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National R &DPolicy:
An Industrial Perspective

Roland W. Schmitt

the performarice of basic. .research and
the training of research manpower. The
distraction is especially.great if Washing­
ton pays .too much attention to the grow­
ingnumberof calls for the government to
take over the job of selecting .• and .:eup­
porting. R&D programs aimed at com­
mercial results.

The Federal Role

Industrial policy hasbecome one of
the hot issues on our national agenda,
with various advocates telling us how to
beat the Japanese and solve the prob­
lems ofunemploymen( inflation, and
industrial stagnation: .. The 1~84 pres~d~n­

tial candidates are picking up these ideas
and testing ,them;

Industrial policy has many compo­
nents-c-fiscal, 'monetary; and regulatory,
for example. 'It touches on many areas;
from international trade to retraining the
work force. I can bring my expertise to
only one cornerof this many-sided sub­
ject: research and development policy:
To me, industrial policy means what the
government must do to shape our nation­
al industrial posture', and a clear under­
standing of what government should not
do. "

There has been no lack of proposals.
Bills put before Congress in recent years
have called for such changes as the es-

The author is senior vice president, 'Corporate
Research and Development, General Electric Corn­
pany, Schenectady, New York 12301. This article is
adapted from his keynote speech at the National
Conference on the Advancement of Research, San
Antonio, Texas.rlu October 1983.
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tablishment ofa National Technology
Foundation, or a Cabinet-level Depart­
ment of Trade and Industryr the selec­
tion.of a National Commission. on Tech­
nological Innovation arid Industrial Mod­
ernization to tell us "what theeconorriic,
educational, and industrial priorities of
the UnitedStatesought tobe'Ya Presi­
dentialProgram for the Advancement of
Science and Technology; and a Commis­
sion On High Technology and Employ­
ment Potential. Another proposal would
establish .~. governmeilt.prograrri to .con­
duct research, and development on im­
proved manufacturing 'techniques: oth­
ers would exempt joint research and
development efforts from the·,antitfust
laws.

All these proposals to aid U.S.R & D
show a healthy and encouraging :c~ncei-n

about the state of American industrial
technology, but they may at the same
time distract politicians and policy-mak­
ers from the most important need and the
most important step that government can
take to 'strengthen U ~S. innovation. That
task is ... to ensure and strengthen' the
health of our university system-in both

In the' commercial R&D .area there
are some thirigs that government must
and can do, and other things it cannot
and should not do. Government has a
crucial role to play in creating favorable
conditions for commercial innovation,
but not in actually producing those inno­
vations: There are several reasons for
this.

First, .successful innovation requires-a
close and, intimate coupH,ng between the
developers ofa technology and the busi­
nesses that will bring products based. on
that technology to market and are them­
selves in touch with that market. This is
essential in a •. diversified. company, and
even more essential in a complex and
diversified economy. The R&D people
rriust.. comprehend the: strategies of. the
business as well as know what the mar­
ket constraints are and what the cornpe­
tition is up to.. The business people, in
turn; must understand the capabilities
and limitations of the technology. They
must .possess the .technical strength to
complete the. development and believe
strongly enough in the technology's po­
tential to make the big investment need­
ed to bring it to market.
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perspective.jhe Department of Energy's
program -expense' for just, one unproved,
highly speculative energy technique,
magnetically. contained fusion, Was $295
million in 1982 alone. We face the same
problem in several other crucial areas or"
university research: This is -particularly
true of engineering research-s-fundamen­
tal research in such areas as software
engineering, automation, machining sys­
tems.. materials engineering, and' com­
puter-aided engineering techniques.

/1 The crudaldistinctionagain is be­
V!\{weensupport ofthe underlying research

~the job that the government should be
doing) and support of efforts. aimed di­
rectly at generating products (the job the
government. should stay away from).

i Some of the bills before Congress do not

I
, clearly make thi.S distinction. Consider,
( for .exarnple, the .calls for government
I supportofR &D in manufacturing tech-

nology ...Ifa program for conducting', the
underlying research at universities is to
be established, I will support it whole­
heartedly. But when programs to pro­
ducemore efficient manufacturing tech­
nologies are proposed, I. worry that
someone has ignored. the difference .be­
tween broadly relevant research and the
job of selecting specific technology tar­
gets -formew-products . and •..·processes.
And.when anyone' proposes conducting
research utilization .activities to encour­
age widespread. adoption of these tech­
nologies, then' I have serious reserva­
tions.

In the technology of controls, for ex­
ample, fundamental theoretical advances
are needed to catch. up with the speed
and power of microelectronics. "Such
work should be strongly supported at
universities. But the job of putting re­
search to. work in, '. say ,robots or ma­
chine tool controls for commercial mar­
kets .should be addressed by private
companies.

Some may be concerned that with, so
much emphasis on support of academic
research. in fast-moving areas, such as
microelectronics and computer. science,
the needa-of' core-Industriesvsuch as
automobiles and steel, will be neglected.
That.is not "so;"The'increases .. inefficien­
cyneeded by these industries will be
provided much more by some of these
fast-moving .areas . thanby.advances in
the core technologies. These industries,
toe; are dependenton strong university
research in the fast-moving areas.More­
oyer, these, industries suffer from a lack
of investment in alreadyavailable tech­
nology. Giving them new technology
without the correspondinginvestment to
use that technology is hardly likely to
improve their plight.

15JUl'E 1984

Immigration Policy

Another policy issue that strikes at the
heart of our universities, yet is rarely
discussed in the context of R&D poli­
cy, is immigration' policy. In 1982 as
many foreign students received engi­
neering Ph.Dr's in ouruniversities asdid
American students. Some regard these
foreign .students as a-problem, arid there
even have been proposals to reduce their
numbers. But the real problem is that not
enough Americans' are entering doctoral
programs. The solution is to encourage
more of our students, through adequate­
ly supported graduate fellowships, to go
on to graduate studies. What is clearly
not a solution is to force foreign students
to leave. They arean important resource
for our country. They account for a
disproportionately large portion ofour
skilled manpower in the fast -moving ar­
eas of science and technology. They ,are
not taking jobs away from Americans.
They are filling a void and advancing
U,S. science and technology. Historical­
ly the United States has benefitcdim­
measurably from opening pur doors to
immigrant scientists' and engineers.· I
need only mention such greats .. asStein­
metz, Alexanderson, and -Giaever.· at
General-Electric; Tesla, Zworykin, and
Ipatieff at other companies; .. and Fermi,
Debye, Mark, and many others at.Amer­
ican universities. Yet current laws create
obstacles for foreign scientists who seek
employment here. If weare truly con­
cerned about enhancing U. S. industry's
capability to do R&D, we should ease
the regulatory barriers to hiring foreign­
born students, especially those trainedin
this country. Proposed amendments to
the Simpson-Mazzoli immigration bill
now before Congress would do exactly
that. Unfortunately, for reasons that
have nothing at all to do with science and
technology, that bill is now stalled in the
House. The critical role that foreign sci­
entists play in the United States must be
addressed directly , rather than as an
afterthought to a bill intended to deal
with the problem of illegal, and largely
unskilled, aliens.

Technology Leaks

A· related national issue also directly
affects the health ofour universities: the
problem of leakage of technology to the
Soviet Union, In an attempt to stop that
leakage, the Department of Defense and
the Department of Commerceproposed
regulations-that would prevent. foreign
nationals from taking part in advanced
microelectronics research in universities

and industry. This is intended as justa
first step. In the long run, the two depart­
ments are proposing to impose. the 'same
restrictions on virtually all fast-moving
areas of advanced technology consid­
ered.tobe militarily.critical.

There is no question that we must do a
better job of preventing the Soviets from
acquiring our technology, but such regu­
lations are overkill. The Defense and
Commerce Departments propose to
change the export control regulations in
ways that would seriously disrupt the
nature of scientific discourse in U.S.
universities andindustrial R&D labora­
tories, No doubt some technology does
leak to the Soviets inthe course of our
open •scientific discourse. But .by the
Administration's own account.rthis is a
very small part of the problem.. 1t is
counterproductive to ,impose such major
restrictionson U.S; scienceandtechnol­
ogy for such a small part of the problem.
Again, foreign scientists play a critical
role in most of our important areas of
science and technology. Deny themac­
cess to these areas of research and we
will do far more to damage our techno­
logical capabilities than any of the pro­
posals being: made in the name of indus­
trial policy will do to help.

Conclusion

National R&D. policy today poses .
both risks and opportunities. The excite­
ment and .attention that proposals for
industrial R&D policy have generated
threaten to distract us from the federal
government's most ..'important tasks-We
need to go back to the basics. We need to
remind ourselvesof what it is that the,
government can arid cannot do, and what'
it is that industry can.and cannot do;

In summary, I want to suggest four
specific guidelines for federal R& D pol­
icy: (i) concentrate direct support on
academically based' research,not on
government-targeted industrial R.& D;
(ii) concentrate on sunrise science. and
technology; not-on sunrise industries and

.products; (iii) concentrate on strengthen­
ing the climate .for. privately'based inno­
vationvnot. .• on .government-selected in­
novation; (iv) concentrate on develop­
mentforthegovernment's own needs,
oot on development formarket needs, I
believe that these simple guidelines­
many of which we have followed with
success' in, the past, some of which we
have violated with pain-s-will go a long
way toward greatly strengthening and
rejuvenating. the .dynamic innovative
powers of our American system of re­
search and development.
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Summary. An analysis of how thegovernmenl can and cannot use research and
development poiicyto improve the nation's industrial posture suggests four gUidelines
for federal R&D policy: (I) concentrate direct support on academically based
research, not on qovernrnent-tarqeted industrial R & D;(ii)concentrate on Sunrise
science and technology, not on sunrise industries and products; (iii) concentrate on
strengthening the climate for privately based innovation, not on government-selected
innovation; (iv) concentrate on development for the government's own needs, not on
development lor market needs.

Second, .innovation works best if this
closecoupli'ng is in place.' during •. the
entire innovation process. It 'should exist
when the R&D project is identified and
should continue through planning and
development-It must, survive' the inev­
itable adjustments during development,
caused"byshifting' .market" constraints
and technical 'surprises. It must with­
stand the .decision points-c-when to go
ahead or when to quit.

Finally; in afree-enterprise system,
governments not only do not create the
markets for products but are notoriously
slow in reacting to shifts in the market­
place. They lack the crucial entrepre­
neurial spirit to perceive or acknowledge
opportunities early in their development.

During the years of heavy government
involvement in energy R &D,·we used
to hearover and over agam the expres­
sions ...·tech.nology transfer, ~'. and" corn­
mercialization." 'Thoseterms embodied
the, notion .that:once.·a technology was
developed by .agovemment contractor
or a national ;laboratory, the technology
could then somehow be rransterred to
the.maeketplaceand commercialized.

That did not happen for a simple rea­
OIL Technology'ttansfer is not a sepa-

rate process occurring downstream from
R&D. The user and the performer of
targeted R Sc. D need to have established
a close relation before..there is anything
to transfer:

In '.. energy R&D, .there were some
who fell intothe trap of thinking that if
they got a concept defined, the technolo­
gy to .work.. and someone to produce .a
favorableeconomic analysis, then' corn­
rnercializationwould fellow.They forgot
to find out whether the customers would
buy the product. The:result was a misdi­

.rection of effort and money into technol­
ogies -that never had a chance of com­
mercial success.

'Even in agriculture "where -theUnited
States, has a great history of innovation,
underlying-research .on icorn .genetics
was. performed.vat university . research
stations and largely supported bygov­
emment... But private .seed companies
converted that research into hybrid 'corn
products.

A dose relation between the user and
the petformer ofR & D cannot, .ingener­
al, form when government.selects.corn­
rnercial R &.D targets. Instead, the gov­
ernment ends up being a third party-«
one' that knows a great deal less about
the technology than the developer and a
great deal less about the market than the
user.

As an example, there are-proposals
that the government fund R&D in man­
ufacturing technology, in such applica-

15 JUNE 1984

tion areas asprogrammable automation,
robotics, advanced sensors, and comput­
er-aided design and manufacturing. -Part
of this funding is to support R&D work
to be done by industry.

These are key technologies for the
future but, because they' are' so impor­
tantva large, and growing number .of
companies are already addressing them.
General Electric. is investing millions of
dollars in each of them. And, in each
one, we are faced With a large number of

tough' cornpetitors-c-foreign .firms '.: and
U.S. firms, established firms and new
ventures, joint ventures and industry­
university cooperative programs. In just
one corner of computer-aided design; for
example, the field of solid modeling, we
are competing against atIeast a dozen
capable firms-s-cstablished giants,small­
er rivals, and newer ventures.

It is simply not plausible for an admin­
istratoriin Washington-i-even with the
help of a blue-ribbon advisory panel-to
pick the winning SOlid-modeling product
better than the dozen firms slugging it
out in the marketplace. And even 'if
government could pick-the winner, that
is only the first step. The suppliers of the
funds, the performers of the R&D, and
the businessmen who deal with thecus­
tomers have to tiethemselves together in
a long-term relation. A governmentfund­
ing agency', cannot create .that, kind of
relationship'.

There is,however, one important ex­
ception.Ttoccurs when the government
is the .customer for innovation-s-as ·in
defense R&D.. Government should
concentrate its development efforts on
these needs of its own; Ifhistoryis any
guide, it will thereby also,generate prod­
ucts and technology that can be tapped
for commercial uses.

The government has clear needs in the
area of. supercomputers for weapons re­
search, cryptanalysis, weather forecast­
ing, economic. modeling, the •design of
improved airfoils andiprojectiles.. and
many other uses. By meeting its needs in
supercomputers, the governmentv will
also be sponsoring the development ora
product that has: many valuablecivilian
uses, such as improved oil exploration,

better understanding ofcrack formation
and propagation' in: alloys, new tech­
niques in computer-aided engineering,
and the design of new materials based on
theoretical principles. The 'supercom­
puter is a prime example of a technology
in which the government should take the
lead.

In very large scale integrated circuits
(VLSI) the government will also be a
major customer and thus has a majorrole
in sponsoring, development work. One

emerging opportunityis in the area of
inference chips-VLSI implementations
of intelligent electronic systems that
work in real time, based 'on custom chips
rather than 'computers. These inference
chips could be used in military systems,
for example, to help the pilot of an F-18
with an engine hit by shrapnel make the
best use ofthe 3.6 seconds he has in
which to decide whether he can limp
home or should bail out:

Inference chips will also have great
value in many commercial uses, such as
in creating ·three~dimensional·computerM

aided design .images in' real' time and in
helping smart robots plan their paths.
Again, by meeting its own development
needs, the government' may advance
technology that can be used in comrner­
cialinnovations. When the" government
is 'not the.customer; govemmentselec­
tion of.developments is unlikely to pro­
mote such innovation." and economic
growth.

Competition from Japan

At this paine I would expect some
people to be thinking about the Japa­
nese: Did their government bureaucracy
not pick the commercial .technicalwin­
ners and put money behind them? No, it
did not. At the heart of that question is a
misunderstanding about the Japanese
government's Ministry .of International
Trade and Industry (MITI). The popular
picture depicts. MITI as' selecting target
industries" picking out the' technological
developments they need, establishing a
consortium <ofJapanese' firms, and sup­
porting the commercial R&D needed
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Boom Time for British Biotechnology?
Venture capital is.now flowing.into small companieSand the government

is encouraging the cornmercializationofuniversity research it funds

London. After a-relatively slow start in
the late 1970's, Britian's biotechnology
industry is beginning to pick up speed.
Government officials, academics and in­
dustrialists all claim that a recent report
from the U.S. Office of Technology As­
sessment. (OTA) was. excessively. pessi­
mistic in its claim that Britain lacks the
"dynamism" ,tel produc~~erious c()m~

petitors to American ,companies. They
also contest the OTA's conclusion that
Britain ranks second behind West Ger­
many among European nations,

"I think that conclusion is completely
wrong, particularly if you take the com­
bination of the. science and itsapplica­
ti9~s ',int0c:iccount" ,says Gerard Fairt-

\\¥1pu,g~",cl"iief ~xec,u tive ofBritain:5 pril1~i­
.!"ii!Pal'biotechno10gy company, Celltech,

}Wh,ichi~)cuITent1yriding a crest of inves­
','tor,enthusiasm.

British industry has benefited from
various forms ofdirect government sup­
port for biotechnology. Many smaller
companies, for example, have .made
gooduse.of consultancy grants and other
special funds offered as part of a $24­
million biotechnology package launched
1>yt\l~p"partment ofTrade and Industry
inl\l$~"mber 1982. Other industrial ini-

,':H~tiy~s"t~,Jields. such as fermentation
te9h~610gy have been successfully cata­
lyzed.l1y the Biotechnology Directorate
of the' ~2ience, and Engineering 'Research
Council (SERC).

According to Robin Nicholson, chief
scientific adviser in Prime Minister Mar­
garet Thatcher's Cabinet Office, broader
political changes must also share the
credit." "The .policy of .. the. government
since 1979 has been to free restrictions
and to .rernovebarriers to enterprise,"
says Nicholson. "The relatively healthy
state ofbiotechnology in the U.K. seems
partly to reflect the success of those
policies.' ,

He picks out, for example, efforts to
encourage Britain's venture capital mar­
ket-now considered the second largest
in the world .after the United States-

~
thr...o...u.gh de.

y.
el.opm.e.n.ts such .a.s the.B,U.Sl'.­ness Expansion Scheme'Q.,whichal1ows

individuals to. write off against tax-an
investment of up to $60,000 in a small
company. provided the money is left in

- for up 'to 5~ars.
"The '.Business, Expansion Scheme

was .• the. first ·Teal fiscal change in.small
company. funding for 50 years" saysPe-

136

ter A. Laing of Biotechnology Invest­
ments Limited (BILl. a venture capital
fund setup by merchant bank N. M.
Rothschild in 1981 and chaired by a
previous top government s<;ience. advis­
er, Lord Rothschild. ElLis said t" be the
largest biotechnology-oriented venture
capital fund in the world. Partly due to
this recent, flow.of venture capital, Brit­
ain now has more small .biotechnology
companies than any 'of its European
competitors.

The government's willingness to Iet
the commercial and industrialcomrpuni~..
ties act as the senior partner in its efforts
to boost biotechnology research and de­
velopment has played a large part in both

Gerard Fairtlaugh

Ceiitech chief says OTA misjudged Britain.

the establishment and subsequent opera­
tion of Celltech, The. company was set
up in 1980 primarily at the initiativeof
the National Enterprise Board" a govern­
rnent body ... recently. amalgamated. into
the British Technology Group. Although
initially providing 44 percent of Cell­
tech's start-up capital, with the four re­
maining stakes of 14 percent each divid­
ed between a group of financial 'and
industrial institutions, the government
always intended to hand over its share to
private enterprise. It moved inthis'direc­
tion last year when Rothschilds'venture
capital .company-s-previously criticized
for not investing its funds in any British
biotechnology company-s-bought out a
proportion of the government)" stock

and gained with it a seat on the board of'
the company.

Like similar companies in' the. United
States, Celltech has actively sought col­
laboratiori. with larger.companies. with
broader industrial .. interests or 'special
marketing skills.A. joint venture was
launched last year with Britain's largest
pharmacy chain, Boots".for. example, ,to
develop the applicatiorof monoclonal
antibodies to new di~~?ostic;products.

And a technology,li~ensingagreeIl1ent

has been signed with th~J<ipanesecom­

pany Sankyo to develop tissue plasmino­
gen activator and calcitonin.

Fairtlough says that Celltech, with a
current research staff of about 120scien­
tists and technicians,.~~es'Hotatpresen~

share, jhe ~lTIbiti(ms:ofc,?Il'lP~ni~s.,sti~h
as Genentech to grow into .a major cor­
poration .. H~vve~er,with .a number of
clearly defined product Iines, each in a
potentially large market, "We could be
talking about a turnover of hundreds of
millions of dollars in a few years."

Celltech . is already earning profits
from. a reagent for the purification of
int~rf~ron and. has recently created a
Culture Products Division. which, based
on techniquesdeveloped with direct gov­
erument funding, already. claims to be
the. world .leader in the in vitro bulk
production of monoclonal antibodies.

One reason for Celltech's early sue­
ss isa unique-i-and in some quarters

highly controversial-~gieement with
Britairi'sMedical Research Council
(M.RC) , under. which the companY\Vi!\s
initially given first option on the ri,g;rt~,:t9

all results produced in the fields of genet­
ic en~ineeripg .and:Il1onoclonal. ~nti~qd~
ics in the council's laboratories..'These
include the prestigious Laboratory of
Molecular Biology in Cambridge.

This arrangementwas approved by the
Conservatiye,governIllent over the opp~~

ition of officials' in the Treasury, who
elt it wrong that one company should be
ranted exclusive ,access to what was
onsidered public property. One factor
n the decision,itis widely rumored, was
he failure in the late 1970's to takeout a
atent on the technique for producing
onoclonal antibodies, which was .. first

eveloped inthe MRC's Cambridge lab­
r~t()ry. Giving Fe,llt~.chexc1usive_rights
o MRC's work might avoid such lapses
n the future.

When Celltech started to registerIts
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ees in small' companies with iriitially low
turnovers (or profits). The budget pro-.
posed in mid-March hrings British policy
in this, area more in 'line' with that inthe
UnitedStates, .however.

On the other side of the coin has heen
a' grfaterwtlhngness to conrbitle public

as well as general;' increase' the pressure
for <university .scientists-e-and universi­
ties-in 'general-'·tolook elsewhere for
financial support.

A second factor until now has been the
tax structure; which has made' it more
difficult to offer stock options to employ-
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first commercial' successes,' criticism of
its deal with the MRC shifted from the
political 'to the ' industrial community.
Both largeand small companies com­
plained at being locked out of access to
MRC's research. "The academic excel­
lence in places like the MRC should he
treated as , a:na~ionaJ resource','and the
government should be providing even­
handed 'access to it," says Chris Keight­
ley, managing director of One of the
newest and most active small biotechnol­
ogy companies on the British scene, 10
(Bio) Ltd. in Camhridge.

The main product of Keightley's com­
pany, Set up in 1981 hy Acorn Comput­
ersand recently recipient of a $1.2-mil­
lion investment from Rothschild's BIL,
is a technique for improving the sensitiv­
ity of enzyme-based diagnostic tests. It
is based on the research of a scientist
whose work was not supported by the
MRC, Colin Self of Cambridge Universi­
ty's biochemistry department.

Given the growing pressure to encour­
age similar initiatives, the MRC has re­
cently renegotiated its licensing arrange­
ments with Celltech. The company will
retain first option to developments in
fields in which it has already started to
develop products. !nother fields, how­
~ver, it will now have_to become a com-

etitive bldi;lerj tor theMRC is setting up
n industrial l.iaison oflJce .to distribute
icenses mOl:e widelY.:;:.among companies

,. nterested iri tUrning its research into
IcommerciafPro&rcts.

The new arrangements have met with
general approval in both the industrial
and academic worlds. Sydney Brenner,
director of the MRC's laboratory in
Cambridge, says that at the beginning
"there isno doubt that in terms of good­
will, the MRC connection was a major
asset to Celltech."

Since theri, however, the laboratory
has been receiving an increasing number
of direct approaches from industry; "In
the past, we have had to tell them to go
away, since the first options on research
in the defined fields had to be offered to
Celltech. Now we no longer have to do
so."

Brenner and' other British scientists
pOInt out that thefe ale suetal differ­
encesbetween the United Kingdom and
the UDited Stiltes in the factorsaffecting
the growth of links between the academ­
ic plOmedlcal researcn community and
!he private secfor.

One is a greater reluctance on the part
of BritIsh academiCS to get In¥olved in
th_e process of transferring research re­
sults from the laboratory a ,.,tradition
which is admittedly changing as cuts in
government support for the umversities

13 APRIL'1984



Boom Time for British Biotechnology
Venture capital is now flowing into small companies and the government

is encouraging the commercialization of university research it funds
London. Aftera relativelyslow startin

the late 1970's, Britian's biotechnology
industry is beginning to pick up speed.
Government officials, academics and in­
dustrialists all claim that a recent report
from the U.S. Office of Technology As­
sessment (OTA) was excessively pessi­
mistic in its claim that Britain lacks the
"dynamism" to produce serious com­
petitors to American companies. They
also contest the OTA's conclusion that
Britain ranks second behind West Ger­
many among European nations.

"I think that conclusion is completely
wrong, particularly if you take the com­
bination of the science and its applica­
tions into account" says .Gerard Fairt­
.lough, chief executive ofBritain's princi­
.pal biotechnology company, Celltech,
which is currently riding a crest of inves­
tor enthusiasm.

British industry has benefited from
various' forms ofdirect government sup­
port for biotechnology. Many smaller
companies, for example. have made
good use of consultancy grants and other
special funds offered as pan of a $24­
million biotechnology package launched
by the Department of Trade and Industry
in November 1982. Other industrial ini­
tiatives in fields such as fermentation
technology have been successfully cata­
lyzed by the Biotechnology Directorate
of the Science and Engineering Research
Council (SERC).

According to Robin Nicholson, chief
scientific adviser in Prime MinisterMar­
garet Thatcher's Cabinet Office, broader
political changes must also share the
credit. "The policy of the government
since 1979 has been to free restrictions
and to remove barriers to enterprise!"
says Nicholson. "The relatively healthy
state of biotechnology in the U.K. seems
partly to reflect the success of those
policies ."

He picks out,for example, efforts to
encourage Britain's venture capital mar­
kel-now considered the second largest
in the world after the United States­
through developments such as the' Busi-
ness Expansion ,Scheme,...""which allows
ndividuals to write off againS! tax-an

investment of up to $60,000 in a small
company. orovided the money is left in
for up to 5Y;;ars.

"The Business Expansion Scheme
was the first real fiscal change in small
company funding for 50 years" says Pe-
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ter A. Laing of Biotechnology Invest­
ments Limited (BIL), a venture capital
fund set up by merchant hank N. M.
Rothschild in 1981 and chaired by a
previous top government science advis­
er, Lord Rothschild. BIL is said to he the
largest biotechnology-oriented venture
capital fund in the world. Partly due to
this recent flow of venture capital, Brit­
ain now has more small biotechnology
companies than any of its European
competitors.

The government's willingness to let
the commercial and industrial communi­
ties aetas the senior partner in its efforts
to boost biotechnology research and de­
velopment has played a large pan in both

the establishment and subsequent opera­
tion of Celltech. The company was set
up in 1980 primarily at the initiative of
the National Enterprise Board, a govern­
ment body recently amalgamated into

.the British Technology Group. Although
initially providing 44 percent of Cell­
tech's stan-up capital, with the four re­
maining stakes of 14 percent each divid­
ed between .a group of financial and
industrial institutions, the government
always intendedto handover its share-to
private enterprise. It moved in this direc­
tion last year when, Rothschilds ' venture
capitalrcornpany-s-previously criticized
for not investing its funds in any British
biotechnology company-bought put a
proportion of the government's 'stock

and gained with it a seat on the board of
the company.

Like similar companies in the United
States, Celltech has actively sought col­
laboration with .larger companies with
broader industrial interests or special
marketing skills. A joint venture was
launched last year with Britain's largest
pharmacy chain, Boots, for example, to
develop the application of monoclonal
antibodies to new diagnostic products.
And a technology licensing agreement
has been signed with the Japanese com­
pany Sankyo to develop tissue plasmino­
gen activator and calcitonin.

Fairtlough says that Celltech, with a
current research staff of about 120scien­
tists and technicians, does not at present
share the ambitions of companies such
as Genentech to grow into a major cor­
poration. However, with a number of
clearly defined product lines, each in a
potentially large market, "We could be
talking about a turnover of hundreds of
millions of dollars in a few years."

Celltech is already earning profits
from a reagent for the purification of
interferon and has recently created a
Culture Products Division which, based
on techniques developed with direct gov­
ernment funding, already claims to be
the world leader in the in vitro bulk
production of monoclonal antibodies.

One reason for Celltech's early sue-
less is a unique-s-and in some quarters

highly controversial-agreement with
Britain's Medical Research Council
(MRC), under which the company was
initially given first option on the rights to
all results produced in the fields of genet­
ic' engineering and monoclonal antibod­
ies in the council's laboratories. These
include the prestigious Laboratory of
Molecular Biology in Cambridge.

This arrangement was approved by the
Conservative government over the oppo­
ition of officials in the Treasury, who
elt it wrong that one company should be
ranted exclusive access to what was
onsidered public property, One factor
n the decision, it is widely rumored, was
he failure in the late 1970's to takeout a
atent on the technique for producing
onoclonal antibodies, which was first

eveloped in the MRC's Cambridge lab­
ltatory. Giving Celltech exclIisive rights
o MRC's work might avoid such lapses
n the future.

When Celltech started to register its
;if1.til SCIENCE.VOL. 224
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and gained with it a seat on the board of
the company.

Like similar companies in the United
States, Celltech has actively sought col­
laboration with larger companies with
broader industrial interests or special
marketing skills. A joint venture was
launched last year with Britain's largest
pharmacy chain, Boots, for example, to
develop the application of monoclonal
antibodies to new diagnostic products.
And a technology licensing agreement
has been signed with the Japanese com­
pany Sankyo to develop tissue plasmino­
gen activator and calcitonin.

Fairtlough says that Celltech, with a
current research staff of about 120 scien­
tists and technicians,does not at present
share the ambitions of 'companies such
as Genentech to grow into a major cor­
poration. However, with a number of
clearly defined product lines, each in a
potentially large market, "We could be
talking about a turnover of hundreds of
millions of dollars in a few years."

Celltech is already earning profits
from a reagent for the purification of
interferon and has recently created a
Culture Products Division which, based
on techniques developed with direct gov­
ernment funding, already claims to be
the world leader in the in vitro bulk
production of monoclonal antibodies.

One reason for Celltech's early sue­
o less is a unique-s-and in some quarters
'highly contrcversial-e-agreement with
Britain's Medical Research Council
(MRC), under which the company was
initially given first option on the rights to
all results produced in the fields ofgenet­
ic engineering and monoclonal antibod­
ies in ·the council's laboratories. These
include the prestigious Laboratory of
Molecular Biology in Cambridge.

This arrangement was approved by the
Conservative government over the oppo­
ition of officials in the Treasury, who
elt it wrong that one company should be
ranted exclusive access to what was
onsidered public property. One factor
n the decision, it is widelyrumored, was
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n the future.
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ter A. Laing of Biotechnology Invest­
ments Limited (BIL),a venture capital
fund set up by merchant bank- N. M.
Rothschild in 1981 and chaired by a
previous top government science advis­
er, Lord Rothschild. BIL is said to be the
largest biotechnology-oriented venture
capital fund in the world. Partly due to
this recent flow of venture capital, Brit­
ain now has more small biotechnology
companies than any of its European
competitors.

The government's willingness to let
the commercial and industrial communi­
ties act as the seniorpartner in its efforts
to boost biotechnology research and de­
velopment has played a largcjart in both

;

the establishment and subsequent opera­
tion of Celltech. The company was set
up in 1980 primarily at the initiative of
the National Enterprise Board, a govern­
ment body recently amalgamated into
the British Technology Group. Although
initially providing 44 percent of Cell­
tech's start-up capital, with the four re­
maining stakes of 14 percent each divid­
ed between a group of financial and
industrial institutions, the government
always intended to hand over its share to
private enterprise. It moved in this direc­
tion last year when Rothschilds' venture
capital company-previously criticized
for not investing its funds in any British
biotechnology company-bought out a
proportion of the government's stock

London. After a relatively slow start in
the late 1970's, Britian's biotechnology
industry is beginning to pick up speed.
Government officials, academics and in­
dustrialists all claim that a recent report
from the U.S. Office of Technology As­
sessment (OTA) was excessively pessi­
mistic in its claim that Britain lacks the
"dynamism" to produce serious com­
petitors to American companies. They
also contest the OTA's conclusion that
Britain ranks second behind West Ger­
many among European nations;

"I think that conclusion is completely
wrong, particularly if you take the com­
bination of the science and its applica­
tions into account" says Gerard Fairt-

- .Iough, chief executive of Britain's princi­
.,pal biotechnology company, Celltech,

which is currently riding a crest of inves­
tor enthusiasm.

British industry has benefited from
various forms ofdirect government sup­
port for biotechnology. Many smaller
companies, for example, have made
good use of consultancy grants and other
special funds offered as part of a $24­
million .biotechnology package launched
by the Department of Trade and Industry
in November 1982. Other industrial ini­
tiativesin fields such as fermentation
technology have been successfully cata­
lyzed by the Biotechnology Directorate
of the Science and Engineering Research
Council (SERC).

According to Robin Nicholson, chief
scientific adviser in Prime Minister Mar­
garet Thatcher's Cabinet Office, broader
political changes must also share the
credit. "The policy of the government
since 1979 has been to free restrictions
and to remove barriers to enterprise,"
says Nicholson. "The relatively healthy
state of biotechnology in the U.K. seems
partly to reflect the success of those
policies."

He picks out, for example, efforts to
encourage Britain's venture capital mar­
ket-now considered the second largest
in the world after the United States-
through developments such as the Busi­
ness Expansion .Scheme.~hich allows
individuals to write off agamst tax.....an
investment of up to $60,000 in a small
pompany. provided the money is left in
for up to 5 years.

"The Business Expansion Scheme
was the first real fiscal change in small
company funding for 50 years" says Pe-
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Boom Time for British Biotechnology?
Venture capital is now flowing into small companies and the government

is encouraging the commercialization of university research it funds
and gained with it a seat on the board of
the company.

Like similar companies in the United
States, Celltech has actively sought col­
laboration with larger companies with
broader industrial interests or special
marketing skills. A joint venture was
launched last year with Britain's largest
pharmacy chain, Boots, for example, to
develop the application of monoclonal
antibodies to new diagnostic products,
And a technology licensing agreement
has been signed with the Japanese com­
pany Sankyo to develop tissue plasmino­
gen activator and calcitonin.

Fairtlough says that Celltech, with a
current research staff of about 120 scien­
tists and technicians, does not at present
share the ambitions of companies such
as Genentech to grow into a major cor­
poration. However, with a number of
clearly defined product lines, each in a
potentially large market, "We could be
talking about a turnover of hundreds of
millions of dollars in a few years."

Celltech is already earning profits
from a reagent for the purification of
interferon and has recently created a
Culture Products Division which, based
on techniques developed with direct gov­
ernment funding, already claims to be
the world leader in the in vitro bulk
production of monoclonal antibodies.

One reason for Celltech's early sue-
Less is a unique-and in some quarters

'highly controversial-agreement with
Britain's Medical Research Council
(MRC), under which the company was
initially given first option on the rights to
all results produced in the fields of genet­
ic engineering and monoclonal. antibod­
ies in the council's laboratories. These
include the prestigious Laboratory of
Molecular Biology in Cambridge.

This arrangement was approved by the
Conservative government over the oppo­
ition of officials in the Treasury, who
elt it wrong that Onecompany should be
ranted exclusive access to what was
onsidered public property. One factor

n the decision, it is widely rumored, was
he failure in the late 1970's to takeout a
atent on the. technique for producing
onoclonal antibodies, which was first

eveloped in the MRC's Cambridge lab­
ratory. Giving Celltech exclusive rights
o MRC's work might avoid such lapses
n the future.

When Celltech started to register its

SCIENCE. VOL. 224

ter A. Laing of Biotechnology Invest­
ments Limited (BIL) , a venture capital
fund set up by merchant bank N. M.
Rothschild in 1981 and chaired by a
previous top government science advis­
er, Lord Rothschild. BIL is said to be the
largest biotechnology-oriented Venture
capital fund in the world. Partly due to
this recent flowof venture capital, Brit­
ain now has more small biotechnology
companies than any of its European
competitors.

The government's willingness to let
the commercial and industrial communi­
ties act as the senior partner in its efforts
to boost biotechnology research and de­
velopment has played a large part in both

the establishment and subsequent opera­
tion of Celltech. The company was set
up in 1980 primarily at the initiative of
the National Enterprise Board, a govern­
ment body recently amalgamated into
the British Technology Group. Although
initially providing 44 percent of Cell­
tech's start-up capital, with the four re­
maining stakes of 14 percent each divid­
ed between a group of financial and
industrial institutions, the government
always intended to hand over its share to
private enterprise. It moved in this direc­
tion last year when Rothschilds' venture
capital company-previously criticized
for not investing its funds in any British
biotechnology company-bought out a
proportion of the government's stock

London. After a relativelyslow startin
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Government officials, academics and in­
dustrialistsall claim that a recent report
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in the world after the United States­
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Fairtloughsays that Celltech, with a
current research 'staff of about 120 scien­
tists and technicians, does not at present
share the ambitions of companies such
as Genentech to grow into a major cor­
poration. However, with a number of
clearly defined product lines, each in a
potentially largemarket, "We could be
talking about a turnover of hundreds of
millions of dollars in a few years."

Celltech is already earning profits
from a reagent for the purification of
intetferon and has recently created a
Culture Products Division which, based
on techniques developed with direct gov­
ernment funding, already claims to be
the world leader in the in vitro bulk
production of monoclonal antibodies.

One reason for Celltech's early sue­
ss is a unique-and in some quarters

"highly controversial-agreement with
Britain's Medical Research Council
(MRC), under which-the <:6mpany was
initially given first option on the rights to
all results produced in the fields of genet­
ic engineering and monoclonal antibod­
ies in the council's laboratories. These
include the prestigious Laboratory of
Molecular Biology in Cambridge.

This arrangement was approved by the
Conservative government over the oppo­

ition of officials in the Treasury, who
elt it wrong that one company should be
ranted exclusive access to what was
onsidered public property. One factor
n the decision, it is widely rumored, was
he failure in the late 1970's to take out a
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onoclonal antibodies, which was first

eveloped in the MRC's Cambridge lab­
ratory. Giving Celltech exclusive rights
o MRC's work might avoid such lapses
n the future.

When Celltech started to register its

SCIENCE. VOL. 224
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ments Limited (BILl, a venture capital
fund set up by merchant bank- N. M.
Rothschild in 1981 and chaired by a
previous top government science advis­
er, Lord Rothschild. BIL is said to be the
largest biotechnology-oriented venture
capital fund in the world. Partly due to
this recent flow of venture capital, Brit­
ain now has more small biotechnology
companies than any of its European
competitors.

The government's willingness to let
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ties act as the senior partner in its efforts
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tion of Celltech. The company was set
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the National Enterprise Board, a govern­
ment body recently amalgamated into
the British Technology Group. Although
initially providing 44 percent of Cell­
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maining stakes of 14 percent each divid­
ed between a group of financial and
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for not investing its funds in any British
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sessment (OTA) was excessively pessi­
mistic in its claim that Britain lacks the
"dynamism" to produce. serious com­
petitors to American companies. They
also contest the OTA's conclusion that
Britain ranks second behind West Ger­
many among European nations.

"I think that conclusion is completely
wrong; particularly if you take the com­
bination of the science and its applica­
tions into account" says Gerard Fairt­

.lough, chief executive of Britain's princi-
,""pal biotechnology company, Celltech,

which is currently riding a crest of inves­
tor enthusiasm.

British industry has benefited from
various forms ofdirect government sup­
port for biotechnology. Many smaller
companies. for 'example, -have made
good use of consultancy grants and other
special funds offered as part of a $24­
million biotechnology package launched
by the Department of Trade and Industry
in November 1982. Other industrial ini­
tiatives in fields such as fermentation
technology have been successfully cata­
lyzed by the Biotechnology Directorate
of the" Science and, Engineering Research
Council (SERC).

According to Robin Nicholson, chief
scientific adviser in Prime Minister Mar­
garet Thatcher's Cabinet Office, broader
political changes must also share the
credit. "The policy of the government
since ,1979 has been to free restrictions
and to remove barriers to enterprise,"
says Nicholson. "The relatively healthy
state of biotechnology in the U.K. seems
partly to reflect the success of those
policies."

He picks out, for example, efforts to
encourage Britain's venture capital mar­
ket-now considered the second largest
in the world after the United States-
through developments such as the Busi­
ness Expansion Scheme'o;;",which allows
individuals to write off agalDSl tax an
inyestment of up to $60,000 in a small
company. provided the money is left in
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for up to 5 years.
"The Business Expansion Scheme

was the first real fiscal change in small
company funding for 50 years" says Pe-
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ees in small companies with initially low
turnovers (or profits). The budget pro-.
posed in mid-March brings British policy
in this area more in line with that in the
United States.; however,

On the other side of the coin has been
a grtater willingnesS to combiae public

Pressure for Patent Reform
Cambridge. England. British scientists contend that differencesinpatent

laws between Europe and the United States give U.S. companies a potential
advantage in the commercialization of biotechnology. Under European

;, patent Iawsrascientific discovery' c~I1n9~:.b~":patentedon~e)~t"has. been
published in the open literature or even referred to in public debate. In
'contrast, up to I year is allowed after publication for a patent application to
·be filed in the United States. ._

'. :'. "I believe that the greatest inhibitory influence on a closer working
'::T,~;~elationShi~'bet"Yeen ... academic. and .illdustrial'scientists, and"~.he'.;~r:eatest
" .' managementpi()~leni for people like me.icomes from this buSj~~,ss:?rprior

disclosure;" says Sydney Brenner, director of the U.K. Medical Research
, . ':Council's Laboratory of Molecular Biology in Cambridge, England'"
. ;:. There has long been an awareness of this discrepancy, particularly among
.', ;·patent officers on both sides of the Atlantic, but until now'·no'serious

.pressure for change.Large corporatiblls;j~pait,icula~;oft~n~eI$Prrte',?eing':';'
able to scan the scientific literature for new (and unpatentedi1deas while
employing patent attorneys to keep aclose watch on the proposed publica­
tions of their ownscientists. They tend to.argue thatthey find.little wrong
with the current system. Robin Nicholsoncchief sfi~ntific~dyI~~r..t0the' ,

-BritishCabinet.iclairns that "no one brought-the :',issueto our "attention••
when his office,was preparinga recently,published set ofrecommendations
for changes in the British patent Ja\\l.R:nd expr~sses some 'dou,b,~' over
whether change is really necessary. . . : .:
,.·Amongsmaller 'companies, however, the situation is seen differently: "in

this field, the l-year grace period after publication gives the Americans a
consid7r~blecornpetitive advantage"saysGer~rd ,Fairtlough,chiefexecu­
tive of Celltech: "I feel that Europe. should have the same system.':

Although admitting that biotechnology patents can frequently be success­
fully challenged by sufficiently motivated competitors, such companies also
argue that patent rights are seeri as crucial assets by potential investors.

Brenner also argues that it would ease the management problem in basic
research laboratories such as his-as well as taking some of the pressure off
individual scientists-by removing the immediate conflict between the
professional demands for fast publication and the commercial demands of,

· patent application. "Patents could be the currency of the interaction
between 'research scientists and'indus~~(~:says Brenner, "Atthemoment

; they are just a burden." , . . .
Change will not come easily. Friedrich-Karl Beier, directorof the Max­

Planck-Institute for Foreign and International Patent Law in Munich, and
long a campaigner in favor of a 6-month grace period in Europe to bring it

:more ipline, \Vi~rythe United Staies.points outthl1tthiswoulu:no,wtequire
:' an interna~iOriany-',agreed·' change in i,he,' 'E,uropeanPatent.Convention. •'To'
do this, it will mean finding sufficient support within the whole European
community,' sars .Beier.· However, he has alreadyconvinced theInterna­
tional Association for the Protection ofIntellectual Property to endorse the
idea, and suggests that there may be a general move in this direction "within

next zor 3'years;"
Some British government officials point out that a grace period would

· help avoid situations-such as that which occurred with: monoclonal
antibodies .in the, mid-1970·~where,.,t~e:,commerCial·potentialofadiscov­
ery is only 'realizedafter it has been"pub1is~~d;'and :when itcan.no-longer,
under the present system, be patented in the United Kingdom.-D.D.

as well as.general, increase'the pressure
for 'university scientists-and universi­
ties'. in general-to look elsewhere for
financial support.

A second factor Until now has been the
tax structure, which has made it more
difficult to offer stock options to employ-

Brenner and other British scientists
po'int out that thele ale several differ­
ences between the United Kingdom and
the United States in the factors affecting
the growth of links between the academ­
ic pIOmedlcal research community and
the private sector.

One is a greaterreluctance on the part
of. BrItiSh academiCS to get lO'iolved in
th_e process' of transferring research re­
suits from the lahoratorva ..tradition
which is admittedly changing as cuts in
government support for the UnIversities
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first commercial successes, criticism of
its deal with the MRC shifted from the
political to the industrial community,
Both large and small companies com­
plained at heing locked out of access to
MRC's research. "The academic excel­
lence in places like the MRC should be
treated as a national resource and the
government should' be providing.even-.
handed access to it," says Chris Keight­
ley, managing director of one of the
newest and most active small biotechnol­
ogy companies on the British scene, 10
(Bio) Ltd. in Cambridge.

The main product of Keightley's com­
pany, set up in 1981 by Acorn Comput­
ers and recently recipient of a $1.2-mil­
lion investment from Rothschild's BIL,
is a technique for improving the sensitiv­
ity of enzyme-based diagnostic tests. It
is based on the research of a scientist
whose work was not supported by the
MRC, Colin Self of Cambridge Universi­
ty's biochemistry department.

Given the growing pressure to encour­
age similar initiatives, the MRC has re­
cently renegotiated its licensing arrange­
ments with Celltech. The company will
retain first option to developments in
:fields in which it has already started to
develop products, In other fields, how'
'ever, it will now have 19 become a corn­
petitive Dldder, lor the MRC is setting up

n industrial liaison office to distribute
icenses more 'widely,;;:"among companies
interestediin turning its research into
'commerciafj;roMcts.

The new arrangements'have met with
general approval in both the industrial
and academic worlds. Sydney Brenner,
director of the MRC's laboratory in
Cambridge, says that at the beginning
"there is no doubt that in terms of good­
will, theMRC connection was a major
asset to Celltech."
. Since then, however, the laboratory

has been receiving an increasing number
of direct approaches from industry. "In
the past, we have had to tell them to go
away, Since the first options on research
in tbe defined fields had to be offered to
Celltech. Now we no longer have to do
so,"



G1l rivate v tures, and the lack of any
moral imperative requently e t in the
Cnited States to maintain, at least in
principle, a sharp dividing line between
the two. Furthermore. as with the Cell­
techlMRC deal, negotiations have often
been conducted discreetly out of the
public eye.

Either way, there has been little of the
public controversy over the restructur­
ing of traditional relationships between
the research community and the rest of
society that has. accompanied similar
moves in the United States.

The situation has not been without its
critics. Edward;Yoxen, lecturer in the
University of Manchester's department
of liberal studies in science, points out in
a recent study The Gene Business that
many significant policy changes, such as
the dispensation on access to MRC re­
search awarded to Celltech, have.taken
place with little; open discussion, even

"The academic
excellence in places like

the MRC should be
treated as a national

resource and the
government should be
providing evenhanded

access to it," says
Chris Keightley.

though the basic discoveries on which
the new technologies are based were
financed largely from public funds.
"There has been virtually no public de­
bate on this type of issue," says Yoxen,

Few concerns were expressed, for ex­
ample, over the government's recent de­
cision to drop the "public interest"
members from its main regulatory
watchdog, the Genetic Manipulation Ad­
visory Group, when this body was re­
cently reformulated as the Advisory
Committee on Genetic Manipulation,
and its day-to-day responsibilities for
registering and monitoring experiments
passed to the Health and Safety Execu­
tive.

The lack of such debate, however, has
certainly not hampered the gradual dis­
mantling of barriers to open cooperation
between the academic and the commer­
cial communities, a process openly en­
couraged by the government. The
SERC's Biotechnology Directorate, for
example, has recently established what
is described as a "protein engineering
club,., in which major companies such as
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Glaxo and Unilever will help sponsor
research in various academic institutions
into ways of producing proteins to order
in large quantities.

Similarly. several university institu­
tions are using government money, both
from the research councils and the De­
partment of Trade and Industry, to help
set up commercial operations. The Uni­
versity of Leicester, for example, has
recently obtained backing from five ma­
jor corporations to establish a center for
research into yeast genetics. And the
Imperial College of Science and Tech­
nology in London hasestablished a com­
pany known as Imperial Biotechnology
to exploit its research facilities in fer­
mentation techniques.

Keen that the nation should reap a
profit from its past and present scientific
investments, the government is increas­
ingly engaging in asmuch industrial plan­
ning as it feels it can get away with
behind its free-enterprise, non-invest­
ment image. Responding to demands
from companies such as ImperialChemi­
cal Industries, as well as officials within
the SERC, for some form of "national
biotechnology program" to cover the
spectrum of possible initiatives from tax
incentives to information networks, the
Department of Trade and Industry has
recently set up a special advisory com­
mittee madeup primarily of senior indus­
trialists to look at areaswhere an extra
push might be useful.

Taken in isolation, none of these
moves is itself seen as a guarantee of
success. But behind them lie two addi­
tional factors that help account for the
current bullishness of Britain's biotech­
nologists. One, as Nicholson of the Cabi­
net Office puts it, is that "there is more
optimism in the business sector than
there was 6 or 9 months ago. we certain­
ly started pulling out of the recession
faster than either Germany or France."

The other is the gradual emergence of
a new spiritof entrepreneurialism among
Brffish academics. "In th.e past, most
academicshadno ideaabout how to. start
up in business;but al1that is now chang,
ing," says Keightley of IQ(Bio), a Cam­
bridge biochemist who was about to emi­
grate to the V nited States when Acorn
offered him the opportunity of helping
start up the new company.

Similarly, Cell tech points out proudly
that it has managed to persuade one of
the top teams of MRC scientists, headed
by immunologist William Hunter of Ed­
inburgh University, to join the compa­
ny'snew venture with Boots. "We have
a fabulous opportunity here in Britain,tl

says Keightley. "We are now learning
how to capitalize onit, ".,...DAvloDICKSON

Meselson Meets a Shower

of Yellow Rain from Bees

Matthew Meselson,. the Harvard
biochemist waging a one-man chal­
lenge to the U.S. State Department's
version of Yellow Rain warfare, went
into the jungles of Thailand last month
to test his thesis. He returned at the
end of March with a new evidence,
declaring the trip a greater success

.than he had anticipated.
Along with two bee experts who

joined him in looking for natural forms
of Yellow Rain, Meselson was caught
in a 5-minute shower of bee drop­
pings, which he thinks.may be the real
source of Yellow Rain samplesbeing
analyzed by U.S. military labs. Mesel­
son and Thomas Seeley, a biologistat
Yale University, last year developed a
theory that Yellow Rain spots regard­
ed as chemical weapon deposits were
actually the feces of the wild South­
east Asian honey bee, Apis dorsata
(Science, 24 June 1983, p. 1356). The
theory was based on the knowledge
that honey bees periodically make
"cleansing flights" away from the hive,
that their droppings contain pollen,
and that most of the government's
samples of Yellow Rain collected from
the environment contain pollen.

Meselson noticed that the govern­
ment's data on Yellow Rain were
gathered in Southeast Asia between
February and May. Using funds re­
cently awarded him by the John D.
and Catherine T. MacArthur Founda­
tion, hewent to Thailand in the middle
of this ripe evidentiary season hoping
to find proof that Southeast Asian
honey bees do produce yellow, pol­
len-laden rain.

Meselson and Seeley reported at a
press conference at Harvard on 28
March that they have proof that A.
dorsata performs "massive defecation
flights which can cover a swath thou­
sands of square meters in area with
100 or more spots of yellowish feces
per square meter." They found and
studied ten swaths in Thailand and
were caught in 'a bee feces shower
that lett : "about a dozen spots
... on each member of our three-man
team." Meselson says this occurred
neara tree in which they had spotted
A.dorsata nests, but the bees were so
far above the ground that he couid not
see or hear them.
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Will Deficits Put a Damper on R&D?
Ninth AAAS Colloquium on R&D worries about looming bUdgetary gaps,

asks if some new initiatives are too much of a good thing

t35

government's only R&D priority is for
defense."

Keyworth said that the Administration
had assuredly given a' high priority to
strengthening defense', but the point the
critics miss is that-it "also strongly stat­
ed a similar priority for university basic
research." The'core of Keyworth's case
was containell in his remark that "Most
of the increases in defense R&D come
from de elopment costs associated with
the m ernization of the nation's strate­
gic rces-an action to restore strength
th t was eroded during the previous dec­
de. On the other hand, the flat curve in

civilian R&D reflects two countervail­
ing trends-a steady drop in develop­
ment and a steady rise in basic research.
The essential point is that the Adminis­
tration is targeting strong funding growth
in both defense and basic research. "

Keyworth dealt with the deficit issue
obliquely. In his text, he said, "we all
recognize that one of the most serious
detrimentsto good science is what we
might call roller coaster funding. The
best protection against thatphenome­
non is for the science community to
demonstrate, year after year, that R&D
funds are being used wisely and effec­
tively." And in his conclusion he devel­
oped the theme of shared responsibility.
He acknowledged that the Administra­
tion had to articulate goals clearly and
said "we have to stick to those goals in

actice, I see this consistency as a ma­
:l\element of science policy, an element

t~~l hope the Administration, the Con­
gres00. the science community and the
public \vill be able to maintain in coming

\ \
years..".\

In ~mtnarizing comments at the end
of the colloquium, AAAS Executive Of­
ficer William-D. Gztreyphrased his major
point as the \ans'fer to the question,
"What should science watchers watch?"
Carey observedxthat in present ·circum~
stances they shoUld\not be preoccupied
with minor trends i'\ the R&D budget
itself, but rather should consider such
things as economic poli~y, export policy.
and policies for defense. Carey noted
that Reagan Administration treatment of
basic research and higher'education has
been favorable. He suggested, however,
that "consistency is not to be counted
on," since future decisions will be deter­
mined by policies senior to sciencepoli­
cy.-JOHN WALSH

. \
! - '.

als, and on the in ustrial competitive­
ness of U.S./indu ry, he urged thatthe
issues, be .exami ed with caution. "M
concern-is that, s a community of scieri..,
tists,ftngineer. and technologists, we\'
wil¥6e percej ed as careening from wor­
ryjng abo~ insufficient investments' in
science, engineering and technology to
meet national needs to a concern that we
rimy be embarked on a course with unan­
ticipated ends."

Keyworth concentrated on an explica­
tion of the Reagan Administration's
R&D policy, but along the way he did
offer some general answers to the critics.
He noted, for example, that they tend to
lump funding increases and decreases
together "with the result that we can't
appreciate the impacts of either." And
he observed, "That view seems to imply
that changes are inherently bad."

He also took exception to the way
comparisons between defense R&D
and civilian R&D are made. Keyworth
noted that many of those who insist on
casting R&D policy "in that simple­
minded mold of guns and butter" arrive
"at the absolutely false conclusion-or
maybe they start there-that the federal

V L;1Ii:lU- \ ,"''.
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In its annual look aj the new federal White was complimentary about the Ad­
budget, the AAAS! Co oquiurn on ministration's actions in fashioning a
R&D this year found the rospect of budget that reflects strong confidence in
outsize federal deficits to be a hreat to a R&D, noting that the real growth in
currently prosperous R&D regime, total federal R&D funds under its aegis
And there were also misgivings hat ini- has been the largest since the 1960's. But
tiatives in the new R & Dbudge would he questioned whether the Administra­
cause trouble in coming years. tion' s commitment to technology might

As has become the colloquium us- amount to an overcommitment.
tom, the President's science adviser as Noting examples like plans for a
the de facto keynote speaker, providi manned space station, a space-based
an interpretation of the R&D budget to \missile defense, "a multitude and diver­
which later speakers frequently.referred, ~ity of defensive and offensive strategic
although not necessarily deferred, In- a d tactical systems," and an ambitious
curnbent science adviser Georg~A. tr tegic computing program, he said
Keyworth, II provided a bullish review t s contributed to what he termed a
of the Administration's R&D polic~-. "t h ological flood tide."
and its implementation, but, at the out- '., in the "bow-wave effects" of such
set, took issue with what he described as initia ·v~ over time on the economy, on
the "generally gloomy view of federal the av [lability of manpower and materi-
R&D" found in the introducto.; ~Ln -,

ter of the annual budget analysis issued ======,=;:======::===
by AAAS to coincide with thecolloqui-
um.*

The authors early state their ambiva­
lence with the comment that HIt is a
strong budget for R&D, but analysis of
the totals raises questions. Thebig in-
crease is almost entirely on the military
side. Total non-defense R&D budget
authority increases only about .as much
as inflation." The main concern is not
directed at the makeup of the new bud­
get. Rather, "Questions on R&D·
spending plans in the FY 1985budget are
overshadowed, however; by the need for
drastic actions to reduce the deficit. Be­
neath the political posturing on both
sides there is a realization that something
has to be done."

The analysis predicts a continuing pat- .
tern of deficits in 1985 and after. "Thus
the FY 1985 budget is not a budget in the
traditional sense O.f the preSiden~'/plan
for dealing with the problems f the
nation. It is instead a statemen of the
problem with the answers left u in the
air-to be -found in bipartisan negotia­
tions with Congress, unilateral Congres­
sional actions, or a new Presidential ini­
tiative some time after the election."

Another strain of ambivalence was ex­
pressed by National Academy of Engi­
neering President Robert M. White who
seemed to be asking, in essence, whether
the R&D budget amounted to too much
of a good thing. Like other speakers,
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government's only R&D priority is for
defense; "

Keyworth said that the;Administration
had assuredly given I high priority to
strengthening defense.ibut the point the
critics miss is that.it "also strongly stat­
ed a similar priority for university basic
research." The/core of Keyworth's case
was contained in his remark that "Most
of the increases in defense R&D come
from de elopment costs associated with
the m ernization of the nation's strate­
gic rees-an action to. restore strength
th t was eroded during the previous dec­
tie. On the other hand, the flat curve in

civilian R&D reflects two countervail­
ing trends-a steady drop in develop­
ment and a steady rise in basic research.
The essential point is that the Adminis­
tration is targeting strong funding growth
in both defense and basic research."

Keyworth dealt with the deficit issue
obliquely. In his text, he said, "we all
recognize that one of the most serious
detriments to good science is what we
might call roller coaster funding. The
best protection against that phenome­
'non is for the science .. community to
demonstrate, year after year, that R&D

. \, funds are being used wisely and effec-
als, and on the in ustrial competitive- tively." And in his conclusion he devel-
ness of U.S/indu ry, he urged that.the oped the theme of shared responsibility.
issues be .exami ed with caution. "MY~He acknowledged that the Administra-
con~eis that, sa commu,nity of sCien,"" tion had to articu,late goals clearly and
tists, ngineer. and technologists. we said "we have to stick to those goals in
wit e percei ed as careening from wor- actice. I see this consistency as a rna..
rying abou insufficient investments 'in~~~lement of science policy, an element
science, engineering and technology to ~ hope the Administration, the Con-
rrJeetnational needs to a concern that we gr~s the science community and the
1ay be embarked on a course with unan- pub'c~ill be,able to maintain in coming
ticipated ends." year "\

Keyworth concentrated on an explica- In ~m~ariZing. comments at the end
tion of the Reagan Administration's of the t,?llo~uium, AAAS Executive Of-
R&D policy, but along the way he did ficer William'P. Carey phrased his major
offer some general answers to the critics. point as the \ans er to the question.
He noted, for example, that they tend to "What should scie ce watchers watch?"

, \

Jump funding increases. and decreases Carey observed\th t in present circum..
together "with the result that we can't stances they shoiJld not be preoccupied
appreciate the impacts of either." And with minor trends i the R&D budget
he observed, "That view seems to imply itself, but rather sh d consider such
that changes are inherently bad." things as economic POI~y, export policy,

He also took exception to the way and policies for defen\e. Carey noted
comparisons between defense R&D that Reagan Administration treatment of
and civilian R&D are made. Keyworth basic research and higher\-education has
noted that many of those who insist on been favorable. He suggested, however,
casting R&D policy "in that simple- that "consistency is not to be counted
minded mold of guns and butter" arrive on," since future decisions will be deter-
"at the absolutely false conclusion-or mined by policies senior to science poli-
maybe they start there-that the federal cy.-JOHN WALSH
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R&D this year found theprospect of budget that reflects strong confidence in
outsize federal deficits to be a\lhreat to a R&D, noting that the real growth in
currently prosperous R & r} regime. total federal R&D funds under its aegis
And there were also misgivings hat ini- has been the largest since the 1960's. But
tiatives in the new R&D budge would he questioned whether the Administra­
cause trouble in coming years. tion's commitment totechnology might

As has become the colloquium us- amount to an overcommitment.
tom, the President's science adviser as Noting examples like pJans for a
the de facto keynote speaker,providi manned space station, a space-based
an interpretation of the R&D budget to \missiJe defense, "a multitude and diver,
which later speakers frequently referred, 'sity of defensive and offensive strategic
although not necessarily deferred. In- a d tactical systems," and an ambitious
cumbent science adviser GeOrge...,A. tr tegic computing program, he said
Keyworth, II provided a bullish review t s contributed to whsrhe termed a
of the Administration's R&D policy .• "t ch ological flood tide. 'i. '
and its implementation, but, at the out- '., in the "bow-wave effects" of such
set, took issue with what he described as initia 'vet\ over time on the economy, on
the "generally gloomy view of federal the av ilability of manpower and materi-
R&D" found in the introductory chap- \ '~" /
ter of the annual budget analysis ,_..._~
by AAAS to coincide with the coIloqui­
um.*

The authors early state their ambiva­
lence with the comment that "It is a
strong budget for R&D, but analysis of
the 'totals raises questions. The big in­
crease is almost entirely on the military
side. Total non-defense R&D budget
authority increases only about as much
as inflation." The main concern is not
directed at the makeup of the new bud­
get. Rather, "Questions on R&D,
spending plans in the FY 1985 budget are
overshadowed, however, by the need for
drastic actions to reduce the deficit. Be­
neath the political posturing on both
sides there is a realization that something
has to be done."

The analysis predicts a continuing pat­
tern of deficits in 1985 and after. "Thus
the FY 1985budget is not a budget in the
traditional sense of the preSide.n~./p,lan
for dealing with the problems f the
nation. It is instead a statemen of the
problem with the answers left u in the
air-to be found in bipartisan negotia­
tions with Congress, unilateral Congres­
sional actions, or a new Presidential ini­
tiative some time after the election. -,-

Another strain of ambivalence was ex­
pressed by National Academy of Engi­
neering President Robert M. White who
seemed to be asking, in essence, whether'
the R&D budget amounted to too much
of a good thing. Like other speakers,
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an rivate v ~res, and the lackof any
moraJ im ratiye requently e t in the
United. States. to-maintain; at Ieast In
principle" a sharp dividing line between
the two. Furthermore, as with the Cell­
tech/MRC deal, negotiations-have __often
been-conducted discreetly _out 'oithe
publiceye.
. Either way, there has been little of the
public controversy over the restructur­
ing of traditional __ relationships _between
the research community and the rest of
society that _has accompanied similar
mayes jo-:;tlW'Uriited .States,

The:sit~ation_:has-not been .without its
criticsc EdwardYoxen, lecturer in the
University of Manchester's department
of liberal studies in science; points outin
a. recent study The Gene _Business. that
many significant policy changes, such as
the. dispensation: on access' toMRC· re­
search awarded to Celltecn..havetaken
place' with little open discussion; even

"The academic
excellence in places like

the MRC should be
treated as a national

resource and the
government should be
providitlgevenhanded .

'access to it," says
Chris Keightley.

though the basic discoveries on. which
the. new, technologies are based . were
financed largely from public funds.
"There has been virtually no public de­
bate on this type of.issue, ',:, says Yoxen,

Few concerns were expressed; forex­
amplev over the 'government' s recent de­
cision to .drop the "public -interest"
members from its main regulatory
watchdog, the Genetic Manipulation Ad­
visory Group, when this body was re­
Gently reformulated. ,. as, the', Advisory
Cornmittee.i on Genetic' Manipulation;
and ·its.day-to:-day responsibilities for
registering and monitoring experiments
passed to the Health and Safety Execu­
tive.

The lack of such debate; however, has
certainly not hampered the gradual dis­
mantling ofbarriers to open cooperation
between the academic and the commer­
cial communities, a process openly en­
couragedby .the.c.government. The
SERC's Biotechnology Directorate, for
example,. has recently established what­
is" described as a "proteinengineering
club,'::.in\\f,hich major companies.suchas

13&

Glaxo and .Uuileverwill belp sponsor
research in various academic institutions
into ways of producing proteins to order
in large quantities.

Similarly ,several university institu­
tions are. using government money, both
from the research councils. and .. the' De­
partment of Trade and Industry, to help
set up commercial operations. The Uni­
versity' of Leicester, for examplev has
recently, obtained backing from five 'ma~

jor corporations to establish a center for
research into yeast genetics. And the
Imperial College of Science and Tech­
nologyin London has established a com­
pany known as Imperial Biotechriology
to exploit itsresearch facilities in fer­
mentation .techniques.

Keen that. the nation should, reap a
profit from its past and present scientific
investments, the government is increas­
ingly engaging in.as much.industrialplan­
ning as it feels it can getaway with
behind. its free-enterprise, non-invest­
ment ·image.:.Responding to dernilnds
from companies such as Imperial Chemi­
cal Industries; as.well asofficials.within
theSERC, for some form of "national
biotechnology program" to cover the
spectrum of possible, initiatives from.tax
incentives .to information networks, the
Department of Trade and Industry has
recently set up a special advisory com­
mittee made-up primarily of senior .indus­
trialists to look at areas where an extra
push might be useful.

Taken in isolation, none, of these
moves is itself, seen: as a guarantee of
success. But behind them lie twoaddi­
tiona! factors that help account for the
current bullishness of Britain'sbiotech­
nologists, One, asNicholson of the. Cabi­
netOffice puts it, is that. "there is .more
optimism in the business sector, than
there was' 6 or 9 months ago; wecertain­
ly. startedpuUing out of the recession
faster than eitherGermany or France."

The other is the gradual emergence of
anew spirit of entrepreneurialism.among
Brffish academics. "In the past, most
academics 'had no idea about howto start
up.in business; but allthat is now chang­
ing," says Keightley oflQ(Bio), aCam­
bridge biochemist who was about to emi­
grate to the United. States when Acorn
offered him the opportunity of helping
start up. the new company.

Similarly, Celltech points out proudly
that it has 'managed to persuade one of
the top teamsofMRC scientists; headed
by. immunologist William Hunter of Ed­
inburgh.University, to join the compa­
ny's new venture with Boots.' "we have
afabulousopportunity. here in Britain,"
says Keightley. "We are' now learning
how to .capitalize on it.' ':----DAvloDICKSON

Meselson Meets a Shower

Of Yellow Rain from Bees

Matthew Meselson, the Harvard
biocherrust waging a one-man chal­
lenge to the U.S. Slate Department's
version of Yellow Rain warfare, went
into the jungies of Thailand last month
to test his thesis. He returned at the
end of March with anew evidence,
declaring the trip a greater success
than he had anticipated.

Along with 11'.10 bee experts. who
joined him in looking for natural terms
of Yellow Rain, Meselson was caught
In a 5-minute shower of bee drop­
pings, which he thinks may be the real
source of Yellow Rain samples being
analyzed by.U.S. military labs, Mesel­
son and ThomasSeeley, a biologist at
Yale University, last year developed a
theory that Yellow Rain spots reqard­
ed as chemical weapon deposits were
actually the feces of the wild South­
east Asian honey bee, Apis dorsata
(Science, 24 June 1983,p. 1356). The
theory was based onthe knowiedge
that honey bees periodically make
"cleansing flights" aWay/rom the hive,
that their droppings contain pollen,
and that most of the government' s
samples of Yellow Rain collected from
the environment contain 'pollen,

Meseison noticed that the govern­
ment's data on Yellow Rain were
gathered in Southeast Asia between
February and May. Using funds re­
centlyawarded him by the John D.
and Catherine T, MacArthur Founda­
tion, he.wenttoThalland in the middle
of this ripe evidentiary season hoping
to find proof that soutneest Asian
honey bees do produce yellow, pol­
ien-Iaden rain.

Meseison and Seeley reported at a
press conterencaat Harvard on 28
March that they>have proof that A.
dorsata perforrnst'massive delecalion
flights which can cover a swath thou"
sands of square meters in area with
100 or more' spots of yel16wishfeces
per-square meter." TheYfbuhdand
studied ten swaths in Thailand and
were caught in -a'bee feces shower
that left<"abouF'a 'd6zenspbts
... on each member of ourthree-man
team." Meselson says this occurred
hear 'if tree in which they hadspotted
A. dorsata nests, but the bees were so
far above the ground that he could not
see or hear them. ..
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"at' the absolutely false conclusion-s-or mined by policies senior to science poli-
maybe they start there-i-that the federal cy.~OHN WALSH



for the development of :new products.
That picture represents a ··ll1isunder,.

standing, Although MIT! does indeed
sponsor R&D programs; such as the
highly publicized ones on integrated cir­
cuits and the fifth-generation computer,
the R&D. tends to be basic and engi­
neering research. In the United States,
such R & Defforts are centered in our
universities;

The .commercialR& D successes of
Japan, as opposed to efforts to develop
the underlying technologies, have been
driven not by MIT! but by Japanese
industry, even in integrated circuits..The
participants .. in, the: Ml'I'l-sponsored .co­
operative integratedi.circuits program
went back totheir own •laboratories to
develop the actual commercial 64~ ran­
dom access memory -chips ·that· have
been. so successful in the marketplace.
Oki Electric, the fastest growing Japa­
nese producer of 64K chips and the first
Japanese company to test a 256K chip,
did not .even participate in the MITI
program.

The Japanese government.. which has
played an important role in promoting its
industries' fortunes through- such means
as protectionist trade. policies;··has not
been a significant .. force in commercial
technology selectjon and development.
The successes of Japan in businesses
based on advanced, technology are main­
ly the result of smart; persistent industri­
al R&D management. Private corpora­
tions in Japan make. long-term R&D
commitments to relatively narrow areas.
They.pick a target; .such as.video record­
ers, assemble.large teams to pursue that
target, and stickwith itfor as long asis
necessary to bring a winningproduct to
market. They .do not "try.to .cover the
R&D waterfront, and 'they do not back
out if the payoff is-not immediate. They
also practice a technique .that J .call "in­
novation.by.experiment," whereby they
put a product out on the market, even in
imperfect and sometimes expensive
form,' and learn from the customers how
to improve it. And finally, they are-ag­
gressive in acquiring, improving, and im­
plementing technology that they did not
develop.

These strategies do not explain all. of
Japan's success.in commercial technolo­
gy, but they do .indicate that the real
source of that success is Japanese indus­
try. Also, they underscore the lesson
that we should learnfrom Japan: that the
selection of the product technology and
its development is best left to the people
intimately familiar with the technologies
and the markets. Technology selection
and development should not be managed
from afar.
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Creating Conditions .. for .Innovatton

What role should the U.S. government
play with respect to R&D? That role is
not to manage technology-based com­
mercial innovation but to create the con­
ditions for such innovation. The govern­
ment should provide an encouragingand
supportive environment and infrastruc­
ture within which industries select and
develop commercial technology.

There are many 'features of such an
environment that deserve attention: a
favorable tax climate exemplified. by
R&D tax credits, by extension of those
credits to software; and by fast deprecia­
tioriof R&D equipment; modified antic
trust Jaws.' that encourage cooperative
R& D and limit damages for civil.viola­
tionst export control laws and-regula­
tions that do not disrupt th~ interchange

.of scientific and technical.'. information
that is so vital to the progress of technol­
ogy; and immigration laws that permit
outstandingforeign scientists .to remain
in the United States to do R&D.

Support for University Research

The most important.role for govern­
rnent in creating the conditions for com­
mercial innovation is to support universi­
ties in their. efforts. to generate research
and provide manpower; The most crucial
issue we face is a lack of. skilled man­
power. a.shortage .of faculty in universi­
ties.for .training that manpower, and. a
deteriorating research capability in our
great. universities because of the short­
ages of both faculty and modern equip­
ment for instruction and for-research.

American industry today simply' can~
not get. enough of the people it needs in
such fields as, microelectronics, artificial
intelligence.. communications, and com­
puter science. The universities are. not
turning out. .enough R & Dpeople in
these areas, or enough research faculty:
There is Iittlethat private companies can
do about .thisv We contribute to the sup­
port .of' universities; but .industry will
never be able to meet more than a small
fraction of university, R&:D funding
needs. Even after a decade of steadily
increasing industry support for. universi­
ties, industry provides only about 5 per­
cent of total university R&D funding.
Congress is considering.additional incen­
tives for industry support of universities,
but the fact remains that the primary
responsibility for ensuring a strong,
healthy academic research system and
thereby for providing an adequate supply
of research and skilled people must rest
with the federal government.

There is wide agreement that .the fed­
era!' government should support theuni­
versitiesv and, in fact, federal basic re­
search. obligations' to .. ; universities' and
colleges, measured in .constant' dollars,
have grown. by more than 25,perc~nt

over the past, years. But thisis.onlya
start in filling the needs. Department of
Defense'. funding of -basic ·•. research, .for
example, has only in the past 2 years
returned to the level, measured incon­
stant dollars, that it was iri 1970. The
Defense .Department ..has .'traditionally
played a vital role i~supportingbasi~;-.

university research. A time ofrapid ex­
pansion of the defensebudgetis'no.time
to abandon that tradition.

Universities have had to~ compete with
the national laboratories for the Depart­
ment o~.gt:lerg;~'s researchdollars.When
researchis funded: at -:~· university '0110t
only does the researchgetdone, ~utalso
students are .. trained,... Iacilities-are ..:up­
graded, faculty and students get more
support, and therebybetterfacultyand
students, are. auracted," M9reOX~t,.. the
students that go into industry. help inthe
transition of advanced research into con­
cepts for industri~ innovation.Wherithe
same research is funded-atunational
laboratory, most of the educational divi­
dends are lost.

Universities' should not. have tocom­
pete head on with. national laboratories
for mission agency funds. Unless the
national laboratory will do a substantial­
ly better research job.itheruniversity
should get the funds. The sarne holds for
government funding of research in indus­
try. Those funds that advocates of indus­
trial policy proposetoinvest in govern­
ment -directed industrial R&D would
normally be much better spent in univer­
sities, unless there is:a special reason
why an industrial Iaboratory cando Jt
much, much better.

I .am' not proposing that we simply
throw money at universities. We need to
be selective. To-borrow a phrase.from
the industrial policy advocates; the gov­
ernment should, stress: the, growth; of
"sunrise.science and .technology.' -Un­
like. the. targeting of sunrise industries,
the targeting ·of sunrise-s-that-isr-fast
moving-areas of research can be done,
We can identifythese technologies, even
if.we cannot specify in advance precisely
What products or industries they will
generate.. But we, are not,doing this, as
well as we can and should, In microelec­
tronics, for example, a study by the
Thomas Group, a Silicon Valley consult,
ing firm, c()ncludes thatgovernment sup­
portof university microelectronics pro­
grams totaled only about $100 million
between 1980.and 1982. To put that into
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P ..M. Solomon, R. de Zafra, A. Parrish, J. W. Barrett

Diurnal Variation of Stratospheric
Chlorine Monoxide: A Critical Test of

Chlorine Chemistry in the Ozone Layer

Abstract. This,article reports,measurementsofthe column .density ·ofstratospheric
chlorine monoxide and presents a complete diurnal record of itsvariation (with 2­
hour resolution) obtained from ground-based observations of a .rnillimeter-wave
spectral line at 278 gigahertz. Observations were carried out during October and
December 1982 from Mauna Kea, Hawaii. The results reportedhereindicatethat-the
mixing ratio and column density ofchlorine monoxide above 30 kilometers during the
daytime are - 20percent lower than model predictions based on s.! parts per billion
of total stratospheric chlorine. The observed day-to-night variation of chlorine
monoxide is, however, in good agreement with recent model- predictionsc.confirms
the existence ofa nighttime reservoir for chlorine, and verifies the predictedgeneral
rate of its storage and retrieval. From this evidence, it appears that the chlorine
chemistry above 30 kilometers is close to being understood in current stratospheric
models. Models based.onrhis chemistry and measured reaction rates predict a
reduction in the total stratospheric ozone content in the range of3 to 5 percent in, the
final steady state for an otherwise unperturbed atmosphere, although the percentage
decrease in the upper stratosphere is much higher,

Chlorine monoxide (CIa) has for some
years been' recognized as a key tracer of
the stratospheric ozone depletion cycle
arising from natural. and anthropogenic
injection. of chlorine-containing' .com­
pounds, principally halocarbons, into the
atmosphere (1, 2), The reactions

a, + CI---> cto +a, (I)

and

cia + a -e- CI + a, (2)

constitute the catalytic cycle by which
chlorine atoms. convert .ozone, 0 3, to
diatomic O2•

There is a strong diurnal variation ex­
pected in the concentration of cia. After
the recombination of atomic oxygen at
sunset, reaction 2 ceases. At night, Cia
is believed to combine in a three-body
reaction with N02 to form chlorine ni­
trate,

M
cia + NO, ---> CIaNo, (3)

which is thought to be the dominant
reservoir of chlorine in the absence of
sunlight. During daylight hours, free
chlorine is again produced from', this res­
ervoir by the photolysis of chlorine ni­
trate:

CIaNo, + hv CI + NO, (4)

The rate of nighttimeremoval of cia
via reaction 3 is dependent. on the N02

concentration and the total density, both
of which decrease with altitude above 30
km: thus high-altitude.Clf) is expected to
last through the night, while cia at lower
levels (altitude es 35 . km)disappears.
Earlier measurements by in situ reso­
nance fluorescenceU); infrared, hetero­
dyne spectroscopy (4), balloon-borne (5)
and ground-based (6) millimeter-wave
spectroscopy have established the pres­
ence, approximate quantity! and vertical
distribution of daytime stratospheric
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cia. A more critical test of the full
complex of reactions of stratospheric
chlorine may be obtained from measure­
ments of the diurnal variation of cia.
Such. observations avoid the complica­
tions and uncertainties introduced by
vertical' and lateral transport. and long-

term seasonal trends. Earlier' balloon­
based millimeter measurements over a
limited portion of the diurnal cycle have
shown a decrease in CIa at sunset and an
increase after sunrise (5). In this article
we.present a complete diurnal record' of
CIOvariation, with a time resolution of 2
hours, acquired by ground-based remote
sensing of millimeter-wave line emis­
sion.

Observations of Emission Lines

The cia molecnle has millimeter­
wave rotational spectral lines spaced ap­
proximately every 37. GHz. We have
reported measurement (6) of the line at
204.352 GHz from the J = 11/2 --> 9/2
levels. Our current measurements are
based on the J ~ 15/2---> 13/2 transition
at 278.630GHz. We use a cryogenically
cooled millimeter-wave-heterodyne mix-

er receiver with' a noise, temperature' of
1100 K,. approximately.' 2Vi.... times 'more
sensitive than our earlier detector (6).
Use of this more sensitive detector, com­
bined with an increase by a factor of 2.4
in the theoretical line intensity for the
higher frequency 278-GHz line as com­
pared with the 204-GHz line, has led to a
sixfold increase in observationalsensi­
tivity. For a fixed signal-to-noise ratio,
the required measurement, duration .is
reduced by about a factor of 6' or 36,
allowing arelatively high time resolution
to be achieved. The "back-end" .spec.
trometer consists of'a filter bank with
25~channels, each with a bandwidth of 1
MHz. The measurement technique , cali­
bration method, and instrumental config­
uration described earlier (6) remain un­
changed.

Our' observations were carried out at
the summit of Mauna Kea, Hawaii (ele­
vation, 4250 m; latitude, 19SN) during

two periods, from 8 to 11 October and
from 9 to 16 December 1982. The atmo­
spheric water vapor content, which dom­
inates the tropospheric absorption of
stratospheric emission lines at millime­
ter-wave frequencies" was very low and
generally stable around the clock during
these observation periods (7).

In the following discussion, ·we pre­
sent emission intensities as .brightness
temperatures". in kelvins.'. This custom,
commonly used in radio 'astronomy ,. is
derived from the Rayleigh-Jeansapprox­
imation for blackbody--radiauon.iIn
which emitted power per unit frequency
is linearly proportional to" temperature.
All intensities represent the values that
would be observed if one were looking
through one stratospheric air -rnass to­
ward the zenith after removing the effect
of tropospheric attenuation.

In Fig. 1,. we present a sample. of
midday (1230 to 1630) and nighttime
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tive) from that of 17 with small-cell lung
carcinoma (15 positive) is striking (see
Table 1). Both cancers have common
ancestry, but the former. is of compara­
tively low malignancy and the laller is
extraordinarily malignant.

5) While patients with carcinoma gen­
erally showed cellular and humoral im­
mune responses to carcinoma-associated
Tvantigen; the humoral response, was
stimulated preferentially by .tubular arid
early lobular breast carcinomas, which
had T activity comparable to othercarci­
nomas, .Significantly; these .carcinoma
types have a favorable; prognosis among
breast carcinomas (8, 54).

The, .Tn/anti-Tn system may .corriple­
ment theT/anti~t· system' in elucidating
aspects,ofthe .pathogenesis: of carcinoma
and in early .diagnosis. While the link
between Tn and carcinoma has been
known for a decade (10), this system has
not been studied in the present context.
Research is complicated by the usually
low concentration of anti-Tn. Tn's irn­
munodominant ':structure, GalNAc-a, is
also the dominant part of the blood group
A and Forssman haptens, which may
prevent some anii-Tn immune respons­
es; Furthermore, Tnantigen is notreadi:.
ly obtainable from healthy tissues (7).
There are,however, some highly .in­
structive experiments. by nature herself
that show not only how unmasked Tn
arises in hematopoietic stem cells, usual­
ly persisting indefinitely without malig­
nant change; but that Tn, the epigenetic
sequela of aTare, benign.isomatic muta­
tion, occasionally precedes arid then ac­
companies leukemia, disappears: upon
chemotherapy-induced remission, and
reappears in relapse (66).

Conclusion anil Prospects

The studies described here have; re­
vealed, in a large number of carcinoma
patients, a ~lose link between malignant
transformation and-early, persistent
changes in. 'common 'carcinomas: un­
masked precursor antigens T and Tn,
that allow the .patient's immune system
to qualitatively: differentiate carcinoma
from noncarcinorna.

On rare occasions, demonstrable' T
and TIi antigens occur in premalignant
lesions; which may either remain that
way permanently or progress to frank
malignancy. Some tissues with such
changesa.re .accessible toOlongitudinal
study and thus aid in determining the
decisive point of malignant transforma~

tion. This approach may be facilitated by
manipulaticm of immune responses, as
well as by locating incipient carcinomas
with labeled:mono- and polyclohal anti-T

and anti-Tn reagents (25, 26, 67) [but see
the introduction and (27)]. Our monoclo­
nal antibodies to.T andTn were generat­
ed by desialylized human Oerythro­
cytes, We obtained three relevant speci­
ficities: anti-T, anti-Tn, as lVell as a
specificity directed toward a . moiety
shared by T and Tn haptens(67). The
three types of antibodies reacted strong­
ly and specifically with .. carcinomas in
immunohistochemical analyses of surgi­
cal specimens but less well .in antibody
absorption studies (27).

Our recent observation (68) in carcino­
rna patients, but not healthy.persons, of
a . significant increase in lymphoid cell
cytolytic activity against target cells with
surface-exposed. T and;Tn antigens sup';
portsT and Tn's importance in the rna­
lignant processc-cspecially ',since there
was often a concomitant decrease in
natural killer cell activity. The findings
discussed. here, although they are in an
emerging phase, indicate that uncovered
T and Tn antigens endow the carcinoma
cells with a multitude of novel functions.
These, functions may be fundamental to
the multistep processes of invasion and
spread of carcinoma, and clearly have a
profound, measurable effect' on the tu­
mor bearer's immune.systeln-. 'Lantigen
is likely to be a powerful probe in early
carcinoma detection.
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