and plants. The money
from industry need not all come from companies in manufacturing and processing. We
notice that pension funds, banks and insurance companies are finding venture capital for
biotechnological projects: they would be wise to put some of their money into educational
efforts designed to ensure that the firms they are supporting will, when they reach maturity,
have a good supply of first-rate graduates conversant with the science and engineering on
which their businesses depend. Until the Universities have emerged from the painful
period of retrenchment and re-adjustment to which they are being currently subjected
they are unlikely to be able to add, to any significant extent, from their present resources
to the effort they are already devoting to biotechnology and related subjects. However,
the number of centres in the UK with the right concentration of biological and chemical
engineering expertise needed to mount the kind of effort described in this paper is limited.
If the UGC has any money to put to the development in biotechnology in the universities
they must discriminate heavily in favour of these centres both in terms of “earmarked”
development funds and in their contribution to the dual support system, which is in an
almost terminally weak state at present. A policy of “earmarking™ over a period longer
than the usual five years or less is urgently needed to give universities, in these particularly
difficult times for them the confidence to embark on long-term developments.

4. In conclusion there are two points we wish to make emphatically:

(i) any money provided by Government for the development of the applied aspects
of biotechnology must not be provided at the expense of basic research.

(ii) the Government should not restrict its search for advice on questions affecting
the development of biotechnology and the training of biotechnologists to con-
ventional sources. The orthodoxies which these often represent are not likely to
offer the most valuable guides to the future course of events in biotechnology.
It seems particularly dangerous, in the case of biotechnology, to channel advice
through a small number of official organisations. Much better to consult widely
and ensure that the advice received is not interpreted on preconceived lines before
it reaches the point of decision.

21 May 1982

APPENDIX 1

Proposed MPhil in Biotechnology
A: INTRODUCTION

1. The aim of this course is to provide intensive training in biology as it applies to
commercial applications. Students from both the biological and physical sciences will
take common laboratory and lecture courses that will introduce them to the theory and
practice of biotechnology; with especial emphasis on the application of molecular bio-
logical techniques to changing the characteristics of organisms to meet particular require-
ments. The laboratory courses will be designed with the aim of giving the students first
hand experience in a range of techniques and introducing them to some of this technology.
The lecture courses, with associated seminars and visits to commercial firms, will have the
following aims:
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parts in isolation. A further feature of process design is that, almost invariably, a large
number of physical parameters and properties are unknown and have to be estimated
from the literature, from correlation and from experience. The research emphasis of this
course would make it desirable that students, in any report, should specify a programme
of research intended to answer problems that have been uncovered during the design

project.

14. Questions of the role of management and economics will be introduced and dis-
cussed in the technological part of the course and in the context of the case studies and
projects described above.

C: STAFF AND OTHER RESOURCES

15. It will be clear from the outline given above that the course described could not be
provided using existing University facilities and staff only, especially when these resources
are increasingly under strain to meet current commitments. The intensive nature of the
course, its practical orientation and its close associations with industry will require that the
main responsibility for organising and teaching should be given to a full time academic
staff, specially selected for the task not only with teaching and administrative abilities in
mind but also with regard to potential for advancing the subject by research. To satisfy
these demands an academic staff of four would probably be required (a Director and three
other teaching officers). The final choice of individual stafl would have to await the
appointment of a Director, but it is envisaged that the choice of staff would reflect the main
disciplines involved and would include at least one chemical engineer. Substantial contri-
butions made to the teaching of the course by existing departments would be balanced by
reciprocal contributions to departmental teaching by the Director and his staff.

16. The extent of the back-up required for the academic staff will depend to some extent
on their interests and the help which can be obtained from existing facilities, but it seems
likely that there will be a need for a secretary to serve the group and four technical assis-
tants, one with workshop experience.

17. The aims of the course are most likely to be fulfilled if the responsibility for achieving
them is given to an enthusiastic team in full control of the resources allocated for the
purpose. About 600 m* net of accommodation would be ideal but that may not be available
at the outset. The minimum which a unit of the kind envisaged would require is a teaching
laboratory, research space (including a computer facility) for the staff, a seminar room and
a reading room for specialised periodicals. The relationship to existing departments
remains to be determined; nevertheless, exclusive use of the minimum accommodation
listed above would be indispensable. The laboratories would have to be extensively
equipped to handle a very diverse range of techniques. In addition to the normal equip-
ment of a well-found molecular biology/biochemistry laboratory it would require facilities
for tissue culture, fermentation and product separation.

=

18, The proposed unit could best achieve its aims if it had a certain degree of autonomy.
The Director should be responsible initially to an informal Committee of Management
comprising representatives of Biology “A”, Biology*B™ and the Chemical Engineering
Syndicate and the Appointments Committee established to appoint the academic staff
would be constituted in accordance or by analogy with the regulations for Appointments
Committees for offices having responsibilities in more than one Faculty or Department
(Statute XVII, 5.) All the facilities and resources required would have to be treated as new
needs, so that no existing department contributing to the venture is obliged to divert
resources to support the new course. It is therefore proposed that all the money needed be
obtained by an appeal to industry, charitable foundations, research councils, government
sources and the EEC.

29 January 1982
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Fermenier rechnology

Extensive studies have been made on air-lift fermenters Chemical Engineering

including a unit 10 m high. The factors governing the rate
of absorption of oxygen, the rate of liquid circulation, the
intensity of mixing, and the bubble size distribution, have
been examined. These hydrodynamic and mass transfer
effects are now being related to the behaviour of contin-
uously operating fermenters using a variety of cultures.
The results are important in scaling up from small bench
fermenters to pilot plant and full-scale units.

APPENDIX 8
Memorandum Submitted by the Confederation of British Induosiry
THE RESEARCH BASE FOR BIOTECHNOLOGY (B 21)

A memorandum to the House of Commons Select Committee on Education, Science
and Arts from a joint working group of the Association of the British Pharmaceutical
Industry and the Confederation of British Industry.

THE IMPORTANCE OF BIOTECHNOLOGY

1. Britain’s economic growth is vitally dependent on its share of world trade. Tech-
nology has a significant role to play in strengthening and sustaining that share through:

— developing new products, processes and services with improved performance
and higher added value;

— improving productivity;
— improving the quality of existing goods.

Competition in international markets is so vigorous that the UK cannot afford to
ignore developments and opportunities arising from advancing technology. The pharma-
ceutical industry at present is making a significant contribution to the balance of payments
through its exports. The strength of UK research is an important factor in this; the
development of biotechnology in the UK is therefore a major interest for the future.

2. Biotechnology is important for two reasons:

it is a "*heartland™ technology with a range of possible applications which could
ultimately affect many other branches of technology and industry;

— the UK has already established a leading position in a number of the disciplines
which contribute to the subject.

3. The policies adopted towards research and development in biotechnology will there-
fore have a major impact, not only in the shorter term by affecting the rate at which the
UK can follow up and exploit opportunities already evident, but also in the longer term
by defining the knowledge base in academia and in mdustr}* which will support future
developments in this important technology.

4. The ABPI and the CBI therefore welcome this enquiry into biotechnology in the
UK. Our present paper focuses on the research base and the need to strengthen it. Earlier
evidence submitted in 1979 to the House of Commons Select Committee on Science and
Technology dealt primarily with the industrial opportunities arising from recombinant
DNA technology and the regulatory environment affecting its development; similar evi-
dence was also submitted to the joint working party of the Advisory Council for Applied
Research and Development, the Advisory Board for the Research Councils and the Royal
Society. In 1981, ABPI and CBI members also contributed to the Royal Society study on
Biotechnology and Education.
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THe NEeD FOorR FUNDAMENTAL RESEARCH

5. The importance of fundamental research is well illustrated by genetic manipulation
work. Much of the UK’s present expertise in the technology evolved from work carried
out some 30 years ago by scientists working in London and Cambridge, with grants from
the Medical Research Council, on the structure of the genetic material, DNA. Work such
as this has given the UK a strong international position based on the skills and achieve-
ments of its academic and industrial biological scientists. However, if the UK is to benefit
from biotechnology, these past achievements must be developed further and an adeguate
supply of skills must continue to be available.

6. We therefore support the recommendation made in the ACARD/ABRC/Roval
Society report on Biotechnology that adeguate research facilities should be built up in
universities based on the expansion of a limited number of centres of excellence in bio-
technology from amongst the best existing in the field. These centres of excellence should
be strengthened and financed adequately both with short-term injections of funding and
longer-term assurance of funding, so as to provide a sound research and teaching base.
Currently, universities and other academic centres are under considerable pressure to cut
their budgets; it is essential that centres of excellence clearly producing good fundamental
research in biotechnology should be identified and safeguarded from such cuts. It is
essential that industry be consulted on the ways in which cuts in university expenditure
are to be applied, so as to prevent damage to valuable research centres.

Co-ORDINATION OF RESEARCH EFFORT

7. Co-ordination between the Research Councils and the University Grants Com-
mitiee was also called for in the ACARD/ABRC/Royal Society report on Biotechnology.
We are aware that an Inter-Research Council Co-ordinating Committee on Biotechnology
has been set up to co-ordinate programmes, to rationalise them where necessary, and to
identify areas where new work should be commenced which have not been adequately
covered by existing research. We therefore hope that an early start can be made on identi-
fying and strengthening our academic centres of excellence in order that our national
resources can be deployed to maximum effect in this rapidly advancing technology.

8. We welcome the recent announcement that the Government has set up an inter-
departmental committee, under the chairmanship of the Government Chemist, to provide
a focus for biotechnology. As was pointed out in the CBI's recent evidence to the House
of Lords Select Committee on Science and Technology for their enquiry into Science and
Giovernment, liaison between government departments and other bodies, such as ACARD,
the British Technology Group and the Research Councils, is essential to prevent unneces-
sary duplication in research and development programmes and to ensure that any impor-
tant gaps are detected. Such liaison is particularly necessary where technologies have
possible applications spanning a wide range of industries; biotechnology, microelectronics
and information technology are obvious examples. Again we stress that biotechnology is
developing rapidly and early consultations with industry are needed to define areas of
work which need to be carried out.

SKILLS SUPPLY

9. There is a shortage of adequately trained staff in the various disciplines which con-
stitute biotechnology. It should be recognised that biotechnology is not a specialism in
itself, and that a range of other disciplines (i.e. chemical engineering, microbiology, bio-
chemistry, genetics, molecular biology and fermentation technology) are all involved;
this needs to be taken into account when considering educational requirements. Other
«countries are providing greatly enhanced facilities for learning in disciplines associated
with biotechnology. Attention should be given to strengthening teaching in these disci-
plines, and ensuring that the grant system is adequate to support the necessary students.
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8. Within the limits of declining real budgets, Research Councils have also responded
favourably. The SERC initiative in creating a Biotechnology Directorate is particularly
welcome. Against this, however, has to be set the present unprecedented squeeze on uni-
versity finances. This has seriously reduced their ability to maintain pre-existing effort in
biotechnology; to develop truly interdisciplinary initiatives; to formulate coherent strat-
egies for biotechnology and to allocate resources to the new area to meet the demand for
teaching posts, rebuilding and other capital investment. Currently central Government
response to the Spinks Report remains subdued. That said, there have been recent
initiatives by the University Grants Committee (UGC) and the Department of Industry
and we return to these welcome developments later.

9. Finally, these changes in the period since the Spinks Report must be viewed against
the substantial public and private sector investment by our competitors overseas, €.g. in
France, Germany, Switzerland, Australia, Canada, the USA and Japan. In each the
investment has been accompanied by clear, well-advertised Government strategies and an
evident commitment to the new technology.

GOVERNMENT PoLICY

10. If the United Kingdom is to make the best use of its undoubted resources and
progressively to build up an adequate infrastructure for a competitive biotechnology
industry, there remains an urgent need for a coherent and concerted Government policy.
This must define an overall strategy in support of biotechnology. It should embrace
provision of adequate financial incentives and a plan to ensure the supply of enough
qualified people. We welcome the recent announcement by the Minister of State for
Information Technology and Industry, Mr Kenneth Baker M.P., of the establishment of
an Interdepartmental Committee on Biotechnology under the chiarmanship of the
Government Chemist, Dr R. F. Coleman. This implicit Ministerial interest and respon-
sibility for biotechnology should go far to negate the present lack of apparent Government
commitment and we look forward to the new focus for biotechnology helping in the
development of an overall strategy. In that context, the Committee must be provided with
scientific and technological advice at all stages in its deliberations and, to that end, we
recommend the appointment, as full members, of independent scientists and engineers
from academia, Research Councils and industry. The Society would welcome the oppor-
tunity, along with other bodies, to nominate representatives. With such a focus to advise a
Minister responsible for new and high technologies we could look forward to adequate
priority for that pump-priming, measured assistance across the broad field of biotech-
nology which is so essential to its increased exploitation and coherent long-term develop-
ment. More particularly, we hope that the Government will, on the advice of the Coleman
Committee, place contracts for medium and long-term projects with university centres of
excellence (see para. 12).

MAaNPOWER CONSIDERATIONS

11. A key concern is the provision of significant numbers of scientists, engineers and
technicians with the necessary qualifications. As noted above, recent financial strictures on
universities and polytechnics have seriously impaired their ability to (a) train the next
generation of biotechnologists; (b) maintain and increase basic research underpinning
biotechnology, and (c) enhance links with, and transfer results to, UK industry. Many

ts are having difficulty in maintaining standards of teaching and research.
Moreover, the financial cuts have lowered morale and encouraged an increased brain-
drain of the most active and innovative scientists and engineers to posts overseas. We are
pleased to note that the SERC Directorate has recently commissioned a register of those
now resident in the United States who might under different circumstances take posts in
the UK. We look to the new Interdepartmental Committee to consider how best to
generate that return flow.

12. We believe it essential to safeguard and develop the quality of university and poly-
technic departments in the wide range of subjects from which present and future biotech-
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nology derives. It is important to avoid too quick or complete a focus on specific appli-
cations. We welcome the recent initiative by the UGC in designating as the first three
centres of excellence in biotechnology—University College London (UCL), University of
Birmingham and University of Manchester Institute of Science and Technology (UMIST).
We conclude that three institutions were chosen because of their activities in the biological
areas of chemical engineering, their collaboration in research and teaching extending
across the boundaries between departments of biological science and engineering, and
their long standing commitment to industrial applications of the biological sciences. We
also welcome the UGC’s approach to nine other universities (Cambridge, Edinburgh/
Heriot Watt, Glasgow/Strathclyde, Leeds, Leicester, London, Sheffield, Wales, Warwick)
to which earmarked support may be given. We believe that UGC funding for biotech-
nology should be concentrated mainly in a relatively small number of university centres,
but that these should not be the only places for new initiatives in pure and applied bio-
logical science or in process engineering, Moreover, it is now necessary (o create sub-
stantially more than the 20 new posts proposed in the Spinks Report (and to give com-
plementary support in the polytechnics) if momentum is to be maintained.

13. Among the criteria which universities might adopt in making their final choices on
the allocation of ear-marked funds are the following (not all of which need apply in each
case):

{1) Special expertise in either a pure or an applied science related to biotechnology.
One centre might, for example, have a commitment to plant science and agri-
culture, another to molecular biology or biochemistry.

(ii) Evidence of close cooperation with industry (whether in teaching, technology
transfer or research collaboration) or with Research Council institutes and other
pubicly-funded research establishments, or both.

(1) Willingness to embrace some clear commitments to specific applications.

(iv) Extent to which funds made available for qualified manpower and equipment
will be matched by Research Council or other research grants and vice-versa.

14. Action by the UGC alone is not enough to ensure an adequate flow of qualified man-
power into biotechnology. We would urge the SERC and other Councils to increase the
quota of post-graduate training awards to meet university and industry needs, Further-
more, the UGC initiative will take time fully to mature and should be complemented by a
much enhanced provision for top-up, conversion and post-experience course places for
graduates, immediate post-doctorals and those already employed in industry, as the
Society has already envisaged (Biotechnology and Education, para. 72). Postgraduate con-
version courses, in particular, provide an economic, effective and rapid means of providing
suitably trained personnel. We believe that the Department of Industry, as the sponsoring
department for the biotechnology industries, should support such courses, in concert with
the Department of Education and Science (DES), the SERC and the UGC.

INDUSTRY-LUNIVERSITY RELATIONS

15. University staffs have evidenced their willingness, despite current difficulties, to
develop mutually beneficial links with UK industry and the Society has done its best to
foster that communication and the transfer of research results. We look forward to
greater use of the Royal Society/SERC Industrial Fellowships scheme to those ends. But
university/industry relations need to be still further improved, notably in the biclogical
. sciences. Among the options that should be considered by industry are an increase in
industrial consultancies, particularly for younger scientists and engineers in biotechnology,
and honorary appointments for industrial staff at universities. On the latter, we believe the
Government should fund (perhaps in part) five Visiting Professorships and (for younger
people) five Visiting Readerships to enable industrialists to spend up to one day a week in
umiversity departments seen to have a clear national role in biotechnology or the under-
pinning scientific subjects. The fund would be used to reimburse to industry the appro-
priate fraction of salary and to provide a sufficient (preferably generous) expense allowance
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for travel and accommodation to facilitate the smooth functioning of visits to achieve the
necessary level of quality and commitment. The positions should be filled competitively at
two levels: first by universities applying to make such an appointment supported by a clear
statement of the use to which they would put it; and second by filling each position from
the widest possible field in industry, using advertisement as well as personal contacts to
identify candidates. The Society, as part of its developing relations with UK industry and
with the Confederation of British Industry (CBI) would be prepared to consider adminis-
tering such a scheme and lending its name to the posts.

16. Another aspect of academic-industrial relations follows from (i) the success of
Celltech in assisting the transfer of Medical Research Council (MRC) expertise into com-
mercial products and (ii) the proposal for a new, high-technology company now being
discussed between the Agricultural Research Council (ARC) and the British Technology
Group (BTG) to perform a comparable role in agriculture. In certain limited fields, e.g.
biosensers and specialised equipment, we believe that small companiescould be established.
onto whose boards academics would be invited so as to provide direct partnerships of com-
mercial and financial know-how with expertise in new scientific and technological develop-
ments. It would be appropriate for Government directly to support such initiatives as part
of its general policy of stimulating entrepreneurship in biotechnology.

17. Nothing in the above should, however, be taken to minimize the important role that
large industrial concerns will play in the growth of biotechnology, including their involve-
ment with fundamental research in universities. We welcome, for example, the establish-
ment of a joint laboratory at Leicester by the University and 1CI Corporate Laboratory
and the further proposal to set up a research laboratory there sponsored by a consortium
of four major industrial companies. But, to help develop a realistic framework against
which targets can be formulated for long-term academic research, as well as to obtain
early benefits from biotechnology on a national scale, it is necessary to give more encour-
agement to large companies. These alone have the knowledge and experience to identify
viable products for mass markets and the marketing management and production resources
for quick exploitation on a large scale. A limiting factor here is the initial business com-
mitment which is inhibited by the risk and cost of capital investment in a climate of high
interest rates. We recommend Government consideration of a scheme of capital grants (or
possibly tax concessions) for projects approved after rigorous commercial and technical
assessment. Government support might be linked, in appropriate cases, to the provision of
CASE studentships; the secondment of academics; the willingness to develop local uni-
versity contacts and, where practicable, share facilities, or other forms of enhanced aca-
demic-industrial collaboration as outlined in paragraphs 15-16.

MATIONAL FACILITIES

18. In response to the White Paper, we indicated to Government that fuller use could
be made of the potential capabilities of the Centre for Applied Microbiology and Research
(CAMR) in developing new biotechnology programmes in concert with private industry.
Pilot plant facilities and collaborative programmes between CAMR, university and
industrial staff could provide the means for pursuing research and development on new
and promising, but not as yet commercial, applications of academic research and for
developing new methodologies which would be of common interest to Government,
academia and industry. Moreover, it would be appropriate to focus Government action
on biotechnology awareness, information and advice through a group accommodated at a
multi-customer research centre of the kind that CAMR could become. We would urge the
Department of Industry to consider this proposal.

19. A second aspect lies in the provision of national facilities for certain essential ele-
ments of the infrastructure not readily attributable to single or main customers or con-
tractors. Among such elements are the national culture collections. Their current use by
industry represents some 20 per cent of customer demand. This will increase substantially
as more gene banks become established and we are concerned that at present several of the
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(k) The Select Committee press Government to establish machinery to secure the
future of the national culture collections;

{(I) The Government continue to ensure that safety legislation does not unnecessarily
constrain the growth of the biotechnology industry and its wealth-creating

capacity.
3 June 1982

ANNEX A

Response by the Council of the Royal Society to the Government's
White Paper "Biotechnology” (Cmnd. 8177).

1. A report on biotechnology by a joint working party for A.C.AR.D., A.B.R.C, and
the Royal Society was published in March 1980. This report dealt extensively with oppor-
tunities in this rapidly developing field, and drew attention to defects and constraints in
their realization in the United Kingdom. The Report made a series of recommendations
which were addressed to the Government, to other institutions wholly or partially depen-
dent on public funds such as the Universities, the Research Councils and the Royal Society,
and also to private industry.

2. In March 1981 the Government responded to the Report and recommendations by
issuing a White Paper (Cmnd. 8177). The Working Party has subsequently commented
on the White Paper, and the Royal Society now makes the following additional obser-
vations on the Government’s response. Before presenting these, however, it is appropriate
to draw attention to the Society's own initiatives on biotechnology.

3. In June 1980 Council agreed to create a Senior Research Fellowship, tenable for five
to seven years, specifically in Biotechnology, with preference given to applicants presenting
proposals with an identifiably applied thrust. An appointment was made in March this
year to Dr D. L. Pyle (Imperial College London) to undertake research into the fermen-
tation of biomass to fuels and chemicals. The Society has also taken a lead in considering
the implications, for secondary school, further and higher education, of the growth in
biotechnology over the next thirty years in terms both of an adequate provsion of suitably
trained manpower and a balanced appreciation of its role in industrial development and
national well-being. A Working Group of the Society’s Education Committee, appointed
last July, will report shortly. It has been consulting widely amongst interested parties.
The Society has been concerned to enhance the opportunities for greater exchange between
industry and academia, not least in biotechnology, and established a joint scheme to this
end with the Science and Engineering Research Coungcil in 1980. An award will be made
shortly to a polytechnic lecturer to spend a period in I.C.I. engaged on biotechnology.
Those in biotechnology are also being encouraged to use the Society’s various schemes for
bringing top-class scientists to the United Kingdom to work in centres of excellence here,
and for facilitating visits by United Kingdom scientists to such centres overseas. In the
same vein the Society has, in the last two years, run several international discussion
meetings on biotechnology. It is thus actively encouraging awareness of biotechnology,
and providing support for those in the field.

4, Turning now to the White Paper, we note that the Government welcomes the Report
and agrees that biotechnology will be of rapidly growing importance. One action support-
ing this statement of principle has been the encouragement of the initiative by the National
Enterprise Board (N.E.B.) in the creation of a new biotechnology firm, Celltech. We also
recognize some response following the Working Party’s recommendation in favour of
greater involvement by the Centre for Applied Microbiology and Research (C.A.M.R.) in
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APPENDIX 10
Memorandum Submitted by the Association of Scientific, Technical and Managerial Staffs
BIOTECHNOLOGY (B 23)

We are pleased that the Select Committee is conducting an enquiry into biotechnology.
We understand that the Committee will produce an interim and a final report. We submit
these observations for the interim report and will submit a more detailed paper later in
the year. We would also welcome an opportunity to give oral evidence to the Committee
during its enquiry.

ASTMS is the largest white-collar union covering both the public and private sectors,
with a membership of 490,000. ASTMS represents professional, scientific, technical and
engineering staffs in a very wide range of industries and occupations. Members include
biologists, chemists, biochemists, mechanical engineers, chemical engineers, professional
engineers, engineering technicians, university lecturers, research and development workers
in many fields, pharmacists, and doctors. They work in virtually every industry, ranging
from the more traditional such as textiles, through vehicle manufacture and chemicals to
the oil industry and nuclear power industry, and in many service industries such as finance,
education, the National Health Service and medical research.

ASTMS has a wide-ranging interest in the development of biotechnology. The edu-
cation, training, career opportunities and working conditions of our current and future
members will be affected by decisions taken now about the development of biotechnology.
We are naturally concerned that industries in which our members now work may be ren-
dered obsolete by the new technology. Finally, and perhaps of most importance, we are
extremely concerned at the lack of economic and social progress in Britain today. We
are well aware of the importance of biotechnology to the future economic prosperity and
employment opportunities of the country, We fear that Britain, in spite of a very strong
research contribution to this field, will fail to exploit developments in this field industrially
and that as a consequence the health and general well-being of our nation will suffer.

Processes involving biotechnology will undoubtedly play an increasingly significant role
in the economy over the next few decades. Some of these processes can have a very long
lead in time, ten, sometimes twenty years, between the initial research and full industrial
application and production. Others may be able to be applied very rapidly, but in either
case, investment decisions must be made now if we are to see a maximum application of
these very powerful technologies in the building of a health economy. Biotechnology will
be economically important because many products will be able to be produced more
cheaply and from renewable resources. There will be social implications for health care,
with the provision of new pharmaceuticals and a widening of diagnosis and prevention
of genetic handicap. Politically, the development of disease-resistant crops and the alter-
ation of protein production could help the Third World to produce adequate food.

Other major industrial countries are investing heavily in biotechnology; this is an area
where it could be economic suicide to be left behind, If other countries obtain key patents
on micro-organisms, and the processes to utilise them, it will cost Britain large sums to
purchase this technology—often based on research findings from the UK. At the moment,
we still have the expertise necessary to develop and exploit biotechnology, but we are at
risk of losing it to our competitors because of insufficient investment, poor facilities and
inadequate career prospects for our trained personnel.

The proper development of biotechnology will mean significant employment oppor-
tunities, not just in research and development laboratories, but also in designing and
producing the machinery that will make use of the discoveries, and in the actual manu-
facturing processes which will result from them. There should be a steady, planned
approach to the way in which biotechnological processes replace the more traditional
processes and industries, so as to cause the minimum of disruption to employment
patterns and industrial output.
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There is clearly a role for co-operation between the private and public sectors
for investment in this field, in joint ventures such as Celltech, the new biotech-
nology company in which the National Enterprise Board holds a 44 per cent
stake, the remaining shares being distributed among private investors.

When public money is invested the Government body involved should retain
majority control so that they can continue to influence the direction of the research
and development, and can ensure that a share of the benefits from the investment
of public money are returned to the public. We are particularly concerned at the
Government’s comment in the White Paper on biotechnology (Point 26) that
projects started with help from the British Technology Group will somehow
become *““fully independent™ within a few years. As well as being unrealistic, this
15 a case of dogmatic “privatisation” which disregards the practical problems
involved and which seeks to deprive the public of the possible long-term benefits
of successful public investment. It also ignores the fact that many scientists and
engineers wish to see their work used in a socially useful way rather than judged
solely on profitability.

ASTMS are however pleased that the Government took the initiative in
establishing Celltech and we believe that the formation of similar companies
relating to other areas of biotechnology is probably the most appropriate route
for further investment. However, as suggested above, we believe that the public
sector should hold at least 51 per cent of the interest in these bodies.

Another way in which the Government might help would be to earmark a
certain amount of Government money for providing tax concessions to small,
highly capitalised, innovative companies in this area, as happens in the US and
Japan.

EpucATION

The provision of adequate financial support for the development of biotech-
nology is one side of the golden coin. The other is the construction and main-
tenance of an education system able to meet the demands of this new technology.

Every part of the education system is important. Today's primary school
children will be the postgraduates of the next generation of biotechnologists.
We must plan now to ensure that there are sufficient opportunities to keep our
good young scientists in Britain. Otherwise, their expertise will go towards
developing products for our overseas competitors. There is already evidence of
a selective and damaging “brain drain™ of some of the most able British scien-
tists and technicians in this field, particularly to France and the United States.

Although comparatively few people are employed in biotechnology at the
moment, if the field expands as we suggest, it will be requiring large numbers of
skilled employees in many different scientific areas within 10-15 years. There-
fore a strengthening of science teaching in schools, from the earliest age, is an
important element of success. The Government's present cut-back in education
is especially worrying in this context; primary schools that do not have enough
money for books are not likely to invest in mini-computers. Further up the
education scale, the cut-back in university places will deprive a significant part
of a whole generation of fifth- and sixth-formers from gaining the sort of back-
ground likely to be needed in the industry of the 1980s and 1990s.

It is estimated that in the academic vear 1983-1984 20,000 university places
will be lost. Because of the increase of the 17- and 18-year-old age group that
year it will mean that 44,000 people who otherwise might have gone to university
will be deprived of that chance. Although the Government has expressed a
preference for science compared with arts and social science education, the cuts
have hit hardest at the technology-based, industry-linked universities. It is
likely that a large proportion of the places lost will be science places. The cut-
backs also drastically affect the number of university teaching posts, restrict the
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industry and the society generally if academics are made to think more about the
possible practical applications of their research. This would be assisted both by
greater contact with industry and by greater interaction between academics in
related disciplines, for example biology and engineering.

The Research Councils should provide an important avenue of investment for
a wide range of university research in this area, both in and beyond the *“*centres
of excellence”. As biotechnology cuts across their areas of interest and expertise
we agree with the suggestion of the Advisory Council for Applied Research and
Development (ACARD) that ACARD and the Advisory Board for the Research
Councils should set up a joint committee for biotechnology to develop and
co-ordinate a coherent programme of biotechnology research. We would add
that this should have an input from industry, trade unions and Parliament,
perhaps through the body we outline in our next section.

DirecTion OF RESEARCH AND DEVELOPMENT

The development—or failure to develop—the potential of biotechnology is of
such significance to the country as a whole that the pattern of development
cannot be left to chance, or to the interests of particular companies or scientists.

Again we feel concerned at the White Paper on biotechnology which seemed
to accept that all development would come from random initiative from private
industry. Apart from our conviction that the level of investment required would
not be reached, it is clear that what investment there is would naturally be
concentrated in areas likely to lead to short-term profit rather than long-term
structural economic advance. Whilst profit making will be an important element
of the development of biotechnology (for the public sector as well as the private
sector) it must not be the only or even the major determinant of which areas are
developed. There must be a social input, from the earliest stage of deciding
where research funding will be directed, right through to the final stages of de-
ciding whether and how the research will be put to practical application.

This social input should ensure:—

(1) that society as a whole gains—for example less pollution, better drugs—even
where these developments do not necessarily involve immediate financial
profit;

(2) that profits which accrue from public investment are used for the public
good ;

(3) that the proper conditions are created for retaining good scientists in
Britain;

{4) that research is co-ordinated to the extent that there is no significant overlap
{and thus waste) of resources, and

(5) that the seed-corn of a strong future biotechnology sector is not sacrificed
to short-term profits.

A body comprising representatives from Government, Research Councils,
trade unions, universities and industry should co-ordinate work in the bio-
technology field, with power to recommend to the Government which particular
areas need investment or other assistance, and what controls or regulations are
needed Lo ensure a coherent comprehensive development of this field.

ETHICAL AND SAFETY CONSIDERATIONS

ASTMS supports the expansion and application of biotechnology, but we are
equally concerned with its safe and ethical use, These considerations, far from
being mutually exclusive, can complement one another, given approprate local
and national safe-guards. Among the ethical questions that will arise are the
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Memoranduem Submitted by the Glaxo Group Research Limited

BIOTECHNOLOGY IN THE UK: TRAINING, RESEARCH (B 25)
AND INDUSTRIAL APPLICATION
PRESENT AND FUTURE SCOPE OF BIOTECHNOLOGY

The established biotechnology industry is based upon fermentation processes. The
most sophisticated development in this area relates to the production of antibiotics, The
new growth areas of biotechnology are genetic engineering (recombinant DNA technology)
and monoclonal antibody production and utilisation. Both of these new biotechnologies
have grown rapidly from a broad base of intensive academic research. In tracing the
development of these biotechnologies certain key scientific publications are cited. However
it should not be forgotten that “breakthroughs™ can usually only take place in the right
scientific climate. Very many separate pieces of first class sciences are brought together
at any of the apparent breakthroughs in a scientific field.

By the very nature of things, one cannot accurately predict in which particular area of
biosciences the next breakthrough applicable to biotechnology will occur., One can,
with some confidence, say that it will only occur within a strong and fourishing scientific
community.

The research base for biotechnology. Modern biotechnologies have grown out of
fundamental academic research. In the UK this research has been supported by the dual
funding system in the universities and with particular success by the Medical Research
Council funding of centres of excellence, in the form of Units and Institutes. (In the
United States the vast amount of excellent biological research that has led to develop-
ments in the new biotechnologies, has been largely funded by the National Institutes of
Health, even when such research has been carried out at private universities and insti-

tutions,)

In the UK at the present time the dual funding system is breaking down. The UGC
grant is no longer providing the well-found laboratory upon which research council grants
have been based. Research council funding is swinging towards shorter-term grants and
fewer research personnel. Two consequences of these policies can be predicied: 1. there
will be a curtailment of the excellent academic research base that is necessary to support
current commercial developments in biotechnology and which will be essential for future
innovations in biotechnology: 2. there will be a dearth of well-trained young scientists
to supply the needs of commercial biotechnology companies.

Academic-industrial links. In the new biotechnologies close academic-industrial links
are extremely important. The time lag between research results in the academic laboratory
and applications in biotechnology-based industry is very short relative to the time lag
for applications of other areas of academic research.

The best Government-funded schemes for encouraging such links are those run by
SERC, i.e. CASE studentship awards and Cooperative Awards. Such excellent schemes
should be extended. Both CASE and Cooperative Award schemes are relatively in-
expensive to operate. Their major usefulness to industry lies in the provision of a meeting
point for academic and industrial scientists focusing on problems generally of more
long term academic interest. The usefulness of these schemes to the universities clearly
lies in the provision of support for on-going academic projects and in improvement of
the nature and quality of training, both practical and intellectual, provided for students.

Direct links between industry and academia in the field of biotechnology can be initiated
by either the industrial partner or the academic partner. Government could play a useful
role in acting as honest broker to bring the sides together. Links that involve specific
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5.3. In non-medical biotechnology CAMR at present has two research projects. The
first is with Cadbury-Schweppes, the other (on the production of ethanol from biomass)
is with Technoferm Developments, a subsidiary of the Mitchell Cotts-Lennon Group. The
agreements with these two companies give to CAMR the right to use any consequent
discoveries which are relevant to the health care field.

5.4 The three laboratories most directly concerned with biotechnology are: Vaccine
Research and Production, Microbial Technology, and Therapeutic Products. Their
research programmes, however, necessitate a substantial infrastructure of laboratories able
to support their work at a more fundamental level. Thus, the Pathogenic Microbes
Research Laboratory has considerable knowledge of fermentation technology, especially
by continuous culture, and insight into related aspects of bacterial physiology. Likewise,
the Molecular Genetics Laboratory contains a group highly experienced in genetic
manipulation. Laboratory safety underpins all research at CAMR and is monitored
through the Environmental Microbiology and Safety Reference Library.

Vaccine Research and Production Laboratory

5.5. This laboratory has recently acquired a new Vaccine Virus Concentrate Production
Unit (2.4), for the manufacture of tick-borne encephalitis vaccine, built by a British firm
(Clean Room Construction Ltd.) for an Austrian pharmaceutical company (Immuno AG).
Killed viral concentrate produced in this unit is sold to Immuno AG for finishing, pack-
aging and distribution in Austria, West Germany, and elsewhere. Other vaccines produced
at CAMR are those needed in such small amounts in the UK as to be unattractive to
ggmrll}ercial firms. Examples are anthrax vaccine, and toxoids for immunisation against

tulism.

5.6. The laboratory has the task of developing new vaccines, with the aim of licensing
a firm to produce them after completion of clinical trials. Examples under development
include vaccines for viruses of the herpes group, and hepatitis B. The laboratory also has
projects concerned with plasmid stability, and the use of monoclonal antibodies to separate
the protective antigens of pathogenic organisms. The future will see research into subunit
vaccines, using genetic manipulation. One such programme is already under way, with a
commercial firm showing interest,

Microbial Technology Laboratory.

5.7. This laboratory includes the Fermentation Pilot Plant, where organisms can be
grown at volumes of up to 400 litres. A collaborative research programme with Kabi-
Vitrum AB (the Swedish state-owned pharmaceutical company) has enabled CAMR to
ferment a genetically engineered strain of E. coli, developed by Genentech of California,
which produces human growth hormone. Scale-up of genetically engineered microbial
systems, a key area in the whole field of biotechnology, i1s one in which CAMR holds a
strong position. Other microbial systems are fermented to produce therapeutic and
diagnostic enzymes. Examples of the former are asparaginase (used to treat childhood
lymphatic leukaemia) and phenylalanine ammonia lyase (under trial as an oral treatment of
phenylketonuria). Potential therapeutic substances under development include a novel
class of enzymes for lysing blood clots, and new drugs which may be of value against
cancer.

5.8, Enzymes for use as diagnostic reagents are an important field, and the Spinks
Report drew attention to the lack of UK suppliers of biochemical reagents. Enzymes for
estimating plasma lipids, paracetamol, and methotrexate have recently been patented and
others are under development.

5.9. The possibility of using microbial systems to break down toxic aromatic chloro-
hydrocarbons, and to sequester mercury and cadmium in environmental waste materials,
is being investigated under a research programme sponsored by the Department of the
Environment.
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To obtain the views and support of the scientific, technological, industrial and commercial

sectors of the community it may be mﬁgﬂﬂi&@w to solicit ideas,
programmes and projecis which could be of strategic impoertance to the country. It could
be that in the area of biotechnology, the BCCB could fulfil this role although it would
seem from its present mode of operation that it conforms more to the requirements of the
European Federation of Biotechnology than to an organisation which comprehensively
represents British biotechnologists. Such agencies could feed into the ICBT (or its
equivalent in other areas of endeavour).

Also, it is of critical importance that the proposed projects are examined at the highest
ministerial fevel. In Japan, the Prime Minister chairs the committee which selects projects
for execution (Appendix 1). So in order for the nominated projects in the UK to be
evaluated as a matter of national strategy, it is necessary to bring them to the attention of
the Departmental Minister and indeed the Prime Minister also. I suggest that the appro-
priate committee be set up to promote these ends.

Finally, the development of technology is an activity in its own right. It involves both
reactor design and process delineation. It is orientated to the manufacture of products
and the procedures which are used to obtain such ends have a discipline and a logic
which require special training and experience. For these reasons I hold that it is in the
interest of the nation to institute a “Technology Development Council” to operate along
the lines of the present Research Councils,

SUMMARY OF RECOMMENDATIONS

1. Agencies be set up to involve the relevant scientific and technological community
in the delineation of projects in areas which could increase social wealth and which
would be unlikely to increase industrial profit in the short term.

2. The decisions on which projects to execute should be taken at the highest level,
preferably involving the Prime Minister.

3. A Technology Development Council be instituted and funded to promote and sponsor
technological development not only in the field of biotechnology but in other areas of
technology also.

APPENDIX 1

THE ROLE OF THE JAPANESE GOVERNMENT IN
BIOTECHNOLOGY RESEARCH AND DEVELOPMENT

Dr M D Rogers, First Secretary, Science and Technology Department,
British Embassy, Tokyo

A Paper to be read at the conference on biotechnology organised by the
Biotechnology Group of the British Coordinating Committee
for Biotechnology in June 1982
d..rr’-"“-\.l.l IE. ‘j-bﬂ o C L""'""_"-'t.—._.
FORMULATION OF SCIENCE PoLICY IN JAPAN Tosfonatvn, | F e . 982

Three main bodies are concerned with the formation, implementation and coordination
of science policy in Japan. The Science Council of Japan consists of members directly
elected by scientists in Japan and is often dubbed “the parliament of scientists™. It is
independent of the administration but is government financed. Its primary functions are
to provide independent advice to government and to act as a consultative body on science
policy for government. The various committees of the Science Council of Japan (JSC)
ensure that all the areas of science and technology are kept under review. Recommen-
dations by the JSC are considered by the Council for Science and Technology (CST).

P
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The CST is part of the Prime Minister’s Office. It is chaired by the Prime Minister and has
eleven members (one of whom is the President of the JSC). The CST is concerned with
establishing general science policy for Japan, considering recommendations made by JSC
and promoting studies on nationally important problems. The CST passes recommen-
dations to the various ministries for executive action. Finally the Science and Tech-
nology Agmcy (STA) frames science policy in the form of national plans, promotes
“Big Science” (space, atomic etc.) and is nominally responsible for coordinating the
various activities taking place in the various ministries,

Since the inauguration of the JSC about 600 recommendations have been submitted
to government and most of these have been implemented in one form or another. Bio-
technology is a good example. This was the subject of a number of early recommendations
by JSC. In 1971 the CST stressed the importance of promoting life science as a national
policy and in 1973 the Committee for the Promotion of Life Science was established by
the STA. This committee manages STA's own programmes in the biotechnology area and
coordinates the work taking place in other ministries. There are similarities with the
UK’s Advisory Council on Applied Research and Development (ACARD) in the working
of CST. However, ACARD did not study biotechnology until 1979 producing its report
in 1980, roughly 7 vears behind the Japanese,

THE ScaLE ofF GOVERNMENT INVOLVEMENT IN BloTECHNMOLOGY R & D anD THE Man
GOVERNMENT CENTRES

As indicated earlier, Government support for biotechnology dates from the beginning
of the "70s. The Science and Technology Agency initiated the new government bio-
technology programmes by establishing a Committee for the Promotion of Life Science in
1973. (The programmes are described as ““new" since fermentation technology is a very
old industry in Japan where many foods are based on fermentation processes. The Govern-
ment Fermentation Institute for example, was established in 1940 but there are very many
older institutions concerned with brewing or Zymotechnology!) Since then, the scale of
Government support for biotechnology R & D has steadily increased. Support in 1981
for Life Science in general is estimated at a minimum of Yen 50,000 million and if one
considers only the more restricted areas which are currently referred to as biotechnology
the support was of the order of Yen 5,600 million in 1981, (i.e. approximately £12-4 million.)
Government financial support has received fresh impetus in the last year with the announce-
ment of the Ministry of International Trade and Industry’s (MITI) biotechnology national
projects. These new projects are the Biomass Development Project concerned with
alcohol production (7 years from 1980—total budget Yen 12,300 million) and the Next
Generation Industries national project which has three biotechnology themes (10 years
from 1981—total budget in the biotechnology sector is in excess of Yen 30,000 million).
The main Ministries involved with biotechnology R & D are:

the Ministry of International Trade and Industry
the Ministry of Agriculture, Forestry and Fisheries
the Ministry of Health and Welfare and

the Ministry of Education.

These are shown on the organisation chart. [Diagram 1.] The Science and Technology
Agency has two roles. It is responsible for policy and inter-ministry coordination and it
carries out its own R & D programme in the field of biotechnology. Inter-ministerial
rivalries exist even in Japan and for this reason some people question the effectiveness of
STA’s coordination role. Nevertheless, in my opinion, it is fairly effective in the field of
biotechnology not least because STA was involved from the beginning with its own pro-
grmm:m:smdbecaus::thastnk:uamntrnlrulemth:mmngnfﬂ—ﬂﬂﬁmgulmuam As
the House of Lords Select Committee on Science and Technology has indicated in its
recent report on Science and Government a strong central body is required to provide
science and technology advice, to establish national science and tac]mrﬁny strategy and

to help coordinate departmental efforts in these fields. In Japan the STA is attempting to
carry out just these functions.
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SciencE AND TECHNOLOGY AGENCY PROGRAMMES

The STA Life Science Programme is directed by the Committee for the Promotion of
Life Science while project management and budgetary control is exercised by the Life
Science Promotion Department based in the Institute of Physical and Chemical Research.
{This Institute is not a Government R & D laboratory. However, the majority of its funds
are provided by STA.) There are currently 15 projects ranging from the development of
advanced bioreactors to safety of R-DNA research and natural drugs. Expenditure in 1981
was Yen 640 million. Where the research is carried out in industry, the company con-
cerned contributes 50 per cent of the project cost. There are a number of active projects
under the STA's Life Science Programme. Some of the more significant projects are:

(a) The Ageing Mechanism and its Control

(b) Studies of Plant Hormones and their Pmdun:lmn ‘Studies of Insect *“Hormones™
{Pheromones) iof

(c) Bioreactor Studies

(d) Recombinant DNA Studies

Two aspects of the work of STA will be discussed in greater detail, the bioreactor pro-
gramme and the genetic engineering control regulations.

THE BiorEacToR DEVELOPMENT PROGRAMME
(a) Background

The Government decision to promote life sciences in the early 1970°s resulted in the
creation of a specialist committee to recommend research and development projects.
Professor Wada of Tokyo University was appointed to this committee and was instrumen-
tal in the selection of the research objectives. It was decided that the aim should be to
select a topic which would raise the general level of science and technology in Japan rather
than support activities, such as immobilized cell technology, which were already in pro-
gress. Hence the objective of studying the biochemical reaction circuits within living
organisms in terms of their reactive elements, the enzymes, and their control mechanisms.
The aim of this study is to develop advanced bioreactors (*'Second Generation™ bio-
reactors—existing fermenters being “first generation™ bioreactors) which Professor Wada
has referred to as chemical robots.

Two types of advanced bioreactors are being developed. A synthesis bioreactor—able
to synthesize whatever substance is required from raw materials and enzymes—and a
diagnosis bioreactor which by utilizing reactions between enzymes and specific compounds
would be of tremendous value in medical diagnosis. The latter bioreactor is a shorter term
project than the former. The projects started in 1977. A flow chart for the energy repro-
duction system for the bioreactor is shown. [Diagram 2.] The development of a successful
ATP regeneration system was recently announced by the project team.

(b) Project Membership

Industrial participation was invited from a range of companies skilled primarily in
chemical technology rather than traditional fermentation technology. (The companies
concerned were conscious of increasing competition from the NIC's (Newly Industrialised
Countries) and were thus committed to a policy of moving technically up market. Interest-
ingly one of the latest companies to join STA's Life Science Project Group is Daini
Seikosha—makers of Seiko watches—their interest is clearly related to competition from
Hong Kong, for example, which makes about 80 million watches per year at about half
the Japanese cost. The interdisciplinary approach which has been encouraged has been
very productive in a project which includes computer control, biochemistry and chemical
systems design.
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(c) The Polypeptide Typewriter—Bioreactor Project Phase 2

The basic research on the synthesis bioreactor is now almost complete and the project
is moving into applications research. The goal of the applications research is to produce a
“polypeptide typewriter” (PPT) by 1983—84. The PPT is a programme controlled chemical
reaction system which bonds specified amino acids from among 20 types in a specified
sequence. The PPT is expected to be able to synthesise substances such as insulin with
known amino acid sequences.

(d) Bioreactor Project Phase 3

The ultimate aim for the synthesis bioreactor plus PPT is to produce a system incor-
porating artificial intelligence and appropriate data bases which can select by trial and
error polypeptides of optimal biological activity from among a variety of polypeptides.
Genetic engineering technology will then be used to mass produce the optimum product
designed by the PPT. The PPT and genetic engineering are thus complementary tech-
nologies. In Professor Wada’s words the PPT “writes beautiful sentences™ while genetic
engineering “*prints these for mass circulation™. Phase 3 will follow on from Phase 2 in the
latter half of the 1980's.

CGENETIC ENGINEERING CONTROL REGULATIONS

The Science and Technology Agency is responsible for Japanese guidelines for the
control of genetic engineering. Current guidelines are modelled on the first USA
regulations. Although these have been partially amended three times since 1977-78 they
are still fairly severe in their restrictions. The situation is not straightforward in that there
are separate but sub-ordinate regulations in other ministries—notably the Ministry of
Education. The employers’ organisation is also currently framing regulations for industrial
safety with respect to genetic engineering! The whole matter is currently under investi-
gation with the intention of producing new national standards which reflect the latest
findings on genetic engineering hazards. These new regulations will probably be issued in
May or June of this year.

Work with organisms which have been “cleared” by the relevant expert committees is
relatively straightforward but work which involves new experiments or “new” micro-
organisms requires a lengthy approval process.

The STA is building a national genetic engineering facility at Tsukuba Science City with
a P4 class laboratory. This will be run by the Institute of Physical and Chemical Research
and a director has now been appointed. There will be about 100 researchers. It is interest-
ing to note that there are problems associated with building this facility because of local
opposition groups who fear that it may be associated with such things as biological warfare
or represent a local hazard

Ministry of International Trade and Industry (MITI) announced a major national
programme in 1981 which was named The Next Generation Industrial Foundation
Technology Development System! This is a 10 year programme (which was inaugurated
on the 1st October 1981) with an estimated 10 year total budget of Yen 104,000 million.
About one gquarter of this money will be spent on biotechnology programmes.

The programme divides into six specific themes ranging in 10 year cost between Yen
5,000 million and Yen 15,000 million. There are six themes in innovational materials
technology (ceramics, polymers and composite), three biotechnology themes and three
semiconductor technology themes.

BioTECHNOLOGY THEMES

The biotechnology themes are clearly aimed at establishing biotechnology mass pro-
duction techniques. The three themes are broadly:

{a) Bioreactor Development
{(b) Recombinant DNA technology
(¢) Large scale mammalian cell culture
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etc. Single-cell protein is of interest but the combination of government regulations and
public attitudes makes this a low priority area.

SYSTEM EVALUATION
Construction of pilot plants in local areas.

TecHNOLOGY IMPROVEMENT

Bioreactor and enzyme technology studies: Pretreatment technology improvement:
Energy conservation studies: Membrane technology studies.

ConCLUDING REMARKS

I hope that this paper will have given you some idea of the scale and scope of Japanese
Government support for biotechnology. In conclusion I would like to emphasise three

general points:

(a) Government Technological Strategy

Effective strategy cannot be formed by government in isolation. It must be produced
via a consultative process. Although much has been made of the term Japan Inc in Western
comments on Japanese success, Japan is not primarily an autocratic nation as far as indus-
trial policies are concerned. Strategy is formed by a “bottom-up™ process in Japan and
this is facilitated by the close relations which exist between Government and industry.
Thus although it may take a little longer to formulate strategy than in some other countries,
agreement to the strategy will have been obtained from all parties prior to its formulation
and hence its implementation is much more effective. Nevertheless a central body is
necessary to initiate the consultative process, to ensure that this is as effective as possible
and that all options are considered, to maintain momentum, to frame the conclusions and
to co-ordinate action. Japan has just such a body—the Science and Technology Agency.

(b) Co-ordination of Government Technological Programmes

In implementing large interdisciplinary technological programmes such as biotechnology
(or energy technology) several ministries are inevitably involved. Sometimes the division
of work will be clear cut but this is often not the case, as for example, in R-DNA research
or bioreactor development and overlaps will occur. Hence a nor-ministerial body is re-
quired to co-ordinate programmes and reduce interministerial rivalry and programme
overlaps. This role is also undertaken by STA and a special fund is used for the co-
ordination and promotion of such multi-ministry technical programmes. As I indicated
earlier there are several views of STA’s effectiveness in this role but there cannot be any
doubt of its necessity.

(c) Finance
There is no doubt that these programmes are large and well funded. However, too
much should not be made of the government financial contribution to the R & D pro-
grammes. Of greater importance is the industrial involvement and commitment. Japanese
Government investment in previous highly successful national electronics and computer
projects was more than matched by industrial investment. Inter-company competition in
Japan is intense and is probably a more important factor in the success of technical
development programmes than government investment per se. The importance of such
government programmes lies in the framing of mutually agreed strategies and in the
ly promotion of the necessary advanced technologies (the “seed corn” policy).
Il:ﬂllr.lsl:rjllr having been involved from the beginning is then in a prime position to benefit
from these programmes.
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