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Foreword

Since the discovery of recombinant DNA in the early 1970s, biotechnology has be-
come an essential tool for many industries. The potential of biotechnology to improve
the Nation’s health, food supply, and the quality of the environment leads logically to
questions of whether current levels of investment in research and development, hu-
man resources, and policy formulation are adequate to meet these expectations.

This special report is the fourth in a series of OTA studies being carried out under
an assessment of “New Developments in Biotechnology, ” requested by the House Com-
mittee on Energy and Commerce and the House Committee on Science, Space, and Tech-
nology. This fourth report in the series describes the levels and types of investment
currently being made by the Federal, State, and private sectors. Ten major issues that
affect investment were identified. They concern levels of R&D funding, research priori-
ties, interagency coordination, information requirements, training and education needs,
monitoring of university-industry research, State efforts to promote biotechnology, the
effects of tax law on commercial biotechnology, the adequacy of Federal assistance for
biotechnology start-ups, and the effects of export control on biotechnology commerce.
The first publication in the series was Ownership of Human Tissues and Cells, the sec-
ond was Public Perceptions of Biotechnology, and the third was Field-Testing Engineered
Organisms, A subsequent study will examine issues relevant to patenting plants, ani-
mals, and micro-organisms.

OTA was assisted in preparing this study by a panel of advisors, four workshop
groups, and reviewers selected for their expertise and diverse points of view on the
issues covered in the report. OTA gratefully acknowledges the contribution of each
of these individuals. As with all OTA reports, responsibility for the content of the spe-
cial report is OTA’s alone. The special report does not necessarily constitute the con-
sensus or endorsement of the advisory panel, the workshop groups, or the Technology
Assessment Board.

JOHN H. GIBBONS
Director
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Chapter 1

Summary, Policy Issues, and
Options for Congressional Action

SUMMARY

Biotechnology can change the way we live. It
has already provided, and promises to provide,
many products never before available, as well as
greater quantities of products now in short sup-
ply. Some products produced by biotechnology
will be less expensive and safer to use than those
now produced by other means. The potential of
biotechnology to improve the Nation’s health, food
supply, and the quality of the environment leads
logically to questions about the adequacy of cur-
rent funding levels.

This report, the fourth in a series on new de-
velopments in biotechnology, analyzes the current
level of support for biotechnology by the Federal
Government, by State and local governments, and
by the private sector. The report is titled “U.S. In-
vestment in Biotechnology;” investment indicates
expectation that the expenditures will result in
significant benefits to society. Investment is treated
broadly in this report to encompass financial re-
sources, human resources, and industrial policies.

Any analysis, however, is confounded by wide
variation in the definitions used by various sec-
tors to describe biotechnology, and in the meth-
ods used to account for that investment. As a
consequence, figures on expenditures are approx-
imate, and the scope of investment cannot be de-
termined precisely. It is important to look beyond
the numbers to the scale and diversity of efforts
underway within the United States to support re-
search in biotechnology and its various applica-
tions. In this report, biotechnology is broadly
defined to include any technique that uses liv-
ing organisms (or parts of organisms) to make
or modify products, to improve plants or ani-
mals, or to develop microorganisms for spe-
cific use. This report focuses on “new biotech-
nology” (e.g., recombinant DNA techniques,
cell fusion, and novel bioprocessing tech-
niques) rather than “old biotechnology” (e.g.,
use of microorganisms for brewing and bak-
ing or selective breeding in agriculture and
animal husbandry).

Several conclusions are apparent about the na-
ture of U.S. investment in biotechnology.

First, in some areas, the investment level is
insufficient to meet the premise suggested by
current work in the area. In particular, progress
in such areas as agricultural biotechnology and
biological approaches to waste disposal is hindered
by inadequate investment by the public and pri-
vate sectors. In both fields, technical barriers
exist because of incomplete knowledge of basic
processes involving plants, micro-organisms, and
microbial ecology.

Second, the regulatory process is often
perceived to be a significant obstacle to com-
mercial development of some biotechnology-
related products. Whether the perceptions are
due to ambiguity, unresponsiveness, extreme cau-
tion, or outright bias, confusing regulatory mech-
anisms are seen by industry officials as a major
impediment to the acquisition of knowledge and
an obstacle to the economic success of future prod-
ucts. On the other hand, industry officials agree
that reasonable and well designed regulations are
necessary to ensure the public health and safety
to the environment.

Third, the rate of biotechnology commer-
cialization and the factors affecting that rate
vary among industrial sectors. Policy issues rel-
evant to the application of biotechnology to hu-
man therapeutics, for example, differ from those
relevant to plant agriculture or chemicals.

How Much Does the United States
Spend on Biotechnology?

Twelve Federal agencies and one cross
agency program spent roughly $2.7 billion in
fiscal year 1987 to support research and devel-
opment in biotechnology-related areas (see table
I-I). The National Institutes of Health (NIH) con-
tribute by far the largest share of that support,
approximately $2.3 billion. Significant investment
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Table 1-1 .—Federal Support for Biotechnology Research, 1985-87 (current dollars in thousands)

Agency FY 1985 FY 1986 FY 1987
National Institutes of Health:
BaSIC . . o 1,208,229 1,202,094 1,388,337
ApPlEd . . 638,916 678,003 887,614
Total . .o e 1,847,145 1,880,097 2,275,951
Department of Defense:
BASIC - « + + v e et 44,100 51,600 60,800
AP . o 48,500 49,000 58,000
TOtaAl . .o 92,600 100,600 118,800
National Science Foundation . . . ............. .. it 81,570 84,072 93,800
Department of Energy:
BaSIC . ottt e e 45,500 45,000 50,100
APPIEd . . 9,600 10,900 11,300
Ot . .o 55,100 55,900 61,400
USDA Cooperative State Research Service . . ... ... . 48,000 46,000 49,000
USDA Agricultural Research Service . . . .. ...t 24,500 27,000 35,000
Agency for international Development:
Broad definition . . . ......... ... NA* 46,854 43,756
Narrow definition . . . ... . NA 14,332 6,082
National Aeronautics and Space Administration . . ... ................. NA 6,400 7,200
Veterans Administration . . ... ... ... 5,400 6,365 9,400
Environmental Protection Agency. . . .. ..ottt 3,000 3,400 5,666
National Bureau of Standards . . . . ............ . 850 3,300 3,300
Food and Drug Administration . . .. ... ... 3,000 4,700 5,800
National Oceanic and Atmospheric Administration. . . . . ... ... ......... 2,144 2,215 2,680
Small Business Innovation Research** . . .. .......................... 12,033 12,000 NA

“NA: Not available.

“*SBIR dollars are apart of the total spending reported by the above agencies. They should not be added onto total spending

SOURCE: Office of Technology Assessment, 1988.

is also being made by the Department of Defense,
$119 million; the National Science Foundation,
$93.8 million; and by the Department of Energy,
$61.4 million. The Department of Agriculture ex-
pects to fund some $84 million in biotechnology
research, divided between the Cooperative State
Research Service and the Agricultural Research
Service.

Federal support of biotechnology research and
development has increased minimally every year
since 1984. Although one reason for these in-
creases may be its political attractiveness to agency
officials, a more likely explanation is that biotech-
nology comprises a set of tools that have become
fully integrated into the life sciences.

Some 33 States are actively engaged in some
form of promotion of biotechnology research
and development. These efforts are seen as a
means to achieve academic excellence in their col-
leges and universities or as a path to economic
development, or both. State investment totaled
$147 million in fiscal year 1987 (I/16th the Fed-
eral investment), with three States—New Jersey,

New York, and Pennsylvania—making up more
than half of that amount. The States employ vari-
ous funding mechanisms to reach their goals, in-
cluding issuance of bonds, direct legislative ap-
propriations, allocation of State lottery funds to
biotechnology, and mandatory industry and gov-
ernment matching funds.

With the oldest State program, that of North
Carolina, only in its sixth year, it is too early to
judge the success of State efforts. The only avail-
able measures of success are indirect ones, namely,
the size of the budget, the number of biotechnol-
ogy companies within a State’s borders, and the
extent of involvement by universities and private
industry. Although long-term, stable funding runs
counter to the pattern of State investment, it is
vital in the area of biotechnology. State programs
with strong support from their governors appear
to hold an advantage, as do those that can man-
age to avoid fiscal duress, severe unemployment,
and educational insufficiencies. States that have
an existing base of strong research universities
hold the greatest advantage.



The commercialization of biotechnology by
U.S. industry remains healthy and competitive.
OTA identified 403 American companies dedi-
cated to biotechnology, and 70 established
corporations with significant investments
in biotechnology. Combined, U.S. industry is
spending an estimated $1.5 billion to $2.0 bil-
lion annually in biotechnology research and
development.

Because biotechnology has become an essential
tool for many industries, there is no such entity
as “the biotechnology industry. ”” Rather, it is a tool
employed by several industrial sectors, each with
its own advantages and obstacles in the race to
market. Human health care, primarily therapeu-
tics and diagnostics, continues to be the focus of
most R&D investments, with chemicals ranking
second and agriculture third as fields of applica-
tion for industrial biotechnology.

Strategic alliances between large corporations
and smaller, dedicated biotechnology companies
are increasing and are seen as a sign of financial
strength by investors. Instability in the financial
markets may accentuate the dependence of many
smaller firms on large, established corporations.
Most large corporations continue to rely on out-
side sources of innovation, either a smaller firm
or a university scientist, with these collaborations
benefiting both parties. However, the development
of in-house expertise in biotechnology is occur-
ring rapidly in major U.S. corporations.

Training’ and Employment

The number of jobs in biotechnology has grown
rapidly in the past decade. A 1987 OTA survey
of both dedicated biotechnology companies
and large established corporations in the
United States yielded an estimate of 35,900 jobs
in the field, of which 18,600 are for scientists
and engineers. Nevertheless, despite employ-
ment growth in recent years, biotechnology is not
expected to become a major industrial employer.

Although the supply of specialists in biotech-
nology appears adequate to meet current demand,
shortages in particular areas will occur from time
to time. Shortages in such emerging areas as pro-
tein engineering have occurred but were largely
unavoidable. Anticipated shortages of bioprocess

engineers have not yet developed, although the
problem could worsen as more biotechnology
products reach the later stages of commerciali-
zation. Demand for expertise in plant and animal
tissue culture and protein chemistry may be out-
stripping supply, and a growing need for persons
to assess the risks of engineered organisms re-
leased into the environment has led to a shortage
of microbial ecologists.

The mix of personnel at biotechnology compa-
nies is changing as production and quality con-
trol become more important. The 1987 OTA sur-
vey of biotechnology companies found that Ph.D.
scientists represent 20 percent of total personnel
and 28 percent of scientific personnel. A 1983 sur-
vey had found that 43 percent of R&D personnel
possessed Ph.D.s. This shift has created more op-
portunities for biologists and biochemists at the
master’s and bachelor’s degree levels, and will be
providing room for those with 2-year associate
of applied science degrees.

Molecular biologists and immunologists consti-
tute about a third of the research workers in bio-
technology. For the most part, companies see an

Photo credit: Center for Biotechnology, State University of New York, Stony Brook

Recombinant DNA and other new biological techniques

are becoming well integrated into science education

and training, from high schools to postdoctoral activities.

In the workshop shown here, honors-level high school

biology teachers are learning the techniques needed
to set up DNA laboratories in their schools.



ample supply of scientists trained in molecular
biology, biochemistry, cell biology, and immunol-
ogy as a result of the traditionally strong support
for those fields by the National Institutes of Health.

The NIH, by far the largest Federal source of
fellowships and training grants, is also the largest
supporter of such training for biotechnology. NIH
estimates that $70 to $80 million of its training
funds support graduate students working in areas
either directly or indirectly related to biotechnol-
ogy, approximately 6,000 students. At the same
time, the share of NIH’s research budget devoted
to training has shrunk from 18 percent in 1971
to a low of less than 4 percent in 1987.

The National Science Foundation sponsors
roughly 150 predoctoral fellowships, totaling
about $8 million, in the biological and biomedical
sciences. Only 20 fellows are funded at the post-
doctoral level; these are all in plant biology and
environmental sciences, at a total cost of $2.2 mil-
lion. Other Federal agencies, notably the Depart-
ment of Agriculture and the National Oceanic and
Atmospheric Administration, support varying
smaller numbers of students in areas related to
biotechnology.

Based on a 1984 survey, biotechnology compa-
nies provide between $8 million and $24 million
for training grants and scholarships. Industry
funding is estimated to account for about 10 to
20 percent of all money for biotechnology train-
ing programs. Combined with the contributions
made by industry to the research and salaries of
trainees at research universities, industry provides
financial assistance to about 20 percent of bio-
technology trainees.

Colleges and universities have responded fairly
rapidly to advances in biotechnology, by creat-
ing a range of new programs in biotechnology
training and education. OTA has identified 60 such
programs at 49 different U.S. colleges and univer-
sities. About three-fourths of these programs are
based at State institutions.

Seventeen States reported funding university
and college training programs in biotechnology.
But complexities in accounting procedures and
disbursement of such funds mean that few can
provide exact dollar figures. For those that did

report spending on specific programs, the figures
for fiscal year 1987 ranged from a high of $1.3
million in Georgia to a low of $40,000 in Penn-
sylvania.

Campus-Industry Collaboration

Collaboration between industry and academia
has always played an important role in biotech-
nology research. The industrial contribution to
academic research is approximately four to five
times greater in biotechnology than in other fields;
per dollar invested, industrially supported univer-
sity research in biotechnology generates four
times as many patent applications as does com-
pany sponsorship of other research on campus.
Nearly half of biotechnology companies support
university-based research. Although small com-
pared to the contribution made by the Federal
Government, that support has grown by an aver-
age of 8.5 percent annually in the first half of the
decade.

The nature of this commitment appears to be
changing. Few biotechnology companies are plan-
ning to invest large sums over long periods for
undirected research, as was done in the early
1980s by Monsanto at Washington University. An
increasing number of cooperative arrangements
represent consulting and contract research rather
than long-term partnerships.

The debate over the impact of such collabo-
ration on academic science remains unre-
solved. With the exception of isolated studies,
little evidence exists to either substantiate or re-
fute the claims that such cooperative efforts are
undermining the university’s mission and inde-
pendence. As this debate continues, two trade-
offs bear watching:

* whether losses to science or to university
values that result from increases in the level
of secrecy in universities are offset by net ad-
ditions to knowledge that result from infu-
sion of industry funds into university labora-
tories; and

* whether shifts in the direction of the univer-
sity research agenda toward more applied and
commercially relevant projects have benefits
for human health and economic growth that
far outweigh the risks to basic research.



Collaborative efforts in biotechnology pose spe-
cific problems for each group of participants. A
recent survey found that faculty receiving indus-
try funds are much more likely than other bio-
technology faculty to report that their research
has resulted in trade secrets and that commer-
cial considerations have influenced the choice of
research projects. In another study, 40 percent
of faculty with industrial support reported that
their collaboration resulted in unreasonable de-
lays in publication.

For industry, the major issue is whether such
collaboration will prove fruitful and hasten the
development of new products and processes. The
nature of the agreement—specifically, who nego-
tiates the contract and how property rights are
assigned—plays an important role in the process
and is, therefore, a major concern for companies
entering into such agreements.

Added to those uncertainties is the great varia-
tion among collaborative agreements. Despite
those variations, universities can take several steps
when negotiating collaborative agreements to
maximize the benefits to all parties and minimize
potential risks. Those steps include specifying the
scope of the agreement (the research area to be
supported and the commitment expected from
faculty); maintaining control over the selection,
methodology, and review of the research to be
undertaken; detailing the sponsor’s responsibili-
ties; and spelling out in advance guidelines on pro-
prietary information, publication requirements,
patent rights, and income. Apart from continued
funding of the academic research that often sets
the stage for such collaboration, the mechanics
of Federal monitoring of such relationships are
not without problems.

Any funding source has the potential to shape
the research agenda and influence those who
carry out the work. A history of Federal programs,
dating from the Merrill Act of 1862 that estab-
lished the land grant colleges, indicates how
universities can be shaped by outside forces. While
many early fears about the influence of industrial
sponsorship of biotechnology research in univer-
sity laboratories have not been borne out, the sit-
uation warrants monitoring. There remains suffi-
cient concern about the long-term effects of such

funds on research agendas, secrecy, conflict of
interest, and student education.

Opportunities for Development

There is tremendous variation in the way
that States and the Federal Government define
and account for biotechnology spending. Also,
there is no single model by which industry funds
research in the field, nor is there a common ap-
proach to the carrying out of commercial devel-
opments of biotechnology products. At the same
time, each sector affords significant opportuni-
ties to foster growth in the field.

At the Federal Level

The activities of the NIH determine to a large
extent the nature of Federal support for biotech-
nology. In recent years the White House and others
have increasingly pressured NIH to expand its mis-
sion and provide support for more applied re-
search.

In 1986, an NIH committee began to draft guide-
lines that would permit companies unprecedented
access to NIH resources. The guidelines, written
in response to the Technology Transfer Act of
1986 (Public Law 99-502), give companies exclu-
sive licensing rights to the fruits of government-
sponsored research and encourage scientists to
seek commercial applications for their work. This
opening of the laboratory doors to commercial
application offers great promise to the biotech-
nology industry, which has long relied on work
conducted by NIH scientists.

Although the NIH investment in biotechnology
dwarfs that of other agencies, opportunities to
foster growth abound throughout the Federal Gov-
ernment. Other agencies, such as the National Sci-
ence Foundation, the National Aeronautics and
Space Administration, the Department of Energy,
and the National Oceanic and Atmospheric Admin-
istration, fund basic and applied research in bio-
technology. Agencies with diverse missions, such
as the Departments of Defense and Agriculture,
and those with regulatory missions, such as the
Food and Drug Administration and the Environ-
mental Protection Agency, fund biotechnology re-
search relevant to their mandate.
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Undergraduate students in MIT's Bioseparations Research
Laboratory, funded in part by the National Science
Foundation and the National Institutes of Health.

Finally, agencies traditionally viewed as service
oriented, such as the Veterans Administration, the
Agency for International Development, and the
National Bureau of Standards, fund biotechnol-
ogy research relevant to their service roles. The
National Bureau of Standards is a partner in a joint
venture with the University of Maryland and
Montgomery County, MD, to develop a national
resource for biotechnology-related measurement
research. A plan developed at the direction of the
Senate Commerce, Science, and Transportation
Committee estimated that measurement needs will
add as much as 25 percent to the costs of biotech-
nology products, and the Bureau is devoting more
than 2 percent of its budget to generic applied
and basic research in this area.

The Small Business Innovation Research (SBIR)
program has invested more than $36 million in
various biotechnology companies since it first
awarded grants in 1983. In fact, biotechnology
is the leading recipient of SBIR funds, which are
derived from a percentage of the budget of every
Federal agency that spends at least $100 million
on extramural research. SBIR invests more in bio-
technology than in information processing and
medical instrumentation.

Federal agencies report higher levels of support
for applied work in biotechnology in fiscal years
1985, 1986, and 1987, than in 1984. Yet applied
research support as a percentage of total R&D

support has declined (in constant dollars) across
the Federal research budget in the past 5 years.
It is not clear, therefore, whether an actual in-
crease in support for applied biotechnology
has occurred or whether agencies have be-
come more proficient at describing work as
applied and accounting for expenditures in
those areas.

By itself, greater support does not translate
directly into successful ventures. NSF’s Engineer-
ing Research Centers program expects to devote
a growing share of a budget, which could reach
$50 million in fiscal year 1988, to biotechnology-
related work. Yet the effectiveness of the program
has not been proven, and several factors could
impede its progress. These factors include the reli-
ance in funding decisions on scientific merit over
other relevant criteria, inadequate coordination
by Federal officials with State programs and the
possibility of competing initiatives, and the lack
of clearly defined evaluation and monitoring
criteria.

Because Federal agencies seek an array of ap-
plications from biotechnology research, a certain
amount of redundancy among supported pro-
grams is inevitable and probably healthy. At the
same time, the goals of various agencies might at
times be better met by increased cooperation
among agencies wishing to pool their resources
on common projects.

At the State Level

States have different expectations about their
return on biotechnology investments, Some spend
money to strengthen faculties so that universities
can better attract private business to the State.
Others offer direct incentives, including facilities
and tax advantages, to attract small firms. Regard-
less of approach, successful programs rely on a
strong academic and research base, sufficient lo-
cal venture capital, and an unusually vigorous in-
teraction among researchers, manufacturers and
users, and State authorities.

Successful State programs in biotechnology
build on previous efforts to attract high technol-
ogy industries. Thus, it is not surprising that Cali-
fornia and Massachusetts lead the nation in the
share of biotechnology companies within their



Table 1-2.—State Allocations for Biotechnology R&D,
Training, and Facilities

State FY 86 FY 87

Arizona . . ... $1,170,G4G  $1,540,000
Arkansas . ..................... 757,173 800,000
California . .................... 2,500,000 2,500,000
Colorado . ............ccviun. 500,000 500,000
Connecticut . .. ................ 665,000 1,100,000
Florida........................ 5,050,000 7,050,000
Georgia .. ... 2,600,000 3,000,000
Idaho............. ... ........ 438,800 450,000
Minois . . ...................... 4,500,000 5,000,000
Indiana . . ..................... 4,000,000 1,029,904
lowa.........cooviiii .. 500,000 3,750,000
Kansas....................... 162,000 172,000
Kentucky .. .................... 908,500 896,600
Louisiana . . ................... 670,000 NA
Maryland . . .................... 2,600,000 3,900,000
Massachusetts. . ............... 485,000 935,000
Michigan . . .................... 6,000,000 4,000,000
Minnesota . . ................... 1,032,000 1,100,000
Missour . . ... 1,500,000 3,700,000
New Hampshire . .. ............. 150,000 450,000
New Jersey . . . . . . ..............10,000,000  35.690.000'
New York . . ........... ... ... 34,300,000* *
North Carolina . . ............... 6,500,000 6,900,000
North Dakota . ................. 1,643,090 1,601,783
ONIO ..o oo 2,194,787 50,000
Oklahoma ..................... 1,584,000 1,542,000
Oregon . ..o o vviiee e 350,000 360,000
Pennsylvania . .. ............... 2,848,824 18,035,494’
TENNesSSee . ... ..o, NA 800,000
Utah .. ... 110,000 500,000
Vermont ... ..o NA 300,000
Virginia . . ..o 1,500,000 1,750,000
WiSCONSIN . v v eee e e 190,000 418,000

NA: Not available
“Indicates multi-year appropriation

SOURCE. Office of Technology Assessment, 1986

boundaries, with 27 percent and 13 percent, re-
spectively. (See table I-2 for levels of investment
in all States.)

An NSF program begun in 1978 to ensure greater
geographical distribution of research awards has
proven to be a springboard for biotechnology
efforts in Vermont, North Dakota, Montana, Ken-
tucky, and Oklahoma. While it is too early to assess
the extent to which NSF’s EPSCoR (Experimental
Program to Stimulate Competitive Research) funds
will help other States gain a foothold in the field,
it is clear that several States had such a purpose
in mind when they entered the program.

Most States are not aiming only to woo existing
firms from other States. Instead, they have turned
to nurturing in-State start-up companies in the

hope that they will benefit from the industrial
growth of those companies. And, as more com-
panies seek sites for manufacturing facilities,
States that could not provide unattractive envi-
ronment for R&D facilities may be able to com-
pete for the manufacturing facility. Regardless of
the approach taken, States will remain dependent
on Federal research support to universities to
achieve their goals in biotechnology. Those con-
tributions must be tied to the existing economic
and academic base within each State.

Although some States may not be able to main-
tain current high levels of support for biotech-
nology, sustained commitments are vital for long-
term success. Unlike the changes that have come
about from growth in other high-tech areas, stra-
tegic investments in biotechnology promise to
transform a State’s entire economy, not just in-
crease its work force temporarily or add to its
industrial base.

At the Commercial Level

The boom in biotechnology company formation
occurred from 1980 to 1984. During those years,
approximately 60 percent of current companies
were created, with nearly 70 new firms begun
in 1981 alone. Consolidation within the industry
and the predominance of a few firms have slowed
the formation of new firms; nevertheless, the
amount of money invested by larger, more diver-
sified corporations continues to grow.

The range of companies commercializing bio-
technology encompasses many traditional indus-
trial sectors. They include pharmaceuticals, plant
and animal agriculture, chemicals, energy, and
waste management. Table 1-3 lists the primary
emphases of biotechnology R&D of dedicated bio-
technology companies and large, diversified cor-
porations. Human therapeutics is the primary fo-
cus of both groups.

Each sector commercializing biotechnology
faces different financial markets, public markets,
regulatory requirements, patent issues, person-
nel needs, and problems in attaining product com-
mercialization. As the tools of biotechnology be-
come integrated into each sector, the paths to
commercialization more closely resemble those
historically taken for more conventional products.
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Table 1-3.—Areas of Primary R&D Focus by
Biotechnology Companies

Dedicated b iotech Large, established

Research area companies #(%)  companies #(%)

Human therapeutics . . ., 63 (21%) 14 (26%)
Diagnostics, ., ., 52 (18%) 6 (1 1%)
Chemicals. Dorono 20 ( 7%) 11 (21%)
Plant  agriculture . . . 24 ( 8%) 7 (13%)
Animal agriculture . 19 ( 6%) 4 ( 8%)
Reagents ., ., . . . . . 34 (12%) 2 ( 4%)
Waste disposal/treatment . 3 ( 1%) 1 ( 2%)
Equipment . 12 ( 4%) 1 ( 2%)
Cell culture ., . . 5 ( 2%) 1 ( 2%)
Diversified : : 13 ( 4%) 6 (11%)
Other : S 31 (18%) 0 (0%)

Total ., ., .. .. 296 (100%) 53 (loo%)

SOURCE Off Ice of Technology Assessment, 1988

More than in any other high-technology indus-
try, commercial biotechnology expects R&D to
generate revenues. The R&D budget for dedicated
biotechnology companies surveyed by OTA aver-
ages $4 million per firm, or more than 40 percent
of anticipated revenues. For large, established
companies investing in biotechnology, the annual
R&D budget for biotechnology averages $11 mil-
lion, a figure that represents one-fifth of their to-
tal R&D expenditures. Although nearly every ma-
jor corporation investing in biotechnology spends
some of its R&D budget in house, 83 percent also
spend some of their budgets on research con-
ducted by outside firms or by universities.

To date, U.S. dedicated biotechnology compa-
nies have raised over $4 billion from private in-
vestors, according to one estimate. Yet 80 percent
of that investment has been made in 10 compa-
nies. Investment in health care applications ac-
counts for 75 percent of all investment. Agricul-
tural applications have received only 16 percent
of the total investment.

Dedicated biotechnology companies finance
their research in two ways—through equity in-
vestments and collaborative ventures. If uncer-
tain financial markets prevail, flexibility in access
to equity may become restricted, resulting in an
increase in joint ventures with larger more estab-
lished firms. Venture capital and private equity
have been the mainstay of support for start-up
companies through 1987. As companies mature,
however, they turn to public offerings. OTA found
a decreased dependence on private investments,
a doubling of U.S. equity holders, and a 10-fold

increase in public stock offerings in maturing com-
panies over a typical 5-year period. Dedicated bio-
technology firms focusing on therapeutics are
more likely to be publicly held than those in other
fields, although several agricultural biotechnol-
ogy firms issued an initial public offering in 1987
as they sought cash to bring their products to
market.

Although equity investments also may come
from individuals or financial institutions, cor-
porate financing is the fastest-growing type of sup-
port. Historically, equity investments by large
firms tend to be passive, giving the larger firm
the chance to keep abreast of new developments.
When these investments do lead to research con-
tracts and product licensing agreements, the
larger firm often handles final development, licens-
ing approval, manufacturing and marketing, while
the dedicated firm retains patent rights and re-
ceives royalties for the sale of the product.

Most industrial alliances occur between U.S.
companies rather than between U.S. and for-
eign firms. Although collaborations with foreign
companies may provide dedicated biotechnology
firms with better access to international markets,
there is a legitimate concern that such alliances
could reduce future revenues and growth for U.S.
firms. The most common foreign collaboration,
when it does occur, is with Japanese firms, over-
whelmingly in the application of biotechnology
to human health care.

Barriers to Development

The growing concern that U.S. trade policy
toward high-technology goods may be compromis-
ing national security poses a potential threat to
the growth of biotechnology exports. Proponents
of tighter controls argue that easing restrictions
would give the Soviet Union easier access to West-
ern technology. In the case of biotechnology, some
fear that unrestrained exports would enhance the
ability of other nations to produce biological war-
fare agents. On the other hand, opponents argue
that strict controls will hamper economic com-
petitiveness. A technical advisory committee
within the Department of Commerce was formed
in 1985 to address the question of biotechnology
exports, but committee efforts to date have been
marginal.
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Genetically engineered tomato plants are shown being planted by researchers at a Monsanto-1 eased farm in
Jersey County, IL.

The second major factor that could hamper com-
mercialization of biotechnology is regulatory un-
certainty. Biotechnology faces a much different
and more stringent regulatory environment than
do many other high technology industries because,
among other factors, it is used by highly regu-
lated industries, such as food and drugs. This envi-
ronment promises to raise the cost of R&D and,
thus, the amount of investment needed to mar-
ket a product. One issue is whether a product
produced using biotechnology will result in higher
costs for regulatory review than similar products
made using traditional methods. This issue will
be resolved differently depending on whether the
product is a pharmaceutical, an engineered organ-
ism, or a plant.

Other potential barriers to commercialization
will also affect investment. With patent protec-
tion of biotechnology products a major unresolved
issue, many companies have pursued trade
secrecy as a short term and more certain strat-

egy to assure protection of their technology. This
strategy is not their optimal choice. With respect
to antitrust issues, OTA was unable to find any
aspect of the problem that could be considered
unique to biotechnology companies. The impact
on biotechnology of the Tax Reform Act of 1986
(Public Law 99-514) is not clear. Although some
tax specialists believe that the revised incentives
may affect the distribution of investment, they
do not expect them to shrink the total amount
of money available. At the same time, the repeal
of the investment tax credit is expected to increase
dramatically the tax rates in research-related
areas. That rise is likely to have a long-term nega-
tive impact on biotechnology companies.

A Closer Look at Three Sectors

This report examines three areas of research
and development in biotechnology; plant agricul-
ture, human therapeutics, and hazardous waste
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management. Each is of legislative and regulatory
interest to the Federal Government, and each
presents a different set of issues for debate. Differ-
ences in the state-of-the-art, levels and proportions
of public and private support, the effects of regu-
lation, and the degree of commercialization in each
area illustrate the necessity of viewing biotech-
nology as a diversified set of tools affecting a va-
riety of sectors.

Biotechnology as applied to the development of
human therapeutics represents an area where
there has been substantial Federal support of basic
research. As a result, the knowledge base is vast
and growing, the commercial aspects enticing, and
the regulatory regime similar to that applied to
more traditional approaches of drug design and
manufacturing. In contrast, plant biotechnology
faces a smaller knowledge base due to lower levels
of Federal support for basic research in the plant
sciences. The commercial applications in the field
are less developed, although potentially highly
profitable, and the regulatory framework new and
evolving. The third case study, biotechnology as
applied to hazardous waste management, repre-
sents an area of minimum R&D investment by
both the public and private sectors. As a result,
the knowledge base is small and large scale appli-
cation nearly nonexistent. Applications of biotech-
nology in this field tend to be driven by regulation.

Human Therapeutics

Biotechnology has become an integral part of
research in the pharmaceutical industry, where
the emphasis has already begun to move away
from technology development and toward clini-
cal applications. Applications of biotechnology to
the development of human therapeutics enjoys
a level of public and private funding for R&D that
greatly exceeds that in any other sector. Such high
levels of support stem from expectations that re-
combinant DNA and hybridoma technologies will
bring about the development of products never
before available in the quantities necessary for
therapeutic applications. Contributions thus far
include the production of naturally occurring hu-
man proteins through the use of recombinant
DNA technology and the production of monoclinal
antibodies from rodent and human hybridoma cell
lines; others are expected from the available tech-

Photo credit: Centocor

Industry scientists sterilize vials for monoclinal
antibodies.

nologies for making proteins function more effi-
ciently and for creating proteins that do not exist
in nature.

In the face of such promise, it is noteworthy
that only seven human therapeutics using biotech-
nology have been approved for marketing in the
United States. There are more than 400 biotech-
nology-based human therapeutics in some stage
of clinical trials, comprising less than 2 percent
of the 25,000 active applications for investigational
new drugs. Nevertheless, of the 20 FDA approvals
of new human therapeutics in 1986, four were
products of recombinant DNA or hybridoma tech-
nology, This high approval rate of biotechnology
products is one reason why industry analysts
project billions of dollars in worldwide sales of
therapeutics made from the new technologies, and
should help to sustain or increase the level of pub-
lic and private investment.

Six major factors will influence the rate of
progress in the development of human thera-
peutics:

* availability of funds for research;

* support of personnel;

* regulation of products made using biotech-
nology;

* protection of intellectual property;

* access to information generated by research;
and

* gaps in basic research.
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Plant Agriculture

A critical industry in the United States, agricul-
ture forms a large portion of this country’s econ-
omy. Research contributes significantly to its suc-
cess, with an annual rate of return on investment
estimated at between 30 and 50 percent. Biotech-
nology is expected to play a major role in strength-
ening this important part of the nation’s economy.
Its tools have the potential to modify plants to re-
sist insects and disease, grow in harsh environ-
ments, provide their own nitrogen fertilizer, or
be more nutritious. The newer technologies can
potentially lower costs and accelerate the rate,
precision, reliability, and scope of improvements
beyond that possible by traditional plant breed-
ing. But success in this field is by no means as-
sured. Many barriers must be overcome for US,
agricultural products to remain competitive in
world markets.

Of all the problems facing agricultural research,
the most pressing is the need for increased Fed-
eral support. Only 1.4 percent of the Department
of Agriculture’s budget is devoted to research. In
part, the advent of genetic engineering and re-
lated biotechniques has, itself, altered the shape
and scope of U.S. agricultural research investment
decisions. In particular, the emerging technologies
present fundamental challenges and opportuni-
ties for the public component of U.S. agricultural
research. Widespread commercialization of plant
biotechnology depends on breakthroughs in many
technical areas that can come only through coop-
eration with public universities, economic incen-
tives from government, and a favorable regula-
tory environment. The Federal Government also
plays a major role in ensuring an adequate sup-
ply of trained personnel.

Basic science advocates charge that the USDA-
led system has not been on the cutting edge of
science, and has focused research primarily on
methods for increasing yield. Other critics have
argued that the advent of the biotechnologies has
led to private sector, proprietary-dominated re-
search efforts. Others point out that increased pri-
vate sector research investments have uniquely
contributed to the fundamental knowledge base
and resulted in a positive economic impact.

Photo credit: Calgene

Cell and tissue culture methods are used to regenerate
plant cells containing foreign genes into whole plants.

Biotechnology’s impact on the direction of agri-
cultural research has also raised issues about pro-
prietary interests, such as the exchange of plant
breeding materials.

Hazardous Waste Management

Waste cleanup is a substantial and growing in-
dustry. But the application of biotechnology to
waste disposal is still largely experimental, and
the investment is small compared with efforts in
pharmaceuticals and agriculture. Its potential re-
mains undeveloped due to a variety of technical,
institutional, economic, and perceptual barriers,
And, more so than in any other industry studied
by OTA, the research agenda for waste disposal
and management is driven by regulation. The in-
fluence of the regulatory regime affects, to a large
degree, the extent to which biotechnological ap-
plications have been studied, Regulation shapes
the field of waste disposal and, thus, provides the
impetus for efforts to develop new methods of
pollution control. Yet fears of regulatory barriers
are discouraging researchers from investigating
genetic engineering as a way to discover poten-
tially beneficial organisms.

The Environmental Protection Agency is the lead
agency in conducting research and development
in waste disposal. But EPA’s current investment
in R&D in biotechnology is not sufficient to over-
come a number of technical barriers in the near
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future. There is also a widespread feeling that EPA
is biased against biological approaches to waste
disposal and unwilling to support approaches in-
volving biotechnology. The field lacks credibility
because biological techniques were oversold dur-
ing the 1970s. In addition, many biological ap-
proaches take longer than incineration or exca-
vation and are avoided because of a desire to
address the problem quickly.

Funding appears to be insufficient and compara-
tively unstable. The in-house research EPA funds
is of high quality, but it is at a relatively low level.
At the same time, reports from individual com-
panies lack credibility due to the potential conflict
of interest inherent in any company-sponsored
research. The Federal Government must take the
lead in addressing critical research areas and
establishing clearly defined cleanup standards.

Because of these factors, small start-up biotech-
nology firms usually cannot afford the high finan-
cial risk required to achieve progress in the field.
The large initial investment needed to develop the
appropriate technology, as well as the necessary
knowledge base, is another obstacle.

Photo credit” Ecova Corp.

Daily tilling of soil provides oxygen to naturally occurring
microbes, enabling them to remediate hydrocarbon-
contaminated soil in an enclosed, solid-phase soil
treatment facility. Current applications of biotechnology
to waste management rely on naturally occurring
microbes; the application of genetic engineering
to this field remains some years away.

Finally, public acceptance is required to imple-
ment biotechnological approaches to waste dis-
posal. The generic fear of genetically engineered
organisms may be compounded by the difficulty
of containing the waste to be disposed.

POLICY ISSUES AND OPTIONS FOR CONGRESSIONAL ACTION

Ten policy issues relevant to U.S. investment
in biotechnology were identified during the course
of this study. They are:

* Federal funding for biotechnology research;

* balancing support for basic and applied re-
search and development;

* interagency cooperation in support of bio-
technology;

+ information needs and reporting requirements;

+ training biotechnology personnel;

* monitoring university-industry relationships
in biotechnology;

+ Federal support of State programs in biotech-
nology;

+ providing financial incentives for private in-
vestment in commercial biotechnology;

« providing direct support for start-up and
scale-up in commercial biotechnology; and

* Federal controls on the export of biotechnol-
ogy products and processes.

Associated with each policy area are several is-
sues that Congress might consider, ranging from
taking no action to making major changes. Some
of the options involve direct legislative action.
Others are oriented to the actions of the execu-
tive branch but involve congressional oversight
or direction. The order in which the issues and
options are presented should not imply their pri-
ority. The options provided for each issue are not,
for the most part, mutually exclusive: adopting
one does not necessarily disqualify others in the
same category or within another category; how-
ever, changes in one area could have repercus-
sions in others. Finally, and of critical impor-
tance, many of the issues are more germane
to certain sectors, such as human therapeutics,
plant biotechnology or hazardous waste man-
agement In those cases, specific issues and op-
tions are presented at the end of chapters 9,
10, and 11.
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ISSUE 1: Should current levels of Federal fund-
ing for biotechnology research and devel-
opment be altered?

An issue central to the findings of this report
pertains to the adequacy of Federal support for
R&D relevant to biotechnology. There are no ob-
jective and reliable measures for determining
whether current Federal support for biotechnol-
ogy R&D is sufficient. Clearly, intensive and sus-
tained Federal investment in applications of biotech-
nology to the life sciences has been transformed
into commercial products in some industries much
faster than in others. Commercial applications are
more advanced in areas such as human therapeu-
tics, diagnostics, and chemicals than in plant and
animal agriculture, or bioengineering for waste
degradation. In some cases, the slow progress is
due to insufficient funds for basic research; in
other cases, potential products are simply not be-
ing developed because industry does not consider
the biotechnology product or process sufficiently
better (either functionally or economically) than
those that already exist. Furthermore, excessive
regulatory burdens or public perceptions associ-
ated with applications of recombinant DNA re-
search can be more important factors than un-
derfunding in some biotechnology applications,
most notably in plant agriculture.

Option 1.1: Take no action.

Congress may conclude that Federal levels of
investment in R&D over recent years have ade-
guately supported the forward integration of bio-
technology into many sectors, suggesting steady
levels of support as the best approach. The con-
tinuance of existing funding patterns, however,
will perpetuate current disparities in research em-
phases.

The current focus of biotechnology application
on human health care products is due, in part,
to the steady and high levels of funding for bio-
medical research. However, research applicable
to medical biotechnology has moved only recently
from technology development into new clinical
applications; without Federal funding increases,
this transition could be more difficult.

Maintaining the existing funding level for bio-
technology research targeted to agriculture could

result in a static agricultural sector that is unable
to respond to future economic, technological, and
scientific needs—both domestically and interna-
tionally. Basic knowledge in the plant sciences, for
example, would continue to remain in short sup-
ply. The barrier to commercialization created by
this lack of knowledge would increase. Inadequate
funding could also slow some areas of research
to help alleviate surpluses, provide new options
for the small farmer, result in better products,
and make farm practices more environmentally
sound.

Biotechnology for waste management has suf-
fered in recent years from a variety of funding
and institutional barriers. Its development is in
a relative state of infancy compared with that of
biotechnology in pharmaceuticals and agriculture.
Without sufficient funds, adequate efficacy and
efficiency demonstrations will not be carried out,
and EPA is not likely to develop sufficient in-house
professional expertise for the assessment and reg-
ulation of bioremediation techniques.

Particularly underdeveloped areas of biotech-
nology research could remain stagnant in the ab-
sence of additional funds. These areas include:
the exploitation of marine organisms to obtain new
sources of potential pharmaceuticals, industrial
chemicals, and materials; and the development
of new biotechnological applications, such as con-
version of biomass to fuel and biological sensors
for use in measurement devices and bioreactors.

Option 1.2: Decrease existing budgets.

Due to current fiscal constraints, Congress may
conclude that it is necessary to cut Federal fund-
ing of biotechnology research. Such a decision is
more likely to be a consequence of overall reduc-
tions in R&D budgets, of which biotechnology
would be a part. Reductions in Federal support
for biotechnology could slow the transfer of basic
research results to applied areas and would re-
quire greater private investments in basic re-
search.

Congress could determine that funding of
health-related applications of biotechnology is dis-
proportionately high, and reduce funds in these
areas. A targeted reduction of research funds for
biotechnology applications to human health could
have undesirable consequences for non-medical



16

sectors, however, because advances in biotech-
nology continue to emerge from NIH-funded re-
search that have immediate applications to agricul-
ture, marine biology, the use of micro-organisms
in waste management, and many other fields.

Some areas of research, currently underfunded,
would suffer disproportionately. For example, Fed-
eral support for biotechnology R&D in waste treat-
ment is so minimal now that decreases will further
retard new developments. If Congress determines
that Federal investment in plant biotechnology is
excessive, it could decrease allocations for this sec-
tor. However, decreased funding for agricultural
research and training would result.

Option 1.3: Increase existing budgets.

Congress could conclude that because of its so-
cial, economic, and strategic importance, the rapid
development of biotechnology and its transfer into
many sectors warrants increased Federal R&D
support. Increases could expand the knowledge
base necessary for applied research and devel-
opment and could result in more rapid commer-
cialization of biotechnology in some fields.

Funding increases in the application of biotech-
nology to basic and applied research relevant to
human health might be aimed at some of the im-
portant bottlenecks, including research in protein
structure and function, protein engineering, the
role of natural chemical modifications of proteins
in protein stability and function, and development
of novel delivery systems for protein drugs. Ad-
ditional support in many of these areas should
continue to yield generic applications--contribut-
ing to uses in the pharmaceutical industry as well
as chemical, agricultural, and other diversified in-
dustries.

Congress could determine that present spend-
ing for agricultural research is insufficient. If Con-
gress increases agricultural research funding,
plant biotechnology is likely to benefit. The basic
science base in the plant sciences is seriously
deficient.

Congress could provide additional funds for EPA
to develop innovative waste cleanup technologies,
particularly those derived from biotechnology.
Without increased funds, EPA will continue to em-
phasize funding of risk assessment studies on
micro-organisms containing recombinant DNA,

while other high priority projects continue to be
supported at relatively low levels.

Increased funds for the application of biotech-
nology to renewable biomass resources, and for
the exploitation of marine biotechnology, currently
funded primarily by DOE and NOAA, respectively,
should enhance the United States’ role in devel-
oping these novel uses.

Option 1.4: Reallocate existing funds.

Should Congress conclude that present fund-
ing levels are adequate or, because of fiscal con-
straints, must remain the same, then it could direct
that Federal resources be reallocated. Although
the budgetary process works against centralized
research planning, Congress could decide that
pressing needs for advanced R&D in specific in-
dustrial sectors warrants a shift of emphasis in
research support. This option, however, promotes
a degree of instability in patterns of research sup-
port in that political and temporal influences could
overly bias the National research agenda.

ISSUE 2: Are current emphases on basic v. ap-
plied and multidisciplinary research appro-
priate?

Anecdotal evidence suggests that the current
system of research support in the U.S. sometimes
fails to fill critical gaps in basic research related
to biotechnology and development. Gaps could be
filled through additional financial support for ap-
plied research, technology transfer, and increased
Federal support for multidisciplinary research
programs.

Option 2.1: Direct Federal agencies to dedicate
more of their budgets to applied and multidis-
ciplinary research in biotechnology.

This option would not necessarily require new
funds but would direct agencies to identify areas
of applied research in biotechnology in which
awards could be made. Applied areas deserving
increased funding could be identified by commit-
tees of peers comprised of government, academic,
and industrial scientists. In addition, areas of re-
search that require multidisciplinary involvement
could receive higher levels of support.

For example, at the NIH, support for individual
investigator-directed, basic research projects in
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disciplines underlying medical biotechnology-
such as cell biology, immunology, virology, neu-
robiology, structural biology, and genetics---could
be redistributed to multidisciplinary programs in-
volving researchers from several of these dis-
ciplines. possible mechanisms for implementing
this approach might involve Congressional real-
location of single investigator awards to center
grants (center grants are common in the categor-
ical institutes but not in National Institute for Gen-
eral Medical Sciences). An alternate approach
would require that NIH contribute to health-
related multidisciplinary projects funded by other
agencies, such as the NSF-administered Engineer-
ing Research Centers and Biological Centers Pro-
grams. Congress might also reallocate NIH funds
to create centers and programs that have not
moved as rapidly as desired with funds from in-
dividual agencies. Such a program is already in
place, for example, to apply new methods in struc-
tural biology to AIDS vaccine development.

Historically, agricultural research has been ap-
plied. The applied nature of the land grant sys-
tem, combined with a decentralized structure that
includes local agricultural experiment stations and
extension services, provides a unique national ca-
pacity to identify and solve local or regional prob-
lems. Reallocating resources away from formula-
based funding would diminish the role that even
the smallest, poorest funded land-grant universi-
ties play. Congress could protect the applied ori-
entation of agricultural research by maintaining
strong formula-based funding at the expense of
competitive research funding, which is directed
towards basic research. Because the database for
plant sciences is sparse, however, decreasing
awards that foster excellence in basic research
could hinder rapid progress in plant biotech-
nology.

To support more applied work applicable to haz-
ardous waste management, Congress could direct
EPA to devote more funds to applications research
in demonstration and evaluation. Comparative
data on the efficacy, economics, and environ-
mental safety of biotechnical versus other meth-
ods is lacking. Additional efforts in testing and
evaluation would significantly assist industry de-
velopment, resolve issues relating to efficacy of
specific techniques, and, along with regulatory
changes, promote private sector investment.

Any effort to increase emphases on applied re-
search carries the risk of harming the support
base for basic science, the source of new ideas.
Each agency needs to consider the balance of sup-
port between basic and applied work within its
mission. Service-oriented agencies, such as the
Agency for International Development and the
Veterans Administration, report that they empha-
size applied research, which best supports their
mission. Recent efforts to support more applied
and multidisciplinary research at the National Sci-
ence Foundation indicate a shift in the historical
mission of that agency. Such shifts are viewed with
skepticism and encouragement, depending on the
observer’s outlook.

Option 2.2: Require agencies to report on the ex-
tent to which the goals of the Federal Technol-
ogy Transfer Act of 1986 (Public Law 99-.502)
have been met.

Under The Federal Technology Transfer Act of
1986, directors of government operated Federal
laboratories may enter into collaborative R&D
agreements with other Federal agencies, State and
local governments, industrial organizations, and
nonprofit organizations. Biotechnology is an area
of research currently pursued in many Federal
laboratories that could be more effectively shared
with industry and universities through active com-
pliance with Public Law 99-502. As one means of
encouraging compliance with the intent of the law,
Congress could request that agencies document
the extent to which this has occurred within their
laboratories.

ISSUE 3: Should there be more interagency co-
operation in funding biotechnology R&D?

Some redundancy and duplication of effort is
essential to a healthy research enterprise. How-
ever, more formal cooperation between agencies
in areas of shared interest could facilitate more
rapid advances in some areas of biotechnology
lacking sufficient or focused support.

Option 3.1: Establish an interagency coordinat-
ing body to identify areas of research that could
be co-funded across agencies, address solutions
to filling research needs, and develop strate-
gies to promote technology transfer.

Congress could conclude that this option would
reduce some redundancy in Federal research ef-
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forts in biotechnology and promote cost savings.
This type of cooperation might best be imple-
mented through across agency coordinating body
that meets regularly to discuss shared areas of
research interest in biotechnology. At present,
such coordination is rare and informal.

Applications of biotechnology to human health
enjoy the highest levels of Federal funding. The
overall medical biotechnology research agenda is
evolving from research funded almost exclusively
by the National Institutes of Health, with additional
contributions from the National Science Founda-
tion, the Department of Defense, and the Depart-
ment of Energy. A coordinated effort by these
agencies is essential if unnecessary duplication is
to be avoided and the technological gaps imped-
ing medical applications of biotechnology are to
be removed.

A recently formed cooperative effort in plant
sciences was initiated by the Office of Science and
Technology Policy. The Plant Science Initiative,
to be co-funded by the National Science Founda-
tion, the Environmental Protection Agency, and
the Department of Agriculture, aims to address
gaps in research areas of common interest to each
agency.

Advances in the use of bioengineering in waste
clean-up could benefit from this type of coordi-
nated approach. For example, EPA, NIH, NSF, the
Department of the Interior, the Department of
Energy, and the Department of Defense have sig-
nificant programs related to bioengineered waste
cleanup technologies. An interagency coordinat-
ing group could identify major gaps in the research
and work to prevent unnecessary duplication of
efforts by Federal agencies.

ISSUE 4: Are information requirements for in-
formed decisionmaking about Federal sup
port of biotechnology R&D and training be-
ing met?

Currently, information about Federal support
for biotechnology research and training is scat-
tered and inconsistent. Systematic evaluation of
total Federal spending and a direct comparison
of spending in specific areas across multiple agen-
cies are complicated by the definition of biotech-
nology each agency employs and by the method
of accounting for expenditures.

Option 4.1: Direct Secretaries and Administrators
to report regularly on biotechnology activities.

The Congress could conclude that strategically
important areas, such as biotechnology, are im-
portant enough to the Nation’s economic growth
that a more systematic accounting of Federal in-
vestment in supportive research is warranted. Au-
thorization Committees could direct individual
agencies to develop more routine systems of
accounting for spending in specific areas, such
as biotechnology, so that overall trends and pos-
sible necessary actions can be identified. Some
agencies, such as the National Science Foundation
and the National Institutes of Health have already
adopted such mechanisms. Regular and institu-
tionalized reporting on levels of funding for re-
search and training could promote a more coordi-
nated approach to setting strategies for
biotechnology development.

Option 4.2: Direct Secretaries and Administrators
to agree upon a uniform definition of biotech-
nology.

The adoption of a uniform definition could re-
solve vagueness in future policy development and
would allow for more direct comparisons of re-
search support across agencies.

However, Congress could decide that in the ab-
sence of any comprehensive mechanism for affect-
ing total Federal spending in biotechnology, there
is no sound reason to request that all agencies
funding and conducting biotechnology R&D adopt
a uniform definition of biotechnology. Given the
various and diverse missions of the agencies, flex-
ibility in definition may be desirable. This argu-
ment might not apply to reasons to adopt uniform
terminology for the purpose of regulation. Also,
given the rapid advances in research, any defini-
tion would have to be flexible enough to accom-
modate new technologies or would soon be ob-
solete.

ISSUE S: Are Federal efforts in training and
education for biotechnology sufficient?

Federal funds, directly and indirectly, support
a significant amount of training and education for
biotechnology. Most of these funds are directed
at research rather than training, but contribute
to training nonetheless.
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Option 5.1: Take no action.

Training and education for biotechnology in the
United States is strong, successful, and well sup-
ported. For the most part, personnel needs for
the industry are being met. While shortages have
been difficult to predict in advance, they have been
short lasting when they have occurred. By and
large, the current system is working well, though
additional support in specific areas could pay off
significantly. If Congress takes no action, the
United States can expect to continue to enjoy high
qguality personnel in the biological sciences, but
certain needs may not be met and the fit between
personnel needs and availability may not be optimal.

Option 5.2: Require Federal agencies to direct
more funds for training.

While NIH, USDA, NSF, and other Federal agen-
cies provide substantial research funds, which
contribute indirectly to training, training grants
and fellowships are less well funded and have de-
clined in recent years. In molecular biology, com-
petitive training grants have effectively en-
couraged university departments to establish
coherent training programs and enable money
from faculty research grants to be used for re-
search rather than salaries. Training grants in par-
ticular areas of possible need, such as bioprocess
engineering, plant molecular biology, microbial
ecology, and protein crystallography, could be
given special consideration.

Option 5.3: Increase funds for the National Sci-
ence Foundation or other Federal agencies to
provide equipment for biotechnology education
and training programs.

Equipment and instrumentation for biotechnol-
ogy training and research is expensive. Almost
every program contacted by OTA reported un-
met needs for equipment and facilities. Direct Fed-
eral support for R&D equipment and physical
plant has been declining, leaving many universi-
ties with outmoded equipment. Direct support for
instrumentation in biotechnology could provide
many programs with much needed equipment,
enabling them to train students on state-of-the-
art equipment used by industry. Such funds may
also encourage researchers from related areas,
such as chemistry and engineering, to collaborate
in biotechnology research.

Option 5.4: Establish programs to foster the in-
terdisciplinary education needed for most ap-
plications of biotechnology.

Peer-reviewed, individual investigator initiated
grants provide the bulk of funding for basic re-
search but may be biased against the interdiscipli-
nary nature of many research projects in biotech-
nology. Interdisciplinary programs could foster
the interaction among various fields needed to im-
prove research and training for biotechnology and
promote technology transfer across fields and in-
dustrial sectors. Congress could encourage agen-
cies to more actively support programs that fos-
ter multidisciplinary training in areas related to
biotechnology.

Option 5.5: Request the National Academy of Sci-
ences to assess comprehensively future person-
nel needs in biotechnology.

Given the long time needed to prepare individ-
uals for careers in biotechnology, it is important
at both the national and the individual level to be
able to anticipate personnel needs several years
into the future. The Committee on National Needs
for Biomedical and Behavioral Research Personnel
of the Institute of Medicine has twice systemat-
ically investigated personnel needs in biotechnol-
ogy by surveying U.S. biotechnology companies.
These surveys provide important information on
recruitment difficulties faced by biotechnology
companies, assist policy makers in setting appro-
priate funding levels, and enable students to make
more informed career choices. Though the Com-
mittee was able to make these studies in 1983 and
1985, funds were not available for a similar study
in 1987. The National Academy of Sciences could
update and expand this work by seeking additional
information from the U.S. Department of Agri-
culture, the Environmental Protection Agency, and
the National Institutes of Health on medical, agri-
cultural, environmental, and other personnel
needs in biotechnology and the role of predoc-
toral versus postdoctoral support as it affects the
pool of available biotechnology personnel.

Such personnel forecasts, however, depend on
assumptions about gross national product, dem-
ographic trends, government policy decisions,
technological innovation, foreign activities in the
field, and other factors that cannot be known with
certainty. Given the uncertainty of many of the
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assumptions that must be considered in making
forecasts about labor demand, making such fore-
casts may be futile. OTA has concluded in previ-
ous reports that predictions of shortages should
be treated with skepticism. Market forces often
significantly alleviate any shortages that do de-
velop. It may be that accurate forecasts of future
needs are neither possible nor necessary.

ISSUE 6: Should Congress set guidelines for
university policies on industry-sponsored
research?

Industrial sponsorship of university-based bio-
technology research has become a widespread and
generally accepted phenomenon over the past five
years. These relationships have provided addi-
tional resources for R&D and training in univer-
sity laboratories, and appear to have facilitated
technology transfer into industry. Some of the
early fears concerning the potential for skewing
the research agenda toward more applied work,
increased secrecy among scientists, and negative
influences on the educational process have not
been realized. Yet there remains concern that if
public funds for basic research decline, universi-
ties may become more reliant on private funds,
possibly allowing some of these fears to be
realized.

Option 6.1: Take no action.

Because there is little empirical evidence that
university-industry relationships in biotechnology
have had significant adverse effects, Congress may
conclude that no action is necessary, Most univer-
sities whose faculty have entered into contrac-
tual agreements with industry have already de-
veloped institutional guidelines regulating such
agreements. These agreements appear to be satis-
factory to participating parties. In addition, most
parties continue to be optimistic about the goals
of these relationships and are more comfortable
with them than they were 10 years ago. Congres-
sional action might stifle interchange between aca-
deme and industry.

On the other hand, most Federal research dol-
lars are spent on university campuses. Allowing
individual institutions to self-police these relation-
ships while continuing to receive Federal funds
could diminish public accountability.

Option 6.2: Require Federal granting agencies to
request that universities receiving Federal re-
search money file guidelines for faculty-indus-
try contracts as a condition of receipt of funds.

To ensure that Federal funds are not being used
to support research that becomes overly secret
or proprietary, Congress could direct agencies to
require universities to submit guidelines regard-
ing faculty consulting and contractual agreements.
Most research universities have already developed
such guidelines. Under this option, those that have
not would be forced to do so. While this option
would not guarantee that undue secrecy or con-
flict of interest would not occur, it would en-
courage universities to set clear policies regard-
ing limits of acceptability for faculty-industry
interactions. In addition, this option is consistent
with requirements that universities file statements
of assurance that other areas—such as protection
of human and animal research subjects—are be-
ing monitored.

On the other hand, while this approach could
raise the accountability level of universities and
scientists receiving Federal funds, it could add a
layer of bureaucracy to an already burdensome
grants process.

Option 6.3: Ensure that a minimal level of facility
and equipment needs are being met by public
funds to decrease the potential for dispropor-
tionate university reliance on private funds,

Industrial sponsorship of research augments
public funding, but contributes only partially to
the unmet capital needs of universities. Congress
could decide that in order to avoid the conse-
guences of some universities relying dispropor-
tionately on industry for research funding, ade-
guate levels of construction and equipment grants
should be available through granting agencies.
This option would not prohibit or discourage
universities from seeking industrial funds but
would free them from undue reliance on the pri-
vate sector.

Some would argue, however, that the private
sector should make a larger contribution to
university research if it wants to reap its bene-
fits. Increased public subsidies for university re-
search will allow industry to make even less of
a contribution than it already does.
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ISSUE 7: Do State efforts in biotechnology need
Federal assistance?

There are few mechanisms by which the Fed-
eral Government can properly assist State pro-
grams in biotechnology. Historically, those States
receiving large percentages of Federal research
dollars through their universities have held an
advantage over those that have received less. In
an effort to address distribution inequities, the
National Science Foundation initiated the Experi-
mental Program to Stimulate Competitive Re-
search (EPSCoR) to assist States in the develop-
ment of science and technology programs. The
EPSCoR program has helped some States gain a
foothold in biotechnology.

Option 7.1: Take no action.

Congress could conclude that Federal assistance
for State efforts in biotechnology is unwarranted.
The EPSCoR program has assisted those States
with historically lower levels of Federal research
support in developing new programs in biotech-
nology, as well as many other fields.

Option 7.2: Direct the NSF to consider an exten-
sion of the time frame for EPSCoR grants.

Under the provisions of the current EPSCoR pro-
gram, qualifying States receive 5-year continuing
grants for program development. At the end of
the 5-year period, funding ends. Under other pro-
grams at NSF, such as the Engineering Research
Centers and the Science and Technology Centers,
grant recipients demonstrating outstanding
achievements are eligible for a new 5-year grant
at the end of the first five years. This is not the
case in the EPSCoR program. Because it is likely
to take longer than five years to establish a new
program at the State level, EPSCOR recipients that
can demonstrate progress should also be eligible
for continued funding after five years. This would
allow the stability necessary for States to build
the support and infrastructure required for a suc-
cessful program.

ISSUE 8: Should the Tax Reform Act of 1986
(Public Law 99=514) be amended to provide
greater incentives and assistance for firms
commercializing biotechnology?

Option 8.1: Take no action.

The tax measures of the Tax Reform Act could
remain as they are. These provisions include: ex-
tension and reduction from 25 to 20 percent of
the R&D tax credit; repeal of the investment tax
credit for equipment investment; and abolition
of the preferential treatment for capital gains. Due
to current fiscal stress, Congress may determine
that the provisions of the Tax Reform Act of 1986
are equitable. However, if as a result of some of
these measures, the level of private investment
in biotechnology is reduced, there will be a nega-
tive effect on the level of innovation. This will man-
ifest itself in decreased equipment and capital in-
vestment.

Option 8.2: Make the R&D tax credit a permanent
part of the U.S. Tax Code and increase it from
20 percent to its original 25 percent incremental
rate.

The purpose of the tax credit is to provide an
incentive to companies to increase their commit-
ment to industrial R&D. The R&D tax credit was
renewed when it expired in 1985. The credit will
again expire at the end of 1988. At this time, Con-
gress could grant the R&D tax credit permanent
status. A permanent credit would reduce the un-
certainty that exists for industrial R&D planners
concerning the credit’s future existence. In addi-
tion to permanent status, Congress could restore
the credit to its original level of 25 percent. This
was the level adopted in the 1981 Economic Re-
covery Tax Act (Public Law 97-34).

Option 8.3: Offer the R&D credit to start-up dedi-
cated biotechnology companies.

The structure of the R&D credit currently pro-
vides a 20 percent credit for expenditures in ex-
cess of the average amount of R&D expenditures
for the previous three years. The purpose of the
incremental credit is to provide incentives to com-
panies to increase research expenditures. Com-
panies that do not have a 3-year expenditure base
are not eligible for the R&D credit as it is cur-
rently structured.

Congress could offer a refundable credit to start-
up companies in the year earned. A refundable
tax credit would be more valuable to biotechnol-
ogy start-ups in the year earned than a tax credit
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carried forward to the years in which enough tax-
able income would be earned to take advantage
of the credit.

Option 8.4: Make the basic research tax credit a
permanent part of the U.S. tax code.

The basic research tax credit, an incentive in-
cluded in the 1986 Tax Reform Act, encourages
companies to increase spending on basic research
at universities and other non profit research in-
stitutions. It is seen as a mechanism to encourage
cooperative relationships between industry and
universities. On contractual research, the credit
equals 20 percent of the company’s total contract
research payments over a fixed base. A perma-
nent credit of this sort would reduce future un-
certainties associated with this tax incentive.

Option 8.5: Restore the preferential treatment of
capital gains incurred under Research and De-
velopment Limited Partnerships (RDLPs).

Under the new tax law, capital gains are treated
as ordinary income. The former treatment of cap-
ital gains attracted investors to RDLPs because
the gains from the sale of a limited partnership
were treated better than the dividends themselves.
Because RDLPs represent a large portion of the
investment in biotechnology, Congress could rein-
state the preferential treatment of capital gains
for investors in RDLPs. This would restore incen-
tive for investors to pursue this investment op-
tion, thereby increasing private investment in the
biotechnology industries.

ISSUE 9: Are Federal mechanisms for assisting
biotechnology firms in obtaining the financ-
ing necessary for start-up and scale-up
adequate?

To date, venture capital and private equity place-
ment have been the mainstay of biotechnology
start-ups. Nearly all dedicated biotechnology com-
panies in existence have received venture capi-
tal. As firms mature, they turn to public offer-
ings and corporate equity investment as sources
of funding. There are inherent risks to overdepen-
dence on any of these sources. Venture capital
sources may become restricted because of fluc-
tuations in the economy. The risks of reliance on
the public markets to finance scale-up and pro-
duction may be too great for firms caught in a

downturn in the market. To ensure the continued
growth and maturation of biotechnology compa-
nies, Congress could decide that more aggressive
action is needed to assist biotechnology compa-
nies in two critical stages—start-up and scale-up.
Support of industrial innovation could, in part,
finance areas of applied research and development
not already supported through the Federal re-
search agencies.

Option 9.1: Take no action.

Congress could decide that the growth of bio-
technology companies has been a result of crea-
tive financing through available sources of capi-
tal. Congress could conclude that sufficient
investment capital is available to commercialize
biotechnology and the Federal Government need
not intervene at this time.

Some have argued that traditional policy dis-
couraging government subsidies for industrial in-
novation places the United States at a disadvan-
tage compared to other industrial nations, which
have targeted funds to support industrial biotech-
nology. Allowing the marketplace to remain the
sole influence over the health of these industries
may be detrimental in the long run.

Option 9.2: Direct the Small Business Administra-
tion to evaluate programs under existing au-
thority that could provide a source of venture
capital funding for small businesses, biotech-
nology included.

The Small Business Investment Act of 1958 au-
thorized the Small Business Investment Company,
or SBIC Program. SBICs are privately capitalized,
owned, and managed investment firms that pro-
vide equity capital, long-term financing, and man-
agement counsel to new and expanding small busi-
ness concerns. They are licensed and regulated
by the Small Business Administration and can bor-
row funds from the Government on a long-term
basis for reinvestment in small business. SBICs,
however, have faced uncertain congressional
funding and restricted access to capital markets.
To insure continued availability of venture capi-
tal for biotechnology, the Small Business Admin-
istration, with proper authority, could form a
guasi-governmental corporation that would raise
money in the private sector to be used as a ven-
ture capital fund for start-ups. The SBA could
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evaluate the success of the SBIC program and
make recommendations for its improvement.

ISSUE 10: Is the current export control system
as dictated by the Export Administration
Regulations working efficiently in the
approval of biotechnology products for
export?

The Departments of Commerce and Defense
each play important roles in the export control
process. The DOC monitors the Commodities Con-
trol List (CCL) and the DoD monitors the Militar-
ily Critical Technologies List. Each agency brings
to the process a different philosophy on what ex-
port controls should accomplish. As more and
more biotechnology products become available
for export, there is some concern on the part of
industry that these products will become caught
between the interests of Commerce and Defense,
or will become delayed due to administrative con-
fusion about the required approval process for
biotechnology products.

Option 10.1: Take no action.

Congress could determine that the current ex-
port control system as dictated by the Export
Administration Regulations is working efficiently,
and has achieved a sufficient balance between eco-
nomic and national security interests. The 1985
amendments to the Export Administration Act
(EAA) addressed several issues that were not cov-
ered in the original EAA. For example, foreign
availability and decontrol were two items that
were to be emphasized by the agencies. However,
little progress in the reduction of the CCL has been
made.

Maintaining the current CCL could adversely
affect the U.S. position overseas because it is often
viewed by U.S. and foreign industry as encom-
passing too many products and technologies, mak-
ing it difficult to manage. Continued operations
under the present system could hamper efforts
to promote U.S. products abroad and penetrate
valuable foreign markets. The final outcome could
be migration of U.S. industries abroad to avoid
U.S. export regulations.

Option 10.2: Congress could decide that the
present export control system is adequate and
could request that even greater controls be
enacted.

Those in favor of greater controls are concerned
that our national security would be compromised
by reduction of the CCL and decontrol of goods
even when foreign availability is documented. Once
foreign availability is documented, decontrol can
be withheld while negotiations are pursued with
supplier countries. The result has been that few
items have completed the procedures necessary
for decontrol and removal from the CCL.

Congress could request that the agencies in-
volved in the export control process maintain stric-
ter control over exports. For the biotechnology
and other high-technology industries, this could
result in the loss of valuable overseas markets to
foreign competitors in Western Europe and Ja-
pan, This may also provoke overseas migration
of companies who do not want to be burdened
with U.S. unilateral export controls.

Option 10.3: Direct the Secretary of Commerce
to evaluate the efforts of the Biotechnology
Technical Advisory Committee (TAC).

The Biotechnology TAC began in early 1985 to
advise agencies involved in export control on tech-
nical matters and new developments in the bio-
technology industries. The TAC can make recom-
mendations to the Department of Commerce on
items to be removed from the CCL. This mecha-
nism of communication between the biotechnol-
ogy industries and those in charge of export con-
trol policies is valuable to both parties. The TAC
can give important technical information to the
actors involved in controlling biotechnology ex-
ports. Thus far, however, the TAC has submitted
recommendations of items to be decontrolled and
has seen no results. Because the decontrol proc-
ess is often held up for national security reasons,
few items have been removed because of foreign
availability. Congress could request the Depart-
ment of Commerce to review the TAC, with the
intent to develop recommendations for improved
use of the TAC mechanism.
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Chapter 2

Introduction and Overview

INTRODUCTION

For more than four decades, American politi-
cal tradition has called for strong Federal support
of basic research. In contrast, Federal support and
policies related to applied research have been
inconsistent—more related to changing national
security needs, and more reflective of global eco-
nomic competitiveness and differing political
views. While the debates over Federal support of
basic research were essentially settled in the
affirmative in the late 1940s, debate over techno-
logical development and application has continued
over the years, often technology by technology.
In recent years, a new dimension has been added
to the debates, stimulated by the belief that the
United States has suffered some loss of interna-
tional economic competitiveness due to the rela-
tive decline in its scientific and technological ca-
pabilities.

This new dimension is reflected in keen inter-
est in and a focus on questions related to the Fed-
eral Government’s roles and policies in support-
ing, affecting, and facilitating the levels and
patterns of industrial innovation. Much of this in-
terest arises from the belief that the ability of the
United States to improve and maintain its present
standard of living depends on its ability to main-
tain and enhance its competitive position in the
provision of goods and services derived from ap-
plication of advanced industrial technologies. De-
bates on these issues in the context of various high
technologies, such as biotechnology, are likely to
continue in the times immediately ahead due to
concerns about the trade deficit and U.S. indus-
trial competitiveness.

Far more than an opportunity for economic pre-
dominance in biotechnology is at stake. The wide-
reaching potential applications of biotechnol-
ogy lie close to the center of many of the
world’s major problems-malnutrition, dis-
ease, energy availability and cost, and pollu-
tion. Biotechnology can change both the way we
live and the industrial community of the 21st cen-
tury because of its potential to produce:
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. products never before available,

« products that are currently in short supply,

. products that cost substantially less than
products made by existing methods of pro-
duction,

. products that may be safer than those now
available, and

. products made with raw materials that may
be more plentiful and less expensive than
those now used (4).

Policymakers are interested in biotechnology
because of its potential for improving health, food
production, and environmental quality, and be-
cause it is seen as a strategic industry with great
potential for heightening U.S. international eco-
nomic competitiveness. These expectations logi-
cally lead to questions of whether current levels
of funding are adequate and properly focused and
whether the United States should use additional
methods to promote research and development
in this diverse area. As in other areas of science
and technology, there are fundamental questions
about the obligations and roles of various institu-
tions in promoting and regulating these technol-
ogies. Traditionally, basic research has been
supported by the Federal Government, applied
research and development has been the domain
of industry, and the States have invested in both,
depending upon the needs of their economies.

The ubiquitous nature of biotechnology makes
it the focus of several areas of public policy. Bio-
technology relies on the expertise of a multitude
of collaborative scientific and engineering dis-
ciplines in both the basic and applied sciences,
requiring support across a wide range of fields.
The multidisciplinary nature of biotechnology has
extensive implications for governmental, educa-
tional, and industrial structures, suggesting di-
verse incentives for action. The allocation of re-
sources to build the necessary scientific and
technological base and to provide for the regula-
tion and control of resulting products, processes,
and uses is a fundamental role of government.

27
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The tools of biotechnology allow manipulation of
biological organisms in ways that will greatly in-
crease their utility, thereby motivating industrial
applications. Furthermore, the Nation’s educa-
tional institutions are affected by biotechnology
because of its dependence on strong research ca-
pabilities, a highly skilled workforce, and its en-
couragement of intersectoral relationships.

While biotechnology has taken on a “trade”
status, with its own firms, newsletters, invest-
ment funds, and regulations, it is not a single
industry but a set of enabling technologies
applicable to a wide range of industries As full
integration of biotechniques occurs, each sector
of industry developing biotechnology-based prod-
ucts will face different opportunities for and bar-
riers to commercialization. The ability to recog-
nize similarities and differences between sectors
will be critical to policymaking as new products
are ready for marketing and strategies for promot-
ing and regulating biotechnology products are de-
veloped.

Because these advances make significant com-
mercial and social gains possible, government and
industry share an interest in promoting biotech-
nology research and development. This report ex-

ASSESSING U.S.

amines the current level of investment in biotech-
nology research, development, and training by
Federal and State Governments, industry, and col-
laborative arrangements among sectors. It also
describes the nature of the research being funded
and identifies scientific and institutional gaps and
barriers to developing this new set of technologies.
This report focuses on the positive and nega-
tive financial, human, scientific, and institu-
tional inputs into the development of biotech-
nology. As the title of the report implies, spending
allocated to the development of biotechnology can
be considered an investment because of expecta-
tions that resources so dedicated will result in fu-
ture benefits. Much more difficult to assess is
whether expenditures are reasonable for future
growth and whether expenditures are proportion-
ate to those being made in addressing other na-
tional needs. Finally, to understand the reasons
for investment in biotechnology, the ultimate prod-
ucts of research and the paths to application are
also discussed in three case studies.

The following section discusses the definitional
issues surrounding biotechnology and describes
the problems associated with accurately assess-
ing U.S. investment in biotechnology.

INVESTMENT IN BIOTECHNOLOGY:

LAYERS OF COMPLEXITY

In preparing this report, OTA estimated levels
and directions of U.S. investment in biotechnol-
ogy by surveying Federal agencies, State agencies,
and private industry. In addition, four workshops
were held with attendees from Federal, State, and
local governments, industry, and academia (see
app. C for workshop participants). The first work-
shop, titled “Public Funding of Biotechnology Re-
search and Training,” was held in September 1986
(10). Representatives of Federal and State agen-
cies presented budget data for biotechnology and
discussed the implications of the varying defini-
tions of terms. OTA obtained updated budget in-
formation in fall 1987.

In April 1987, representatives from academia
and industry met at OTA to discuss “Collabora-
tive Research Arrangements in Biotechnology” (3).
In June 1987, biotechnology industrialists were

convened to discuss “Factors Affecting Commer-
cialization and Innovation in the Biotechnology
Industry” (5). Finally, in July 1987, a workshop
was held to discuss “Public and Private Sector
Roles in Funding Agricultural Biotechnology Re-
search” (11).

The OTA surveys, workshops, and informal com-
munications with representatives of all sectors in-
terested in biotechnology revealed two methodo-
logical dilemmas in assessing U.S. investment in
biotechnology: variation in the definition used to
describe biotechnology and variation in the meth-
ods used to account for biotechnology investment.
Each of these difficulties is discussed below.

Defining Biotechnology

In a 1984 report, after extensive canvassing of
academicians, industrialists, and government offi-
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cials involved in biotechnology, OTA arrived at
two definitions of biotechnology. The first defini-
tion is broad, encompassing both old and new bio-
technology, and includes any technique that uses
living organisms (or parts of organisms) to make
or modify products, to improve plants or animals,
or to develop micro-organisms for specific uses.
Since the dawn of civilization, people have delib-
erately selected organisms that improved agricul-
ture, animal husbandry, or brewing. To differen-
tiate between biotechnology using more
traditional techniques from the newer tech-
niques developed in recent years, OTA uses a
second, more narrow definition of biotechnol-
ogy. This definition refers only to “new” bio-
technology: the industrial use of recombinant
DNA, cell fusion, and novel bioprocessing tech-
niques (4). As in the earlier report, the term

Photo credit: Amgen

Preparation of a DNA sequencing gel to analyze
structure of a gene for porcine somatotropin.

biotechnology, unless otherwise specified, is
used here in reference to new biotechnology.

The current study focuses on R&D investment
in fields affected by new biotechnologies. Three
main areas of research relevant to biotechnology:)
can be described: basic, generic applied, and ap-
plied (4). Basic research involves biotechnology
by using its component tools (e.g., recombinant
DNA and hybridomas) to study the different ways
in which biological systems work and to identify
the mechanisms that govern how they work. In-
cluded in this category are studies that address
such questions as how viruses infect cells, how
immunity to pathogens is acquired, and how fer-
tilized egg cells develop into highly complex and
specialized organisms. Biotechnology is used in
a broad range of scientific disciplines, ranging
from microbiology (the study of micro-organisms
such as viruses and bacteria) to biophysics (the
use of physical and chemical theories to study bio-
logical processes at the molecular level). A greater
understanding of the mechanisms of evolution and
the resilience of ecosystems will also come from
new biotechnology.

The phrase “generic applied research” is thought
by some to be vague and ambiguous; however,
it is useful for describing research that bridges
the gap between basic science done mostly in
universities and the applied, proprietary science
done in industry for the development of specific
products. Various groups have coined alternative
phrases, such as ‘(bridge” research, “technical” re-
search, and “strategic” research. Examples of
generic applied biotechnology research are the
development of general methods for protein engi-
neering and large-scale mammalian or plant cell
culturing.

Applied research is directed toward a very spe-
cific goal. The use of recombinant DNA to develop
vaccines for specific antigens, such as malaria or
the HIV virus responsible for Acquired Immuno-
deficiency Syndrome (AIDS); the transfer of her-
bicide or pesticide resistance to a particular plant
species; and the use of monoclinal antibodies as
purification tools in bioprocessing are all exam-
ples of biotechnology use in applied research.

In the current political environment, where pro-
motion of high technology is strongly favored, the
definitions used for biotechnology have impor-
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tant ramifications. The terms used to describe bio-
technology can affect research funding and the
regulatory treatment of potential commercial
products. Some groups believe that any confusion
about what biotechnology is could be alleviated
by substituting more specific terms such as gene
therapy, protein engineering, and bioprocess engi-
neering, for the general term *“biotechnology” (1).

A recent General Accounting Office (GAO) re-
port, titled ‘(Biotechnology: Analysis of Federally
Funded Research” (2), used three categories to cal-
culate levels of biotechnology funding at five Fed-
eral agencies. They are:

1. Basic research in the sciences underlying bio-
technology.

2. Applied research and technology develop-
ment using the new techniques of biological
research. This work is done to devise, apply,
or improve products and processes.

3 Research pertinent to the regulation of bio-
technology products and processes.

It is the second category-applied research—that
presents the most confusion in determining the
extent of public and private investment in biotech-
nology.

Since the definition of biotechnology varies
among funding sources, figures presented with-
out explanation could create myths that would
become difficult to dispel. Therefore, instead of
requesting each Federal agency to report fund-
ing levels only as they pertain to a uniform defi-
nition of biotechnology, OTA asked each to offer
its own definition of biotechnology (see ch. 3). For
the surveys of industry investment in biotechnol-
ogy, the respondents were requested to account
for research related to biotechnology in general
and to each of three specific categories of new
biotechnology: recombinant DNA techniques; cell
fusion technology; and novel bioprocessing
methods.

Accounting for Investment in
Biotechnology: The Pitfalls

Accounting for U.S. investment in biotechnol-
ogy is a formidable task. As described above, the
definitional dispute adds to the complexity of a
process that must also recognize sectoral differ-
ences in accounting and reporting. In addition,

Photo credit: Cetus

Industrial scientist successfully clones and expresses
the E. coli methionine aminopeptidase enzyme.

within each sector—Federal, State, and private—
there may be as many differences as there are
parties. Within the Federal Government, OTA col-
lected budget data from 11 different executive
agencies, each with its own system of accounting
for budgets and expenditures. In a survey con-
ducted by OTA, 33 States reported a variety of
mechanisms for determining their level of invest-
ment in biotechnology. In addition, OTA surveyed
small, dedicated biotechnology companies and
larger, diversified and established corporations
with significant investments in biotechnology, to
determine levels of investment, areas of applica-
tion, number and type of employees, and factors
affecting commercialization. Although certain
accounting procedures are standardized in indus-
try, those used in reporting R&D can be vague
and strategically motivated. Pitfalls specific to the
assessment of investment in biotechnology in each
sector are summarized below.

Assessing Federal Investment

Adggregate estimates of total Federal support for
biotechnology are still rough and preliminary.
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There is no easy or systematic way by which
Federal agencies can separately account for
dollars being dedicated to biotechnology. Be-
cause the tools developed from biotechnology have
been fully integrated into both basic and applied
work in so many areas of research, separating
out “biotechnology-related work” is an arduous
task with suspect results. Biotechnology draws
from established fields such as biology, chemis-
try, and engineering, and is seldom identified
separately in an agency’s budget. In addition to
differences in mechanisms of accounting for spe-
cific research expenditures, agencies vary in their
definition of biotechnology, making estimates of
total Federal spending speculative, and cross-
agency comparisons difficult to interpret.

Assessing State Investment

At the State level, few budgets list research ap-
propriations in general, let alone biotechnology,
as a line item in their budget. Research and de-
velopment funds are derived from several lines
in a budget and are directed to several recipients.
Thus, undercounting or overcounting can easily
occur, depending on the perspective or biases of
the accountant. In addition, operating budgets for
biotechnology initiatives may be derived from sev-
eral sources other than State coffers, such as Fed-
eral research agencies and philanthropic organi-
zations. States facing this dilemma provided OTA
with estimates of investment. Furthermore, as

ORGANIZATION

This report is organized to present U.S. biotech-
nology investment data in several ways. Chapters
3, 4, and 5 present analyses of investment in bio-
technology by the Federal Government, the States,
and industry, respectively. Resources dedicated
to biotechnology and the implications of the dis-
tribution and use of those resources are discussed.
Chapter 6 summarizes factors affecting innova-
tion and commercialization of biotechnology.
Chapter 7 presents an analysis of university-
industry collaboration in biotechnology as an im-
portant device used to facilitate research and de-
velopment. Chapter 8 presents the results of an
OTA survey of U.S. training programs in biotech-
nology and discusses personnel needs in indus-
tries commercializing biotechnology.

with Federal reporting, the definition of biotech-
nology used by the reporting States affected how
funds were accounted and programs initiated.

Assessing Private Investment

Two problems were faced in evaluating invest-
ment by the private sector. First, the identifica-
tion of firms investing in biotechnology is
problematic. Some firms call themselves biotech-
nology companies when, in fact, they do not fall
within the OTA definition. Other, more traditional
companies may be conducting important research
in biotechnology but do not consider themselves
a biotechnology firm, and do not identify them-
selves as such. Large corporations may be multi-
national, with several subsidiaries, making iden-
tification of programs and budgets complex.

Second, even when a reliable list of firms is avail-
able, gathering information from the identified
companies is difficult. Firms that are privately
held—as defined by the Securities and Exchange
Commission-often do not divulge relevant finan-
cial information, resulting in inevitable under-
counting of dollars devoted to biotechnology. In
addition, some forms of investment by public
firms, such as research contracts or licensing
agreements, need not be divulged, compounding
the problem. Thus, any accounting of total pri-
vate investment in biotechnology is likely to be
an underestimate.

OF THE REPORT

Chapters 9, 10, and 11 assimilate many of the
issues presented in the first eight chapters into
a specific industrial framework. Because it is dif-
ficult to draw conclusions across all industries re-
garding the influence of any one factor on bio-
technology, OTA analyzed three industries in
particular. Chapter 9 discusses U.S. investment
in biotechniques applied to human therapeutics.
The application of biotechnology to human ther-
apeutics is the first and greatest growth area of
applied biotechnology and has matured to the
point where more traditional concerns, such as
patenting and regulation, are influencing appli-
cation as much as funding levels. Chapter 10 ex-
amines investment in biotechnology applied to
plant agriculture and issues that affect the dollar
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flow into R&D in that field. Plant agriculture is
considered to be the next growth area of biotech-
nology. Finally, the application of biotechnology
to hazardous waste management, as the least

technically advanced application of biotechnology
of the three fields examined, is discussed in chap-
ter 11.

SUMMARY

This report is a comprehensive survey of invest -
ment in biotechnology within the United States.
The levels of U.S. investment in biotechnology
presented in this report are informed esti-
mates. The reader is best served, however, by
looking beyond the numbers and recognizing the
enormity and diversity of efforts underway within
the United States to support research in biotech-
nology and to promote its application. Because
of the uncertainties in the estimates, reliance
on the numbers alone obscures the full
picture.

Numerous issues, other than the level and type
of resources invested, direct and affect biotech-

nology research and development. These factors
include the structure of research relationships,
qguality and availability of personnel, effects of reg-
ulations and controls, intellectual property law,
and export and trade policy. While many of those
issues are discussed within the context of this re-
port, the reader is referred to other reports in
the series New Developments in Biotechnology.
They are Ownership of Human Tissues and Cells
(7), Public Perceptions of Biotechnology (9), Field
Testing of Engineered Organisms: Genetic and
Ecological Issues (6), and Patenting Life (8).
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Chapter 3
Federal Funding of Biotechnology
Research and Development

INTRODUCTION

Historically, the United States, both in absolute
dollar amounts and as a percentage of its research
budget, has had the largest commitment to basic
research in biological sciences worldwide. The
vast majority of Federal research support in the
biological sciences goes to university scientists con-
ducting basic research, whereas applied research
and development (R&D) has always been consid-
ered the responsibility of industry. In 1984, OTA
suggested that this division of responsibility has
contributed to a widening scientific gap between
purely basic research funded by the Federal Gov-
ernment and relatively short-term, product-spe-
cific applied research funded by private indus-
try. Lack of research dollars for applied fields, such
as bioprocess engineering and applied microbiol-
ogy (generic applied research), was predicted to
create a bottleneck in this country’s efforts to com-
mercialize biotechnology (6).

There is no hard evidence that this has occurred.
Anecdotal evidence, however, suggests that some
critical areas of generic applied research in bio-
technology remain underfunded because Federal
research agencies consider them too applied and
industry considers them too basic. As the tech-
nologies are integrated into the innovative proc-
esses of various industrial sectors, research needs
will differ depending on the sector and its state
of advancement. There appears to be broad con-
sensus that Federal funding of both basic and ap-
plied research has been and will continue to be
critical to the U.S. competitive position in biotech-
nology.

This chapter catalogues the extent to which Fed-
eral agencies are funding research in biotechnol-
ogy-related areas.' It does not, however, attempt

"The biotechnology funding data presented in this chapter covers
fiscal years 1985, 1986, and 1987. All of the data available from the
agencies by March, 1988 is included here, Fiscal year 1988 appropri-
ations to the funding agencies, although available, were not included
in this report because it was not known how they would be distrib -

to evaluate the effect of Federal funding patterns
on the U.S. competitive position in biotechnology.
In a previous report, OTA described the difficul-
ties of measuring returns from investment in re-
search (9). The data presented in this report pro-
vide a foundation from which a careful analysis
of existing strengths and weaknesses in the U.S.
biotechnology research infrastructure can be
derived—the first step in assessing the U.S. com-
petitive position in biotechnology.

Twelve Federal agencies and one cross-
agency program (the Small Business Innova-
tion Research Program) have expended sub-
stantial funds for biotechnology R&D in recent
years. Basic research is the primary mission of
several of these agencies, such as the National In-
stitutes of Health (NIH) and the National Science
Foundation (NSF). The National Aeronautics and
Space Administration (NASA), the Department of
Energy (DOE), and the National Oceanic and At-
mospheric Administration (NOAA) have large tech-
nological development programs but are also sub-
stantial supporters of basic research, including
biotechnology. Other agencies with diverse mis-
sions, such as the Department of Defense (DoD)
and the U.S. Department of Agriculture (USDA),
fund large numbers of R&D projects related to
biotechnology. In addition, agencies with substan-
tial regulatory functions, such as the Food and
Drug Administration (FDA) and the U.S. Environ-
mental Protection Agency (EPA), fund research
relevant to their regulatory and scientific missions.
Finally, agencies traditionally viewed as service
oriented, such as the Veterans’ Administration
(VA), the National Bureau of Standards (NBs),and
the Agency for International Development (AID),
fund biotechnology research relevant to their serv-
ice roles.

uted to biotechnology research projects. In certain instances, fiscal
year 1988 appropriations to certain agencies are mentioned if big-
technology R&D funded by a particular agency appeared to be af-
fected substantial}.

35
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In September 1986, OTA held a workshop on
“Public Funding of Biotechnology Research and
Training” (8). Representatives from Federal agen-
cies funding biotechnology research and training
were invited to present an overview of their agen-
cies’ activities. Participants were encouraged to
discuss the substance of the research and to be
clear about the definition of biotechnology being
used to determine spending levels. Chapter 8 ad-
dresses the Federal role in supporting training of
biotechnology personnel.

Discussions during the 1986 workshop revealed
the following points:

. The diversity of work underway using these
technologies is remarkable, ranging from the
most basic to the most applied. The tools de-
veloped through biotechnology have been
fully integrated into both basic and applied
work, making fiscal isolation of *“biotechnol-
ogy-related” work an arduous task. Because
biotechnology draws from established fields

such as biology and engineering, it is usually
not separately identified in an agency’s
budget. '

+ Agencies define biotechnology differently.
How an agency defines biotechnology greatly
affects the estimate of its investment in the
technology. This precludes any direct com-
parison of spending across agencies and
makes summing up a questionable task. For
example, EPA’s definition of biotechnology is
rather narrow compared to the definition
used by NIH. Some agencies were able to pro-
vide spending figures under two definitions
of biotechnology-one narrow and one broad.

This chapter presents an agency-by-agency over-
view of Federal investment in biotechnology R&D.
The definition used by each agency for account-
ing purposes is presented for clarification. Most
agencies provided actual spending figures for fis-
cal years 1985, 1986, and 1987, although some
were unable to account for biotechnology spend-
ing, particularly in fiscal year 1985 (see table 3-I).

Table 3-1.—Federal Support for Biotechnology Research, 1985-87 (current dollars in thousands)

Agency FY 1985 FY 1986 FY 1987
National Institutes of Health:
BaSIC . o v e 1,208,229 1,202,094 1,388,337
APPIEA . o 638,916 678,003 887,614
TOtal . .o e 1,847,145 1,880,097 2,275,951
Department of Defense:
BaASIC .« e v et e e 44,100 51,600 60,800
APPIEd . . 48,500 49,000 58,000
Total . .o e 92,600 100,600 118,800
National Science FOundation . . . ...........v 'ttt 81,570 84,072 93,800
Department of Energy:
BaSIC . o vt 45,500 45,000 50,100
ApPIEd . . 9,600 10,900 11,300
Total . .o e 55,100 55,900 61,400
USDA Cooperative State Research Service. . .. .............coouvn... 48,000 46,000 49,000
USDA Agricultural Research Service . ... ......... ... ... . . ... 24,500 27,000 35,000
Agency for International Development:
Broad definition . . . ... ... NA* 46,854 43,756
Narrow definition . . . ... . NA 14,332 6,082
National Aeronautics and Space Administration . . . .. ................. NA 6,400 7,200
Veterans Administration . . .. ... .. o 5,400 6,365 9,400
Environmental Protection AgeNCY. . . . ... ..ot 3,000 3,400 5,666
National Bureau of Standards . . . . . ... 850 3,300 3,300
Food and Drug Administration . . . . .......... ...t 3,000 4,700 5,800
National Oceanic and Atmospheric Administration. . . . . . .............. 2,144 2,215 2,680
Small Business Innovation Research* «.................... 12,033 12,000 NA

e NA: Not available.

“ o SBIR dollars are a part of the total spending reported by the above agencies. They should not be added on to total spending.

SOURCE: Office of Technology Assessment, 1988.
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In some cases, estimates were provided for 1988.
In current dollars, the total Federal spending
for biotechnology R&D was in the range of

NATIONAL

$2.16 billion in fiscal year 1985,$2.28 billion
in fiscal year 1986, and approximately $2.72
billion in fiscal year 1987.

INSTITUTES OF HEALTH

Biotechnology is the application of biological systems and organisms to technical and industrial proc-
esses. The technologies employed in this area include: classical genetic selection and/or breeding for
purposes such as developing baker’s yeast, conventional fermentation, and vaccine development; the
direct in vitro modification of genetic material, e.g., recombinant DNA, or gene splicing, and other
novel techniques for modifying genetic material of living organisms, e.g., cell fusion and hybridoma

technology,

The bulk of support for basic biomedical research
and training crucial to the development of bio-
technology has come from NIH, the government
largest nonmilitary research agency (see figure
3-1). NIH promotes research in two categories cru-
cial to the development of biotechnology: basic
research directly related to or using the new tech-
niques that comprise biotechnology, and a larger
science base of free-ranging research underlying
biotechnology. NIH reported that $2.27 billion (38
percent of the total agency R&D budget) was spent
in these two areas in fiscal year 1987. Every insti-
tute and research division maintains activities in
these areas although there are no designated bio-

Figure 3-1.-Federal Support for
Biotechnology R&D

National Institutes of
Heaith 83.5%

Department of
Defense 4.5%

\w)” < National Science
Foundation 3,6%

Department of Energy
2.4%

Others U.S. Department of
2 8% Agriculture 3 2%

\

SOURCE: Office of Technology Assessment, 1988

technology programs. The proportion of funds
spent in the two categories varies across institutes,
with the most concerted efforts in biotechnology
being expended by the National Cancer Institute
and the National Institute of General Medical Sci-
ences (see table 3-2 for total expenditures in bio-
technology by each Institute, 1983-87).

Basic research directly related to or using the
new biotechnology includes manipulating ge-
nomes, cloning DNA, using special techniques to
isolate, detect and characterize DNA, creating
hybridomas and producing monoclinal antibod-
ies, and using computer methods to analyze DNA
and protein sequences and to design new bio-
polymers. In fiscal year 1987, NIH support for re-
search and training in this category totaled $888
million, up $210 million over 1986 (see ch. 8 for
further discussion of NIH support for training).

Basic research underlying the new biotechnol-
ogy includes undifferentiated free-ranging inves-
tigations in genetics, molecular biology (investi-
gations of the genetics of organisms, studies at
the molecular level of gene replication and regu-
lation), cell biology (examination at the cellular and
organ level of development, growth, and senes-
cence), and immunology (analysis of the structure
and function of the immune system). Support for
research and training in these areas was estimated
at $1.39 billion in fiscal year 1987, $0.19 billion
over 1986.

Data pertaining to biotechnology research fund-
ing are cataloged by NIH on the basis of grant
applications or progress reports and indexed by
key words. Budget figures provided are the to-
tal costs associated with the awards, includ-
ing direct and indirect costs, and are not re-
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Table 3-2.-Funding of Biotechnology by Each Institute of the National Institutes of Health: 1983-87

Year (dollars in thousands)

Institute* 1983 actual 1984 actual 1985 actual 1986 actual 1967 actual
NCI. .. 335,661 379,737 561,325 559,281 645,588
NHLBI . ..o 128,098 154,783 145,215 150,226 169,980
NIDR . ... . 13,743 14,170 20,802 21,579 22,003
NIDDK . ... 198,863 224,237 161,354 163,300 246,660
NINCDS . ... . 105,212 123,652 142,413 149,758 158,989
NIAID . ... 206,465 221,204 224,828 229,300 297,003
NIGMS . . ... 246,421 280,311 282,169 308,775 356,100
NICHE . ........ ... . 95,928 108,065 123,673 122,837 161,215
NET ... 22,080 28,792 35,225 33,780 37,695
NIEHS . . ... .. 10,941 10,918 13,438 13,714 14,556
NIA 6,222 9,134 13,912 14,775 20,328
NIAMS . ... - - 40,757 29,700 48,903
DRR ... 66,738 87,222 82,034 82,972 96,181
NLM .o — — — 100 750

Total ........ ... .. .. .. 1,436,372 1,642,225 1,847,145 1,880,097 2,275,951

“Institute abbreviations refer, in order, to the following: National Cancer institute; National Heart, Lung, and Blood Institute; National institute of Dental Research;
National institute of Diabetes and Digestive and Kidney Disease; National institute of Neurological and Communicative Disorders and Stroke; National Institute of
Allergy and Infectious Diseases; National institute of General Medical Sciences; National Institute of Child Health and Human Development; National Eye Institute;
National Institute of Environmental Health Sciences; National Institute on Aging; National institute of Arthritis, Musculoskeletal and Skin Diseases; Division of Research

Resources; National Library of Medicine.
SOURCE: National institutes of Health, 1988.

lated to the proportion of recombinant DNA
research in the total research effort. Thus,
some overestimation of the amount going directly
to research probably occurs.

In recent years, there has been increasing pres-
sure from the White House and others for NIH
to expand its biotechnology support (1,11). NIH
maintains that it best supports the scientific base
necessary for biotechnology by approving the best
basic research proposals submitted to the Insti-
tutes for funding. At a 1985 meeting of the NIH
director’s advisory committee, representatives of
some of the smaller biotechnology companies ar-
gued for funding by NIH of more generic applied
research, those areas requiring intensive capital
and posing high risk, such as bioprocessing tech-
nologies. They also suggested that NIH promote
“intellectual support” for biotechnology compa-
nies, allowing NIH scientists to consult with in-
dustry, a policy already in the process of change
at the time of the meeting.

In 1987, an NIH committee began drafting guide-
lines that will give companies unprecedented ac-

cess to NIH resources. These guidelines are in re-
sponse to the Technology Transfer Act of 1986
(Public Law 99-502), which requires Federal lab-
oratories and their scientists to share their work
with industry. Under the guidelines, companies
will be guaranteed exclusive licensing rights to
the fruits of any research undertaken with a gov-
ernment laboratory. In addition, NIH scientists will
be encouraged to seek commercial applications
for their work through a system of incentives that
includes a share of the royalties gained from prod-
uct development. The opening of NIH laboratory
doors offers great promise to commercial biotech-
nology, which is so reliant on research funded by
NIH and research conducted by NIH scientists (2).

Other important resources for biotechnology
firms supported by NIH are the Human Mutant
Cell Repository, a cell bank in Camden, NJ, and
GenBank®, the nucleic acid sequence data bank,
which is also supported by DOE. BIONET is a re-
source for providing analytical services regard-
ing DNA and protein sequences.
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NATIONAL SCIENCE FOUNDATION

Work categorized as research related to biotechnology includes activities in fundamental genetics,
cell physiology, cell culture biology, basic biochemistry and enzymology, and bioprocessing engineer-
ing, which are generally regarded as being directly related to the further development of biotechnology.

The National Science Foundation has as its mis-
sion the support of basic research in colleges and
universities in the United States. The NSF budget
accounted for about 8 percent ($1.5 billion) of the
fiscal year 1987 Federal nondefense budget for
R&D. Approximately 94 percent of the NSF bud-
get goes to basic research, with only 6 percent
being awarded for applied research. In 1985, NSF
made its first awards in its Engineering Research
Centers program, established to facilitate technol-
ogy transfer and multidisciplinary research. One

Photo credit: Marvin Lewiton

Undergraduate students working with a 1,500-liter

fermenter in MIT's Bioseparations Research Laboratory,

supported in part by the National Institutes of Health
and the National Science Foundation.

of the first six centers is the Biotechnology Proc-
ess Engineering Center at the Massachusetts In-
stitute of Technology, which received start-up
funds of $2 million from NSF and $150,000 from
the National Institute of General Medical Sciences
and the National Cancer Institute (both of NIH)
in 1985 to investigate engineering technologies for
bioprocessing (see box 3-A for further discussion).

NSF reports that it funded 1,712 biotechnology
projects at $84 million in fiscal year 1986. Expend-
itures for biotechnology R&D in fiscal year 1987
stand at $93.8 million. NSF has requested $108.5
million for biotechnology research in its fiscal year
1988 budget.

NSF determines its biotechnology spending va
a new data collection system implemented by an
Office of Biotechnology Coordination at NSF. Pro-
gram officers are required by NSF to judge all new
awards for biotechnology relatedness on a sub-
jective scale from none to all by one-third incre-
ments. NSF specifies a category of work as related
to biotechnology if it includes research activities
in fundamental genetics, cell physiology, cell cul-
ture biology, basic biochemistry and enzymology,
and bioprocess engineering. The largest single
area in which NSF identifies research related to
biotechnology is genetics, both prokaryotic and
eukaryotic. The second largest area is regulation
of gene expression.

In addition to direct research support, the NSF
instrumentation program provides a great deal
of research support for instrumentation acquisi-
tion; microchemical instrumentation, most com-
monly used in biotechnology, is a part. Awards
in the instrumentation program are not coded for
biotechnology relatedness because use is difficult
to predict and the awards are usually made to
groups of individuals.

The NSF Engineering Directorate has initiated
a program to support multidisciplinary groups in
applied biotechnology. This program focuses on
the application of engineering to the recent ad-
vances in molecular biology, genetics, microbiol-



Box 3-A.—The Biotechnology Process Engineering Center at the
Massachusetts Institute of Technology

The Biotechnology Process Engineering Center (BPEC) at the Massachusetts Institute of Technology

(MIT) was established in 1985. Funding is provided by the National Science Foundation, the National Insti-
tutes of Health, MIT, and industry. Contributions by NIH and NSF since 1985 are:

NIH NSF
Fiscal year 1985......... $150,000 $2,000,000
Fiscal year 1986 ... ... ... $100,000 $3,000,000
Fiscal year 1987 . ... ... .. $100,000 $3,295,000

NSF will provide support for the Center for the first 5 years, after which it must be self-sufficient.
NIH funds are primarily intended for undergraduate and graduate training.

Scientists at the Center come from five different departments of two schools within MIT. The School
of Engineering contributes faculty from the Departments of Chemical Engineering, Electrical Engineering,
and Nuclear Engineering. The Departments of Applied Biological Sciences and Biology participate from
the School of Science. The Director of the Center reports to the Dean of Engineering and works with university-
comprised committees and an Industrial Advisory Board consisting of 11 biotechnology industrialists. An
Operating Committee oversees the education and research of the Center as well as the activities of the
Center’s Industrial Consortium.

The Center provides educational opportunities for both undergraduates and graduates, and training
programs for industrialists in courses such as fermentation technology, microbial principles of biotechnol-
ogy, drug delivery, downstream processing, and modeling, simulation, and optimization. In addition, the
Center houses visiting scientists from industry who spend extended periods of time working in the labora-
tories.

Foremost on the mind of those involved in the Center is the need to generate industrial sponsorship.
By 1987, 15 companies had supported 16 projects totaling approximately $1.5 million. Companies can also
donate equipment. In 1986, $770,000 worth of equipment was received. Industry donated $2,4 million for
the construction of a fermentation and downstream pilot plant located on the MIT campus that became
operational in 1986. The pilot plant, a small but impressive facility, will handle biotechnology processes
from fermentation to product isolation.

The Center also hopes to attract a degree of financial independence through its industrial Consortium,
which provides a more formal basis for interaction and collaboration between the Center and industry.
Members of the consortium pay an annual subscription fee ranging from $2,000 to $20,000 to receive infor-
mation and services relating to the activities of the Center. By 1987, 50 companies had signed up.

While still in its youth, the BPEC faces impending adulthood when the Federal purse closes in 1990.
Critics of the mandated fund-raising strategy are concerned that superb scientists are spending their time
on desperate attempts to raise money when they should be conducting research. Others are skeptical about
the ability of the Center to raise sufficient funds from an industry that has no money to spare and plenty
of other places to spend it. Proponents of the Center assert that it is encouraging university-industry col-
laboration in an area where critical applied research and development needs exist.

sowice: D.I. Wang, “Biotechnology process Engineering Center,” The Engineering Research Centers: Leaders in Change (Washington, DC: National Academy Press, 1987). per-
sonal communication, Office of the Director, Biotechnology Process Engineering Center, August 1987.

ogy, cellular physiology, and biochemistry that for up to 5 years, for research teams to advance
have made it possible to use living systems to pro- capability in biotechnology engineering and to pro-
duce a wide range of economically important sub- vide a training environment for the biotechnol-

stances. Up to $500)000 per year will be provided, ogies of the future.
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NSF also funds environmental biology pertinent
to biotechnology regulation ($3 million in fiscal
year 1985 and $1.9 million in fiscal year 1986),
and an area called “impact of biotechnology”
($255)500 in fiscal year 1985 and $241,400 in fis-
cal year 1986). Bioengineering and bioprocessing
research funds increased dramatically from
$2,891,000 in fiscal year 1985 to $4,330,200 in fis-
cal year 1986, Cell culture and genetics also re-
ceived more funds in 1986 than in 1985, but bioe-
lectronics, bioenergetics, and cell fusion received
significantly less support in 1986 (see table 3-3 for
a breakdown by field of spending in fiscal years
1985 and 1986).

NSF officials had anticipated the emergence of
a new class of awards in the near future that will
include greater interaction with the States for sup-
porting larger biotechnology centers, a small num-
ber of cooperative activities, and a small number
of “mini- centers,” which are at the university de-
partmental level. Each of these centers would not
necessarily be problem oriented, but would stim-
ulate cross-disciplinary research within the bio-

logical sciences. As of early 1988, the funding sta-
tus of these centers was uncertain because the
fiscal year 1988 budget for NSF was not at the
level that the agency expected.

Table 3-3.—NSF Support of Biotechnology-Related
Research in Fiscal Years 1985 and 1986
(dollars in thousands)

Field 1985 1986
Antibodies/antigens . . . ... ........ 3,774.8 3,631.9
Bioconversion . . ................. 1,801.8 1,414.3
Bioelectronics . . . ........ .. .. ..., 1,640.2 755.1
Bioenergetics. . .. ... .. . ... 5,514.4 2,778.9
Bioengineering/bioprocessing. . . . . . 2,891.9 4,330.2
Biomembranes. . . ................ 4,317.5 4,754.5
Cell regulators/cell modulators. . . . . 9,423.7 10,763.1
Cellculture. . .................... 2,598.7 4,444.3
Cellfusion...................... 446.8 222.2
Chemistry . ...................... 7,732.5 6,552.2
Environmental biology . . . ... ...... 3,010.2 1,945.2
Enzyme structure/function. . . . . .. .. 7,099.1 8,608.4
Genetics . ............ ... ..., .. 26,501.1 30,699.0
Impact of biotechnology . . ... ..... 255.5 241.4
Reproduction . . . ................. 2,600.3 2,384.4
Special resources . . .. ... ... ... 1,961.7 546.8
Total ..................... , . 81,570.2 84,071.9

SOURCE: National Science Foundation, 1987.

DEPARTMENT OF DEFENSE

Biotechnology is defined as any technique that uses living organisms (or parts of organisms) to make
or modify products, to improve plants, or to develop micro-organisms for specific uses. The technol-
ogies specifically included in this definition are recombinant DNA, novel bioprocessing techniques,
cell fusion technology including hybridomas, and somatic cell genetics.

The Department of Defense supported 69 per-
cent of total Federal R&Din fiscal year 1987, with
an R&D budget of $40.8 billion. This is its highest
share of Federal R&D since 1962.

In 1986, DoD established a steering committee
under the Deputy Undersecretary of Defense for
Research and Advanced Technology to examine
biotechnology policy within the agency. The com-
mittee reports that the DoD effort in biotechnol-
ogy is essentially divided between two branches
of the armed forces; the Army, which supports
mostly medical biotechnology; and the Navy,
which supports mostly honmedical biotechnology.
The Defense Advanced Research Projects Agency
(DARPA) and the Air Force also initiated a small
investment in nonmedical biotechnology in fiscal
year 1986. DoD intends to decrease funding levels
in medical biotechnology and increase funds for
nonmedical biotechnology over the next several
years.

DoD runs a distant second to NIH in Federal
funding of biotechnology research, having
spent the equivalent of 1/20th the NIH budget
for biotechnology in fiscal year 1987. In fiscal
year 1985, the DoD spent a total of $92.6 million
on biotechnology research ($44.1 million in basic
research and $48.5 million in applied research).
In fiscal year 1986, $100.6 million was spent ($51.6
million in basic areas and $49 million in applied).
In fiscal year 1987, biotechnology funding was
$118.8 million ($60.8 million in basic research and
$58 million in applied areas). Overall, DoD fund-
ing for biotechnology research is almost evenly
divided between intramural and extramural
programs-$27.5 million for intramural and $21
million for extramural programs in fiscal year
1986. Since fiscal year 1985, funding has shifted
slightly toward more extramural research. Eighty-
five percent of the extramural research is con-
ducted in universities. Fiscal year 1987 funding
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include a $3 million one-time carry over of funds
from the Defense University Research Initiative
Program (DURIP). Proposed funding of biotech-
nology R&D for fiscal year 1988 shows only slight
growth.

Medical biotechnology is primarily directed
toward vaccine development and diagnostic meth-
odology. Targeted vaccines are those against
militarily relevant diseases, such as Rift Valley Fe-
ver and dengue, that are not of public health con-
cern in the United States but occur primarily in
third world countries. DoD and NIH cooperate
in vaccine research for malaria. The diagnostics
efforts focus on use of DNA probes and mono-
clonal antibodies, which have also been developed
by DoD for its chemical-biological defense pro-
gram to produce methods for pretreatment, an-
tidotes, and enzymes for decontamination. In
1986, the Army Medical Research and Develop-
ment Command was largely responsible for fund-
ing 57 biotechnology projects ($42 million) in the
area of chemical-biological warfare (4). In fiscal
year 1986, DoD allocated $32 million for basic re-
search and $49 million for applied research in
medical biotechnology-a slight increase over the
fiscal year 1985 levels ($30.3 million and $48.5 mil-
lion respectively).

The nonmedical biotechnology programs in DoD
are diverse. One of the areas receiving the great-
est funding is materials research: biopolymers,
fiber, and adhesives and intermediate compounds
for use in composites. Other areas are pollution
control, biosensors, biocorrosion and biofouling
control, compliant coatings, and bimolecular elec-
tronics. Research in these areas was supported
at a level of $19 million in fiscal year 1986; essen-
tially all of it being basic research. This figure was
up from $13.8 million in fiscal year 1985, primar-
ily due to the DURIP where four universities were
funded to do interdisciplinary research in biotech-
nology as it applies to new materials and marine
science. Each program receives approximately $2
million a year, with funds decreasing slightly in
fiscal year 1988 after the initial equipment capitali-
zation. In fiscal year 1987, DoD allocated an addi-
tional $1.5 million for more applied research in
these areas.

Under special programs DURIP supports the
purchase of some equipment for biotechnology
programs. DoD estimates that about $2.1 million
was awarded to universities in fiscal year 1985
for instrumentation directly related to biotech-
nology. About 15 percent of the funds are spent
on industry research.

DEPARTMENT OF ENERGY

Biotechnology related research is defined as research information and methodologies that could
be used by industrial scientists to develop the products and processes of biotechnology, and includes
research needed as the scientific base to develop that information.

Total expenditures for biotechnology R&D in
the Department of Energy were over $61 million
in fiscal year 1987, or about 1 percent of its total
R&D budget. DOE supports both basic and ap-
plied research relevant to biotechnology. Applied
research is supported under the Assistant Secre-
tary for Conservation and Renewable Energy and
the Assistant Secretary for Fossil Energy. These
programs serve DOE’s mission of developing a va-
riety of energy resources in an environmentally
sound way. Historically, DOE has been involved
in research on the medical effects of radiation be-
cause of its mandate to oversee atomic energy.
Expertise in this area has expanded to other areas
of human genetics, plant biology, and biomass re-
sources.

Under the applied research programs of Con-
servation and Renewable Energy, renewable bio-
mass resources, such as woody and herbaceous
crops, are being developed. Projects include spe-
cies screening, plant breeding, and tissue culture
studies ($3.5 million in fiscal year 1987). Other
studies include the conversion of biomass to fuel
ethanol. Under a biocatalysis project, bioreactors
are being studied as a way to produce specialty
chemicals ($5.9 million in fiscal year 1987). Bio-
technology research in fossil energy includes coal
cleaning, liquefaction and gasification, fuel gas up-
grading, and techniques to enhance oil recovery
from wells. Funding in this area in fiscal year 1987
was an estimated $1.9 million, down from $2.8
million in fiscal year 1986. Thus, the total applied
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research budget in biotechnology-related areas
in fiscal year 1987 is estimated at $11.3 million
(see table 3-4).

Research that is basic and relevant to biotech-
nology is supported by the Office of Basic Energy
Research (OBER) and the Office of Health and Envi-
ronmental Research (OHER). Total support for
basic research relevant to biotechnology totaled
$50.1 million in fiscal year 1987. In OBER, studies
are conducted in plant sciences, quite extensively
in bioenergetics, photosynthesis, and control of
plant growth and development. Microbial research
is conducted dealing with mechanisms of lignocel-
lulose degradation, fermentation, and microbe in-
teractions. In fiscal year 1987, $16,5 million was
spent on biotechnology-relevant research in that
Office, up from $12 million in fiscal year 1986.
Thirty-three percent of the research is conducted
intramurally.

OHER has programs in molecular and cellular
biology; molecular genetics, cytogenetics, and
mouse genetics; structural and analytical studies
of macromolecules; and physical ecology. Much
of the biotechnology work in OHER is aimed at
explaining the molecular basis of mutagenesis and
gene expression and the structure of nucleic acids
and proteins. The fiscal year 1987 budget for bio-
technology in OHER was $33.6 million, modestly
increased over fiscal year 1986. Eighty-five per-
cent of the biotechnology-related research is con-
ducted intramurally.

Table 3-4.-DOE Support of Biotechnology R&D,
Fiscal Years 1985-87 (dollars in millions)

1985 1986 1987

Basic research:
Office of Health and Environmental
Research . ... ........ ... ... ... ... 33.1 33.0 33.6
Office of Basic Energy Research . ..... 12.4 12.0 16.5
Subtotal . . .. ... ... .. ... .. ... 45,5 45.0 50.1

Applied research:

Biomass Energy Technology Division . . 5.6 5.5 5.9
Energy Conservation and Utilization
Technologies . . . ... ............... 2.0 26 35
Fossil Energy. . . . . ... ... . 202819
Subtotal . . ............ ... . .. 9.6 10.9 11.3
Total . .........................5b51559614

SOURCE: Department of Energy, 1987.

DOE labs have historically been interested in
the human genome, primarily for the purpose of
developing techniques that would allow measure-
ments of mutation rates in human populations.
In 1986, OHER held a conference, hosted by DOE’s
Los Alamos National Laboratory, to discuss the
feasibility of undertaking sequencing of the hu-
man genome. Los Alamos, together with Lawrence
Livermore National Laboratory has been involved
in the National Laboratory Gene Library Project,
an effort to construct a chromosome-specific gene
library from isolated human chromosomes.

DOE has proposed mapping the entire comple-
ment of human chromosomes known as the hu-
man genome—a massive effort ultimately requir-
ing the order of each nucleotide along the DNA
in each chromosome to be determined. There has
been considerable debate over the extent to which
such an effort should be undertaken by the Fed-
eral Government and over which agency should
coordinate the effort, A subcommittee of the
Health and Environmental Advisory Committee
(HERAC) of OHER strongly urged that DOE com-
mit a large, multi-year, multidisciplinary under-
taking to make a complete physical map of the
human genome (10). In February 1988, a National
Research Council report urged funding a project
to map the entire human genome, but did not
specify which agency should lead such an initia-
tive (3). Funding for the DOE initiative in map-
ping the human genome began in fiscal year 1987,
with $4.7 million going to 10 projects at 3 national
laboratories and Harvard and Columbia Univer-
sities. These projects are aimed at improving ex-
isting methods for mapping and sequencing DNA,
devising advanced computer analysis methods,
and employing automation and robotics to gen-
erate new tools for molecular biologists. OTA has
published an assessment of issues relating to a
human genome mapping initiative (7).

Biotechnology research is also conducted at
other DOE labs, such as the Ames Laboratory, Ar-
gonne National Laboratory, the Savannah River
Laboratory, Brookhaven National Laboratory,
Idaho National Engineering Laboratory, Oak Ridge
National Laboratory, Pacific Northwest Labora-
tory, and Lawrence Berkeley Laboratory. These
programs are funded primarily out of OEHR’s in-
tramural program.
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U.S. DEPARTMENT OF AGRICULTURE

Because of the size and complexity of the USDA,
programs in biotechnology research and training
have been examined in the two major agencies
responsible for R&D within the Department—
the Cooperative State Research Service (CSRS) and
the Agricultural Research Service (ARS). These two
agencies differ greatly in both mission and bud-
get. In addition, they define biotechnology differ-
ently. Combined, they report spending $73 mil-
lion on biotechnology research and development
in fiscal year 1986. The combined budget in-
creased to $84 million in fiscal year 1987 but will
fall to $82 million in fiscal year 1988. CSRS and
ARS have been examined separately in this report.
Chapter 10 presents a more thorough discussion
of U.S. investment in plant agriculture as related
to biotechnology.

Cooperative State Research Service

Biotechnology refers to the improved or modi-
fied organism, microbe, plant, or animal, and ‘new
research techniques’ or ‘technology’ refers to con-
temporary ‘tools’ available to scientists for the pur-
pose of biotechnology development.

CSRS is the USDA'’s liaison to the State univer-
sity system for the conduct of agricultural re-
search. Of all Federal agencies, CSRS handles the
most diverse types of research funding, includ-
ing formula funds, such as the Hatch Act (1862
Universities), Macintire-Stennis Cooperative For-
estry funds, Evans-Allen funds (1890 Colleges and
Tuskegee University), and the Animal Health and
Disease Section 1433 funds. The States provide
research funds on a matching basis, which now
exceed the requirement by about three-fold. Of
the total State Agricultural Experiment Station
(SAES) research funding, Federal formula funds
average 19 percent, State funds over 60 percent,
and all other funds (private, Federal grants, etc. )
about 20 percent. In addition, CSRS handles the
Special Research Grant Program, Competitive Re-
search Grants Program, and USDA Higher Edu-
cation Fellowships. There are biotechnology pro-
grams in all of these funding categories. The
diversity of funding mechanisms complicates ef-
forts at developing a central data management sys-
tem to track all research being done in biotech-
nology.

The biotechnology research funding from CSRS
for fiscal year 1987 totaled $49 million and sup-
ported nearly 2,000 individual projects. This is up
from $46 million in fiscal year 1986. Funding for
biotechnology in 1985, however, was more than
double that from the previous year. This was a
result of a congressional appropriation of $20 mil-
lion awarded to the Competitive Grants program
for research targeted to agricultural biotech-
nology.

Research projects in biotechnology include areas
using techniques such as tissue culture where spe-
cific selection and directed mutagenesis has been
used, drug development through use of mono-
clonal antibodies, DNA probes, DNA sequencing,
and protein sequencing. Six hundred projects are
being supported in an area labeled “fringe bio-
technology,” which includes categories such as tis-
sue culture for plant propagation purposes, iso-
zyme isolation for speciation, classical serological
work for relationships or for identification, and
metabolic studies. Eleven projects being funded
are examining the economic and social effects of
biotechnology.

The $49 million within CSRS is divided as fol-
lows within each funding category: Hatch Act,
$11.6 million; Macintire-Stennis Cooperative For-
estry, $231,000; 1890 Colleges and Tuskegee
University, $210,000; Special Research Grants, $4
million; Competitive Research Grants, $28.6 mil-
lion; and Animal Health and Disease, $514,000.
The Forestry Competitive Research Grant Pro-
gram administered by CSRS has $1.7 million for
biotechnology and is included in the preceding
total. The preceding totals do not include biotech-
nology research supported by State funding.

Agricultural Research Service

Biotechnology includes projects that use tech-
niques such as gene cloning in micro-organisms,
nucleic acid hybridization, biological and biochem-
ical synthesis of nucleic acids and proteins, use
of monoclinal antibodies, affinity column sepa-
ration of antigens, use of immobilized enzymes
and cells, protoplasm fusion, regeneration of plants
from tissue culture, transfer of embryos, gene
mapping, and synthesis of peptide neurohormones.
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As its name implies, ARS is the primary research
agency within the USDA. It is the in-house agency
of USDA on intramural research programs, al-
though it does spend about $20 million a year on
specific cooperative agreements. ARS conducts re-
search for specific user groups within the USDA,
such as the Animal and Plant Health Inspection
Service, Food Safety Inspection Service, and Soil
Conservation Service. ARS reports that it is ap-
plying the new technologies, particularly the ad-
vances in molecular biology, to study and under-
stand fundamental biological processes and to
modify and regulate these processes for the solu-

DEPARTMENT

National Oceanic and Atmospheric
Administration

Biotechnology is the application of scientific and
engineering principles to the processing of mate-
rials by biological agents to provide goods and
services.

For the past several years, the National Sea Grant
College Program of NOAA has invested a small
but significant share of its budget to research that
will aid in the development of marine biotechnol-
ogy. Research on marine natural products includes
fundamental chemical and biological studies
directed toward discovering novel biochemical
whose properties make them of potential use in
medicine, medical research, and agricultural and
chemical studies directed toward the development
of industrial chemicals and materials. In fiscal year
1985, 56 projects in the categories listed below
were supported with $2,144,000 in Federal funds
and $1,361,000 in matching funds. This accounted
for roughly 5.5 percent of the Sea Grant Budget.
In fiscal year 1986, total NOAA spending on bio-
technology was $2,215,000 for 55 projects. This
figure was matched by an additional $1,702,000.
In fiscal year 1987, NOAA spending on biotech-
nology was at $2,680,000 for 66 projects, and
matched by an additional $1,789)000.

There are four categories of research: biochem-
istry and pharmacology (up from $865,000 in fis-
cal year 1986 to $916,000 in fiscal year 1987);
genetic engineering (up from $624,000 in fiscal
year 1986 to $778,000 in fiscal year 1987); bio-

tion of agricultural problems. ARS does not con-
sider biotechnology as a discipline or area of re-
search. Thus, resources are allocated to specific
high priority problems, and biotechnology tech-
niques or methodologies are used in research
projects throughout much of the total program.

In fiscal year 1986, ARS projects using biotech-
nology techniques totaled about $27 million. These
projects involved about 200 scientists who use bio-
technology techniques. By the end of 1987 these
totals increased to about $35 million and about
350 scientists.

OF COMMERCE

chemical engineering (down from $581,000 in
1985 to $393,000 in 1987); and microbiology and
botany (up from $342,000 in 1986 to $593,000 in
fiscal year 1987) (see table 3-5). All Sea Grant re-
search is conducted extramurally.

Research in biochemistry and pharmacol-
ogy—the fields receiving the most funds—is
directed toward isolation, identification, and bio-
logical evaluation of novel marine substances of
potential use in medicine or industry. Two new
anticancer compounds, for example, were isolated
and are under further evaluation by the National
Cancer Institute. Other research areas focus on
manipulation of the genetic complement of ani-
mals or micro-organisms to produce useful diag-
nostic or quality control reagents, control diseases
of marine organisms, process waste materials, and
enhance the growth and competence of aquacul-
tured species.

Projects categorized under “biochemical engi-
neering” concern the production of materials and
development of processes potentially useful in in-
dustry. For example, academic scientists interested
in the nutritional role of vitamin B and its
analogues--the cobalamins—in the biological proc-
esses of the ocean have isolated from marine ani-
mals novel proteins with an extraordinary affinity
for vitamin B. Subsequent studies showed the pro-
teins to be cheaper and more specific reagents
for determining vitamin B than current reagents
used in clinical chemistry. Their commercializa-
tion, which is in the early collaborative stages with
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Table 3-5.-NOAA Funding for Sea Grant Projects in Biotechnology in Fiscal Years 1978 to 1987
(dollars in thousands)

Category 1978

1979 1980 1981 1982 1983 1984 1985 1986 1987

Biochemistry and pharmacology . . . . .............. 382

Genetic engineering . . . . . . ...

Biochemical engineering and industrial chemicals ..206

Microbiology and phycology . . . . . . ... ... ... ......

465 440 402 525 440 671 820 865 916
_— — 100° 266 419 487 537 624 778
246 349 285 454 515 540 581 384 393

50° 100° 284 248 206 342 593

837 1,345 1,658 1,946 2,144 2,215 2,680

‘Estimate

SOURCE: U.S. Department of Commerce, National Oceanic and Atmospheric Administration, 1988.

industry, is expected to be successful and to in-
crease the sophistication of studying diseases such
as pernicious anemia and certain mental disorders.

National Bureau of Standards

Biotechnology is the application of scientific and
engineering principles to the processing of mate-
rials by biological agents to provide goods and
services.

The Senate Committee on Commerce, Science
and Transportation in its report on the authori-
zation of the National Bureau of Standards (NBS)
for fiscal year 1985, directed NBS to prepare a
plan on a national effort in measurements and
standards for biotechnology. The plan recognized
that commercialization of biotechnology will be
measurement intensive with an estimated cost of
up to 25 percent added to the products of bio-
technology for measurement. Measurements are
made at each stage in the development of biotech-
nology products, from the original design of pro-
duction processes, through the acquisition of raw
materials, to the ultimate consumption of prod-
ucts in the marketplace. These measurements are
primarily chemical and physical in nature.

The Biotechnology Program at NBS is a new pro-
gram, created to develop measurement methods
and standards to advance the commercialization
of biotechnology in the United States. The main
focuses of the research are:

+ development and standardization of tech-
niques needed to achieve homogeneity in pro-
tein samples;

+ assessment of purity of samples produced by
biotechnological methods including primary
protein structure determination; and

+ aiding industry on standards problems related
to the scale-up and automation necessary to

get biotechnology from the laboratory to the
commercial marketplace. This includes re-
search in catalysis, analytical and process
measurements, and separation technology.

In fiscal year 1985, NBS spent $850,000 to de-
termine its capabilities in advance measurement
in biotechnology, setting of standards, and devel-
oping reference data. In fiscal year 1986, $1.9 mil-
lion was allocated from the NBS Director’s com-
petence fund and $1.4 million was allocated for
the new biotechnology initiative by congressional
appropriation; $411)600 of this was spent on
equipment. Thus, a total of $3.3 million was allo-
cated in fiscal year 1986 for biotechnology, ap-
proximately 2 percent of the total NBS budget.
The fiscal year 1987 budget for biotechnology re-
mained at $3.3 million.

Approximately 40 percent of the research is
basic and 60 percent is generic applied. An exam-
ple of generic applied research is two-dimensional
electrophoresis, where research is needed to im-
prove technique reproducibility. Another exam-
ple is research on the dynamic properties of fluids,
an area critical to bioengineering.

One of the most ambitious new biotechnology
projects at NBS is a joint venture with the Univer-
sity of Maryland in Montgomery County, MD. This
venture, called the Center for Advanced Research
in Biotechnology (CARB), will combine interdis-
ciplinary, biotechnology-related resources from
academia, industry, and government in an orga-
nization that will serve as a national resource for
biotechnology-related measurement research and
services (see ch. 9). There are plans to involve more
universities in this joint venture.

A committee within NBS has been established
to define standards that will be needed in biotech-
nology. Examples are characterization and iden-
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tification of biomolecules, bioengineering proc-
essing and controls, and improved x-ray and
neutron data collection.

NBS anticipates a growing need for the devel-
opment of clinical standards for testing new bio-
technology products, such as standards that are
used to calibrate scientific instruments and to vali-
date and evaluate data. Work being done to pro-

AGENCY FOR

vide data needed in bioengineering is mainly fo-
cused on fermenters, establishing equilibrium
constants, diffusion coefficients, and mass trans-
port coefficients needed to build from the labora-
tory to the industrial bioreactor. The Center for
chemical Engineering at NBS is developing sen-
sors that can be used in connection with bio-
reactors.

INTERNATIONAL DEVELOPMENT

Biotechnology, broadly defined, includes any technique that uses living organisms (or parts of organ-
isms) to make or modify products, to improve plants or animals, or to develop micro-organisms for

specific uses.

AID, an agency of the State Department, is the
foreign assistance arm of the U.S. Government
and is not, per se, a research agency. The Agency’s
mandate is to work with developing countries in
their efforts to meet basic human needs—to over-
come the problems of hunger, illiteracy, disease,
and early death. Technology development and
transfer, including biotechnology, is one of the
basic components in the Agency’s strategy to
achieve its goal. Given the nature of this goal, the
research supported by AID is clearly directed to
the development of specific products or systems
that will be useful in improving human health con-
ditions, agricultural production, and rural devel-
opment in the developing world. AID supports
projects in the United States and overseas. In gen-
eral, AID finances research that is expected to pro-
duce usable results within 3 to 5 years.

The overall research portfolio is comprised of
projects supported from several offices within
AID, and reflect the Agency’s organization. AID
is divided into central and regional bureaus and
independent offices. Regional bureaus focus on
the needs of a specific geographic region and serve
as the Washington coordinating arm of the field
activities conducted by AID missions. Central bu-
reaus address agency-wide questions, e.g., private
enterprise. The central Bureau for Science and
Technology provides technical assistance for the
entire agency, and supports and initiates world-
wide programs in science and technology. This
bureau also coordinates AID’s support of the 13
International Agricultural Research Centers. An
additional locus of research activity was estab-
lished in 1980, with the creation of the Office of

the Science Advisor. The purpose of this office
is specifically to encourage an innovative and col-
laborative approach to development research,
technology transfer, and related capacity building.

AID tries to enter established research programs
and applies its funds to direct some of the estab-
lished work toward a particular problem that is
currently underfunded. For example, a project
to develop a vaccine to rinderpest—a serious prob-

Table 3-6.—AID Funds for Biotechnology in
Fiscal Years 1986 and 1987

(dollars in thousands)
Broad definition Narrow definition

Administrative unit 1986 1987 1986 1987
Regional Bureaus/Country Missions
Thailand . . Y . 4,400 2,000 1,100
India:
Agricultural . 1,617 1,500 404
Health .. . . . . . 4600 5413 1,150
Latin America/Caribbean " - 45 -
Bureau for Science and Technology
Agriculture:
Plants. . . . . . . . . 2662 1,460 663
Animals ., . . . . 1135 714 898
International  Agriculture
Research Centers 10,000 5,000 2,000 2,000
Health:
Vaccines .. . . . . . 9000 9,400 3,000
Diagnostics . . . .. ... ... 800 2,400 400
Therapeutics ... , ., . . - 4,300 - -
Vectors . ..ot 1,700 - 200 —
Population:

Contraceptive immunology 918 1,000 918 250
Office of the Science Advisor:

Health " 299% 3099 1,032 1,215
Agriculture . . . . 7,026 7,425 2,567 2,617
Totals . . ............. .. 46,854 43,756 14,332 6,082

SOURCE: US. Agency for International Development, 1987,
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lem in Africa—is being conducted by scientists at
the University of California at Davis, where re-
search was underway prior to AID involvement.
AID has supplemented the effort through addi-
tional funds and is supporting postdoctoral train-
ing for two African scientists so that they can con-
tinue research in their native country. In another
example, AID has piggybacked onto a Colorado
State University (CSU) research project that is
directed toward increasing the genetic diversity

of rice, sorghum, millet, and other crops heavily in 1987 (1 per cent

used in underdeveloped countries. Researchers
from developing countries are supported for a
6-month training program at CSU.

AID provided OTA with two sets of budgetary
figures for biotechnology activities in fiscal years
1986 and 1987 (see table 3-6). One set adopts the
broader OTA definition and arrives at a total fig-
ure of $46.8 million in 1986, and $43.7 million in
1987 (about 3 percent of the total AID budget);
the second set narrows the definition to focus spe-
cifically on recombinant DNA, cell fusion, and
novel bioprocessing techniques, arriving at a to-
tal figure of $14.3 million in 1986 and $6 million
of the total AID budget).

U.S. ENVIRONMENTAL PROTECTION AGENCY

Biotechnology is defined generally as the use of living organisms to produce products beneficial
to mankind. It is the application of biological organisms to technical and industrial processes. It in-
volves the use of ‘novel’ microbes, which have been altered or manipulated by humans through tech-

niques of genetic engineering.

The U.S. Environmental Protection Agency
(EPA) is primarily a regulatory agency, although
research programs providing a scientific basis for
regulatory activities accounted for nearly 25 per-
cent ($320 million) of the agency’s total budget
in fiscal year 1985. Roughly 1 percent of the R&D
budget ($3 million) was devoted to biotechnology
research and biotechnology risk assessment. The
majority of those funds, approximately $2.5 million,
was devoted to areas relevant to risk assessment;
$500,000 was devoted to product development,
most of which is relevant to risk management for
deliberate release of genetically engineered organ-
isms. Total spending on biotechnology in fiscal
year 1987 increased to nearly $5.7 million from
$3 million in 1985 and $3.4 million in 1986.

At EPA, biotechnology research is principally
focused on the fate, public health, and environ-
mental effects that might result from the acciden-
tal or purposeful release of genetically manipu-
lated organisms into the environment. Officially
initiated in 1985, the research program attempts
to develop the capabilities for the regulatory pro-
grams within EPA to predict and thus avoid un-
reasonable adverse effects on the environment.

The techniques and knowledge gained through
the biotechnology research program are used
directly in the risk assessment process required

to fulfill the EPA’s legislative mandates. Most of
the risk assessment work is done at the EPA Cor-
vallis Laboratory in Oregon, which focuses on ter-
restrial activities, and the Gulf Breeze Laboratory
in Florida, focusing primarily on aquatic research
and product development. Eighty percent of the
program is funded extramurally.

A major need, presently central to research pro-
gram planning, is predictive risk assessment
models for products of manipulated microbes. In
conducting its research in this area, EPA actively
coordinates and cooperates with industry, public
interest groups, academia, and other Federal
agencies.

The use of bioengineered organisms to degrade
and otherwise mediate hazardous wastes prom-
ises great economic reward. EPA policy states that
the development of these processes should be the
prerogative of the private sector, To build a knowl-
edge base by which to monitor these technologies,
EPA is involved in limited studies of genetically
engineered microbes for degradation of toxic
wastes to better understand potential environ-
mental and health effects as well as the needs for
remedial action (see ch. 11). In fiscal year 1986,
$589,000 was allocated for these studies; in fiscal
year 1987, $531,000. The remainder was spent
on research directly related to risk assessment.
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VETERANS ADMINISTRATION

The Veterans Administration adopted the OTA definition of biotechnology for the purpose of account -
ing. Specifically, funding data were provided for projects involving cell fusion, gene splicing, mono-

clonal antibodies, and recombinant DNA.

During fiscal year 1985, the Veterans Adminis-
tration (VA) Office of Research and Development
tracked a total of 11,355 research projects con-
ducted by 5,808 principal investigators in 143 hos-
pitals. Most VA research concerns clinical medi-
cine ($164 million of a total R&D budget of $184
million in fiscal year 1985). In 1985, of the 11,355
projects, the VA estimates that 100 projects were
clearly directed toward the development of bio-
technology products or produced information that
may later be incorporated into the development
of a biotechnology product. These 100 projects

were funded at a level of $5.4 million (approxi-
mately 2.9 percent of the total R&D budget).

In 1986, the number of projects directly or in-
directly related to biotechnology nearly doubled
to 196, with support totaling $6.36 million, or ap-
proximately 3.5 percent of the total R&D budget
for 1986. A total of 266 biotechnology projects
were funded in fiscal year 1987, with support to-
taling $9.40 million, or approximately 4.2 percent
of the total R&D budget.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Space biotechnology includes natural and manipulative processes involving biological materials, such
as cells and proteins. The changes that occur in these processes in the reduced gravity environment
are dependent on the relationship of the forces involved in the process and in the techniques used.

Biotechnology research at NASA is conducted
principally through the Microgravity Science and
Applications Program. The purposes of this pro-
gram are:

* to use the microgravity environment to en-
hance certain separator processes for purifi-
cation of biological materials for therapeutic
and diagnostic application to diseases and to
solve basic research problems;

* to use the microgravity environment to en-
hance crystallization of proteins and other
macromolecular materials for detailed studies
of molecular structure and to enhance pro-
duction of biocompatible materials; and

* to obtain basic information on the effect of
the microgravity environment on certain bio-
logical processes in cells, organs, and organisms
such as cell secretion, cell-cell interaction, cell
growth and differentiation, biorheology, and
animal and plant cell manipulations.

Funded at a level of $7.2 million in fiscal year
1987, the program involves investigators from 11

universities, two NASA Centers, one research cen-
ter, two industrial firms, and two Centers of Ex-
cellence. The Centers of Excellence are located
at the University City Science Center in Philadel-
phia ($450,000) and the University of Arizona
($450,000). The Bioprocessing and Pharmaceuti-
cal Center in Philadelphia is a consortium of
universities looking at separation processes, cell
culturing, and cell harvesting. The Center for Sep-
aration Science in Arizona also investigates sepa-
ration processes, primarily in the area of isoelec-
tric focusing,

Of the $7.2 million, NASA spent $1.2 million on
university research in separation techniques, cell
productivity in reduced gravity, theoretical flow
analysis, cell culture and product harvesting in
low gravity, and biorheology; $1.9 million on
university funding in protein crystal growth and
macromolecular crystallography; and $3.1 million
in-house at the Marshall Space Flight Center and
the Johnson Space Flight Center on many of the
preceding areas and flight hardware development.
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FOOD AND DRUG ADMINISTRATION

Biotechnology is the application of biological systems and organisms to technical and industrial

processes.

The purpose of FDA’s research, including bio-
technology-related research, is to generate and
gather essential scientific information that the
agency needs to make regulatory decisions. Un-
der the Federal Food, Drug, and Cosmetics Act and
related laws, the FDA is responsible for ensuring
that the Nation’s pharmaceutical, biological, med-
ical devices, and radiological products are safe and
effective and that the food supply is safe and nutri-
tious. To accomplish these activities, FDA uses an
institutional research capacity that can fulfill the
needs that are unique to its regulatory mission.

Some research, for example, enables FDA to de-
velop quick, accurate, sensitive, and reproduci-
ble methods that can be applied in response to
public health emergencies (e.g., Tylenol tamper-
ing, Listeria contamination of cheese). Other FDA
research findings are translated into the devel-
opment and approval of products critical to pub-
lic health (e.g., licensure of HIV antibody test Kits)
or are used to enable FDA to meet long-term reg-
ulatory responsibilities (e.g., risk assessment).
While most of FDA’s research is performed in-
house, a small portion is supported through ex-
tramural grants and contracts, such as the Or-
phan Product development program.

FDA research efforts, including those related
to biotechnology, are targeted to these areas:

* product testing;

* scientific review of new product applications;

* identification of hazards;

* development of new or improved physical,
biological, toxicological, or chemical tests;

* determination and establishment of stand-
ards, and determination of product compli-
ance with those standards; and

* clarification of mechanisms underlying tox-
icologic and pharmacologic effects-. -

FDA reported difficulty in assessing accurately
the extent to which the agency’s research fits the
broad category of biotechnology. While many of
FDA'’s research programs may use biotechnology
methods, these methods serve as a means to an
end—the technology itself is not an endpoint. The
FDA spent approximately $3 million in fiscal year
1985 (3,7 percent of the total R&D budget) on re-
search activities that can be considered biotech-
nology related. This figure rose to $4.7 million
in 1986 and $5.8 million in 1987. Most of the fund-
ing increase has gone to research in the Center
for Drugs and Biologics, involving recombinant
DNA or monoclinal antibody methodologies. The
research projects are categorized as involving spe-
cific pathogens, interferon research, research on
antibodies and immunity, and related drug re-
search.

SMALL BUSINESS INNOVATION RESEARCH PROGRAM

Biotechnology is a broad term that includes a number of techniques, such as genetic engineering,
protein engineering, processes for making monoclinal antibodies, and other molecular biological tech-
niques; the development of instruments to carry out such techniques is also included in the broad

definition of biotechnology R&D.

Approximately $1.1 billion was awarded to small
businesses by Small Business Innovation Research
(SBIR) programs through fiscal year 1987 (5). The
Small Business Development Act of 1982 (Public
Law 97-219) established these programs to en-
courage innovation by requiring Federal agencies
to set aside portions of their research funds to
small businesses through special research pro-
grams. The Act requires Federal agencies that
spend more than $100 million annually on ex-

tramural research to set aside 1.25 percent (when
fully operational) of those funds for an SBIR pro-
gram. Small businesses submit proposals in re-
sponse to research topics contained in agencies’
solicitation agreements, published at least annu-
ally by each participating agency.

Biotechnology companies have done well by
the SBIR program. The National Institutes of
Health, with the largest civilian research budget,
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contributes the largest dollar amount to SBIR. NIH
awarded 98 of a total of 482 SBIR grants and con-
tracts to 58 biotechnology companies in fiscal year
1986. The awards were worth approximately $5
million.

Biotechnology companies have received a
smaller proportion of the total awards from the
SBIR programs of the National Science Founda-
tion, the USDA, and the Department of Energy.
In the years 1983-86, 10 percent of the total
awards ($36,410,000) made by all SBIR pro-
grams have gone to biotechnology and
microbiology research in entrepreneurial
firms. Three-fourths of those funds came from
NIH. Agencies include SBIR funds in their biotech-
nology funding figures; thus, the SBIR contribu-

SUMMARY AND

Federal support of biotechnology research
and development exceeded $2.72 billion in fis-
cal year 1987, and has not changed substan-
tially in current dollars since 1985. NIH pro-
vides by far the most Federal funds for both basic
and applied biotechnology research, supplying
nearly 84 percent of the Federal Government’s
biotechnology research dollars. The Department
of Defense biotechnology R&D effort consists of
an additional 4.5 percent of total spending, and
the National Science Foundation funds 3.6 per-
cent. The fact that so many other agencies, in-
cluding those with missions that are not primar-
ily research, fund work in biotechnology attests
to its wide-reaching applications.

Diverse biotechnology applications are sup-
ported by most of the Federal agencies. The DoD
supports work in materials science and medicine,
while NSF funds biotechnology research applica-
tions in genetics, bioelectronics, and environ-
mental biology. Some redundancy, a necessary and
healthy attribute of the U.S. research infrastruc-
ture, also exists across many agencies. In some
cases, agencies have cooperated on projects of
common interest. Examples in this category are
GenBank®, and programs in plant biology and vac-
cine development.

From the funding data, it appears that Fed-
eral agencies are supporting more applied
work in biotechnology than was reported to

tion to biotechnology R&D is subsumed under to-
tal Federal spending on biotechnology. SBIR
support for biotechnology research surpasses sup-
port for information processing, and medical in-
strumentation, the next runners up.

Recipients of SBIR funds praise the program,
stating that it has given them the boost needed
to seek commercialization of new products. Pub-
lic Law 97-219 included a sunset provision and
was scheduled to terminate October 1, 1987, but
was reauthorized for 5 years—until 1993. SBIR
funds are one of the few sources of direct Fed-
eral support for applied research and development
conducted by small companies, and the SBIR pro-
gram is widely supported by dedicated biotech-
nology companies in many business sectors.

CONCLUSIONS

OTA in 1984. Increased attention to application
has been most noticeable through the success of
the SBIR program in assisting small biotechnol-
ogy companies. The National Science Foundation
hopes to eventually devote additional funds to
Engineering Research Centers that focus on bio-
technology. NIH, DOE, and DoD also report more
funds being dedicated to applied research related
to biotechnology. However, OTA did not request
information to determine whether the appar-
ent increase in applied research was due to de-
cisions by the agencies to target this area for
increased funds, or to their increased profi-
ciency in accounting for applied work.

Some caution must be taken in interpreting the
OTA totals for Federal funding of biotechnology
R&D. The fact that different agencies define bio-
technology differently makes it difficult to com-
pare funding across agencies. The difference in
definitions reflects the different scientific and po-
litical perspectives and varied missions of the agen-
cies. Some agencies, such as NSF and DOE, define
biotechnology broadly, in terms that include bio-
technology applications typical of the years be-
fore the development of recombinant DNA tech-
nology. In contrast, agencies such as DoD, the
Agricultural Research Service, and the Veterans
Administration use definitions similar to the OTA
definition of new biotechnology (6) that includes
recombinant DNA, cell fusion, and novel bio-
processing techniques. Furthermore, agencies
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such as NIH and NSF have implemented more ef-
ficient mechanisms for cataloging and account-
ing for research and spending in certain areas,
such as biotechnology.

The estimated $2.72 billion spent by Federal
agencies in fiscal year 1987 could overshoot or
undershoot the actual value, because it is not based
on a single definition. These same problems af-
fect biotechnology funding figures submitted by
the individual States (ch. 4), or by different com-
panies representing different industries (ch. 5).
Nevertheless, totaling the dollars invested in bio-
technology R&D by the Federal, State, and pri-
vate sectors is the only way to compare their rela-
tive contributions.

Institutionalization of a government-wide defi-
nition of biotechnology could have limited value.
Even if a uniform definition were adopted, agen-
cies would still be likely to overcount or under-
count, either because they do not have reliable
systems for accounting for biotechnology re-
search, or because it is in their institutional inter-
est to do so. Systematic accounting mecha-
nisms on the part of each of the agencies
should be sufficient for budgetary purposes,
and given the diversity of agency missions, a
cross-agency comparison seems pointless.

The information contained in this chapter was
collected to provide a foundation that future
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studies can use to address a number of impor-
tant policy questions pertaining to Federal fund-
ing of biotechnology R&D, including:

* Are some categories of research overfunded
or underfunded based on the perceived needs
of the specific agencies, State and local needs,
national needs, and the needs of other nations?

+ Are expenditures sufficient to promote the
growth of future biotechnology applications?

* Is the research base in biotechnology funded
by the Federal Government adequate to main-
tain or enhance the U.S. competitive position
internationally in the various industries af-
fected by biotechnology R&D?

+ Is the distribution of Federal funds among
the various agencies and their respective mis-
sions (e.g., health, agriculture, and defense)
appropriate?

Obtaining answers to these questions is beyond
the scope of this report. However, the case studies
on the U.S. investment in applications of biotech-
nology to human therapeutics, plant agriculture,
and waste management (chs. 9, 10, and 11, re-
spectively) offer a deeper analysis of many of the
policy issues relevant to these business sectors,
and demonstrate how the factors influencing in-
vestment in biotechnology R&D must be consid-
ered on an industry-by-industry basis.
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Chapter 4

Biotechnology In the States

"We've got to do something to get this biotechnology applied in Illinois faster than it is in

other countries. ”
Don Holt
Director, University of Illinois
Agricultural Experiment Station

“Biotechnology will change the world, giving us new tools in crop and livestock production
and processing. For a $35 million investment, lowa State University officials are confident
we will attract over $120 million in research to lowa over the next decade. ”

Governor Terry Branstad
Condition of the State Speech
January 12, 1987

“1 don’t think the people want the Biotechnology Center investing in the development of
small businesses and their research without doing it very carefully. ”

Gerry Hancock
Former North Carolina State Senator

“Competitiveness may be a new issue to the Federal Government, but it’s old news to the

States. While the precedents for forward-looking national strategies are few and far between,

the 50 State governments have long been laboratories for policy experimentation. ”
Christopher M. Coburn

Executive Director
Ohio’s Thomas EdisonProgram



CONTENTS

Page
INtrodUcCtion . . . . . ... 55
Biotechnology and Economic Development . . .. .......... ... ... ... 55
Biotechnology Promotion at the Local Level . . ... ........................ 56
OTA Survey of State Programs in Biotechnology . . . . ....................... 58
Promotional and Implementation Base of State Biotechnology Programs. . . . . . 59
State Expenditures in Biotechnology . . ... ... ... ... ... .. .. . .. . . 64
Mechanisms for Raising Funds . . . . . ... ... .. .. . .. .. 66
Special Incentives for Biotechnology Companies . . . .. ..................... 67
The National Science Foundation Experimental Program To Stimulate
Competitive Research . . . .. .. ... . . 70
Summary and ConclusioNS . . .. .. ... 71
Chapter 4 References. . . . . . ... . 72
Tables
Table Page
4-1. State Mechanisms for Promoting Biotechnology Development . . . . ... ... .. 56
4-2. State Activities in Biotechnology Research and Development . . .. ... ...... 58
4-3. States Where the University Is the Promotional Base for Biotechnology . . . . 61
4-4. Biotechnology Centers Receiving Some State Support . . . ... ............. 63
4-5. State Allocations for Biotechnology R&D, Training, and Facilities . . . . .. . .. 65

4-6. State-by-State Distribution of Dedicated Biotechnology Companies . . . . . .. .. 68



Chapter 4

Biotechnology In the States

INTRODUCTION

In the past 20 years, State governments and lo-
cal groups have increasingly used investment in
high-technology industries as an economic devel-
opment strategy. High-technology promises clean
“sunrise” industries, an improved economy, new
jobs, and a strengthened higher educational sys-
tern. * Recently, many of these initiatives have fo-
cused on biotechnology. States have different ex-
pectations about returns from biotechnology
investment, which is reflected in how and where
they spend their money. Some States, for exam-
ple, spend money recruiting faculty at State
universities to build a reputation that will then
attract businesses into the area. Others direct most
of their funds toward small firms, providing in-
centives and facilities for start-up. Most States pur-
sue a combination of goals. How the States direct

'¥or the purposes Of this discussion, OTA adopts the Department
of Labor definition of “high- technology “ industries, as those indus -
tries with a ratio of R&D expenditures to net sales at least two times
the average for al industries.

their biotechnology efforts depends on their ex-
isting industrial, educational, or natural resource
base, and their philosophy on the role of State
government in fostering small business develop-
ment. Those States that are successful in nurtur-
ing the biotechnology industry rely on strong aca-
demic and research programs, a strong, local
venture capital pool, and an unusually high level
of interaction among researchers, manufacturers,
and users.

This chapter examines State investment in bio-
technology. In fall 1986, OTA surveyed all 50 States
and the territories to determine the extent to
which they are investing in new initiatives in bio-
technology. OTA found a significant level of in-
terest in biotechnology development at the State
level; 33 States have allocated funds for biotech-
nology through centers of excellence, university
initiatives, incubator facilities for new firms, or
grants for basic and applied research in biotech-
nology. While most programs are too young to
evaluate their success, their expectations are high.

BIOTECHNOLOGY AND ECONOMIC DEVELOPMENT

Increasingly, State programs to foster economic
growth and employment through the promotion
of high-technology development surpass those
found at the Federal level. As recently as 1980,
only 10 States had programs promoting high-
technology growth (15). Six years later, at least
43 States had high-technology programs, spend-
ing a total of $700 million in 1986 (5). OTA found
that 33 of those programs include biotechnology.

In many ways, States are better able to leverage
support, influence industry, and affect education
than the Federal Government. State governments
have traditionally performed key functions of im-
portance to national economic development, such
as basic infrastructure maintenance and improve-
ment, basic and higher education, employment
training and skills enhancement, financing for ex-

port stimulation, and promoting technological in-
novation. States are critically situated to promote
university-industrial linkages that can facilitate the
commercialization of research (14).

In most States, the Governor’s executive offices
for economic planning and development, depart-
ment of commerce, or department of higher edu-
cation have served as catalysts for promoting
university-industry cooperation as a means for
development. These initiatives are usually based
on an analysis of the State’s existing industrial base,
and are undertaken in conjunction with more
traditional economic development activities.

Economic development activities in the States
seek to create jobs by offering inducements to
companies. States compete with each other by tar-
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geting attractive industries. What is new about
these programs is their emphasis on expanding
existing markets and creating new ones by acceler-
ating innovation (8). State governments are at-
tracted to high-technology industry because of the
rapid expansion and its presumed potential to cre-
ate jobs and revitalize distressed regions. States
perceive biotechnology as a highly attractive set
of industries because of its diversity of applica-
tion, its dependence on a highly skilled, highly edu-
cated work force, its reliance on academe, and
the short cycle from discovery to product. High-
technology industries are also perceived to have
fewer known environmental (and possibly occupa-
tional safety) problems than traditional manufac-
turing industries. This perception has changed,
however, as communities face field testing of ge-
netically engineered organisms and the prospect
of gene therapy (13).

The rapid growth of State programs in biotech-
nology is an extension of previous State efforts
to attract high-technology industries. For exam-
ple, the growth of the microelectronics industry
in California and Massachusetts (and the subse-
guent benefits accrued by those States) sent tempt-
ing messages to States dealing with declines in
basic industries. Early successes with high-tech-
nology development (fostered by strong univer-
sities) positioned California and Massachusetts well
for growth in biotechnology. Furthermore, pre-
vious experience may well have given them the
lead they now enjoy in Statewide biotechnology
development. Ironically, State government involve-
ment in promoting biotechnology in these two
States was minimal until 1985, most likely due to
the lack of a need for additional catalysts.

Although California and Massachusetts house
the largest percentages of dedicated biotechnol-
ogy companies (27 and 13 percent of U.S. compa-
nies respectively), many other States have shown
a keen interest in the development of biotechnol-
ogy and have undertaken major initiatives to cul-
tivate the industry.

Biotechnology Promotion at the
Local Level

Some biotechnology efforts are developing or
being initiated at the local level. The Biotechnol-

ogy Park in Worcester, MA, was initiated and orga-
nized by the Worcester Chamber of Commerce,
with funding assistance from local sources and
the State. The concept of a Biotechnology Center
affiliated with the University of California at San
Francisco was discussed by the San Francisco
Chamber of Commerce and endorsed by then
Mayor Dianne Feinstein.

In Texas, the competition for State preeminence
in biotechnology has generated local initiatives.
The Dallas Biotechnology Task Force, established
in 1984, raises money for the Dallas Biomedical
Corporation, which will provide interim financ-
ing for research projects with commercial poten-
tial at the University of Texas Health Science Cen-
ter in Dallas. Austin is competing with San Antonio
to be the Texas center for biotechnology. San An-
tonio Mayor Henry Cisneros has been promoting
biotechnology as a means to economic develop-
ment and has proposed a 1,500-acre research park
to attract biotechnology firms.

Table 4.1 —State Mechanisms for Promoting
Biotechnology Development

Policy bodies:

. Governor's task forces, boards, councils, and com-
missions

. State mission agencies
—Commerce/economic development
—Higher education
—Science and technology offices

Appropriating and granting bodies:

. Legislature

. Nonprofit corporations

. Colleges and universities

Capital:

. Financial capital:
—Seed capital funds
—Venture capital partnerships
—Pension funds
—Grants

. Physical capital:
—Land use and zoning
—Research and science parks
—Incubator facilities
—Improvements in infrastructure

. Industrial revenue bonds

Management support:

. Business advocacy programs

. Government marketing programs

. Data retrieval and dissemination
Education:

. Kindergarten through grade 12

. Colleges and universities

. Worker training

SOURCE: Office of Technology Assessment, 1988.
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Photo credit: Thomas Morrisette, Worcester Area Chamber of Commerce

“One Biotech Park. ” This 75,000-square-foot structure is the first building completed at the 1 million square foot Massachusetts
Biotechnology Research Park located in Worcester, MA. As of March 1988, the building was fully leased.

In Maryland, Montgomery County has donated
$9 million worth of facilities and additional mil-
lions in land to the Center for Advanced Research
in Biotechnology, which is also funded by the
University of Maryland and the National Bureau
of Standards of the U.S. Department of Commerce.
The county hopes to attract more biotechnology
firms to its already thriving high-technology cor-
ridor. With a high percentage of scientists and
engineers per capita and its close proximity to sev-
eral Federal laboratories and research institutions,
the county believes it is well positioned for devel-
opment of a biotechnology-based industry.

In New York City, Columbia University has
planned a $200 million biotechnology research
park to be jointly funded by the city, the State,
and the university. Four buildings to house aca-
demic and commercial research laboratories, of-
fice space, and retail outlets are planned. Officials
hope that the research park will foster the bio-
technology industry in New York City, revitalize

a depressed neighborhood, and enhance the
university’s research capabilities.

Because dedicated biotechnology companies re-
quire less physical space than traditional manu-
facturing industries, cities and counties can of-
fer land and low rent to companies. But cities and
counties may be somewhat more limited than the
States in what they can offer to attract these in-
dustries in a significant way. In contrast, at the
State level, diversity of means can promote this
industry. Many States can support biotechnology
initiatives through appropriations from their legis-
latures or grants from nonprofit corporations.
Support can take the form of financial or physi-
cal capital, management assistance, or education.
Traditional methods for assisting small businesses,
especially those in high-technology areas, are in-
creasingly used to promote biotechnology devel-
opment. Table 4-1 summarizes the mechanisms
OTA found States using to promote commerciali-
zation of biotechnology.
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OTA SURVEY OF STATE PROGRAMS IN BIOTECHNOLOGY

An OTA survey of State activities in biotechnol-
ogy conducted in Fall 1986 found that 33 States
and Guam directly support biotechnology activi-
ties, such as research, training, or development
of facilities for research. An additional six States
indicated they were conducting feasibility studies
or were considering establishing a biotechnology
initiative. The OTA survey revealed a wide range
in the intensity level of these initiatives and diver-
sity in their implementation. However, all of the
States reporting intensified efforts on behalf of
biotechnology report doing so in hope of economic
development or promotion of academic excellence.

The States differ in their efforts in the follow-
ing ways:

* the office, agency, or institution primarily re-
sponsible for the initiation of the program;

* the level of funding available annually for the
support of research, facilities, or training;

* the mechanisms by which funds are raised;

* the base and method of operation for the
program;

* the substantive concentration of the pro-
grams being funded; and

* the extent to which incentives are offered to
attract biotechnology companies.

The types of initiatives States pursue depend,
in part, on the influence of these factors. There-
fore, the types of initiatives reported varied greatly.
Some States are pursuing one path only, others
a combination of approaches. The types of initia-
tives include:

* increased support for biotechnology research
and development (R&D) in State universities
and by biotechnology companies (33 States),

* programs or funds for biotechnology train-
ing at State colleges and universities (23
States),

+ financial and technical assistance for biotech-
nology firms (27 States),

+ discrete “Centers” mandated to facilitate com-
munication between universities and indus-
try to achieve technology transfer (28 States),
and

+ State-supported research parks and incubator
facilities specific to biotechnology (6 States).

Table 4-2 displays the types of programs sup-
ported by States active in the promotion of bio-
technology research and development within their
borders.

Table 4.2.—State Activities in Biotechnology
Research and Development

Incentives for
State R&D Support Training firms

Alabama .......... —
Alaska............ -
Arizona...........
Arkansas . .........
California . . . ......
Colorado . .........
Connecticut . . . . ...
Delaware . .........
Florida. . ..........
Georgia . ..........
Hawaii ............
Idaho.............
llinois . . ..........
Indiana. . ..........
lowa..............
Kansas............
Kentucky. . ........
Louisiana . . ... .. ..

+4+ 4+
I+ + | +++++ |

T+ 1+ 1+ 1
I+ 4+ + + |

Maryland . . ........
Massachusetts. . . . .
Michigan . . ........
Minnesota. . ... ....
Mississippi . . . .. ...
Missouri “. ... ... ...
Montana . .........
Nebraska. .........
Nevada...........
New Hampshire . . . .
New Jersey. .. ... ..
New Mexico . ... ...
New York . ........
North Carolina ., . . .

+ 4+ ++ |
I+ +++ |

Ll + l++++ 1 +++++++ 1 ++ 1 +++++ 1

+ +

+ 4+ + +
I+ 1 ++ 1+ ||

Oregon...........
Pennsylvania . . . . ..
Rhode Island . . . . ..
South Carolina . . . . .
South Dakota . . . ...
Tennessee . . ......
Texas.............
Utah..............
Vermont . .........
Virginia ., .. .......
Washington . . . .. ..
West Virginia . . . . ..
Wisconsin . . .......
Wyoming . ......... -

SOURCE: Office of Technology Assessment, 1988.
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Promotional and Implementation
Base of State Biotechnology
Programs

The 33 States reporting to OTA about their bio-
technology programs represent a variety of ap-
proaches to the initiation and promotion of bio-
technology. Although university systems play a
major role in the design and implementation of
biotechnology centers, the initiative for a biotech-
nology program in some States has come from
the Executive Office of the Governor or the State
legislature. The programs are often multi-faceted,
and can involve direct funding of basic and ap-
plied research, allocations for university facilities
or equipment, support of faculty salaries, or di-
rect or indirect assistance to biotechnology com-
panies.

Governor’s Task Forces or governors with sig-
nificant interest in high-technology promotion
have been the catalysts for State actions in bio-
technology in Illinois, Massachusetts, Michigan,
New Jersey, New York, North Carolina, and Vir-
ginia. The oldest or largest biotechnology pro-
grams are. those promoted by the Governor’s
office, either through a special science and tech-
nology task force or commission, or through the
executive mission agencies such as commerce or
economic development.

One of the earliest efforts to promote biotech-
nology at the State level is in North Carolina. The
North Carolina Biotechnology Center was founded
in 1981 under the leadership of then Governor
James B. Hunt to “stimulate multi-institutional and
multi-disciplinary research and education pro-
grams in science areas related to biotechnology.”
Originally operated from the Governor’s office,
this agency is now a freestanding quasi-govern-
mental organization funded by a legislative ap-
propriation to the North Carolina Department of
Commerce, with matching funds from industry.

The State of New Jersey has also initiated an
ambitious biotechnology program, stemming from
recommendations of the Governor’s Commission
on Science and Technology. The Commission stud-
ied the makeup of the New Jersey economy, ex-
amined the potential of high-technology industries,
and eventually recommended the establishment

76-582 0-8 -3:0Q 3

and construction of a network of advanced tech-
nology centers at the State’s public and private
institutions.

More recently, Wisconsin’s Governor established
a special State council to accelerate economic de-
velopment in biotechnology. Members of the
Council will include the secretaries of the State
Departments of Development, Natural Resources,
and Agriculture, Trade, and Consumer Protection.
The Council will be chaired by the chief execu-
tive officer of Universal Foods Corporation, a large
food processing and production corporation.

Mission-oriented State agencies in the Gover-
nor’s executive offices have served as catalysts
for biotechnology programs in other States. Most
typically, biotechnology promotion has arisen from
the Governor’s Office of Economic Affairs, Eco-
nomic Development, or Department of Commerce.
This is the case in Colorado, lowa, Kansas, Mas-
sachusetts, Michigan, Minnesota, Nebraska, Okla-
homa, Pennsylvania, Utah, and West Virginia.
Most notable of these efforts are programs in Mas-
sachusetts and Pennsylvania. The Departments
of Commerce in these two States have led the way
in devising and implementing new State initiatives
to stimulate technology research and education.

In Pennsylvania, the Ben Franklin Partnership
Fund, established in 1982 with a $1 million Chal-
lenge Grant Program, established four advanced
research centers. These funds provided the in-
centive for Pennsylvania State University to con-
struct a building to house the Penn State Biotech-
nology Institute, which will receive Ben Franklin
Funds. In addition, in 1987, Pennsylvania’s Gover-
nor released $14 million in State funds for the
Pittsburgh Biomedical Research Center at the
University of Pittsburgh (expected by the Gover-
nor’s office to be a major biotechnology research
center). The Biotechnology Center will be built
on the 48-acre site of a former steel company plant
beside the Monongahela River. The Pittsburgh
Technology Center, of which the Biotechnology
Center is a part, is expected to create more than
1,600 jobs and attract $70 million in private in-
vestment. Planners calculate that more than $1.2
million in local tax revenue will be generated by
the Center. This is an explicit example of the ex-
pectation that high-technology, biotechnology in
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Photo credit: Biotechnology Center, University of Wisconsin-Madison

Research scientist records the progress of a protein sample on the Gas Phase Sequencer at the University of Wisconsin
Biotechnology Center.

particular, will play a central role in revitalizing
a region historically reliant on manufacturing.

Role of the University in State
Biotechnology Programs

Universities are often important components in
State economic development initiatives, particu-
larly in high-technology, which requires a highly
skilled work force. The availability of skilled la-
bor is the most influential factor in the regional
location of advanced technology firms (12). Dur-
ing the 1960s, U.S. universities responded to ex-
ternal and internal pressures to undertake addi-
tional research and problem-solving activities that
related to the needs of the Federal Government
and the cities. In the 1970s, universities sought
to join with State governments to address a wide
array of domestic issues. In the 1980s, universi-
ties are increasingly forging new partnerships

with industry to accelerate the rate of scientific
and technological innovation (2).

University service to the public is not new. Agri-
culture has long been the model of federally
assisted public service by the university, through
the Land Grant System (dating back to the Mor-
rill Act of 1862). In 1962, NASA created the Sus-
taining University Program (SUP) to strengthen
university research programs relevant to NASA
missions. SUP was phased out in 1971 after being
deemed a failure. NASA administrators felt that
the universities had failed to respond to NASA
goals, and observers felt that NASA’s goals were
unrealistic, “stemming from insufficient under-
standing of the nature of universities” (6).

In 1967, the National Science Foundation’s (NSF)
Intergovernmental Program was started to pro-
mote the use of scientific and technological re-



61

sources by State and local governments. In 1977,
NSF implemented the Science, Engineering, and
Technology (SSET) program to provide grants to
governors and State legislatures for plans that
would improve their use of science and technol-
ogy. Implementation funds for these plans were
insufficiently provided and the program was aban-
doned in 1981. Several of the programs the States
now support grew out of strengths identified un-
der the SSET program.

The intent of these Federal programs was to
have university faculty take responsibility for the
transmission, as well as the generation, of the
knowledge they produce. Public universities have
historically been entangled in multiple role expec-
tations: ivory tower, service station, and frontier
post (7). Philosophical differences regarding appro-
priate roles for educational institutions continue
to influence discussions about the effects of pub-
lic expectations on the quality of the research
agenda and education.

In terms of biotechnology, the situation is no
different. Biotechnology owes much of its
growth to academic science. Not only has in-
dustry turned to the university as the source of
cutting-edge research, but the States are also turn-
ing to their universities as the base of their bio-
technology efforts. Many States recognize the
value of a strong university system in attracting
biotechnology companies. By creating expertise
in the university system, States hope to attract
and retain dedicated biotechnology companies as
well as major pharmaceutical, chemical, and agri-
cultural corporations. At the least, this form of
educational investment policy infuses the univer-
sities with more resources for research and train-
ing, and at the most, attracts or creates a new
technology base in the region.

Of the 33 States reporting State-supported bio-
technology programs, 28 say they will rely pri-
marily on their higher education institutions for
the design and performance of biotechnology re-
search and training. Early concerns about the in-
fluence of commercial biotechnology on univer-
sities seem not to be an issue in State-university
initiatives (see also ch. 7). Public universities have
traditionally cooperated with their State govern-
ments in programs to promote economic growth.

In 14 States, the university system has been the
impetus for creating a biotechnology program,
rather than being initiated by the State legislature
or Governor’s office. This is especially true in
Texas, which has no Statewide biotechnology plan,
and in California, where the university system has
historically played a dominant role. Table 4-3 lists
States where the university has been the promo-
tional base for biotechnology rather than the
Governor’s office or the State legislature.

In many States, such as California, the depart-
ment of higher education has led in promoting
and implementing biotechnology programs, often
independent of Executive action. In California,
State-level promotion did not occur until 1985,
well after California led in the number of biotech-
nology firms. The University of California (UC)
System houses seven diverse biotechnology pro-
grams. San Diego State University and Stanford
University also have centers. In addition, the
University of California has established a multi-
year effort to address the needs of biotechnology
industries. This program, the Biotechnology Re-
search and Education Program, is designed to fa-
cilitate the basic research underlying biotechnol-
ogy and the training of future scientists at the nine
campuses and three affiliated National Labora-
tories. Some would contend that the strength of
the UC system has been the instrumental force
in establishing a healthy biotechnology industry
in California. The climate, a large venture capital
pool, and expanding markets are additional in-
ducements to industry.

In South Carolina, the push for economic de-
velopment through high-technology has come
largely from its universities. In 1986, the presi-
dents of the State’s three major universities an-
nounced plans for a 5-year joint research program
totaling $600 million, of which a biotechnology

Table 4.3.—States Where the University Is the
Promotional Base for Biotechnology

California North Dakota
Florida Ohio

Georgia Oregon

Idaho South Carolina
Louisiana Tennessee
Maryland Texas

New Hampshire Wisconsin

SOURCE: Office of Technology Assessment, 1988.
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center would be a small part. In Florida, Georgia,
Idaho, Louisiana, Maryland, Oregon, and Wiscon-
sin, biotechnology programs have also been de-
veloped primarily at the university level. Although
biotechnology programs have not been promoted
at the State level in Oregon, the Oregon Health
Sciences University, the University of Oregon, and
Oregon State University have spent considerable
sums promoting biotechnology initiatives on their
campuses.

The university-driven approach sometimes
draws controversy. In 1987, the University of
Georgia broke ground for a $32 million Biological
Sciences Complex dedicated to research in recom-
binant DNA, molecular biology, and gene splic-
ing. The Center is to be funded from the Univer-
sity’s general instruction budget without any new
or additional allocations from the university re-
gents to cover the new positions created. As a re-
sult, other areas of the university are temporar-
ily underfunded, drawing criticism from both
faculty and students.

In Maryland, the University of Maryland has
formed the Maryland Biotechnology Institute
(MBI), comprised of five initiatives linked to the
two campuses. As mentioned earlier, one center,
the Center for Advanced Research in Biotechnol-
ogy (CARB) has support from Montgomery County,
MD (%9 million), and from the National Bureau of
Standards (NBS) of the U.S. Department of Com-
merce. Although much of MBI's funds come from
the State through the Department of Higher Edu-
cation, the Governor’s office provides no oversight.
MBI plans an agenda in biotechnology R&Din the
areas of agriculture, biomedicine, marine science,
public policy, and protein engineering. All but the
agricultural biotechnology centers were opera-
tional by 1987; it took several years to get the pro-
grams up and running. Critics of the late opera-
tional date charged that operating a biotechnology
initiative under the guise of economic develop-
ment may not be a manageable proposition for
a university to undertake without State guidance.

Centers

Centers have become popular in the perception
of the promise they hold for promoting economic
development through biotechnology R&D. Usu-
ally based at universities, centers are multipur-

pose institutes created to foster interdisciplinary
research, intercampus cooperation, and public-
private collaboration. Centers can also provide
technical and information assistance to univer-
sity and industry scientists, and in some cases of-
fer financial assistance to new firms. Table 4-4
lists discrete university-based biotechnology
centers by State.

Centers differ in their evolution and structure.
Some States with biotechnology initiatives do not
have a center, but offer other incentives for R&D,
such as grants and loans to both industry and
academia. Altogether, 28 States have established
centers or programs devoted specifically to re-
search in areas directly related to biotechnology.
In most cases, State funds were dispensed to one
higher education facility for the creation of a re-
search program. In some States-Colorado, Mas-
sachusetts, North Carolina, Pennsylvania, and
Tennessee—the program is decentralized, with
several State colleges and universities the benefi-
ciaries of research and facility funds.

Not all centers that appear on paper are, as yet,
operational. Many of the centers have been
founded only within the past two years. The years
indicated in table 4-4 represent year of founding,
not year of operation. In some cases, funds have
been authorized but not appropriated; in other
cases, funds have been appropriated but not spent.
Some centers are waiting for the construction of
facilities and are operating ad hoc out of several
departments within a university. In some States,
the participation of several interests—State gov-
ernment, university administrators, and private
donors—has created a complex bureaucratic net-
work that has slowed action.

Table 4-4 also lists the substantive areas of con-
centration in the research programs of these
centers. In most cases, several research areas in
biotechnology are being pursued in a strategic
manner. The university’s existing departmental
strengths, or the technological needs of the sur-
rounding industrial base, provide the focus for
development of specific capabilities. Newer, smaller
programs, such as Connecticut’s, have not yet tar-
geted a specific area of research for funding, but
will rely on newly recruited faculty to set a pro-
gram agenda.
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Table 4-4.—Biotechnology Centers Receiving Some State Support

Arizona
. Program for Excellence in Biotechnology (1986)
University of Arizona, Tucson
(biomedical)
Arkansas
. Biotechnology Institute (1985)
Biomass Research Center
University of Arkansas, Fayetteville
(cell fusion, hybridoma, and monoclinal antibody tech-
nologies)
California
. Biotechnology Research and Education Program (1985)
. University of California
Molecular Biology Institute, Los Angeles (1985)
Biotechnology Program, Davis (1986)
Center for Molecular Genetics, San Diego
Center for Genome Biology, Riverside (1984)
Plant Biotechnology Unit, Berkeley
Gene Research and Biotechnology Program, Irvine
(1983)
Marine Biotechnology Center, Santa Barbara (1989)
. Molecular Biology Institute
San Diego State University
. Center for Molecular and Genetic Medicine
Stanford University
Colorado
. Colorado Institute for Research in Biotechnology (1986)
University of Colorado,
Colorado State University, and
Health Sciences Center
(reproductive physiology, fermentation, bioprocessing,
agriculture, medicine, plant genetics)
Connecticut
. Biotechnology Center (1986)
University of Connecticut, Storrs
Georgia
¢ Research Center for Biotechnology (1983)
Georgia Institute of Technology
(microbial, agriculture, biomedicine, bioreactors)
. Biological Sciences Complex (1987)
University of Georgia
(agriculture, medicine, energy)
lllinois
. Biotechnology Center (1986)
University of lllinois, Urbana-Champaign
(agriculture)
. Center for Plant Molecular Biology (1987)
Northern lllinois University
Indiana
. Agrigenetics Research Center (1985)
Purdue University
. Molecular and Cellular Biology Center (1985)
Indiana University
lowa
. Molecular Biology Program (1986)
lowa State University, Ames
(agriculture, bioprocessing, food processing)
Kansas
¢ Center for Bioanalytical Research (1985)
University of Kansas
Kentucky
. Biotechnology and Genetic Engineering Center (1987)
University of Kentucky, Lexington

Louisiana
. Biotechnology Institute (1985)
Louisiana State University
Maryland
. Maryland Biotechnology Institute (1984)
University of Maryland
(protein folding, crystallography, marine biotechnology,
biomedicine, agriculture, policy)
Massachusetts
. Biotechnology Center of Excellence (1985)
Massachusetts Biotechnology Research Institute
Massachusetts State Colleges and Universities
Michigan
. Michigan Biotechnology Institute (1982)
(fermentation, biomaterial products technology, waste
treatment, industrial enzyme technology)
Minnesota
. Biotechnology Research Center (1983)
Plant Molecular Genetics Institute
Human Genetics Institute
Institute for the Advanced Studies of Biological
Process Technology
University of Minnesota
Missouri
. Molecular Biology Program (1987)
University of Missouri, Columbia
(development and aging, disease resistance, energy,
environmental applications)
New Jersey
. Center for Advanced Biotechnology and Medicine
(1986)
Rutgers  University
(biomedicine, protein science, structural biology)
. Center for Agricultural Molecular Biology (1987)
Rutgers Cook College
Lewis Thomas Laboratories (1985)
Princeton University
New York
* Center for Medical Biotechnology (1983)
SUNY Stony Brook
Center for Biotechnology in Agriculture (1983)
Cornell University
North Carolina
. North Carolina Biotechnology Center (1981)
Duke University
University of North Carolina
North Carolina State University
(bioelectronics, bioprocess engineering, marine,
monoclinal lymphocyte technology)
Ohio
« Edison Animal Biotechnology Center (1984)
Ohio University
(livestock enhancement)
. Biotechnology Center (1986)
Ohio State University
(plant and microbial interactions, neurobiotechnology)
Oregon
. Center for Gene Research and Biotechnology (1983)
Oregon State University, Corvallis
. Institute of Molecular Biology (1983)
University of Oregon, Eugene

(continued on next page)
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Table 4.4.—Biotechnology Centers Receiving Some State Support—Continued

Pennsylvania

. Biotechnology Institute (1987)
University of Pittsburgh

. Biotechnology institute (1984)
Pennsylvania State University
(environmental microbiology, bioprocessing, plant and
animal ceil culture, bimolecular structure and
function)

Tennessee

« Tennessee Center for Biotechnology (1988)
Tennessee State University System
(plant cell tissue culture, hazardous waste manage-
ment, environmental toxicology, drug delivery systems)

Texas

ZCentral Hybridoma Facility (NSF support 1985-1988)
University of Texas, Austin

. Institute of Biosciences and Technology (1987)
Texas A&M

. Institute of Biotechnology (1987)
University of Texas Health Science Center, San
Antonio

Utah
. Center of Excellence in Biotechnology (1985)
Utah State University
(plant and veterinary, biomedicine)
Virginia
. Center for Biotechnology (1985)
Old Dominion University
. Institute of Biotechnology (1985)
Medical College of Virginia of Virginia Commonwealth
University
(vaccines, biocatalysis, diagnostics)
Wisconsin
. Biotechnology Center (1984)
University of Wisconsin, Madison
(fermentation, biopulping, biocomputing, hybridoma,
plant cell and tissue culture, sequencing and separa-
tion, enzyme improvement and production)

SOURCE: Office of Technology Assessment, 1986.

State Expenditures in Biotechnology

The States vary widely in the amount of funds
they dedicate specifically to biotechnology. A mul-
titude of problems arise if one tries to conduct
an accurate comparison of State spending:

. Few States list biotechnology initiatives as
a distinct line item in their budget. Those
that do, such as New Jersey, North Carolina,
and Massachusetts, provide an accurate fig-
ure for actual dollar support for biotechnol-
ogy. In most States, however, the funds de-
rive from several sources in the general funds
and are directed to several recipients. Because
of this, undercounting or overcounting can
occur. In undercounting, for example, States
that fund a Center of Excellence in Biotech-

nology might not count State support for bio-

technology activities going on within the
university system but outside the Center. For
example, although the budget for the Massa-
chusetts Biotechnology Center of Excellence
only received an appropriation of $935,000
in 1987, this excludes $9 to $12 million of State
appropriations for biotechnology activities at
public universities and $26 million worth of
biotechnology loan portfolios of State agen-
cies. As an example of overcounting, States
might report that a large portion of their

health science budget is related to biotech-
nology without systematically verifying the
claim.

*+ Most States provide the operating budget
for a biotechnology program, but cannot
easily segregate the amount of the budget
derived solely from State coffers. Funds are
categorized by type of expenditures rather
than source of funds. Therefore, budgets
often reflect funds derived from State ap-
propriations, private donations, and Federal
grants and contracts. With time and patience
this information could be untangled. In the
OTA survey, respondents were asked to
report on the amount of investment by the
State only. Calculated estimates were pro-
vided by many States in lieu of actual expend-
itures.

* Respondents often had the difficulty faced
so frequently by those asked to account
for biotechnology activities: that of defi-
nition. While some States define biotechnol-
ogy narrowly, others consider spending in re-
lated areas to be relevant and include that
in their figures. In all cases, respondents
were asked to use the OTA definition of
biotechnology for accounting purposes.

+ Some States were unable to separate funds
spent specifically on biotechnology. For
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Table 4-5.—State Allocations for Biotechnology
R&D, Training, and Facilities

State FY 1986 FY 1987

Arizona. . .......... .. $1,170,000 $1,540,000
Arkansas . ........... 757,173 800,000
California . .. ......... 2,500,000 2,500,000
Colorado . .. ......... 500,000 500,000
Connecticut . . . ... ... 665,000 1,100,000
Florida.............. 5,050,000 7,050,000
Georgia . . ........... 2,600,000 3,000,000
Idaho .. ............. 438,800 450,000
Mlinois . . ............ 4,500,000 5,000,000
Indiana . ............. 4,000,000 1,029,904
lowa................ 500,000 3,750,000
Kansas .............. 162,000 172,000
Kentucky . .. ......... 908,500 896,600
Louisiana . . .......... 670,000 NA
Maryland . . .......... 2,600,000 3,900,000
Massachusetts . . . . . . . 485,000 935,000
Michigan . . .......... 6,000,000 4,000,000
Minnesota . . .. ....... 1,032,000 1,100,000
Missouri .. ........... 1,500,000 3,700,000
New Hampshire . . . . .. 150,000 450,000
New Jersey . . ........ 10,000,000 35,690,000’
New York.... . ... ... 34,300,000 a
North Carolina .. ... .. 6,500,000 6,900,000
North Dakota . ....... 1,643,090 1,601,783
Ohio................ 2,194,787 50,000
Oklahoma . . ......... 1,584,000 1,542,000
Oregon . ............. 350,000 360,000
Pennsylvania. . . . ... .. 2,848,824 18,035,494
Tennessee . . . ........ NA 800,000
Utah................ 110,000 500,000
Vermont . ............ NA 300,000
Virginia . . ........... 1,500,000 1,750,000
Wisconsin . . . ........ 190,000 418,000

NA: Not available
3indicates a multi-year appropriation

SOURCE: Oftice of Technology Assessment 1988

example, lllinois has allocated $3 million to
16 Technology Commercialization Centers
that serve other high-technology interests as
well as biotechnology. Therefore, its total re-
ported budget for biotechnology can only be
estimated and could be inflated or under-
counted.

. Those States responding that they have no
special programs in biotechnology could
be subsidizing research through a re-
search fund or through the usual support
of their universities. For example, Texas
reports no State-level program aimed at fund-
ing biotechnology, although biotechnology re-
search is funded through general research
funds available from the State. The Univer-
sity of Texas, Austin, supports biotechnology

by housing the Central Hybridoma Facility,
which was funded by the National Science
Foundation at $120,000 a year until 1988
when the university had to absorb the cost.
Texas A&M plans to spend $24 million to build
an Institute of Biosciences and Technology
to study and market developments in biotech-
nology. And Dallas billionaire H. Ross Perot
has contributed to the construction of a re-
search park in San Antonio that will be called
the University of Texas Institute of Biotech-
nology.

Given these caveats, table 4-5 presents levels of
direct support for biotechnology as reported by
49 States for fiscal years 1986 and 1987 (Alaska
did not respond). Support includes funding of re-
search, facilities, and training.

The range for reported spending varied from
$110,000 in Utah to a $34.3 million multi-year ap-
propriation by New York in fiscal year 1986. Sev-
eral States emerge as the frontrunners in terms
of dollars spent. New York and New Jersey sur-
pass all States in spending for fiscal year 1986;
North Carolina, Michigan, and Florida followed,
spending over $5 million each. Pennsylvania,
which spent only $2.8 million in fiscal year 1986,
has accelerated its biotechnology program dra-
matically in fiscal year 1987, allocating over $18
million, not including matching funds of
$13,212,900 in fiscal year 1986 and $32,840,503
in fiscal year 1987. New Jersey increased its allo-
cation more than threefold between fiscal year
1986 and fiscal year 1987, from $10 million to
$35.6 million: the $35.6 million allocation was for
a capital building program comprised of $8.6 mil-
lion in New Jersey Science and Technology Com-
mission funds and the balance provided by the
two collaborating State institutions.

New York State reported that it committed $34.3
million specifically to biotechnology in fiscal year
1986 and an additional $80 million on health re-
search that “may or may not involve biotechnol-
ogy.” According to the Executive Director of the
New York State Science and Technology Founda-
tion, nearly 70 percent of those funds specific to
biotechnology are spent on research; the remainder
is spent on facilities and training. In fact, $32.5
million of the 1986 appropriation was for a build-
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ing at Cornell University. The Center for Medical
Biotechnology at the State University of New York
(SUNY) at Stony Brook and the Center for Biotech-
nology in Agriculture at Cornell University each
received $1 million for research funding. In addi-
tion to State funds, the Cornell center had three
corporate sponsors that signed 6-year contracts
totalling $2.5 million each. The SUNY center has
75 corporate sponsors, each involving specific re-
search contracts. The New York Science and Tech-
nology Foundation awarded $250)000 in grants
through its Research and Development Grants Pro-
gram. Biotechnology training programs received
$63,000 from the State in fiscal year 1986.

Maryland reported an allocation of $3.9 million
in fiscal year 1987. This sum excludes a $9 mil-
lion loan contribution from Montgomery County
in the form of a building to house CARB, and the
laboratory and personnel resources provided by

a Partner in CARB, the National Bureau of
Standards.

It is not clear whether the high funding
levels currently appropriated by many States
will be sustainable. These initially large invest-
ments might represent start-up or catch-up costs
for facilities and equipment. Many States are de-
pending on industry to assume a share of sup-
port after the initial State appropriations. Biotech-
nology initiatives are long-term investments and
likely to be viewed as justifiable areas for cutback
or elimination by State legislatures during times
of fiscal stress. For example, in fiscal year 1985,
Louisiana allocated $1.53 million to the Louisiana
State University System Biotechnology Institute,
That funding level dropped to $270)000 in fiscal
year 1986 because of the State’s fiscal problems.
Funding in the future is uncertain.

Mechanisms for Raising Funds

Most programs are funded through general
State revenues appropriated through a direct legis-
lative action, or through higher education funds.
Eight States have a discrete legislative appropria-
tion dedicated to a Center program in biotech-
nology or to a nonprofit development corpora-
tion. As stated earlier, it is easier to obtain
biotechnology spending figures from these States
because the funds are centralized.

Several States have taken unique approaches
to raising the necessary capital for developing
high-technology programs. In lowa, a London-
based chemical company withheld $8 million in
capital investment in lowa until the State agreed
to provide $5 million a year for related biotech-
nology research at lowa State University. In re-
sponse, the lowa legislature agreed to allocate $3.5
million from the State’s lottery revenues.

In Missouri, fiscal year 1987 new State lottery
revenues were devoted to education—including
$3.7 million for biotechnology research. Facilities
at the University of Missouri-Columbia were
funded as part of a Statewide $600 million Gen-
eral Obligation Bond issue.

Perhaps the most impressive bond issue was a
$90 million Jobs, Science, and Technology Bond
Issue approved by the voters of New Jersey in
1984. Of the $90 million, $35 million is targeted
for biotechnology. The bill establishes the Ad-
vanced Technology Center in Biotechnology and
requires joint governance by Rutgers University
and the University of Medicine and Dentistry of
New Jersey. The New Jersey Commission on Sci-
ence and Technology is now faced with raising
new revenues.

In addition to floating public bonds, some States
have relied on proceeds from natural resource
revenues to fund research in biotechnology and
other technologically based fields. In Michigan,
dedicated oil and gas revenues flow to the Michi-
gan Strategic Fund, which provides support for
the Michigan Biotechnology Institute. Other sup-
port comes from the State’s General Fund, which
supports the universities. Montana funds the Mon-
tana Science and Technology Alliance through
funds appropriated from coal severance tax
proceeds.

Many States, such as Pennsylvania, Massachu-
setts, New York, and Ohio, require an industry
match to supplement State appropriations, Pro-
grams funded through the Pennsylvania Ben
Franklin Partnership are supported via a capital
fund appropriation requiring a one to one match
from the recipient (the actual match has been run-
ning four to one). The funds designated for the
University of Pittsburgh Biotechnology Center, for
example, are derived from the capital budget—
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Photo credit: Michigan Biotechnology Instit

The Michigan Biotechnology Institute, a 120,000-square-foot business and research center funded by an industrial revenue
bond issue, a low-interest State loan, and Institute funds.

the money in this case came from the State share
of real estate transfer taxes. The matching funds
are provided by a variety of organizations, most
prominently private sector firms, but universities
provide substantial in-kind support (11). A simi-
lar matching system exists in the Thomas Edison
Program in Ohio. Matching private sector contri-
butions can include cash, state-of-the-art equip-
ment, and essential personnel, and in the case of
small companies, use of facilities and equipment.

Special Incentives for
Biotechnology Companies

Support of small business development and
growth is a traditional State function. As a nation,
the United States provides more direct support
to small business development than does any other
industrialized country (9). State departments of
commerce and economic development have long-
standing programs designed to assist small busi-
nesses. In some cases, support is offered through

technical and management assistance; in other
cases the support is financial or in the form of
incentives.

Few States have special incentives or means of
support specifically for biotechnology companies.
Rather, biotechnology firms are eligible for the
same benefits as those available to other small bus-
inesses or other high-technology firms. Most States
recognize the need to do more than just attract
firms from other States. Instead, they’ve come to
understand the importance of aiding existing en-
trepreneurial companies. Small companies may
receive direct assistance for expansion or R&D,
or indirect assistance in the form of facilities, tax
incentives, customized job training, or technical
or management support. And, as many firms plan
manufacturing facilities, States may find their busi-
ness climate more or less hospitable than that
offered for R&D.

A few States already have a significant lead in
attracting biotechnology firms, with 50 percent
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Table 4-6.—State-by-State Distribution of Dedicated
Biotechnology Companies

State No. firms Percent
California. . ........ ... ... it 27
Massachusetts . . . ................. 54 13
Maryland .. ........ ... . ... ... .. ... 38 9
NEW JErsey . . ..o vvvie e 24 6
NewYork.................. ... 20 5
Wisconsin . . ...................... 16 4
Connecticut . . . . ......... ... 13 3
TeXAS . oot 13 3
Washington. .. .................... 13 3
Colorado . .......... ... 9 2
Pennsylvania. .. ................... 9 2
Florida........................... 8 2
Minnesota . . ... 6 1
North Carolina . ................... 6 1
Ohio ... 5 1
Maine............. i 5 1
Oregon .. ..ot 5 1
Virginia. . ... 5 1
11T o 4 <1
Kansas........................... 4 <1
Michigan .. ......... ... ... ... .... 4 <1
Indiana........................... 3 <1l
Louisiana . . .......... ..., 3 <1l
Utah.......... . ... ... . . ... ... 3 <1l
Arizona . .......... ... 2 <1
GEOIgIA .« vt et 2 <1
MiSSoUri . . ... 2 <1
Montana......................... 2 <1
Nebraska......................... 2 <1
Alabama......................... 1 <1
Arkansas . ... 1 <1
Delaware ... ..., 1 <1
District of Columbia . ... ........... 1 <1
Hawaii .. ......................... 1 <1
lowa........... .. 1 <1
New Hampshire . .. ................ 1 <1
NewMexiCo . . ..............uu... 1 <1
Rhodelsland .. ................... 1 <1
South Carolina.................... 1 <1
Tennessee . . ..., 1 <1
West Virginia . . . .................. _ 1 <1
Total . ... 403 100

SOURCE: Office of Technology Assessment, 1988.

of dedicated biotechnology companies located in
just five States. California remains the leader in
number of firms, with 111 companies, or 27 per-
cent of the U.S. industry. Massachusetts is sec-
ond with 54 (13 percent), followed by Maryland
with 38 (9 percent), New Jersey with 24 (6 per-
cent), and New York with 20 (5 percent). Table
4-6 shows the geographical distribution of dedi-
cated biotechnology companies by State.

State programs are challenging the traditional
notion of the Federal Government as the major

benefactor of the research community. For State
governments, support of R&D is a relatively new
function, although the motivation is historic—
economic development. Many States now offer
competitive grants programs in R&D for which
anyone can apply.

Direct Financial Assistance

Direct financing of research is but one method
of direct financial assistance for biotechnology
companies. Direct financial assistance for expan-
sion, a traditional method of small business assis-
tance, is widely available through State economic
development programs. Tax-exempt financing in
the form of industrial revenue bonds can lower
the cost to borrowers. Direct loans and loan guar-
antee programs are available to any business. Per-
ceiving a need for unique financial assistance pro-
grams for high-technology companies, many States
recently established programs targeted to high-
technology firms. These programs maybe quasi-
public corporations that provide venture capital
in the form of seed money. Arkansas, Arizona,
California, Connecticut, Florida, Louisiana, Mas-
sachusetts, Michigan, New York, Ohio, Pennsyl-
vania, and Wisconsin all have funds for new high-
technology ventures.

Development Corporations.--Numerous States
have established nonprofit development corpo-
rations or authorities to serve as forums for and
overseers of State policies affecting high-tech-
nology development. These bodies may identify,
develop) and apply advanced technologies for eco-
nomic growth. In some States, such as Arkansas,
the Science and Technology Authority can issue
bonds) own patents, and enter production con-
tracts and agreements. Development corporations
award funds to both industry and universities.

Biotechnology often benefits from these science
and technology corporations:

< In Indiana, the Corporation for Science and
Technology awarded $4.5 million to Purdue
University to conduct biotechnology research
on new and improved crop strains, to improve
biotechnology training methods for students,
and to create a science base attractive to the
biotechnology industry. Indiana University’s
Institute for Molecular and Cellular Biology
received $1.2 million from the corporation
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to establish two research centers for mono-
clonal antibody production and for gene se-
guencing.

* Michigan has established the Michigan Stra-
tegic Fund which funds up to 75 percent of
the costs incurred in developing products and
processes important to creating jobs in the
State. Genetic engineering is one of the four
targeted areas of this program.

+ The Massachusetts Technology Development
Corporation, a quasi-public corporation
founded in 1979, provides seed capital with
other private investors and has succeeded in
boosting private investment nearly 10 times
the original amount (1). More specific to bio-
technology, the Massachusetts Centers of Ex-
cellence Corporation, operated from the
Governor’s Office of Economic Affairs, funds
research and development activities in five
applied fields, of which biotechnology is one.
The Massachusetts Industrial Finance Agency
authorized a $1.5 million industrial revenue
bond for continued expansion of the Biotech-
nology Research Park.

* The Center for Innovative Technology in Vir-
ginia is a nonprofit corporation targeting re-
search in four broad areas perceived to be
important to Virginia’s economic future. Bio-
technology is one of these four areas.

* The Innovation Partnership in Biotechnology
Program in New Jersey provides nearly
$500,000 to five academic research institu-
tions. The funds are matched by industry
funds and in-kind services.

In many States, university-industry collabora-
tion is a condition for qualifying for research
funds. Arkansas, Connecticut, Massachusetts,
Pennsylvania, Tennessee, and Virginia all have
programs requiring that proposals be submitted
as a joint venture between a university and a firm.
Often, awards are made on the basis of scientific
and technical merit, followed by potential eco-
nomic benefit to the State. University-industry
relationships in biotechnology are discussed fur-
ther in chapter 7.

Indirect Financial Assistance

States can help small businesses through a va-
riety of in-kind mechanisms, such as site selec-
tion assistance, customized job training, legisla-

tion to assist in capital formation, technical
assistance programs, property tax abatement, and
income tax credits.

Incubator Facilities.—Research incubators pro-
vide low-cost office and laboratory space for
entrepreneurs and struggling firms. Arkansas,
Colorado, Illinois, Maryland, Massachusetts, and
New York have constructed or are planning to
construct incubator facilities specifically for bio-
technology companies.

The Biomass Research Center at the University
of Arkansas, Fayetteville, operates a biotechnol-
ogy business incubator. Funds for the incubator
were awarded by the Arkansas Science and Tech-
nology Authority. The Catalyst Bio Technology In-
dustrial Incubator Project in Louisville, CO, is a
public-private venture involving a consortium of
corporate research facilities and staff of the
University of Colorado at Boulder, Colorado State
University in Fort Collins, and the Colorado School
of Mines.

The College of Agriculture at the University of
Illinois plans to build a business incubator at its
research farm where scientists from industry can
use university research to develop and market
new farm products. Businesses will be selected
for participation on the basis of their potential
for developing a marketable product (within 2 to
3 years) that could be manufactured in the State
and be used to help Illinois agriculture. An 11-
member committee of farmers, agribusiness rep-
resentatives, and university faculty will review
proposals to select companies. The lllinois Depart-
ment of Commerce and Community Affairs has
awarded a $200,000 grant to the incubator. The
university will contribute an additional $400,000.

Tax Incentives.—Taxes are important to small,
expanding high-technology companies because
cash flow is critical. State and local taxes take cash
from a company when they need it most, at the
outset of business when little or no revenues are
being generated. Recognizing this, most States of-
fer some type of tax incentive for business expan-
sion. Efforts to provide incentives for high-tech-
nology companies have increased recently.

In 1981, California eliminated taxes on capital
gains for investments in eligible “small business
stock” held for 3 or more years, a novel approach
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that encouraged additional venture capital invest-
ments in startups and other small businesses. The
State of Indiana allows a tax credit of 30 percent
on individual investments in a venture capital pool
administered by the Indiana Corporation for In-
novation Development (15). Minnesota encourages
technology development and spin-offs by offer-
ing a tax credit of 30 percent of the value of the
technology transfer that occurs when a small busi-
ness is spun off from a parent firm.

Arkansas offers State R&D tax credits, and lowa
offers property tax abatement and State income
tax credits for high-technology firms.

Information and Technical Assistance.—Ac -
cording to a 1983 survey by the Council of State
Governments, 48 States offer general business in-
formation or related technical assistance (10). This
assistance may include site location, permits, la-
bor force availability, or accessibility to databases,

Increasingly, States are designing technical assis-
tance programs to match innovators with inves-

tors. A venture capital network created in New
Hampshire consists of databases of entrepreneurs
and their ideas and individuals wanting to make
investments. The Wisconsin Innovation Center
helps inventors evaluate the commercial feasibil-
ity of their ideas and inventions. Only one State
has designed a program specifically for biotech-
nology companies: the North Carolina Biotechnol-
ogy Center has compiled a compendium of North
Carolina scientists conducting biotechnology re-
search and a list of North Carolina biotechnology
companies and their activities.

Arizona, Kansas, and New York have programs
to assist companies applying for Federal Small
Business Innovation Research (SBIR) dollars. In Ar-
izona, the Arizona Innovation Network and Ari-
zona State University have formed a consortium
that is expected to help small technology compa-
nies reap the benefits of the SBIR program. New
York State sponsors the SBIR Promotion Program.
Chapter 3 describes the extent to which SBIR funds
have been used to assist biotechnology firms.

THE NATIONAL SCIENCE FOUNDATION EXPERIMENTAL
PROGRAM TO STIMULATE COMPETITIVE RESEARCH

For a few States, Federal assistance has provided
a new opportunity for developing biotechnology.
In 1978, the National Science Board of the National
Science Foundation (NSF) responded to concern
over the geographical distribution of awards by
initiating the Experimental Program to Stimulate
Competitive Research (EPSCoR). This program
aims to improve the quality of the science and
engineering research environment in States that
are least successful in competing for Federal R&D
awards.

The EPSCoOR program is conducted in two phases:
a planning Phase A and an implementation Phase
B. In Phase A, States are given nine months and
a $125)000 planning grant to assess their science
and technology base and to develop a 5-year re-
search improvement plan. Phase B awardees re-
ceive additional funds to enhance their scientific
and technical base. Awards are based on scien-
tific merit and local commitment to improving sci-
ence and engineering. In the first round—1985—

NSF awarded 5-year Phase B grants ranging from

$2.4 million to $2.9 million each to Arkansas,
Maine, Montana, South Carolina, and West Virginia.

In 1986, the National Science Board awarded
Phase B grants totaling $23.5 million to another
set of jurisdictions—Alabama, Kentucky, Nevada,
North Dakota, Oklahoma, Puerto Rico, Vermont,
and Wyoming. In turn, the States and Puerto Rico
pledged a total of $67.9 million to help implement
their EPSCoR programs.

At least five States plan to use the EPSCoR funds
to build on their expertise in biotechnology:

* Vermont will use the funds to create faculty
positions in recombinant DNA and molecu-
lar biology at the University of Vermont (4).
The State plans to match the EPSCoR funds
with $300,000 to fund research projects in
areas relevant to biotechnology.

* In North Dakota, the EPSCoR funds are con-
tributing to a $250,000 program in Cellular
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and Molecular Biology at North Dakota State
University (3).

. The Montana Science and Technology Alli-
ance has targeted biotechnology as one of
eight technology areas under consideration
for funding.

. The University of Kentucky has designated
biotechnology as one of the Centers of Excel-
lence in its 5-year plan and the EPSCoR plan.
EPSCoR funds are dedicated to a Membrane
Sciences Research Program in a newly formed
Biotechnology and Genetic Engineering Work-
ing Group.

SUMMARY AND

Thirty-three States reported to OTA that they
are actively engaged in some form of promotion
of biotechnology research and development, as
a means of academic excellence in their colleges
and universities, and as a path to economic devel-
opment. Six additional States are studying the fea-
sibility of a special initiative within their borders.
Clearly there is room for many players, and the
Nation will benefit from the role that States can
play in funding basic and generic applied research
in biotechnology. Whether these programs will
yield returns within an acceptable policy cycle will
depend on the patience and commitment of State
policy makers and their public. It is inevitable that
States will compete with each other in the race
for excellence in biotechnology. Many factors con-
tribute to a firm’s decision to locate within a State.
New State programs to attract firms and faculty
can only address some of those factors. At best,
this interstate competition will create the net ef-
fect of a positive business environment in most
States and localities. Furthermore, as biotech-
nology firms establish separate manufactur-
ing facilities, a new set of criteria could influ-
ence site selection than was used in siting R&D
facilities.

The early influx of Federal dollars into defense
and aerospace research in regions such as Re-
search Triangle Park, Route 128, and Silicon Val-
ley played a major role in establishing a success-
ful high-technology economy for North Carolina,
Massachusetts, and California, respectively. These

* In Oklahoma, $303)000 and $323,000 of the
EPSCoR funds were spent on biotechnology
in fiscal year 1986 and fiscal year 1987 re-
spectively.

While it is too early to assess the extent to
which EPSCoR funds will help certain States
gain a foothold in biotechnology it is clear that
biotechnology is a field some States had in
mind when developing their strategic plan for
Phase A of the EPSCoOR program.

CONCLUSIONS

three well known regions of high-technology de-
velopment owe their early growth and success,
in large measure, to Federal spending for R&D.
In the future, no one region or State maybe able
to dominate Federal funds in the manner these
States have in the past. Federal research dollars
are now more widely disseminated. However,
those States with universities that receive a large
share of Federal biological and biomedical re-
search funding will retain an advantage over those
that are still struggling to establish a strong re-
search capability.

It is too early to tell who the winners will
be. The only available measures of strategic po-
sition to date are the age of the program, the
size of its budget, and the number of biotech-
nology companies already established within
a State’s borders. The oldest biotechnology
program—-in North Carolina-is only in its seventh
year. And although it is the oldest program, it is
not funded at the highest level.

The problem of inadequate and differing per-
formance measures will remain. Some States will
consider their programs a success if they achieve
research excellence in their universities. others
will measure success by the growth of the bio-
technology industry within their borders. Ulti-
mately, the success of a State initiative must be
judged from the State or local perspective. Offi-
cials with a long-term view and the patience to
wait will realize that the benefits of investment
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in biotechnology may be far in the future. Bio-
technology is not a big employer. Small biotech-
nology companies do not require large physical
plants. Biotechnology is a research-intensive field
with a longer lead time to the marketplace than
other fields, particularly in view of the need for
regulatory review of many of its products. In this
sense, biotechnology differs greatly from other
high-technology areas, such as microelectronics,
where the time between invention and sales can
be relatively short. The real payoff to investment
in biotechnology probably will be technologically
based. That is, strategic investment in biotechnol-
ogy may Yyield applications (e.g., new crops, pesti-
cides, or health care) that might genuinely effect
change in the State’s economic or industrial base.
Thus, it will be more the application of the
technology that transforms the economy, not
a new work force or a taxable physical plant.

The mode and philosophy of economic devel-
opment varies greatly from State to State. Those
States with the earliest and most ambitious pro-
grams, such as North Carolina, Massachusetts, and
New Jersey, have all had strong leadership from
the Governor’s office. In each of these States, the
Governor assumed the role of chief economic de-
velopment officer, making a profound impression

by his personal involvement in the economic de-
velopment process. State biotechnology programs
with strong support from their governor could
fare better than those trying to muster resources
haphazardly without an explicit executive en-
dorsement.

Initiatives need to be keyed to each State’s ex-
isting economic and academic base, The develop-
ment of high-technology industry results from
close cooperation with academic centers of ex-
cellence, the availability of highly skilled labor and
sufficient risk capital, aggressive venture capitalists,
and proximity to Federal research dollars and fa-
cilities.

Long-term research programs run counter to
the tradition of quick turn-around on State in-
vestments. But States could lead all levels of
government in the design of applied research
programs and could succeed in areas where
the Federal Government will not. For those
States able to sustain their investment for a pro-
longed period of time, biotechnology could serve
them and the Nation well. States facing fiscal
stress, educational insufficiencies, and severe un-
employment could find such long-term investment
a difficult prospect.
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Chapter 5
U.S. Commercial Biotechnology

"Biotech company officials are spouting projections that have no reality. They whip up the
public's imagination every time they rinse out a petri dish.”

George Sasic

Thomson McKinnon Securities

Changing Times 6-21-87

"Keep on dancing-—but choose partners carefully.”

Peter Drake
Kidder Peabody

"I believe God created stockbrokers so they can tell biotech managers how to promote their
companies effectively. ”
Richard A Bock

Bear, Stearns & Co.
Bi o/ Technol ogy, October



CONTENTS

Page
INtrodUCTION . . . . .. 77
Profile of Commercial Biotechnology . . . . ... ... ... .. . . . . . . 78
Formation and Growth of U.S. Commercial Biotechnology . . . ... ........... 78
Areas of Commercial Application . . . ... .. . 79
R&D Investment in Biotechnology . . . . ... .. ... .. .. . .. 80
Sources of REVENUES .., . . . . oo 81
Financing of Dedicated Biotechnology Companies . . . .. ......... ... ....... 82
Levels of FINanCing . . . . . . ..o 83
Sources of INnvestment . . . . . . ... . 83
Collaborative Ventures in Biotechnology . . .. ....... ... ... .. . . .. . 87
U.S./Foreign Collaborative Ventures . . . .. ... ... . . . . 90
Summary and Conclusions . . . . . . ... . 92
Chapter 5 References . . . . . ... 93
Figures
Figure Page
5-1. Founding of U.S. Dedicated Biotechnology Companies, 1971-86 . . . . ... .. .. 79
5-2. Mean R&D Budgets for U.S. Dedicated Biotechnology Companies . . . . ... .. 81
5-3. Sources of Investment in Commercial Biotechnology . . .. ... ............. 83
5-4. Capital Raised in Public Offerings for Biotechnology . . ... ............... 86
5-5. Collaborative Ventures of U.S. Biotechnology Companies, 1981-86 ....,.... 88
5-6. Country of Private Investor . . . .. ... .. .. . . e 90
Tables
Table Page
5-1. Areas of Primary R&D Focus by Biotechnology Companies . . . .. ... ...... 79
5-2. Levels of Financing of Dedicated Biotechnology Companies . . . . .. ... ... .. 83
5-3. Funds Raised by Dedicated Biotechnology Companies, 1980-87 . . . ... .. .. .. 84
5-4. Collaborations Between U.S. Firms and Between U.S. and

Foreign Firms, 1981-86 . . . . .. . ... ... . . .. . .. T < 1 |

5-5. Collaborative Ventures Between U.S. Dedicated Biotechnology Companies
and Foreign Corporations, 1981-86 . . . . . . ... ... .. ... ... 90

5-6. U.S./Japanese Joint Actions in Biotechnology, 1981-86 . . ... ... ........... 91



Chapter 5

U.S. Commercial Biotechnology

INTRODUCTION

Huge public and private investments have been
made in biotechnology since the venture capital
community first recognized the potential profit-
ability of Genentech, the first dedicated commer-
cial biotechnology company to go public. Since
the formation of Genentech in 1976, several hun-
dred companies have formed, and major U.S. cor-
porations have invested considerable sums in re-
search and development (R&D) in biotechnology.

Biotechnology has captured the interest of the
public and Wall Street, yet both have been occa-
sionally disillusioned by the risks and revised time
frames for introducing commercial products. Fi-
nancial markets have reflected the turmoil of reg-
ulatory uncertainties, imbalance in the public mar-
kets of supply and demand of biotechnology
stocks, the high value of the dollar, disinflations,
and economic adjustments (25). There is no doubt
that biotechnology has arrived as an important
tool for industrial innovation; the question remains
how the private sector will divide the processes,
products, and proceeds of its development and
sales. The comparatively smaller biotechnology
companies continue to provide many of the in-
novative new ideas although larger, established
corporations are increasingly improving their in-
house R&D potential. Mutually beneficial arrange-
ments have been worked out between the two
groups,

For the purpose of this report, OTA designates
firms as either dedicated biotechnology compa-
nies (DBCs) or large, diversified companies em-
ploying biotechniques. DBCs (referred to as new
biotechnology firms or NBFs by OTA in 1984) are
entrepreneurial ventures started specifically to
commercialize innovations in biotechnology (35).
Because many of these firms are no longer new,
and some are quite established, the term “dedi-
cated biotechnology companies” is more likely to
stand the test of time than the early term NBF.
Largely diversified companies commercializing
biotechnology tend to be older and pursue multi-

ple product lines, many unrelated to biotech-
nology.

This chapter reports on two surveys conducted
by OTA in 1987." The original 296 U.S. dedicated
biotechnology companies contacted were chosen
for their direct and focused involvement in re-
combinant DNA technology, monoclinal antibod-
ies, and cell culture. The sample was developed
from several directories of biotechnology firms
compiled annually, including: Sittig and Noyes
Directory of Biotechnology Companies; Walton
and Hammer Genetic Engineering and Biotech-
nology Yearbook; Genetic Engineering News
Directory of Biotechnology Companies; Bioengi-
neering News Bi0l000; and SCRIP Directory of
Biotechnology Efforts in Pharmaceuticals. Of the
296 companies contacted, 136, or 46 percent, re-
sponded to the survey questionnaire. Survey data
were supplemented, where possible, with press
reports, annual reports, and other public infor-
mation. Companies responded to questions regard-
ing level of R&D investment, number and nature
of employees, methods of financing, patent ex-
pectations, and product lines. A list of dedicated
biotechnology companies, identified by OTA as
of January 1988, appears in appendix A. More
companies were identified than surveyed.

In 1987, OTA surveyed 53 large corporations
known to be investing in biotechnology R&D ei-
ther in-house or through strategic alliances with
DBCs. Companies were selected from previous
OTA databases, trade associations, publications,
and personal communications with biotechnology
industrialists, Companies were asked to report on
the level of investment in biotechnology R&D,
commitment in terms of full-time employees,
sources of innovation, existing and expected bio-
technology product lines, patent applications, and

'The North Carolina Biotechnology Center conducted a survey,
under contract with OTA, of dedicated biotechnology companies.
The Center for Survey Research in Boston, MA, under contract with
OTA, surveyed large diversified companies.

77
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use of trade secrets. A list of corporations identi-
fied by OTA as being involved in biotechnology
also appears in appendix A.

The data collected from these two surveys are
limited. Ideally, the best way to measure invest-
ment would be to first identify, then survey each
and every firm involved in biotechnology. Iden-
tification of firms is itself problematic. New firms
form, and others go out of business or are ac-
quired. Some firms call themselves biotechnology
companies when, in fact, they do not meet the
OTA definition. Other more traditional firms may
be conducting important research in biotechno-
logical areas, but do not consider themselves bio-
technology firms, and do not identify themselves
as such. Large corporations maybe multinational,
with several subsidiaries, making identification of
programs and budgets complex.

Even after compiling a reliable list, there is the
additional problem of gathering information from

the companies identified. Firms that are privately
held-as defined by the Securities and Exchange
Commission-often do not wish to divulge finan-
cial information, inevitably resulting in under-
counting. Some forms of investment by public
firms, such as research contracts or licensing
agreements, need not be divulged, compounding
the problem. Thus, any accounting of total pri-
vate investment in biotechnology is likely to
be an underestimate.

In addition to discussing the results of these sur-
veys, this chapter reports on an analysis of 552
collaborative ventures between U.S. firms and be-
tween U.S. and foreign firms that occurred be-
tween 1981 and 1986. Collaborative business
ventures between U.S. firms have risen stead-
ily over the pasts years, while those between
U.S. firms and foreign firms have remained
stable.

PROFILE OF COMMERCIAL BIOTECHNOLOGY

While biotechnology has taken on a “trade” sta-
tus with its own firms, newsletters, investment
funds, and regulations, it is not a single industry
but a set of enabling technologies applicable to
a wide range of industries. Thus, the term ‘(the
biotechnology industry” is somewhat of a mis-
nomer. The industry is by no means homogene-
ous, but comprised of many sectors, each facing
its own unique advantages and hurdles.

Within the broad categories of DBCs and large,
diversified corporations are many traditional in-
dustrial sectors: pharmaceuticals, plant and ani-
mal agriculture, chemicals, energy, waste man-
agement, and ancillary industries that will supply
users with equipment, reagents, and information
systems. Each sector faces different financial mar-
kets, public markets, regulatory requirements, in-
tellectual property issues, personnel needs, and
gaps in knowledge needed for commercialization.
As the tools of biotechnology are integrated into
various sectors, the barriers to commercialization
more closely resemble those facing the entire sec-
tor or those historically faced by entrepreneurs
or multinational corporations-evidence of the
growing maturity of biotechnology as an integral

part of modern industry. An in-depth discussion
of investment and commercialization issues in hu-
man therapeutics, plant agriculture, and hazard-
ous waste management appears in chapters 9, 10,
and 11.

Formation and Growth of U.S.
Commercial Biotechnology

The boom for founding dedicated biotechnol-
ogy companies occurred between 1980 and 1984.
During these years, approximately 60 percent of
existing companies were founded. Figure 5-1 il-
lustrates the number of biotechnology companies
founded per year between 1971 and 1986. The
peak year was 1981, with nearly 70 new firms
formed.

OTA verified that, as of January 1988,403 dedi-
cated biotechnology companies are in business and
are actually working in the area of biotechnol-
ogy. In addition to the presence of DBCs, over the
past 5 years, major U.S. corporations have increas-
ingly invested large sums in in-house biotechnol-
ogy research and in joint ventures, acquisitions,
licensing, and marketing agreements with smaller
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Figure 5-l. -Founding of U.S. Dedicated
Biotechnology Companies, 1971-86
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biotechnology companies, and in research con-
tracts with universities. OTA identified 70 major
corporations with significant investments in bio-
technology (see app. A) of which 53 participated
in a 1987 survey. It is important to note that some
are subsidiaries of others, and others conduct their
biotechnology research solely overseas.

The “biotechnology industry,” if measured by
the entry of new, small companies in the field,
has most likely stabilized. Some analysts would
contend that, due to consolidation within the in-
dustry and the predominance of a few firms, the
number of viable DBCs is actually shrinking. The
industry as measured by the amount of money
invested by large diversified corporations and
DBCs, however, is growing.

Areas of Commercial Application

A human health care focus—therapeutics and
diagnostics-continues to dominate both biotech-
nology R&D and the market in terms of volume.
Human health care comprises the primary bio-
technology work of 39 percent of DBCs and 37
percent of large, diversified companies. Human
therapeutics clearly dominate the focus of most
firms, large and small, Among the DBCs, thera-
peutics represent the primary interests of 21 per-
cent of the respondents; the percent is slightly
larger among corporate investors at 26 percent.
Human diagnostics rank second as an area of R&D
focus by DBCs (18 percent) but fourth by larger
companies (11 percent), Therapeutics and diag-
nostics are considered separately because they
tend to be pursued by different industries and
are regulated differently by FDA (ch. 9). The strong
focus on human health care products by DBCs
is not unexpected. Historically, capital availabil-
ity has been greater for pharmaceuticals than for
food or agriculture because of greater market re-
ward (3).

Animal health and agriculture are the focus of
14 percent of DBCs and nearly 21 percent of large,
diversified companies. Chemicals (commodity and
specialty such as polymers, enzymes, and addi-
tives) are the focus of 7 percent of DBCs, but 21
percent of the corporate sample. It is not surpris-
ing that pharmaceuticals and chemicals rate first
and second as the areas of application pursued
by the latter, since the pharmaceutical and chem-
ical sectors have been the most active in terms
of R&D investment in biotechnology. Table 5-I

Table 5-1 .—Areas of Primary R&D Focus by Biotechnology Companies

Dedicated biotechnology companies Large, diversified companies

Research area

Number (percent) Number (percent)

Human therapeutics . ... ......... .. i 63 (21) 14 (26)
DIiagnostiCs . . . .t 52 (18) 6 (11)
Chemicals. . . ... 20 (7) 11 (21)
Plant agriculture . . ... ... .. .. 24 ( 8) 7 (13)
Animal agriculture. . .. ... L 19 (6) 4 (8)
Reagents. . ... 34 (12) 2(4)
Waste disposalftreatment . . . ....................... 3(1) 1(2)
Equipment . . ... ... 12 (4) 1(2)
Cellculture. . . ... o 5(2) 1(2)
Diversified . .. ... . 13 (4) 6 (11)
Other . ... 51 (18) 0 (0)

Total . ..o 296 (100) 53 (loo)

SOURCE: Office of Technology Assessment, 1988.
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compares the fields of commercial application pur-
sued by both groups.

The production of biotechnology reagents, such
as restriction enzymes and recombinant DNA vec-
tors, also ranks high among DBCs (12 percent).
It is possible that the number of biotechnology
suppliers will grow as routinization and standard-
ization of many biotechnology processes occurs.
Several small firms may find their niche as the
supplier of specialized reagents. The same is true
for equipment. Equally likely is the possibility that
companies will turn in-house for these services,
requiring less dependency on outside interests.

Most DBCs that responded to the OTA survey
reported that 100 percent of their efforts are bio-
technology-related. On the average they report
that recombinant DNA technologies assist them
in approximately 44 percent of their work, use
of monoclinal antibodies underlies 36 percent of
their work, and cell culture contributes to 31 per-
cent of their work,

Anticipated product Lines of
Corporations Investing in Biotechnology

Table 5-1 lists the areas of application invested
in by U.S. corporations investing in biotechnol-
ogy. Eighty-nine percent expect that they will de-
velop product lines in those areas within the next
5 years. Interestingly, nearly half of the corporate
representatives stated that the anticipated prod-
uct lines were different from current product
lines. Twenty-eight percent indicated that the bio-
technologically derived product lines were not at
all like current products, indicating a trend in
using biotechnology as a means of diversification.
Forty percent felt that anticipated products de-
veloped from biotechnology were similar to ex-
isting products.

R&D Investment in Biotechnology

Biotechnology companies, more than others, are
driven by R&D, relying on eventual conversion
of the R&D into revenues. Funding and building
R&D will remain a key component of the busi-
ness strategy of DBCs until they have products
requiring heavy financial commitments to regu-
latory review, manufacturing, and marketing.
Established corporations have either created new

biotechnology R&D initiatives in-house, redirected
existing R&D efforts, or invested in biotechnol-
ogy R&D conducted by other firms or university-
based scientists.

Based on responses to a 1987 survey, OTA
estimates that 403 DBCs invested about $1.2
billion in biotechnology R&Din 1987, and ma-
jor corporations invested more than half that
amount or $0.8 billion. Because there is a good
possibility that some double counting may oc-
cur due to collaborative ventures between the
two groups, the combined industrial invest-
ment in biotechnology R&D is most likely in
the range of $1.5 to $2.0 billion in 1987. This
estimate approximates that generated by the Na-
tional Science Foundation where biotechnology
R&D performance by industry was estimated to
be $1.4 billion in 1987 (29). Industrial investment
in biotechnology R&D, therefore, is roughly two-
thirds that of Federal spending.

R&D Budgets of Dedicated
Biotechnology Companies

The R&D budgets for dedicated biotechnology
companies surveyed by OTA had a mean of $4
million per firm, or more than 40 percent of the
expected revenues. The range of responses from
108 companies was $10,000 to $45 million. The
median response was $1.5 million. Genentech, for
example, spent $80 million on R&D in 1986 (18).
Skewing of the OTA data could be caused by the
therapeutics firms, which tend to have, on aver-
age, R&D budgets of close to $9 million, higher
than firms in other sectors. Differences in the size
of R&D budgets are illustrated in figure 5-2.

R&D budgets are more than four times larger
in public companies than in private companies.
As would be expected, R&D budgets in dollar
terms increase with company size, but consume
the largest portion of expenditures for medium-
size firms. This is most likely due to the high
administrative start-up costs of small firms, the
diversion of funds to other activities in large com-
panies, and economics of scale for R&D activities.
In any event, there are numerous complexities
involved in measuring R&D budgets at the firm
level, and it is difficult to conclude whether R&D
activity, as opposed to budgets, really varies uni-
formly with firm size (23).
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Figure 5-2.-Mean R&D Budgets for U.S.
Dedicated Biotechnology Companies
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R&D Investment by Major
U.S. Corporations

Based on the responses of the 53 major corpo-
rations responding to the OTA survey, OTA ex-
trapolates that corporate investment in biotech-
nology R&D approximated $0.8 billion in 1987.
These companies dedicate 20 percent of their to-
tal R&D expenditures to work specific to biotech-
nology. Responses ranged from annual R&D ex-
penditures of $10,000 to $150 million. The mean
annual biotechnology R&D budget for these com-
panies was $11 million in 1987.

Ninety-six percent of the respondents indicated
that at least some of this R&D was conducted in-
house, but 83 percent indicated that some of the
research is conducted by outside firms or univer-
sities. only four percent of the companies re-
sponded that none of their biotechnology R&D
is conducted in-house. Thus, major corporations
are building their in-house R&D capabilities while
simultaneously complementing their research
with outside sources of innovation. Collaboration
between DBCs and major corporations is discussed
later in this chapter.

Sources of Revenues

Gathering reliable information about actual
sources of revenue in biotechnology companies
is a difficult task, given the small number of prod-

ucts being marketed and the multiple sources of
revenue available to firms. Numbers concerning
products and sales can be deceiving. Plant agri-
culture seemingly leads in expected revenues be-
cause firms in this area are most probably also
seed companies that rely on sales of seeds to fund
their R&D. Diagnostics receive only about 10 per-
cent of the overall R&D investment but account
for about 55 percent of product sales (25). Reve-
nues for diagnostics also currently lead therapeu-
tics in sales due to the longer testing and approval
process for therapeutics.

Besides being difficult to determine whether rev-
enues have increased due to bigger research
agreements or sales, it is often not entirely clear
to what extent biotechnology products account
for those sales being reported. Many companies
are selling services or related products but have
not yet sold a product directly derived from their
biotechnology R&D. To date, no biotechnology
company has been able to report a profit solely
from the sale of biotechnology products (6).

Calgene is a case in point. In July 1986, Calgene
forged agreements with Procter & Gamble and
Philip Morris Co. and expanded its contracts with
Campbell Soup and Rhone-Poulenc Agrochimie.
It also acquired Agro Ingredients, a marketer of
specialty plant oils and ingredients to industrial
users and food processors. Calgene also signed
an agreement with Ciba-Geigy. As a result of these
new contracts, Calgene’s product development
revenues jumped 217 percent. Sales, which were
zero the year before, totaled $882,000 as a result
of the Agro Ingredients acquisition. Overall, Cal-
gene’s total revenues rose 465 percent to $2.1 mil-
lion while their net loss narrowed to $329,000
from a previous year deficit (38).

Sales projections for the total industry are
remarkably different, even one year into the fu-
ture. One analyst predicts total industry product
revenues to be about $75 million in 1987 (31).
Another projects industry sales to approach $1
billion in 1987 (25). Presumably, the difference
in projections can be attributed to what is being
counted. For example, firms might include in their
revenue totals the sale of non-biotechnology items
or the sale of instrumentation, equipment, and
supplies essential to biotechnology R&D.
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Industrial biotechnology manufacturing tacility.

In calculating the worth of commercial biotech-
nology, most financial analysts limit their estimates
primarily to biotechnology-based human health

FINANCING OF DEDICATED

Investors have staked more than $3 billion on
biotechnology between 1976 and 1986 (11). It is
significant, however, that 80 percent of the dol-
lars have been raised by 10 companies (2). Financ-
ing of biotechnology, in terms of DBCs, is quite
concentrated.

Dedicated biotechnology companies have relied
heavily on two funding mechanisms to finance
their research and development: equity invest-
ments and joint ventures. Equity investments in
DBCs maybe by individuals, small financial insti-
tutions, or corporations trying to gain a foothold

care products. No good data are yet available on
sales in other sectors. The current list of human
therapeutics derived from biotechnology approved
for sale is still very short: human insulin, human
growth hormone, alpha-2 interferon, a monoclinal
antibody for reversing kidney transplant rejec-
tion, a hepatitis B subunit vaccine, and tPA. Most
biotechnology products so far have been mono-
clonal antibody diagnostic test kits and gene probes;
there are almost 200 monoclinal-based diagnos-
tic kits. Kit sales were $150 million in 1985 (1).

Again, aggregate revenue figures can be skewed
by the performance of a few firms. In the first
qguarter of 1987, revenues increased sharply and
losses narrowed at the leading four or five DBCs.
Rises were related to either increased product
sales or more extensive collaborative arrange-
ments with other companies. In 1985, Genentech
posted revenues of $90 million and Cetus posted
at $57 million, but sales of products accounted
for only $5.1 and $1 million, respectively. Most
other companies were far behind in reported rev-
enues (less than $10 million) ().

Even one company can skew the market aver-
ages. For example, of 18 companies analyzed in
one study, total industry losses in the first quar-
ter of 1987 were $15.3 million, but $5.4 million
of those losses belonged to Monoclinal Antibod-
ies (33), Firms record net losses as they increase
their operating costs associated with proprietary
research and product development.

BIOTECHNOLOGY COMPANIES

in the technology. The corporate source of invest -
ment is the fastest growing, rising steadily since
1983 (see figure 5-3).

The OTA survey of major corporations found
that 83 percent invest in R&D conducted outside
the company, either by DBCs, universities, or both.
Corporations can invest in DBCs through equity
or collaborative ventures. Equity investments in
DBCs by large, established firms tend to be more
passive, allowing the larger companies the oppor-
tunity to keep abreast of new developments. Col-
laborative ventures, on the other hand, usually
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Figure 5-3.-Sources of Investment
in Commercial Biotechnology
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involve R&D contracts or product licensing agree-
ments, with the larger firm often handling the
final development, approval, manufacturing, and
marketing of the product. The DBC receives royal-
ties from the sale of the product and usually re-
tains patent rights.

The sources of funding for DBCs tend to de-
pend on company maturity and size. An increas-
ing number of firms are turning to public offer-
ings and corporate equity investment as their
source of funding as they mature, but venture
capital and private equity placement are the main-
stay of start-ups. Over time, the average company
shows a decreased dependence on private invest-
ment, a doubling of U.S. equity holders, and a 10-
fold increase in public stock offerings.

In addition, global markets have emerged,
facilitating multi-source funding for the more se-
cure firms. The bigger companies, such as Genen-
tech and Cetus, are able to go overseas and ac-
cess the Eurobond markets. In addition, the
Japanese markets have opened.

Methods of financing differ from field to field.
OTA found that DBCs focusing on therapeutics
are more likely to be publicly held than any other
type of firm (57 percent). Plant agriculture firms
are less often publicly held (20.8 percent), and spe-
cialty chemical firms are least likely to have gone
public (17.6 percent). In 1987, six agricultural bio-
technology firms issued an initial public offering,
indicating a shift toward public capital in the fu-

ture as they require additional financing to bring
their products to the market.

Levels of Financing

Ninety-four DBCs responded in full to OTA re-
quests for financial information. To date, levels
of financing are five times higher in public com-
panies than in private companies. As would be
expected, financing is much higher in large com-
panies (average 267 employees), exceeding that
in small companies (average 11 employees) by
nearly 20-fold.

Of those companies reporting on levels of financ-
ing, 73 percent appeared at $1 million to $50 mil-
lion. Responses ranged from $10,000 to $320 mil-
lion. The median response was $8 million. Values
are depicted in table 5-2. Companies involved in
human therapeutics report more than twice the
average level of financing of all companies. Com-
panies developing biotechnology reagents re-
ported the least amount of financing (about one-
third the average).

Sources of Investment

According to one analyst, total private invest-
ment in U.S.-based biotechnology through the end
of 1985 was over $4 billion (27). These figures
break down to 65 percent equity purchase ($2.581
billion), 15 percent contract research and joint ven-
ture ($578 million), 14 percent research and de-
velopment limited partnerships (RDLPs) ($558 mil-
lion), 6 percent grants to universities ($260 million),
and 1 percent product license agreements ($4
million).

Table 5-2.—Levels of Financing of Dedicated
Biotechnology Companies

Level of financing ($ millions) Percent of companies

0to 0.1 ... i 5.3
01t005. ... ... 6.4
05t01 ... ... 1.4
105 . 255
5010 ... .. 13,8
10t050 . ... 34.0
50t0100.......... .. 5.3
100PIUS . o oo 2.1

The range is $10,000 to $320,000,000.
The median value is $8,000,000.

SOURCE: Office of Technology Assessment, 1988.
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The dominant investment area is health care
applications: cancer therapeutics at 43 percent
($1.7 billion), other therapeutics at 19 percent
(%773 million), and diagnostics at 13 percent ($519
million), totaling 75 percent of all investment. Agri-
cultural applications, plant and animal, have re-
ceived only 16 percent of the total investment,
with crop or plant improvement receiving 12 per-
cent, or $479 million, and agrichemicals receiv-
ing 4 percent, or $154 million (27).

Analysts are more likely to agree on levels of
investment than they are sales. One estimates that
$3.01 billion has been raised by dedicated biotech-
nology companies from 1980 to mid 1987. In-
cluded in this estimate is capital raised through
major R&D partnerships and corporate equity in-
vestments, plus convertible debt (2). The break-
down per year is shown in table 5-3.

Venture Capital

Practically all DBCs in existence have been the
recipients of some level of venture capital, either
from institutional or corporate venture capitalists.
Approximately $775 million of venture capital was
invested in biotechnology between 1976 and 1986,
but half of that investment occurred in 1981 and
1982. Since 1982, an average of ten new compa-
nies per year have been financed by venture cap-
ital (9). Venture funding is not as sensational as
it was 5 years ago, but venture funds remained
available until the stock market crash of October
1987 (2)10). Until October 1987, OTA found no
evidence that venture capital funds for biotech-
nology had diminished. There is some evidence,
however, that venture capitalists are more sophis-

Table 5-3.-Funds Raised by Dedicated
Biotechnology Companies, 1980-87

Year Capital raised (millions)
1980 . . oo $ 43
1981 .. 140
1982 .. 210
1983 . . 542
1984 .. 165
1985 . . 249
1986 ... oo 960
1987 (through July) . . ........... 704
Total . ............ ... ....... $3,013

SOURCE: M. Kathy Behrens, personal communication, 1987.

ticated, and therefore more conservative, in their
investment choices (36).

OTA found that the percentage of DBCs rely-
ing primarily on venture capital for financing (over
half of their source of funds) dropped from 25
percent in their first year of operation to 15 per-
cent now. As companies grow, they maintain their
emphasis on venture capital, but increase their
use of private equity holdings, debentures, and
bank borrowings (39). Cumulatively, venture and
other fund managers have provided 12 percent
or $500 million of total financing. Venture funds,
by the nature of their providers, tend to be short
term, and they have served early-stage financing
needs of many companies. As the companies con-
tinue to mature, venture capitalists may be less
willing to finance forward integration.

Research and Development Limited
Partnerships (RDLPs)

An important funding mechanism for the bio-
technology industries has been research and de-
velopment limited partnerships (RDLPs). Almost
25 percent of the dollars collectively invested in
biotechnology have come from RDLPs (22). RDLPs
have been described by a Commerce Department
official as being a management concept and an
off-balance-sheet funding source (24). They allow
individuals or companies to invest in a firm’s R&D
and write off the investment as an expense. In-
vestors become limited partners and are entitled
to royalty payments from future sales. The royal-
ties are then taxed as capital gains. RDLPs pro-
vide start-up companies with a source of funding
and transfer much of the risk of research and de-
velopment of a new product to the limited part-
ners who have acquired shares in the ventures.
They are often seen as an alternative financing
mechanism to venture capital companies, and pro-
vide a vital source of capital for start-up com-
panies.

There are obvious advantages to both the spon-
soring company and its limited partners. RDLPs
allow a company to avoid early negative cash flow
and permit the sponsor to use its capital for other
purposes. This is true as long as it can generate
enough cash to make royalty payments to the
limited partners. Before the Tax Reform Act of
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1986 (TRA) (Public Law 99-514), RDLPs were costly
for the Federal Government. As an RDLP project
became more financially successful, it represented
forgone taxes to the government, because some
of the royalty payments could be treated as long-
term capital gains that were taxed at a lower rate
than ordinary income. If the company produced
a patentable product, all of the royalty payments
to the limited partners could be treated as capital
gains. In addition, RDLP limited partners could
use the losses incurred to offset their personal
income, allowing RDLP investors to reduce their
total income and ultimately their bottom-line tax
(22). Now losses can’t be used to offset income
from dividends and interest, rather they can only
be used to offset passive gains from other part-
nership investments. With the passage of TRA,
capital gains rates were phased out, which may
have reduced the desirability of RDLPs because
gains will now be taxed as ordinary income.

Attendees at a 1987 Industrial Biotechnology
Association conference agreed that despite TRA-
which does not allow deductions to be used to
offset salary income—RDLPs remain as an impor-
tant option in the funding of biotechnology R&D
(14). Financial analysts agree that investors will
need near-term cash flow to help offset the loss
of several tax advantages. In addition, biotechnol-
ogy companies will have to make important deci-
sions when determining the size and the content
of the RDLP.

Industry representatives told OTA that although
the potential size in dollar amounts of RDLPs are
quite large, they are not widely available. Larger
companies closer to production and marketing of
products tend to use them more than smaller com-
panies. Recently, companies such as Cetus, Genen-
tech, and California Biotechnology have begun to
buy back the partnerships, taking a one-time
charge against earnings (and a subsequent loss)
to finance the buyouts (5). Repurchasing allows
the DBC to purchase product rights licensed to
the limited partners.

One of the more innovative approaches was re-
cently offered by Cetus. Cetus wanted to form
a European subsidiary for conducting clinical trials
with Cetus’ investigational drugs and use the trials
with results of these studies for product registra-

tion. Funding for this subsidiary, EuroCetus, would
be supplemented by a $100 million RDLP. The
RDLP was available to the public in $10,000 units
with a minimum cutoff of $50 million. The offer-
ing was terminated after $62 million was raised
due to deteriorating market conditions. Some
analysts think this failure reflects a greater skep-
ticism of investors about the ability of DBCs to
develop manufacturing and marketing capabilities
competitive with those of experienced and power-
ful incumbents in downstream sectors (34).

It is not yet clear how well RDLPs will con-
tinue to serve the R&D financing needs of the
industry. A study by Arthur Young found that
RDLPs are significant sources of funds for DBCs
working in diagnostics and agricultural biotech-
nology (39). Others have argued that the market
for RDLPs has all but dried up (15). OTA found
that only three DBCs relied on RDLPs for more
than half their funding. It is likely that RDLPs will
continue to be a substantial financial tool for a
select few firms.

Public Stock Offerings

Increasingly, DBCs have gone public to raise ad-
ditional funds. OTA identified 82 publicly held
DBCs. Of the 60 firms typically followed by Wall
Street, only 27 have been able to raise $4 million
or more at one time between 1981 and 1986 (7).

Currently, equity financing in the public mar-
kets accounts for 36 percent of total financing.
Genentech made a historic public offering in 1980,
when its stock underwent the most rapid price
increase in Wall Street’s history, rising from $35
to $89 per share in the first 20 minutes of trad-
ing. Later that year, Cetus raised $110 million in
an initial public offering. The bull market in bio-
technology had begun and would peak in 1983
(25). More than $500 million was raised for bio-
technology ventures between 1979 and 1983
through public venture capital. This was followed
by a period of disillusionment as investors saw
the reality of the lag time between investment and
payoff. In 1986, the public financing market again
opened its arms to biotechnology; companies
raised $800 million in 1986 through public equity
markets. In the first half of 1987, $357 million had
been raised through public financing, with a
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Media coverage of the 1987 stock market crash.

nearly equal amount still registered with the Secu-
rities and Exchange Commission (17). Biotechnol-
ogy continues to boast the highest price to earn-
ings ratio of any industry (21).

Companies focusing on human therapeutics
tend to have the most public stock offerings,
whereas companies involved in diagnostics, rea-
gents, animal agriculture, and specialty chemicals
have not gone public at the same rate. In 1987,
however, five of the eight biotechnology compa-
nies making initial public offerings emphasized
agriculture (17).

The market valuation for biotechnology prior
to October 19, 1987 was $9 billion to $10 billion,
excluding any participation by companies with di-
verse businesses, such as large drug or chemical
companies. Three to four billion of the total mar-
ket valuation went to Genentech alone. A new
wave of second and third offerings swept Wall
Street in 1986 and early 1987 as some of the more
mature firms financed production scale-ups and
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Figure 5-4.-Capital Raised in Public
Offerings for Biotechnology
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clinical trials. Fifteen companies returned to the
public market in 1986, raising another $390 mil-
lion (15) (see figure 5-4).

In 1986, stocks appreciated in value 60 percent
on average and in 1987, stock climbed another
50 percent in price (25). Approval of new prod-
ucts as well as the presence of takeover bidders,
helped precipitate these gains. However, analysts
estimate that the stock market crash of October
1987 devalued biotechnology companies by 40 to
60 percent on average, reducing total industry
market capitalism to about $4.5 billion. Less flex-
ible venture capital markets are likely to hurt bio-
technology companies because of their capital in-
tensive, cash consuming nature.

Despite the ability of biotechnology firms to raise
capital, industry losses totaled $70 million in 1985
and approached $450 million in 1986. Even Genen-
tech at $60 per share reported earnings of only
$0.18 per share in 1986. Unlike other industrial
sectors, biotechnology is dominated by a few
firms: those able to withstand the consolidation
that occurred between 1983 and 1986. Genentech
has dominated in terms of industry revenues (30
percent), market capitalization (50 percent), and
property, plant, and equipment invested in by the
independent firms (30 percent) (25). In 1987, when
Genentech initially failed to receive FDA approval
for tissue-plasminogen activator (tPA), more than
14 million shares changed hands in a single day,
with its stock plunging $11.50 a share to $36.75.
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The financial activity surrounding biotechnol-
ogy depends heavily on the successes and
failures of the frontrunners.

The status of a company’s product in the regu-
latory process at FDA will continue to affect stock
activity as concerned investors take profits. When
approval is granted expeditiously, the biotechnol-
ogy group gains. If approval is delayed, stock
prices slide. Meaningful operating profits will
eventually be reliable indicators of acompany’s
potential profitability, but for most, it is still an
illusory concept.

Some analysts contend that Wall Street has cre-
ated a false high through hype and overpromo-
tion of “star” companies or products. In August
1986, Endotronics, a Minnesota-based biotechnol-
ogy company, closed at its all-time high of $35.50
a share—130 times the company projected earn-
ings. Eight months later it traded at 75 cents. In
April 1987, it filed for bankruptcy. Critics and com-
pany stockholders contend that the company was
fueled more by its promotion that its potential (31).

In addition, most public stock offerings have
been by pharmaceutically based DBCs. Analysts
are predicting more initial public offerings in the
agricultural field (19). Given the uncertain reg-
ulatory climate prevalent in crop and related
microbial biotechnology, regulatory delays
could have a significant effect on stock prices.

Finally, the bull market that has existed since
1982 has served all biotechnology well. In a bear

COLLABORATIVE VENTURES

Despite the predominance of a few companies,
more than 400 dedicated U.S. biotechnology com-
panies remain in business operating at annual
losses. Alliances between DBCs and between DBCs
and large diversified corporations have become
an important source of funds as alternative
sources become more conservative. Wall Street
relies on corporate alliances as one indication of
the value of the firm (36).

Large, diversified corporations increasingly ac-
cess the potential benefits of these technologies
through their own in-house capabilities, or through
strategic alliances and acquisitions of DBCs. In

market, all but the top ten firms may have to face
serious constrictions on the availability of capital
through the public markets. As Richard Bock
writes (4):

With the first products just coming on the mar-
ket, it’s obvious that biotech shares are not sell-
ing due to earnings, sales, or the payout of divi-
dends. . .. Financial fundamentals eventually will
be important in weighing the worth of biotech
companies, but they are not at this juncture. Anal-
ysis based on financial results alone could lower
biotech stock prices and kill the goose that cloned
the golden egg right in the middle of Wall Street.

Debt Financing

As companies mature, debt financing has be-
come an available means of financing without giv-
ing up equity. A survey of firms conducted by Ar-
thur Young found that 13 percent of the larger
companies made use of bank borrowings as com-
pared to 3 percent of the small firms (39). Genen-
tech, Cetus, and Bio-Technology General have
turned to convertible debt financing in the past
year. DBCs may also raise capital on interest from
short-term loans and industrial revenue bonds.

Debt financing is a sign of maturity for some
firms. Because the company is obliged to service
the debt almost immediately, it must be in the po-
sition of having products nearly ready for mar-
keting. It is not a desirable method of financing
for companies still requiring high cash flows for
R&D.

IN BIOTECHNOLOGY

addition, large corporations are better able to with-
stand the prolonged approval and marketing proc-
esses inevitable in the final stages of product de-
velopment, making alliances with DBCs to acquire
technology.

These collaborative ventures, or strategic alli-
ances, are associations between separate business
entities that fall short of a formal merger, but that
unite certain agreed upon resources of each en-
tity for a limited purpose. They are an important
means for technology transfer: few biotechnol-
ogy companies can conduct all aspects of R&D
from bench to market. Collaborative ventures may
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involve acquisition, equity purchase, licensing
agreements, marketing agreements, research con-
tracts, or joint ventures.

Collaborative ventures have been essential in
the development of industrial biotechnology for
two reasons:

+ They allow small biotechnology-intensive
firms to overcome resource limitations which
may prevent them from developing or mar-
keting a product themselves. Smaller firms
seem to be seeking near-term cash flow to
bankroll their projected growth and gain ac-
cess to the marketing capabilities of large cor-
porations.

+ They allow established companies less costly
methods to develop expertise in areas in
which they lack in-house capability. Benefits
for the large firms in such arrangements are
primarily access to cutting edge research and
highly trained scientists.

Collaborative ventures can create a protective
environment for the external commercialization
of a DBC'’s research. The DBC can avoid the prob-
lem of having to expose its innovation to a wide
range of prospective licensees and can mitigate
the appropriability problem by having the licen-
see pay for some portion of the R&D costs up
front. Through equity investments and joint ven-
tures, the DBC can prevent the established firm
from opportunistically appropriating rents on the
technology through contractual safeguards. Man-
ufacturing and marketing agreements allow the
DBC to disclose far fewer scientific or technical
details.

To stay independent, most DBCs are strength-
ening their alliances with major corporations. Few
DBCs have succeeded in becoming full-fledged,
fully integrated pharmaceutical or chemical houses,
though many aim to do so. Corporate investments
in public companies provided the bulk of new cap-
ital for biotechnology (approximately $128 mil-
lion) in the first nine months of 1985 (7). Cumula-
tively, corporations have provided $2.2 billion or
56 percent of funds for biotechnology through
1985 (27). All indications seem to be that the per-
centage will increase.

An important difference exists between the col-
laborative activities of biotechnology firms and
the semiconductor firms that emerged in the early
stages of that industry. The semiconductor firms
of the 1950s did not resort to licensing and joint
ventures to commercialize their technology as
have biotechnology firms (34). This may be due
to the fact that the semiconductor industry was
selling largely to the Department of Defense, a
market that had much lower marketing and prod-
uct introduction costs than the markets for new
biotechnology products (26).

An OTA review of 552 industrial collaborations
between 1981 and 1986 found a steady rise in the
number of collaborative ventures. Collecting com-
plete information on the number and nature of
collaborations in commercial biotechnology is
complicated by the proprietary nature of such in-
formation. Companies that are publicly held usu-
ally document their collaborative agreements with
other industrial firms in their mandatory 10K fil-
ings. However, most of the new biotechnology ven-
tures are privately held firms that are under no
such requirements. Figure 5-5 illustrates collabora-
tive ventures between U.S. biotechnology com-
panies and between U.S. and foreign companies
between 1981 and 1986.

Collaborations are not always between large cor-
porations and small companies, although that is
the norm. There are about 800 firms active in bio-

Figure 5-5.-Collaborative Ventures of
U.S. Biotechnology Companies, 1981-86
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SOURCE: Office of Technology Assessment, 1988.
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technology worldwide, with between 1,000 and
1500 joint venture agreements among them, al-
though it is not known how many of these are
strictly research collaborations. An estimated
three-quarters of the agreements are between
large and small firms and less than one-quarter
of the agreements are international collaborations
(32),

Research to date suggests that big firms are
mostly gaining licenses to market products through
these agreements, but not licenses to the technol-
ogy to manufacture products. Contrary to the be-
lief of many analysts who think that the trend
toward such joint venture agreements is on the
wane, the number of these agreements is increas-
ing, or at least remaining level (34).

In addition, although there is an increase in the
number of collaborative ventures per year, no one
type of action (e.g., equity purchase, licensing
agreement) has increased. This is true for both
U.S.ZU.S. agreements and U.S./foreign agreements.
Table 5-4 displays the number of each type of
agreement between US. firms and between U.S.
and foreign firms between 1981 and 1986. Most
records of agreements specify the type of action;
where this was not the case, unspecified collabora-
tive ventures were categorized as joint ventures.

Two companies serve as examples of the level
of activity generated by strategic alliances--Amgen
(pharmaceuticals) and Calgene (agriculture). Am-
gen’s March 1986 secondary offering prospectus
listed eight prominent corporate partners: John-
son & Johnson, Kirin Brewery, Abbott Labora-
tories, SmithKline Beckman, Eastman Kodak, Ar-
bor Acres Farm, Upjohn, and Texaco. Calgene has
teamed up with Procter& Gamble, Rhone-Poulenc,

Agrochimie, Kemira Oy, Roussel-Uclaf, Ciba-Geigy,
Campbell Soup, and Philip Morris (20). One inter-
esting aspect of these alliances is that in both cases,
the DBC has managed to negotiate separate agree-
ments with proven competitors.

On the corporate side, many companies have
used major licensing strategies to move into bio-
technology. Kodak signed nine deals in 1984 with
biotechnology start-ups, Kodak has signed re-
search contracts with DBCs to work in areas as
diverse as cancer drugs and genetically engineered
indigo dye for blue jean manufacturers. Johnson
& Johnson owns equity stakes in 11 biotechnol-
ogy companies. American Cyanamid signed more
than 15 licensing agreements with DBCs over the
past five years (12).

Most U.S.ZU.S. collaborative ventures on record
are in the area of human therapeutics (29 per-
cent) or clinical diagnostics (25 percent). Most
DBCs are working in those areas and the costs
of forward integration are high, making joint
agreements desirable. Collaborative ventures in
therapeutics are largely responsible for overall
increases in collaborative actions over the years.
It is clearly the area of the most intense business
activity.

In one study (34), R&D contracts and R&D mar-
keting agreements accounted for all the collabora-
tive ventures in plant biotechnology. The lack of
straight marketing, supply, or technology trans-
fer agreements in the study sample suggests that
DBCs in plant biotechnology are not carrying out
R&D on their own. Of the 48 plant agriculture
product developments listed by Paine Webber, bio-
technology companies were acting without a com-
mercial partner in only 8 cases (30). Some assert

Table 5-4.—Collaborations Between U.S. Firms and Between U.S. and Foreign Firms, 1981-86

Type

U.S./U.S. (U.S./Foreign)

1981 1982 1983 1984 1985 1986 Total

JOINt VeNTUIE®. . . .
Equity purchase . . ... ...
Licensing agreement . . . ... ... ..
Marketing agreement . . . ... ...
Researchcontract. . . ............ i

5(3) 6 (22) 27 ( 8) 14 (17) 29 (11) 23 (16) 104 ( 77)
8(1) 7 (6)3 (1) 8(2 9 (@2 13(4) 48 (16)
4(1) 4(2) 4(5 6 (5 8(5 4 (1) 30(19)
4(1) O (6) 2 (4 5 (4 8 (5 13 7) 32 27)
12) 6(3) 7(1) 6 (3) 6 (5 15 ( 4) 41 ( 18)

TOWIS . o v ee et e e 22 (8) 23 (39) 43 (19) 39 (31) 60 (28) 68 (32) 255 (157)

aynspecified collaborations were categorized as joint ventures.
SOURCE:Office of Technology Assessment, 1988.
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that biotechnology in plant agriculture is not as
commercially advanced as in other sectors, and
that in order to fund long-term R&D, agriculture
biotechnology companies have had to turn to cor-
porate sponsors. In addition, small companies may
rely on large companies for their marketing net-
work in order to reach more farmers (13).

U.S./Foreign Collaborative Ventures

As DBCs near development and production, col-
laborations with foreign firms provide them access
to international markets. While this strengthens
the financial position of the DBC, there is some
concern that the enhancement of biotechnology
in foreign firms reduces the future rent-earning
potential of U.S. biotechnology (37). One protec-
tion against such a loss is rigorous protection and
enforcement of intellectual property and patent
rights in the United States.

As shown in figure 5-5, while the number of
collaborative ventures between biotechnology
firms has steadily increased, the bulk of the
activity has been between U.S. companies
rather than with foreign firms. U.S. biotechnol-
ogy companies have only two-thirds as many joint
actions with foreign corporations as with U.S. cor-
porations. U.S. private investors accounted for 90
percent (or $3.7 billion) of all international bio-
technology investment dollars as of 1985 (27). OTA
did not collect data on collaborative ventures be-
tween foreign firms. However, many collabora-
tions do not involve U.S. firms and biotechnology-
based industries are developing in Western Eur-
ope, Japan, and South America.

OTA found that 41 percent of U.S./foreign col-
laborative ventures occurred in human therapeu-
tics, 13 percent in diagnostics, and 9 percent in
plant or animal agriculture.

Japanese corporations lead all other countries
in the number of collaborations arranged with
U.S. biotechnology companies (see table 5-5), but
do not lead in amount of private dollars invested.
Figure 5-6 displays the cumulative investments of
private investors by the United States, and six
specific Western European countries. Swiss, Swed-
ish, and West German corporations have been
active collaborators with U.S. firms. In fact, col-
laborations between U.S. and Japanese firms have

Table 5=5.—Collaborative Ventures Between
U.S. Dedicated Biotechnology Companies and
Foreign Corporations, 1981-86

Year

Country 1981 1982 1983 1984 1985 1986 Total
Belgium ........... 0 0 0 0 0 2 2
Canada ............ 0 0 0 1 0 0 1
China ............. 0 0 1 0 0 1 2
Denmark ......... .. 0 1 1 0 0 2 4
France ............ 1 1 0 1 1 2 6
taly .............. 0 1 0 2 3 1 7
Japan ......... ... 6 22 12 15 8 8 71
Malaysia .. ......... 0 1 0 0 0 0 1
Netherlands ...... .. 0 0 1 1 0 3 5
Sweden............ 0 2 0 3 5 4 14
Switzerland. .. ... ... 1 3 2 g9 5 9 29
United Kingdom . . ... 0 1 0 2 4 2 9
West Germany ... ... 0 3 0 3 6 2 14

Totals ........... 8 35 17 37 32 36 165

SOURCE: Office of Technology Assessment, 1968,

dropped and leveled off in the past 3 years,
whereas collaborations with companies from an
increasing number of European countries has in-
creased, suggesting “internationalization” of com-
merce in biotechnology.

U.S. firms have collaborated with Japanese firms
more than any other foreign firms (8). Of the 71
U.S./Japanese collaborations identified between
1981 and 1986, 39 large Japanese corporations,
and 43 American firms were involved. The col-
laborations are overwhelmingly in the application
of biotechnology to areas of human health care.

Figure 5-6.-Country of Private Investor
Cumulative Investment

(USA is 90% of total)
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SOURCE: Adapted from James R. Murray & Co., Chicago, IL, 1986.
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The Vice President for investment banking at
Nomura Securities International claims that while
most of Japan’s biotechnological activity takes
place within its established industry, the Japanese
pharmaceutical industry has been the last indus-
trial entity to get involved (16). This could explain
Japan’s heavy involvement with U.S. biotechnol-
ogy companies. These collaborations provide a
number of business opportunities for American
firms, including research funding, sponsorship of
Japanese clinical trials, and marketing and distri-
bution of products within Japan. Of the collabo-

rations analyzed, Japanese companies are less
likely to engage in equity arrangements than U.S.
companies collaborating together. In addition, Jap-
anese firms are more likely to arrange a licensing
agreement with a U.S. firm and are twice as likely
to form a marketing agreement than would be
found in U.S./U.S. collaborations. These agree-
ments tend to be smaller dollar-wise, explaining
the discrepancy between number of agreements
and dollars invested (28). A listing of U.S./Japa-
nese collaborative agreements between 1981 and
1986 appears in table 5-6,

Table 5-6.-U.S./Japanese Joint Actions in Biotechnology, 1981.86

U.S. company Japanese company Action Product
1981

Biogen Green Cross J vaccine
Collaborative Research Green Cross E urokinase
Enzo Kinto J enzymes
Genentech Toray Industries M,R interferon
Hybritech Mitsubishi L anti-IGE kit
1982

Bioassay Systems Toray Industries M bioassay
Biogen Fujisawa J tPA

Biogen Meiji Seika J antibiotic
Biogen Shionogi J HSA
Biogen Teijin J.M Factor VI
Biogen Yamanouchi J anti-inflammatory
Biotech Research Lab Fujizoki EJ MAB
Collaborative Research Green Cross M B-interferon
Enzo Meiji Seika LM HCG Test
Genentech Mitsubishi Chemical J tPA
Genentech Takeda ? B-interferon
Genex Green Cross J HSA
Genex Mitsui Toatsu J urokinase
Genex Yamanouchi J tPA

Hana Biologics Fujizoki EJ diagnostics
Hybritech Green Cross J immunoglobulins
Hybritech Teijin J MABs
Interferon Sciences Green Cross J interferon
Interferon Sciences Green Cross M G-interferon
Monotech Labs Eken R diagnostics
Technic lone Fujizoki L diagnostics
1983

Biogen Shionogi L IL-2

Biogen Suntory J TNF
Centocor Toray Industries J,L diagnostics
Collaborative Research Green Cross L interferon
Genentech Daiichi Seiyaku L G-interferon
Genentech Mitsubishi J tPA

Genex Yoshitomi J IL-2
Innovax Labs Snow Brand Milk L ?
Integrated Genetics Toyobo JM tPA
Repligen C. Itoh E.M Eroteins
University Genetics Nissho Iwai M !

Xenogen Mitsui Toatsu J feed additives

76582 0 - 8 - 4 : QL 3

(continued on next page)
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Table 5-6.—U.S./Japanese Joint Actions in Biotechnology, 1981=86—Continued

U.S. company Japanese company Action Product

1984

Amgen Kirin Brewery J erythropoietin
Atlantic Antibodies Oriental Yeast M antisera
Battelle Development Mitsubishi J ?

Endotronics Mitsui M instrumentation
Genentech Fujisawa LM lymphotoxin
Genetics institute Chugai JM erythropoietin
Integrated Genetics Fujirebio J DNA probe
Human Antibody Tech Kyowa Hakko J diagnostics
Hybritech Toyo Soda JM diagnostics
Lymphomed Fujisawa M anti-pneumonia
Molecular Biosystems Funakoshi M microsphere
NPI Sumitomo J foods

Plant Genetics Kirin Brewery JE seed

Queue Systems Shin Meiwa Industry M,L Bt products
Ventrex Funakoshi M MAB

1985

Applied Biosystems Japan Scientific J reagents
Biogen Sumitomo J colony stimulating factor
Calgene Kuraray J agrichemicals
Collagen Lederle Japan L implants
Genentech Mitsubishi L vaccines
Molecular Genetics Shionogi M veterinary
Unigene Labs Toyo Soda L immunization
1986

Bioreactor Technologies C.ltoh M bioreactors
Cyanotech Daikyo Oil Co. E ?

Diagnostic Products Dainippon Ink & Chemical M immune-diagnostics
Endotronics Nippon Chem. Indus. J hGH

Genzyme Nagase & Co. J amylase
Ingene Mitsubishi J sweeteners
Liposome Technology Takeda R ?
Zymogenetics Teijin Ltd. J blood factors

M = marketing agreement
R = research contract

KEY: E = equity purchase
J = joint venture
L = licensing agreement

SOURCE: Office of Technology Assessment, 1988.

SUMMARY AND CONCLUSIONS

U.S. commercial biotechnology remains healthy
and competitive. OTA identified 403 U.S. compa-
nies dedicated to biotechnology (DBCs) and 70
large, established U.S. corporations with signifi-
cant investments in biotechnology. Combined,
U.S. industry devoted about $1.5 to $2.0 billion
to biotechnology R&D in 1987.

The shakeout predicted to occur among dedi-
cated biotechnology companies has not occurred,
although the frontrunners have become stronger.
Financing is concentrated heavily in a few firms.
Methods of financing for DBCs continue to evolve
and are heavily dependent on the conditions of
financial markets. Despite industry losses and until
the stock market decline of October 1987, com-

mercial biotechnology has been able to raise cap-
ital. Financial activity depends heavily on the
successes and failures of the frontrunners. Mean-
ingful operating profits are not yet reliable indi-
cators of a company’s potential profitability. Thus
far, many companies have been able to attract
financing based on potential alone, but it appears
that safe and reliable products and wise market-
ing strategies will eventually be the safety net for
survival. Increasingly, large established companies
are playing a critical role in innovative research
as well as in the final stages of commercialization
of biotechnology products and processes; they are
more able to bear the development, regulatory,
and marketing costs of commercialization. A few
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DBCs have successfully used the benefits of RDLPs
to raise capital.

Human health care, primarily therapeutics
and diagnostics, continues to be the focus of
most biotechnology R&D investments, both by
DBCs and major corporations. The sectoral
breakdown of the industry has remained fairly
constant since OTA last reported on commercial
biotechnology in 1984, with chemicals and agri-
culture ranking second and third as the fields of
application of industrial biotechnology. There is
evidence, however, that agriculture, plant biotech-
nology in particular, is a growing field and has
begun to attract the attention of the public finan-
cial markets. A strong support industry of com-
panies producing reagents, equipment, and cus-
tomized processes in such areas as cell culture
continues to grow and has been successful in gen-
erating revenues. Revenues based on products
directly derived from biotechnology R&D remain
scarce. No reliable data are available on total in-
dustry sales of biotechnology products.

Strategic alliances between large corporations
and DBCs are on the rise and have become an in-
dicator to Wall Street of the value of a firm. Al-
though 95 percent of the large corporations
investing in biotechnology have in-house ca-
pabilities, 83 percent also rely on outside
sources of innovation either DBCs or univer-
sities There appears to be a mutual benefit to
these collaborations, and there is no indication
that a takeover of biotechnology’s potential by
corporate interests is imminent.

While collaborations between U.S. firms are on
the rise, collaborations between U.S. firms and
foreign firms seems to be declining. There were
twice as many collaborations between U.S. com-
panies as between U.S. and foreign companies in
1986. Of those foreign firms collaborating with
U.S. companies, the breakdown is more diverse,
with Japan playing less of a role and other coun-
tries becoming more active.
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Chapter 6

Factors Affecting
Commercialization and
Innovation 1N Biotechnology

"No amount of R&D funding can overcome unresolvable bureaucratic obstacles to the test-

ing and use of new biotechnology. ”

Frank E. Young
FDA Commissioner, 1987

"Ilts difficult to imagine how biotechnology could be ‘controlled. * *
) Robert Yuan
International Trade Administration
Department of Commerce
Sept. 15, 1987
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Chapter 6

Factors Affecting Commercialization and
Innovation in Biotechnology

INTRODUCTION

Counting dollars spent on biotechnology re-
search is only one way to measure the vigor of
commercial biotechnology. Assessing industrial
policy is just as useful. Although the concept of
a U.S. industrial policy has been around since the
New Deal, most recently it returned to the na-
tional agenda in 1983 as part of the presidential
election campaign. Difficult to define under any
circumstances, industrial policy as it relates to bio-

technology is nonexistent. However, several fac-
tors comprising industrial policy, such as tax rules,
antitrust law, trade and export policy, patent law,
and the regulatory climate, can be discussed in
terms of their effects on biotechnology. The fol-
lowing section describes policies, legal frame-
works, and administrative laws affecting commer-
cialization and innovation in biotechnology.

TRADE ISSUES

There is a growing concern in some sectors that
pursuing a trade policy that promotes high-tech-
nology goods for export compromises our national
security objectives. This conflict might impede the
export of biotechnology products unless economic
and national security interests become balanced.
As U.S. biotechnology industries have expanded,
attention has focused on international promotion
and commercialization. Many believe that high-
technology industries, such as those employing
biotechnology, might contribute to our economic
competitiveness and provide a partial remedy for
our current deficit crisis.

However, several aspects of U.S. unilateral con-
trols have the potential to put U S. biotechnology
firms at a competitive disadvantage relative to
those of the other members of the Coordinating
Committee on Multilateral Export Controls (CoCom).
Formed in 1949 to coordinate multilateral trade
controls to Soviet bloc countries, CoCom has 16
member nations. Because the biotechnology in-
dustries are still developing, it is difficult to dis-
cern exactly how much of an effect these export
controls and barriers to trade will actually have,

Export Controls

Export controls can impede export transactions.
They restrict international technology transfer for
national security, foreign policy, or short supply

reasons, The National Academy of Sciences (NAS)
recently estimated that in 1985, export controls
cost the U.S. economy approximately $9.3 billion
(24). The debate is composed of proponents who
believe that relaxing export controls would in-
crease the accessibility of Western technology for
the Soviets and opponents that believe excessive
controls harm U.S. economic competitiveness and
trade relations (5). In the case of biotechnology
exports, some argue that unrestrained export will
enhance the ability of other nations to produce
biological warfare agents.

Mechanisms of Control

Controls for biotechnology exports come pri-
marily under the jurisdiction of the Food and Drug
Administration (FDA), the Department of Com-
merce (DOC), and the Department of Defense
(DoD). Different statutes may apply to the expor-
tation of a biotechnology product—the FDA'’s Fed-
eral Food, Drug, and Cosmetics Act (FFDCA) and
its Drug Export Amendments Act (Public Law 99-
660), the DOC’s Export Administration Act (EAA)
(Public Law 96-72) and its amendments, and the
Export Administration Act Amendments of 1985
(EAAA) (Public Law 99-64). Other agencies, such
as the U.S. Department of Agriculture (USDA) or
the State Department, may be asked to review po-
tential decisions, but have no direct regulatory
power under these statutes.
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FDA Approval

Since the passage of the Drug Export Amend-
ments Act of 1986 (Public Law 99-660), FDA ap-
proval is no longer a necessary requirement for
exportation of drugs and biological products.
These amendments abolished the law requiring
FDA approval prior to exporting, giving U.S. bio-
technology companies greater access to the in-
ternational market. Before this law was passed,
the companies either licensed their technology to
foreign manufacturers, established foreign man-
ufacturing facilities, or lost the business abroad.
The path has been cleared substantially, though
the FDA still must approve the export request,
and with few exceptions, the product can only
be exported to those countries that are on a list
of 21 countries specified in the Act and that have
already approved the drug. Furthermore, the ex-
porter must have a written agreement from each
importer stating that the importer will not export
the drug to any countries that do not appear on
the list of 21 countries (15). The export license
is subject to cancellation if the FDA finds that the
company is not actively pursuing approval. (See
ch. 9 for further discussion.)

DOC Oversight

DOC plays a large role in the export control proc-
ess through its licensing system. Its activities in
export control are guided by U.S. foreign policy,
national security, or supply issues. In the case of
biotechnology, attention will most likely be focused
on exports perceived as threats to U.S. national
security (15). The DOC follows the procedures con-
tained in the 600-page Export Administration Reg-
ulations (24). Many products and technologies
require only a general license, and need no appli-
cation to be exported. Referral to the Commodity
Control List (CCL) is necessary for a biotechnol-
ogy company to determine whether it needs to
apply for a validated license for its product, and
if so, what type. The CCL is published by the DOC
and administered by the DOC’s Bureau of Export
Administration. It divides goods and technologies
into categories and also into geographic groups
according to a country’s level of control. Con-
trolled commodities on the unclassified list are
categorized into 10 groups; groups 7 and 9 per-
tain to biotechnology. Group 7 is primarily chem-
ical compounds with a subgroup that includes

DNA, culture media, pharmaceutical products,
proteins, and nucleotides; group 9 includes micro-
organisms, viruses, bacteria, fungi, and protozoa.

If an item or technical data are included in one
of the categories of the CCL and there is evidence
that it is available abroad, it is necessary for the
DOC’s Office of Foreign Availability to conduct
an assessment. If the item is available in sufficient
guantities and is of comparable quality, the item
is supposed to be decontrolled. However, if after
a positive determination the President believes that
decontrol will threaten national security objec-
tives, a “national security override” maybe enacted
(25). Attempts may then be made through nego-
tiation to persuade the foreign sources to enact
controls to eliminate the foreign availability (7).
Once the determination is made, the results are
published within 30 days in the Federal Register
(25).

DoD Oversight

DoD oversees products and technologies that
appear on the Militarily Critical Technologies List
(MCTL). Unlike the CCL, the MCTL is not a con-
trol list; rather it provides a technical basis and
guidance for DOC export decisions on technol-
ogy and equipment that may be used in military
systems (24,36). The unclassified MCTL contains
four parts—arrays of know-how; keystone man-
ufacturing, inspection and test equipment; key-
stone materials; and goods which could reveal
know-how relevant to the U.S. military system (36).
It includes biotechnology products that have dual-
use status—products with both civilian and mili-
tary applications. For example, bioreactors or high-
capacity separating devices are dual-use technol-
ogies because, in addition to their positive appli-
cations, they can also be used to produce biologi-
cal warfare agents (3). One of the categories with
direct relevance to biotechnology covers know-
how for recombinant DNA and bioprocessing tech-
nologies.

Due to the limited number of biotechnology
products on the market at this time, it is difficult
to predict how the DOC will interpret the sections
of the MCTL relevant to biotechnology. In addi-
tion to its role in export controls, the DoD also
has oversight in the patent law process. The De-
partment is entitled to screen applications and can
request the DOC to impose secrecy orders on
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patents, causing them to become classified infor-
mation.

Effects of Controls

Since the 1984 OTA report Commercial Biotech-
nology: An International Analysis, was published,
there has been little substantive change in export
controls and trade issues as they relate to biotech-
nology. However, with more products available,
the DOC will be more taxed regarding licensing
applications. According to some industry repre-
sentatives, current export policies disregard the
interests of biotechnology firms, and are not al-
ways administered consistently (12). The prevail-
ing view in industrial circles concerned with ex-
port control in biotechnology is that the issues
are worse now than they were before the 1985
Amendments were passed, Some suggest that the
agencies involved are inadequately staffed and
poorly trained to deal with the complexity pre-
sented by biotechnology and other high-technol-
ogy areas.

The DOC underwent a reorganization after the
passage of the EAAA. Issues of export control are
now handled in a newly created entity of the DOC.
The Bureau of Export Administration now has its
own Under Secretary and is no longer housed un-
der the International Trade Administration (ITA).
The previous position of Export Administration
raised conflict of interest questions because the
ITA was involved with both the promotion and
the control of exports. The new level of Export
Administration gives more visibility to the export
control issues.

The decontrol of technologies on the CCL has
proved to be a contentious issue. If the DOC’s Of-
fice of Foreign Availability conducts an assessment
and determines that an item is available abroad,
then that item is supposed to be decontrolled. A
recent NAS study concluded that the technology
decontrol process has not been carried out effec-
tively. NAS attributed this to the lack of time con-
straints in the legislation and the excessive influ-
ence of the DoD. It was also recommended that
the in-house technical and analytical expertise of
the DOC be upgraded, particularly in the areas
of high-technology products and processes (24).

However, the DOC has not been totally ignorant
of industry needs. In 1986, DOC responded to criti-

cisms that the controls were retarding West-West
trade, by introducing a certified end user or “gold-
card” status to approved, reliable companies in
Japan and 14 European nations (24,7). These 2-
year licenses speed up the export process by elim-
inating the need for repeated applications for
export licenses to those buyers. Whether this
provision is as useful to high-technology goods
exporters as originally predicted remains to be
seen.

In addition, under the direction of the DOC’s
Bureau of Export Administration, a Technical
Advisory Committee (TAC) met in April of 1985
for the first time. Similar TACs exist to advise on
issues in computer systems, electronic instrumen-
tation, semiconductors, telecommunications, and
transportation. The Biotechnology TAC includes
both biotechnology industrialists and government
representatives from the DOC, DoD, and State De-
partment. Members are nominated to TAC and
serve 4-year terms of office. They provide infor-
mation and advice to participating agencies on
technical matters, export regulations affecting bio-
technology, issues of trade development as af-
fected by the controls, worldwide availability, and
new technological developments. However, the
TAC was not set up to provide members of the
biotechnology industries with information about
the export control process (11). It is not clear that
the goals of TAC have been met, particularly in
the decontrol of items available abroad. At a Sep-
tember 1987 meeting of the TAC, members ex-
pressed some concern about the productivity of
their efforts.

Due to expire in September of 1989, the EAA
is again being discussed in Congress. The issue
that remains is whether it is possible for Congress
to formulate a policy that balances U.S. foreign
policy and national security interests while pur-
suing national economic vitality. The outcome of
this debate is important to the future success of
the biotechnology industries, because they may
be placed at a competitive disadvantage relative
to nations without unilateral controls. The eco-
nomic potential of the biotechnology industries
may never be realized if companies cannot
comply with the procedures and restrictions
associated with the Export Administration
Regulations (12). Under review are several
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aspects of the legislative proposals that apply to
biotechnology. These are:

+ outlining the specific functions of the govern-
ment agencies involved in the export control
process, thereby clarifying the DoD’s role;

® removing controls (licensing requirements)
on low-technology items;

® developing and enforcing timelines for decon-
trolling items that have been found outside
the United States by the DOC’s Office of For-
eign Awvailability; and

* reviewing the Commodity Control List with
the intention of reducing its size (17).

REGULATORY

In a report prepared for the Environmental Pro-
tection Agency (8), market considerations were
cited as dominant factors influencing industrial
biotechnology R&D strategies. However, the sta-
tus of governmental regulation can become a pri-
mary factor by affecting the cost, time to market,
and especially the uncertainty of R&D. Thus,
when regulation is untried in the marketplace,
untested in the courts, or ambiguous in status and
scope, the resulting set of uncertainties can be-
come a dominant influence in selecting or reject-
ing an R&D objective and associated business
strategies.

Multiple tensions among uncertainty, market po-
tential, and the economic factors of production
can affect research, production, and marketing
decisions in many significant ways. Because the
range of commercial opportunities for biotech-
nology is uncommonly wide, regulatory uncer-
tainty could be a factor driving firms away from
applications in areas of high uncertainty to those
of lesser uncertainty.

Interviews with a number of senior executives
in biotechnology firms revealed that a substan-
tial majority of them see regulatory uncertainty
as being among their most pressing problems,
including specifically the increased cost of per-
forming R&D and doing business generally. The
General Accounting Office (GAO) has noted that
regulatory requirements vary considerably by
product type and by the agency charged with reg-
ulatory responsibilities. Each agency employs its

Other Barriers

Other trade barriers also affect biotechnology
products. Actual tariffs on products are rare. Non-
tariff barriers, defined as “any government inter-
vention affecting competition between imported
and domestic goods” (33), are most likely to present
obstacles for U.S. biotechnology products abroad.
The barriers to biotechnology transfer that were
identified in the 1984 OTA report remain. These
are standards and certification systems, subsidies,
price regulation, and government procurement.
All are methods to protect a product’s domestic
market.

CONCERNS

own internally defined standards and procedures
(32).

While the regulatory aspects of biotechnology
are covered in Field Testing Engineered Organ-
isms: Genetic and Ecological Issues (34), itis im-
portant to underscore the relationship of several
of these to private R&D costs and investment in
biotechnology. Analysis of a variety of reports and
interviews with key individuals in and out of gov-
ernment leads to a major conclusion: from an in-
dustry perspective, regulatory uncertainty looms
as a critical factor in the future of biotechnology.
It is likely that biotechnology faces a much
different and more stringent regulatory envi-
ronment than do many other components of

Photo credit: Monsanto

Genetically engineered tomato plants are shown being
planted by researchers at a Monsanto-based farm in
Jersey County, lllinais.
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high-technology industries, increasing the
cost of R&D and the amount of total invest-
ment required. In addition, the regulatory
framework encompasses several agencies,
each with its own approach to approval. At
present, uncertainties are being resolved and
ambiguities identified. It is too early to assess
the effects of regulation on commercialization
of biotechnology.

The international features of biotechnology reg-
ulation will present additional uncertainties.
Proposals to establish an international set of guide-
lines under the auspices of the Organization for
Economic Cooperation and Development (OECD)
have not been successful. Three U.N. organiza-
tions—the U.N. Industrial Development Organiza-
tion, the World Health Organization, and the U.N.
Environment Program—have launched a program
to establish new safety guidelines for the infant
biotechnology industry in the Third World. Min-
imum safety guidelines for biotechnology are in-
tended for eventual adoption by all countries (19).

PATENTS AND

When the Supreme Court addressed the issue
of patenting living organisms in Diamond v.
Chakrabarty in 1980, the potential profitability
of biotechnology became apparent to scientists
and investors. Since then, 6,000 biotechnology pat-
ents have been filed with the the U.S. Patent and
Trademark Office (PTO) (37). The tangle of pat-
ents awaiting approval is one of the more diffi-
cult dilemmas facing the industry today as more
and more products near the market. Already, pat-
ent battles are being fought over interleukin-2,
tissue plasminogen activator, human growth hor-
mone, hybridoma technology, alpha interferon,
factor VIII, and use of dual monoclinal antibody
sandwich immunoassay in diagnostic test Kits.
There is significant uncertainty about how the
courts will interpret the claims for biotechnology
patents. Companies receiving basic product pat-
ents are in court enforcing their rights against
infringement or defending the patent grant in op-
position or revocation proceedings. It is likely that
patent litigation in biotechnology will increase
given the complex web of partially overlapping

Biotechnology firms are warily watching the un-
folding of regulatory decisions in Europe, Japan,
and the United States (38,28).

Industry representatives told OTA that biotech-
nology progress will be hindered unless the Fed-
eral Government pays a great deal more atten-
tion to the regulatory arena, especially to risk
assessment activities and programs. Former EPA
Administrator William Ruckelshaus has put this
directly:

The Administration must attach a high enough
value to maintaining our worldwide lead in this
technology to devote enough government re-
sources to its regulation so that real public con-
cerns about risks can be satisfied. And that level
of attention has not yet been evident from this
Administration (23).

Regulatory issues specific to applications of bio-
technology in human therapeutics, plant agricul-
ture, and waste use and pollution control are dis-
cussed in chapters 9, 10, and 11.

INVESTMENT

patent claims, the high-value products, the prob-
lem of prior publication, and the fact that many
companies are chasing the same products. Many
companies are finding it essential to determine
a product’s patent position prior to marketing (2).
Chapter 9 discusses some of the difficult patent
issues facing the human therapeutics industry.

This report does not attempt to assess the com-
plexities of these disputes. An upcoming OTA re-
port on Patenting Life will address legal issues in
greater detail. It is important to note, however,
that patent uncertainty is a critical factor affect-
ing commercialization in biotechnology. Compa-
nies face a battle on two fronts: domestic and in-
ternational. The protection of U.S. patents abroad
is currently being pursued by U.S. representatives
of the General Agreement on Tariffs and Trade
(312).

Investors watch the biotechnology patent bat-
tles and often react quickly to the latest legal de-
cision. For example, in September 1986, Genen-
tech’s stock dropped 10.5 points following the



102

The patent awarded to Stanley Cohen and Herbert Boyer in 1980. This patent has since become Stanford University's
top earning patent ($1.7 million annually).

United States Patent o

Cohen et al.

[11] 4,237,224
[45] Dec. 2, 1980

[54] PROCESS FOR PRODUCING
BIOLOGICALLY FUNCTIONAL
MOLECULAR CHIMERAS

[75] Inventors: Stanley N. Cohen, Portola Valley;
Herbert W. Boyer, Mill Valley, both
of Calif.

[73] Assignee:  Board of Trustees of the Leland
Stanford Jr. University, Stanford,

Cal if.
[21] Appl. No.. 1,021
[22] Filed: Jan. 4, 1979

Related U.S. Application Data

[63] Continuation-in-part Of Ser. No. 959,288, Nov. 9, 1978,
which is a continuation-in-part of Ser. No. 687,430,
May 17, 1976, abandoned, which is a continuation-in-
part of Ser. No. 520,691, Nov. 4, 1974.

BUML Q. C12P 21/00
BAUSCL..o 435/68; 435/172;
435/231; 435/183; 435/317; 435/849; 435/820;
435/91; 435/207; 260/1 12.5 S; 260/27R; 435/212
[58] Field of Search . . ............ 195/1, 28 N, 28 R, 112,
195/78, 79; 435/68, 172, 231, 183
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[57] ABSTRACT

Method and compositions are provided for replication

and expression of €x0genous genes in microorganisms.
Plasmids or virus DNA are cleaved to provide linear
DNA having ligatable termini to which is inserted a
gene having complementary termini, to provide a bio-

logically functional replicon with a desired phenotypi-

cal property. The replicon is inserted into a microor-

ganism cell by transformation. Isolation of the transfor-

mants provides cells for replication and expression of
the DNA molecules present in the modified plasmid.

The method provides a convenient and efficient way to
introduce genetic capability into microorganisms for

the production of nucleic acids and proteins, such as
medically or commercially useful enzymes, which may

have direct usefulness, or may find expression in the
production of drugs, such as hormones, antibiotics, or

thelike, fixation of nitrogen, fermentation, utilization of
specific feedstocks, or the like.

14 Claims, No Drawings

SOURCE: Office of Technology Licensing, Stanford University,

news that Hoffman-La Roche had sued it for in-
fringing a patent for human growth hormone.
Genentech’s stock rose the previous year when
it sued Burroughs-Wellcome (PLC) for allegedly
infringing a British patent on tissue plasminogen
activator.

On average, DBCs have filed fewer biotechnol-
ogy patent applications than larger, established
firms—1.5 versus 10 applications in 1986. This is
most likely due to a greater institutional capacity
to file multiple patents in the larger, more diver-
sified companies.
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How the courts uphold issued patents, and in-
terpret new ones, as well as how well U.S. com-
panies are able to protect patents abroad, will be
issues facing biotechnology forerunners in the
next few years. Uncertainty over patent protec-
tion is likely to be costly and will undoubtedly
influence the R&D strategy of many compa-
nies. In the short term, trade secrets are being
sought as an alternative route for the protection
of products. Eighty-five percent of the large cor-
porations responding to the OTA survey indicated
that they expect to pursue trade secrecy protec-
tion for biotechnology lines in addition to patent
protection. While there is no time limit on trade
secret protection, disclosure terminates protec-
tion. In addition, where parallel research is under-
way, there is a high likelihood of simultaneous in-
vention, presenting a threat to trade secrecy. While
biotechnology industrialists are skeptical about
the value of trade secrecy versus patents, the
former could bean option where inventions sim-
ply are not patentable because they fail to meet
the statutory criteria of novelty, non obviousness,
and utility. Trade secrecy is probably more likely
to be employed for invented processes rather than
for products (26). Ultimately, patent protection fa-
cilitates licensing transactions and is more desira-
ble for many DBCs (22).

Patent and Trademark Office

At the PTO, the Biotechnology and Organic
Chemistry group has experienced a turnover of
and a difficulty in acquiring patent examiners with
expertise in fields associated with biotechnology

Table 6-1.— Biotechnology Staff and Workload Trends

(see table 6-1). Under these circumstances, it is
about 24 months, on the average, before proc-
essing of a biotechnology patent application is ini-
tiated. In contrast, 6 months is the average time
that passes before examination of patent applica-
tions for conventional drugs begins (37). This
time lag, along with an atmosphere of general
uncertainty over patent rights, may cause com-
panies developing biotechnology products to
file many more patents than are typical for
conventional drugs.

There are two reasons why government per-
sonnel reviewing drug marketing approval or pat-
ent applications become dissatisfied with their po-
sitions. First, the work tends to be repetitive and
administrative, a disincentive for trained scien-
tists used to more interesting and creative work.
Second, these individuals are often capable of
earning substantially higher salaries in the pri-
vate sector. In a rapidly evolving technology such
as biotechnology, the industrial regulatory affairs
and legal offices (among others) can profit greatly
from the “insider’s view” of personnel trained at
Federal agencies. Federal incentive programs
for trained scientists that will bring them to
and keep them at these types of positions in
government are vital to the impact of biotech-
nology on drug development, as well as to
other major areas of applied biotechnology.
The PTO is currently undergoing a reorganiza-
tion of those groups dealing with biotechnology
products that is expected to reduce the time lag
for patent approvals.

in the U.S. Patent and Trademark Office, 1985-88

As of As of As of As of
Jan. 1988 Jan. 1987  Jan. 1986 Jan. 1985
EXAMINEIS . . o 42 32 30 30
Pending applications
New (notyetacted ON) . . ... ..ottt 4,051 3,307 3,155 2,202
Tentatively rejected . . . ... ... 2,472 1,879 2,173 1,529
Amended . .. ... 384 651 445 172
Total . .o 6,907 5,837 5,773 3,903
Total completed (granted or abandoned in previous year) . . ... ....... 2,190 2,044 1,573 1,171
Approved applications (Previous year) . . . .. ... ... 887 816 712 556
Percent approved . . .. ... . 40.5"10 40°"/0 45.30/0 47.5%

SOURCE Charles Van Horn, U S Patent and Trademark Off Ice, 1987
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ANTITRUST CONSIDERATIONS

OTA was unable to identify antitrust law issues
or difficulties unique to biotechnology. The larger
debate on antitrust essentially concerns economic
policy and high technology in the framework of
global competition. However, as was suggested in
an earlier OTA report (33), two issues should be
raised with respect to biotechnology:

® whether U.S. antitrust law discourages or in-
hibits formation of R&D joint ventures,
thereby retarding innovation and the com-
petitiveness of U.S. firms in world markets;
and

® whether U.S. antitrust law inhibits the legiti-
mate exploitation via licensing arrangements
of the technology created by R&D efforts.

American companies have traditionally avoided
collaboration in R&D. The principle reasons seem
to arise from the view that cooperation does not
result in benefits, an unwillingness to share pro-
prietary data and decisionmaking, and fears of
private or government antitrust actions. But global
competition and the rising costs of performing
R&D are driving some major U.S. corporations
to consider alternatives to internally generated
and financed research projects. In biotechnology,
a group of companies interested in forming a con-
sortium to conduct research in protein engineer-
ing has met to develop plans and raise funds (18).

Since 1980, and especially since passage of the
National Cooperative Research Act of 1984 (NCRA)
(Public Law 98-462), research consortia have be-
gun to proliferate in various industrial sectors,
especially in microelectronics (14). Both the De-
partments of Commerce and Justice have
promoted and encouraged the formation of re-
search consortia to cope with foreign competi-
tion. However, the breadth and vagueness of the
antitrust statutes, along with perceived ambiguity
in the guidelines and business review procedures
used by the Justice Department, have resulted in
widely held beliefs that collaborative research
organizations would be threatened by antitrust
actions (27).

Despite underlying suspicion by industry, the
Justice Department has never challenged a pure
research joint venture under the antitrust law.
Between 1950 and 1980, only three joint R&D ven-
tures were challenged, and each involved signifi-
cant collateral restrictions that were deemed to
retard innovation (13). Further, no plaintiff has
ever won an antitrust case against a member of
a collective research effort (39).

The NCRA was aimed to reduce uncertainty and
the level of risks associated with antitrust. It spe-
cifically removed the threat of treble damages and
made it costly to file frivolous private antitrust
actions. Further, NCRA makes it clear that a rule-
of-reason analysis will be used to assess the com-
petitive effects of any R&D joint venture. The rule-
of-reason concept is important because it means
that the licensing practices of an R&D joint ven-
ture cannot be automatically condemned under
the so called per se illegal doctrine, but must be
weighed in terms of competitive benefits and any
adverse competitive effects. Only those practices
found on balance to be anticompetitive could be
subject to enforcement action or judicial decree.

Response to NCRA seems positive. The DOC has
reported that notifications of new R&D consor-
tia have been taking place at the rate of two or
three per month. OTA was informed of only one
proposed consortium in biotechnology (18). Con-
sortial activity in biotechnology may be limited
for the following reasons.

* Biotechnology is in an early and highly com-
petitive stage, in which patentable processes
and know-how are of great importance,

* R&D Limited Partnerships have offered bio-
technology firms substantial resources as an
alternative to R&D consortia.

+ Biotechnology is characterized by rapid tech-
nological change, high growth, and private
companies with intensive internal R&D activ-
ities. The need for widespread collective activ-
ities may just be emerging (14).
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TAXES AND INVESTMENT

High-technology industries, such as biotechnol-
ogy, are often characterized by higher levels of
R&D investment than other industries. Tax re-
lief is one of the methods the Federal Government
uses to reduce the financial burden on R&D-in-
tensive industries. This is based on the premise
that such investment results in public benefits and
in a greater rate of industrial innovation than
would have occurred otherwise (l). Biotechnol-
ogy industries rely on tax incentives because of
the high levels of R&D necessary to develop and
commercialize products. At present, it is difficult
to assess the extent to which commercialization
and development decisions in the biotechnology
industries have been affected by the Tax Reform
Act of 1986 (TRA) (Public Law 99-514). The diffi-
culty is due, in part, to the small humber of bio-
technology companies that are realizing a profit.
As more products reach the marketplace, tax plan-
ning will become a higher priority for them (6).
Some analysts maintain that the revised tax in-
centives have only affected the distribution of in-
vestment, not the total amount of money avail-
able for investment (21). For example, RDLPs were
originally predicted to disappear because the TRA
virtually abolished tax shelters. Yet interest in
RDLPs has prevailed. Perhaps this is because they
no longer advertise themselves as tax shelters,
rather they now emphasize their ability to pro-
duce income for the limited partner.

Theories on the effect of the TRA on business
investment are abundant. Many in the business
community believe that their tax burden has been
increased to offset lowered individual tax rates.
The TRA altered several of the investment incen-
tives that were adopted under the Economic Re-
covery Act of 1981 (ERTA) (Public Law 97-34). An
aim of TRA was to “level the playing field” for in-
vestment, thus creating a more efficient and equi-
table system (29). Several tax analysts have con-
cluded that high-technology industries were not
affected as much as some other industrial sectors.
The initial predictions of disaster for the biotech-
nology industries resulting from TRA have abated.

Capital Gains

One of the most significant impacts of the TRA
on the biotechnology industries is its effect on the

preferential treatment of capital gains. Prior to
the TRA of 1986, gains from selling stocks were
preferred over the actual stock dividends. If an
asset had been held for 6 months or longer, 60
percent of the gain was not taxed (30). Long-term
gains were those held for more than 6 months.
Under TRA, the distinction between long- and
short-term tax gains was abolished at the end of
1987. Gains and income are now taxed at the same
rate.

This is important to investment in the biotech-
nology industries because the tax treatment of cap-
ital gains was a primary attraction for investors
in both RDLPs and venture capital companies. Be-
cause the returns from venture capital are mostly
in the form of capital gains, some see the venture
capital method of funding becoming unpopular
to investors. For example, under the old treatment
of capital gains, 60 percent of long-term gains from
the sale of capital assets were not taxed. The re-
maining 40 percent were taxed at ordinary rates,
which did not exceed 50 percent. This meant that
the maximum tax on capital gains was 20 percent,
compared to the 50 percent maximum rate on or-
dinary income (4).

Stock Incentive Option

Prior to TRA, it was common for biotechnol-
ogy companies to offer their employees incentive
stock options. This was beneficial to the em-
ployee because the gains on stock options
were treated as capital gains rather than ordi-
nary income. Because TRA now taxes any
gains received from the sale of stocks as ordi-
nary income, the benefits and the attractive
ness of incentive stock options have been
reduced.

In a 1987 workshop held by the Industrial Bio-
technology Association, biotechnology industri-
alists were given ideas on how to restructure their
employee incentive programs. Incentive programs
have been important for attracting top employ-
ees to small biotechnology companies. Since
smaller companies cannot compete with the large
corporations in salaries, they had offered consid-
erable incentive option packages. It is now rec-
ommended that biotechnology companies offer
either cash compensation or non-qualified stock
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PUBLIC LAW 99-514-OCT. 22, 1986 100 STAT. 2085

Public Law 99-514
99th Congress

An Act
To reform the internal revenue laws of the United States. O[Tf"ﬁ-zé_’%gfsi :
Be it enacted by the Senate and House of Representatives of the
United States of America in Congress assembled, zf?gggf‘”m Act
SECTION 1. SHORT TITLE; TABLE OF CONTENTS. 26 USC 1 et seq.
() Svort TITLE.--This Act maybe cited as the “Tax Reform Act of

1986”.
(b) TABLE o CONTENTS. —

TITLE I-INDIVIDUAL INCOME TAX PROVISIONS

Subtitle A—Rate Reductions; Increase in Standard Deduction and Personal
Exemptions

sec. 101. Rate reductions. . .
Sec. 102. Increase In standard deduction.
Sec. 103. Increase in persona! exemptions.
Sec. 104. Technical amendments

Subtitle B-Provisions Related to Tax Credits

Sec. 111. Increase in earned income credit. ) o
Sec. 112. Repeal of credit for contributions to candidates for public office.

Subtitle C—Provisions Related to Exclusions

Sec. 121, Taxation of unemployment compensation.
Sec. 122. Prizes and awards.
Sec. 123. Scholarships.

Subtitle D-Provisions Related to Deductions

Sec. 131. Repeal of deduction for 2-earner married couples.
Sec. 132. 2-percent floor on miscellaneous itemized deductions.
Sec. 133. Medical expense deduction limitation increased.

Sec. 134. Repeal of deduction for State and local sales tax.
Sec. 135. Repeal of deduction for adoption expenses.

Subtitle E—Muiscellaneous Provisions

Sec. 141, Repeal of income averaging.
Sec. 142. Lﬁ%?tat?ons on c?e%uctaigns%r meals, travel, and entertainment.

Sec. 143. Changes in treatment of hobby loss, etc.
Sec. 144. Deduction for mortgage interést and real property taxes allowable where
parsonage allowance or military housing allowance received.

Subtitle F—Effective Dates
Sec. 151. Effective dates.
TITLE II-PROVISIONS RELATING TO CAPITAL COST
Subtitle A—Depreciation Provisions

Sec. 201. Modification of accelerated cost recovery system.
Sec. 202. Expensing of depreciable assgts.
Sec. 203. Effective dates; general transitional rules.

Subtitle B-Repeal of Regular Investment Tax Credit

Sec. 211. Repeal of regular investment tax credit. .
Sec. 212. Effective 15-year carryback of existing carryforwards of steel companies.
Sec. 213. Effective 15-year carryback of existing carryforwardsof qualified farmers.

Public Law 99-514, The Tax Reform Act of 1986
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options. These options can be deducted by the
company when sold (6).

R&D Tax Credit

The original R&D credit was first adopted un-
der ERTA at a 25 percent incremental rate. It ex-
pired at the end of 1985, and was extended for
3 years under TRA at the lower level of 20 per-
cent. In response to criticisms that the definition
of “qualified research” had caused companies to
reclassify some expenditures as R&D, Congress
narrowed the definition to exclude non-research
activities. Under TRA, “qualified research” must
be “technological in nature” (not social science)
and its applications must be useful to the taxpayer
in the development of a new or improved busi-
ness component (20). The R&D credit’s definition
now places greater emphasis on innovation in re-
search.

The provisions provide a 20 percent credit in
excess of the average amount of R&D expendi-
tures for the previous 3 years. The incremental
nature of the credit ties it to increasing research
expenditures rather than total expenditures made
in a year, thus encouraging companies to increase
their R&D commitment. Qualifying expenditures
include in-house expenditures for R&D wages and
supplies and 65 percent of the amount paid for
contract research. Equipment expenditures do not
qgualify. The R&D tax credit has been of little
use to many biotechnology companies because
they are not profitable enough to generate a
credit.

The credit will expire again at the end of 1988,
and Congress will have to decide whether to con-
tinue extending it or to make it a permanent part
of the US. Tax Code. Those in favor of the credit’s
permanency are also requesting a restored rate
of 25 percent, arguing that the temporary status
of the credit reduces its reliability to R&D
planners.

Basic Research Tax Credit

The basic research credit was adopted under
TRA to encourage and increase spending on basic
research at universities and other nonprofit sci-
entific and grant research institutions by busi-
nesses. The credit allows companies to deduct 20

percent for research grants, contributions, and
contracts under written agreement at universi-
ties or nonprofit institutions. Equipment and serv-
ices for basic research are not included under this
credit; only cash funding will be eligible (20). This
credit differs from the R&D tax credit in that it
is not tied to increased spending levels, but can
be applied to the total sum of contract payments.
Provided that the payments exceed the fixed min-
imum base level, a company engaged in multiyear
research contracts can take the credit each year
(10). The fixed minimum base level is referred to
as the “qualified organization base period amount”
and is comprised of a maintenance of effort amount
plus one percent of the company’s average an-
nual research.

Basic research that is eligible for this credit is
not eligible for the R&D tax credit. However, basic
research that is not claimed under the credit be-
cause it does not exceed the qualified organiza-
tion base period amount, can be taken under the
R&D credit as contract expenses. This credit will
expire along with the R&D tax credit at the end
of 1988, at which time a decision will be made
on its impermanent status. While opponents ar-
gue that these credits add to the federal budget
deficit through revenue loss, proponents cite the
benefits to the economy of enhanced cooperation
between private industry and universities.

Investment Tax Credit

First instituted in 1962, the investment tax credit
(ITC) was one of the specific tax incentives that
the Federal Government established to encourage
investment in physical plants and equipment. It
allowed a company to deduct a 10 percent credit
for the cost of qualified property that was either
constructed or purchased.

The repeal of the ITC will adversely affect fu-
ture investment in equipment. The ITC provided
a considerable financial advantage to companies
and was particularly helpful for start -up compa-
nies with large equipment investments. Some fi-
nancial analysts believe that reduced tax rates for
corporations were supposed to compensate for
the repeal of the ITC. Lowering the tax rate ben-
efits those companies large enough to qualify, but
does little to help small biotechnology companies
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with little or no profit. Effective tax rates in areas
related to technological innovation and R&D in-
vestment will be increased by these provisions (36).
and may negatively affect the biotechnology in-
dustries over time.

Expensing and Depreciation

Another area that was targeted by tax reformers
was depreciable assets. Before TRA, deductions
for depreciable assets like equipment were often
taken before the assets depreciated. However, un-
der the new tax law depreciation rates were
slowed down for most assets, reducing the value

of the depreciation deduction from a company’s
taxable income. When combined with the repealed
ITC, the TRA may have actually increased the tax
burden for equipment investment (6,9). One op-
tion used by small businesses is not to take the
depreciation and instead take a tax deduction in
that year, called expensing, for equipment pur-
chases. In a study on the effects of TRA on tech-
nological innovation, the Congressional Research
Service called the expensing of intangible costs
the most important tax incentive for R&D spend-
ing (16). Intangible costs are things such as sala-
ries, supplies, R&D, and marketing; tangible costs
usually refer to equipment and buildings.

SUMMARY

Issues of export controls and national security
continue to concern some biotechnology indus-
trialists pursuing international markets. The Drug
Export Amendments Act of 1986 is seen as a means
of assisting biotechnology companies in gaining
access to foreign markets. The ultimate impact
of these amendments has yet to be determined.
Currently, the Department of Commerce and the
Department of Defense are examining the roles
of the Commodity Control List and the Militarily
Critical Technologies List on high-technology ex-
ports, including biotechnology products. As bio-
technology produces more products for expor-
tation, industry is concerned that the licensure
process will slow to the detriment of U.S. in-
dustry.

Biotechnology has become an essential tool of
many industries. Thus, there is no such entity as
“the biotechnology industry.” Biotechnology is
a tool employed by several sectors. Each sec-
tor faces its own unique advantages and hur-
dles in the commercialization process. As bio-
technology becomes fully integrated, it is often
subsumed into the financial markets, regula-
tory requirements, patent issues, and person-
nel needs faced by those industries It is evi-
dent, however, that regulatory and patent
uncertainty regarding biotechnology may
present a temporary slowing of commerciali-
zation as new protocols are worked out.

At present, uncertainties about Federal regula-
tion are being resolved and ambiguities identified.
It is likely that biotechnology faces a much differ-
ent and more stringent regulatory environment
than other high-technology sectors. It is too early
to assess the impact of regulation on commercial
biotechnology, but it can be assumed that regula-
tion will increase the cost of performing R&D and
doing business generally.

Current patent battles will set many precedents
for future rulings. It is likely, however, that pat-
ent litigation in biotechnology will increase given
the complex web of partially overlapping patent
claims, high-value products, prior publication, and
simultaneous production of a product by many
companies. And, as patent battles are faced do-
mestically, biotechnology companies will increas-
ingly confront dilemmas of international patent
protection. Finally, although trade secrecy is be-
ing sought by many companies in addition to pat-
ent protection, it is not the desirable route and
is considered an unfortunate alternative by many
biotechnology patent attorneys.

OTA did not find evidence that the threat of
antitrust violations has impeded collaborative ef-
forts in the private sector. One group of industri-
alists has initiated discussions about the future
of private R&D consortia in biotechnology.
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Chapter 7
University-Industry
Research Arrangements
INn Biotechnology

“The interaction of industry with the universities is essential to provide an effective exploita-
tion of the research base. This partnership is critical to our national well-being in an increas-
ingly competitive world marketplace.”

White House Science Council
A Renewed Partnership, 1986

“There is justifiable concern that the time may be passing when an individual can produce
significant discoveries without outside support and present them as pure gifts to society. ”
Carnegie Institute

Annual Report of the Staff: The Program in

Science Policy 1980-1981, 1982

“To the long familiar military-industrial complex a fraternal twin has been added: an academic-
industrial complex through which American and multinational corporations siphon the pub-
licly created resources of our universities and thereby convert publicly financed research
into private gain. ”

Leonard Minsky

“Greed in the Groves: Part 11
The NEA Higher Education Journal, 1984



CONTENTS

Page
INtroduction . . . . .. . 113
Trends in University-Industry Research in Biotechnology ., ......c........... 114
Types of Collaborative Research Arrangements in Biotechnology . ........... 115
Research Consortia . . . ... ... 116
Service Facilities . . . . vreerereeenireennn, 116
Potential Benefits of Umversrty Industry Collaboratron in Blotechnology C e 118
Benefits for the Universities . . . . . . . . . . ... . . . e ,118
Benefits for Industry . . . . . ... . 120
Potential Problems of University-Industry Collaboration in Biotechnology ... ... 120
Problems for Universities . . . . . . . .. .. ... .. . . ... 121
Problems for Industry . . e e 123
Variability in the Benefits and Problems .................................. 123
Variability Among Industrial Partners . . . . . e 124
Variability Among Sectors or Areas of Research e 124
Variability Among Universities in Their Responses to Collaborative
Research Arrangements . ............. e 125
Summary and Conclusions . . . . ... ... .. , ...125
Chapter p references. . . . . .. . 126
Box
Box Page
7-A. The University of Wisconsin Biopulping Consortium . ................... 117
Tables
Table Page

7-1. Types of University-Industry Research Arrangements in Biotechnology ....116
7-2. Benefits of University-Industry Collaborations Reported

by Biotechnology Faculty . . . . . ... . ... . . . . . e 120
7-3. Risks Reported by Biotechnology Faculty . . . . . . . . . ..................122



Chapter 7

University-Industry Research
Arrangements in Biotechnology

INTRODUCTION

The joint funding, performance, and applica-
tion of scientific work by academic and nonaca-
demic interests is not new (9)11)18,32). Yet in re-
cent years, the rapid proliferation of collaborations
in biological research, involving partnerships be-
tween universities, industry, and government, has
greatly extended the frequency, scope, and visi-
bility of such activities. Attempts to commercial-
ize biological techniques have occurred at an ac-
celerated rate when compared to other fields,
involving a much broader spectrum of expertise
in its participants, and presenting a greater range
of commercial application than discoveries in most
other disciplines.

Intellectual capital is the mainstay of biotech-
nology firms, which, to date, have had little else
to market. The importance of the university sci-
entist to commercial biotechnology has been well
established. Industrial sponsorship of university
research in biotechnology yields substantial ben-
efits to the firms involved. Per dollar invested,
industry-supported university research in biotech-
nology is generating four times as many patent
applications as is other company research; 41 per-
cent of the companies investing in university-based
research have derived trade secrets from that
work (6).

Approximately 46 percent of biotechnology
firms support biotechnology research in univer-
sities. During 1984, the last year for which data
are available, the average Fortune 500 company
involved in biotechnology planned to spend $1.1
million on university-directed research, while the
average non Fortune 500 company planned to
spend $106,000. All totaled, in 1984, biotechnol-
ogy companies in the United States spent about
$120.7 million in grants and contracts to univer-
sities. The percentage of industrially sponsored
university-based research in biotechnology is ap-

proximately 16 to 24 percent; higher than the aver-
age 4 tos percent spent on overall industry-spon-
sored campus research (3,6).

Although an increasing number of biotechnol-
ogy companies are strengthening their in-house
research capabilities, available evidence suggests
that the private sector will continue to seek the
cutting edge provided by the Nation’s universi-
ties. Direct industry support for all campus re-
search has increased in constant dollar terms
every year since 1970. Between 1981 and 1984,
this increase was 8.5 percent annually (22). Even
with these increases, industry funding re-
mains small compared to government support
of biotechnology research on the Nation’s
campuses.

The nature of university-industry biotechnol-
ogy research arrangements appears to be chang-
ing. At an April 1987 OTA workshop on this topic,
industry representatives predicted that few com-
panies will invest large sums in universities for
long periods for directed research in biotechnol-
ogy, as was done by Monsanto at Washington
University (35). As predicted in the 1984 OTA re-
port on Commercial Biotechnology, an increas-
ing number of university-industry arrangements
in biotechnology are developing as consulting and
contract research rather than long-term research
partnerships (36). The predicted time course re-
quired to meet industrial expectations of univer-
sity research requires more pragmatic collabora-
tive arrangements than in the past.

Early concerns about collaborative research ar-
rangements in biotechnology, particularly those
involving universities and industry, were focused
primarily on issues of academic freedom, propri-
etary information, patent rights, and other poten-
tial conflicts of interest among collaborating part-
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ners. As these research arrangements have evolved,
and experience has grown, some of the most wor-
risome difficulties have been resolved, or never
realized.

Concerns remain, however, about the subtle im-
pacts of these collaborative arrangements. It is
possible that university-industry relationships
could adversely affect the academic environment
of universities by inhibiting free exchange of sci-
entific information, undermining interdepartmen-
tal cooperation, creating conflict among peers, or
delaying or completely impeding publication of
research results. Furthermore, directed funding
could indirectly affect the type of basic research
done in universities, decreasing university scien-

tists’ interest in basic studies with no potential com-
mercial payoff (3,4,6). In addition, complex and
subjective concerns remain about the effective-
ness of these arrangements in meeting the needs
of participating institutions, and the ability of these
new partnerships to stimulate innovation and im-
prove America’s competitiveness in biotechnology.

This chapter analyzes the structure, scope, po-
tential problems, benefits, and outcomes of col-
laborative research arrangements in biotechnology.
It focuses primarily on U.S. university-industry
research collaborations. (See ch. 4 for collabora-
tions involving State governments; ch. 5 for col-
laborative arrangements within industry.)

TRENDS IN UNIVERSITY-INDUSTRY
RESEARCH IN BIOTECHNOLOGY

During the 1970s, several key factors in the
university environment converged to stimulate
increasing interest on the part of academic faculty
and university administrators in seeking nontradi-
tional funding sources. First, in many fields, re-
search costs were exceeding the available funds
from traditional sources-government funding,
university budgets, and private foundations (11).
Such cost increases have been especially preva-
lent in fields that require large-scale, technologi-
cally advanced equipment and instruments and,
consequently, the involvement of larger numbers
of technicians with diverse skills (9). Construction
grants, as well as direct Federal nondefense R&D
support, have fallen annually (37) providing impe-
tus for the university to seek more industrial
funds.

Second, increasing Federal budget deficits, soar-
ing inflation, and the change of Administration
in 1981 signaled the possibility of some changes
in Federal support for university research, which
many scientists and university administrators
feared would result in drastically cut budgets
(11,17).

During this same period, American industry was
becoming increasingly aware that its traditional
position of “technological supremacy” was being
challenged on a variety of fronts, and that its com-
petitive edge in many sectors was in jeopardy

(7,28,30). The growing consensus that competi-
tiveness was linked to innovation, and that univer-
sity research and technology transfer played a crit-
ical role in the Nation’s ability to compete, led
business to show greater interest in creating and
strengthening its own connections with the aca-
demic community (12).

The putative decline of U.S. industrial competi-
tiveness and productivity soon became a topic of
intense public concern, affecting Federal, State,
and local politics (11). The assumption that
strengthening the links between industry and
university research could improve America’s eco-
nomic malaise gave impetus to a variety of new
government policy initiatives over the last dec-
ade. These included:

* The Patent and Trademark Amendments Act
of 1980 (Public Law 96-517), which included
changes in Federal patent laws relating to
universities. The act changed the presump-
tion of title in inventions made with Federal
funds from the government to universities,
small businesses, and nonprofit institutions
regardless of which agency’s funds had been
used to make the invention.

+ The Stevenson-Wydler Technology Innova-
tion Act of 1980 (Public Law 96-480) to pro-
mote cooperative research and technology
transfer.



115

® The 1981 Economic Recovery Tax Act (ERTA)
(Public Law 97-34), which provided a 25 per-
cent tax credit for increases in company R&D
expenses over and above base-year R&D ex-
pense levels and for the contribution of re-
search equipment to universities. Recent re-
visions of the tax laws have preserved this
favorable tax treatment for industrial support
of university research, though the benefits
are somewhat reduced (8). Under ERTA,
limited partnerships formed for the purpose
of supporting R&D were also eligible for
favorable tax treatment. Many biotechnology
companies increased their funding of univer-
sity research through research and develop-
ment limited partnerships (RDLPs) (19). (See
ch. 5 for further detail.)

® Relaxation of antitrust regulations through
the National Cooperative Research Act of 1984
(Public Law 98-462), in part to facilitate re-
search collaborations among previously com-
petitive industrial firms.

® Federal funding for university-industry co-
operative programs and projects, for exam-
ple through the National Science Foundation.

® Growth of State economic development pro-
grams that provide incentives to promote
university-industry cooperation. (See ch. 4 for
further discussion of State programs.)

This confluence of events and policies increased
the interest of universities, industry, and govern-
ment in activities pertaining to partnerships
between academia and business in all fields of sci-
ence. Interest in collaborative research arrange-
ments in biotechnology has been keen because
of the potential impact of the resulting products
and processes of biotechnology on a diversity of

industrial sectors, a multitude of existing and
newly proposed Federal and State funding initia-
tives in this area, and an unprecedented influx
of investment capital.

The trend toward academic and business part-
nerships in biotechnology is expected to continue.
However, the growth rate may or may not main-
tain the pace witnessed in recent years. in part,
the rate of future growth will depend on deci-
sions that have yet to be made by industry and
on the future availability of trained scientists with
significant track records to demonstrate commer-
cial potential.

Some commentators feel that industry will not
continue to rely on universities for some of the
production-oriented work, and that business is
already conducting most of the purely develop-
mental research in house (2,14). Scale-up issues
may differ significantly from R&D issues and may
be best handled in house. These shifts of resources
will obviously change the nature of the collabora-
tive efforts. Concerns about protecting proprie-
tary research may also force industrial firms con-
ducting more development and product-oriented
research to work in house in lieu of contracting
that portion to the universities. It is likely that new
trends in university-industry arrangements will
be seen first in the field of pharmaceuticals, with
less developed areas of industrial application, such
as agriculture, lagging behind. Participants in the
April 1987 OTA workshop agreed that industries
will continue to rely on universities for cutting-
edge research, technical breakthroughs, and sup-
port for individual projects, the outcomes of which
will result in potential new projects and increased
sales (35).

TYPES OF COLLABORATIVE RESEARCH

ARRANGEMENTS

University-industry research collaborations in
biotechnology and in other fields encompass a
diversity of approaches. The particular type of
interaction that collaborating partners choose de-
pends on their goals and institutional character-
istics (27). The relevant factors include:

IN BIOTECHNOLOGY

. company: the size, structure, and profitabil-
ity of the company, the nature of its business,
and the progressiveness of its research
program;

. university: the type, size, and financial health
of the university, the relative size and stat-
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ure of its science and engineering programs,
and the orientation of its research and re-
searchers; and

= externalities: geographic location, proximity
of the collaborating institutions, regional and
state economic development initiatives, the
location of university alumni in key industrial
positions, and the migration of university
faculty to industry and vice versa.

Since 1980, many researchers have attempted
to develop topologies to categorize the kinds of
university-industry interactions that exist. Some
of these are generic to all fields (26)27); other
categorization schemes are specific to biotechnol-
ogy (13)18)21,36). However, with so many radi-
cally different models all passing under the same
general rubric of “research collaboration,” it may
never be possible to adequately encompass the
field in a simple set of categories (31).

One categorization scheme for biotechnology
research relationships is shown in table 7-1.

Table 7-1.—Types of University-Industry Research
Arrangements in Biotechnology

Between university and firm
Industry-supported university research:
cooperative research programs;
jointly run research facilities

+ Organized consulting arrangement

+ Industrial liaison programs

+ Company equity held by university
University-owned science parks
Equipment donations by firm

+ Company licensed patent owned by university

+ Joint commercial ventures

+ Consortia

Between faculty members and firm

ZResearch grants and contracts

. Faculty members as principal officer in firm

. Faculty member on firm's Board of Directors or Science
Advisory Board

. Exclusive or non-exclusive consulting with industry
Full-time summer employment

. Company equity held by faculty member

Between trainees and firm

. Training grants or scholarships

. Direct support of trainee’s research

. Trainee salary support, summer or academic year

. Exclusive or non-exclusive consulting

. Informal collaboration

SOURCE: Adapted from D. Blumenthal, M. Gluck, S. Epstein, et al., University-

Industry Relationships in Biotechnology; Implications for Federal Poli-
cy, DHHS Grant #100A-83, submitted to the Office of the Assistant
Secretary for Planning and Evaluation, National Institutes of Health,
U.S. Department of Health and Human Services, Bethesda, MD, Mar.
20, 1987.

Research Consortia

Biotechnology consortia have been developed
by some university-based biotechnology centers
to promote technology transfer and raise addi-
tional capital. Consortia may include either one
company and several universities, several com-
panies and one university, or several companies
and several universities. Companies often repre-
sent widely differing aspects of the technology
in question (e.g., large-scale and small-scale appli-
cations). Research tends to be basic with little di-
rect attention to commercialization, but with the
implicit or explicit assumption that commercial
applications will eventually be available for mem-
ber companies to pursue independently. Federal
or State Government funds often supplement in-
dustry funding of these consortia.

Pennsylvania State University, for example, has
had 20 sponsoring industries for a cooperative
program in recombinant DNA technology and has
attracted several industrial sponsors for its Bio-
technology Institute. The Center for Biotechnol-
ogy Research, sponsored by Engenics Corp. (a
spinoff of Stanford University) involves six other
companies, Stanford University, the University of
California, and the Massachusetts Institute of
Technology. The University of Wisconsin Biotech-
nology Center Biopulping Consortium is described
in box 7-A. The Midwest Plant Biotechnology Con-
sortium, a group of 15 universities and 30 com-
panies with an interest in plant biotechnology, is
described in chapter 10.

Service Facilities

Service facilities are university-based operations
that provide, for a fee, the use of equipment, fa-
cilities, or expertise to either industry or univer-
sity scientists. They permit universities to make
considerable capital investments in buildings and
equipment based on the potential earnings that
can be generated through user fees. The Wiscon-
sin Biotechnology Center, the Center for Advanced
Research in Biotechnology (CARB) of the Mary-
land Biotechnology Institute, and the Center for
Biotechnology at SUNY Stonybrook are examples
of service facilities.
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Box 7-A.—The University of Wisconsin
Biopulping Consortium

In April 1987, the University of Wisconsin’s Bio-
technology Center and the U.S. Department of
Agriculture’s Forest Products Laboratory joined
to develop a biopulping research consortium.
Boise Cascade Corp., Celulosa Puerto Piray SA
of Argentina, Consolidated Paper, Inc., Dow
Chemical Co., Great Northern Nekoosa Corp.,
James River Corp., Mead Corp., Potlatch Corp.,
Procter & Gamble Co., Sandoz Chemicals Corp.,
Scott Paper Co., Spout-Bauer, Inc., and Weyer-
haeuser Co. each contributed $15,000 annmually
during an initial 5-year period to support the
project The Blotechnology Center will j join the
13 founding companies as the fourteenth con-
tributor to the pm]ect o

The biopulping prooess has the potennal toim-
prove on present mechanical and chemical meth- .
ods by reducing energy, capital costs, and envi-
ronmental treatment requirements. The process
would use enzymes from a naturally occurring
white rot fungus. known as Phanherochaete
chrysosporium to separate lignin from cellulose
in a selective manner When dlhgmﬁcamn with
fungi is combined with mechanical pulping,
energy consumption drops by 25 percent. The
consortium’s initial research is focusing on
mﬁmﬂﬂsprocessmnadaptmlarge-scalepulp
productiorn

Corporate spomom wi!l have A@éﬂs to the re» j
search on an ongoing bm‘athrmgh an informa:
tion service, a yearly symposium, and direct in
teraction with staff members. Industry sponsors
are expected to play an important role in bo
identifying needs and transferring the echno
ogy to onsite appllcatims > '

« In Wisconsin, the Biotechnology Center oper-
ates a number of pay-back facilities. If a
startup firm needs a monoclinal antibody, it
can be made at the Center for a fee, avoiding
for the firm the cost of investing in equip-
ment necessary for monoclinal production.
The Hybridoma Facility offers three options
to clients desiring hybridoma production,

Photo credit: University of Wisconsin-Madison

The Protein/DNA Sequence/Synthesis Facility at the
Biotechnology Center of the University of
Wisconsin-Madison.

screening, cloning, or antibody production—
full service, self service (inexperienced), and
self service (experienced), Another facility
offers services in protein purification and ob-
tains equipment through shared equipment
grants. A Plant Cell and Tissue Culture Facil-
ity offers instruction, protoplasm isolation and
plating, media preparation, anther culture,
and long-term storage of plants in test tubes.
Additional facilities include the Transgenic
Mouse Facility, the Protein/DNA Sequenc-
ing/Synthesis Facility, and the Biocomputing
Facility.

® At CARB, advanced computer graphics capa-

bilities and x-ray crystallography equipment
will be available for companies willing to pay
for structure analysis in protein engineering
and rational drug design.

® At the Center for Biotechnology at the State

University of New York at Stonybrook, serv-
ice facilities are provided by the Hybridoma
Center, the Center for the Analysis and Syn-
thesis of Macromolecules, and the Center for
Radioligand Synthesis and Spectroscopy.
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POTENTIAL BENEFITS OF UNIVERSITY-INDUSTRY

COLLABORATION

Historically, the potential for new economic and
social benefits from scientific research has helped
scientists secure funding and, at times, social stat-
ure for their work (9). More recently, scientific
research-especially collaborative research be-
tween industry and universities—has been tar-
geted as one of the critical elements in stimulat-
ing technological innovation, enhancing industrial
competitiveness, and in achieving sustained eco-
nomic growth and development, both regionally
and nationally. In fact, nearly every statement on
America’s current economic predicament cites the
university as the source of new scientific and tech-
nological breakthroughs, and university-industry
partnerships as the vehicle through which sus-
tained economic recovery will be achieved (18).

Whether university-industry collaborations can
make good on these claims has yet to be deter-
mined. To date, there have been no rigorous, em-
pirically based, national studies of the outcomes
of these collaborative arrangements. Part of the
problem is that many of these collaborations are
too new to assess. OTA recently sponsored one
of the few studies of the outcomes of collabora-
tive research arrangements in advanced materi-
als, information technology, and biotechnology
(31). The findings of that study suggest that com-
mercial outcomes—products and processes—have
been fairly limited to date, and that outcomes are
heavily contingent on how the collaboration is
structured and managed.

One survey of industrial firms with university-
industry research relationships in biotechnology
asked respondents for their list of perceived ben-
efits of collaboration (3)4). Factors perceived by
50 percent or more of these industrial respond-
ents as benefits “to a great or some extent” (in
order of priority) were:

* the likelihood of the collaboration resulting
in product or process licenses;

+ the ability of the company to keep current
with important research;

* reduction in costs of mounting R&D pro-
grams in a new field;

* enhancement of the firm’s public image; and
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. training and staff development for company
scientists.

From the university perspective, some benefits
cited in another study include:

. improvement in the level of research and
training in applied science;

« transfer of technology to industry and greater
relevance to society; and

. assistance in offsetting uncertainties of Fed-
eral R&D support (13).

Except for expectations of the profound com-
mercial potential for biotechnology-related prod-
ucts in a variety of sectors (e.g., agriculture, chem-
icals, pharmaceuticals), many of the benefits cited
are similar to ones described as motivators in other
fields of science.

Benefits for the Universities

Money, in a variety of guises, could be a pri-
mary benefit to the university of industrial spon-
sorship of research: money for research, the
opportunity for equity participation, limited in-
vestment in physical plant and facilities, and the
associated added income for faculty, Further, in-
flation in the late 1970s and the fear that current
support for basic research would be cut forced
many universities to tap several sources for fund-
ing and equipment. Ninety percent of the univer-
sities responding to a recent survey report receiv-
ing some industrial funds to conduct research in
biotechnology (3,4).

Evidence suggests, however, that large capital
infusions, such as those which occurred between
Hoechst and Massachusetts General Hospital, may
be the exception rather than the rule. In 1984,
60 percent of industrially funded biotechnology
projects at universities were funded at less than
$50,000,20 percent were funded for $50-100,000,
and only 20 percent were funded for over
$100)000 (6).

Furthermore, it is not clear that the financial
benefits to universities, other than direct support
itself, have been realized, Eighty nine percent of
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the sampled universities realized at least one pat-
ent from biotechnology research over the past 5
years, but substantial income from licenses is rare,
and earnings fail to exceed the cost of adminis-
tering the patents and licenses. In addition, few
universities own equity in any biotechnology com-
pany owned or founded by their faculty, and even
fewer reported any substantial appreciation in
such holdings (6). It seems unlikely, therefore,
that university-industry relationships in bio-
technology have or will significantly meet the
unmet capital needs of universities.

The real benefit from university-industry re-
search collaborations could be the capacity to do
things neither partner could do alone. Industry
may provide critical leverage to university appli-
cations to Federal and private funding agencies.
For many university scientists, industrial spon-
sorship provides the added excitement and pres-
tige that comes from working on truly cutting-
edge scientific research and entering into long-
term agreements with industry (2)24). Collabora-
tions with industry may also help the university
retain faculty members who might otherwise
leave, and to attract new faculty and students.
Industry collaborations may allow smaller, less
prestigious universities to build their research base
and to offer training opportunities for students.
Since many of the small, less well known univer-
sities often have trouble gaining access to research
funds at the National Institutes of Health and else-
where, the use of industrial capital to build their
research capability would offer great benefit.

Benefits for Faculty

In a survey of over 1,200 faculty members con-
ducted at 40 major U.S. universities, approximately
47 percent of biotechnology faculty reported con-
sulting with an outside company, and 8 percent
reported holding equity in a firm whose products
or services are directly related to their own univer-
sity research. The survey also revealed that bio-
technology researchers with industrial support
publish at higher rates, patent more frequently,
participate in more administrative and profes-
sional activities, and earn more than colleagues
without such support (6).

Table 7-2 summarizes the responses of biotech-
nology faculty, with and without industry support,

to questions of the perceived benefits of university-
industry collaborations (6). The table shows that
the majority agreed that such arrangements in-
volved less red tape than does Federal funding
and increased the rate of practical applications
from basic research. The table also illustrates some
interesting differences between biotechnology
faculty with industrial support and those not re-
ceiving funding from this source.

Benefits for Students

Although the literature on the effects of
university-industry collaborations in biotechnol-
ogy is replete with anecdotes about the problems
such relationships can cause for graduate and post -
doctoral training, one study found that students
do not feel that their training is being short-
changed or that the quality of their educational
experience is being compromised (10). In fact, the
students surveyed generally felt that “the bene-
fits outweighed the risks.” There is no evidence
to date suggesting that students working in labs
with industrial support are getting less guidance
or receiving insufficient faculty attention. Com-
pared to colleagues without industrial support,
biotechnology faculty with industrial support
seem to spend comparable amounts of time each
week with graduate students and postdoctoral fel-
lows (3)4).

Industrial sponsorship can provide increased fel-
lowship opportunities and more employment op-
portunities for students when they graduate. Not
everyone taught can or wishes to go into academic
science. The results of a 1985 survey of person-
nel needs in biotechnology firms conducted by
the Institute of Medicine and the American Soci-
ety for Microbiology revealed that there has been
a substantial increase in the number of scientists
employed in the biotechnology industry since 1983
(16). (See ch. 8 for further discussion of person-
nel and training.)

In addition, exposure to industrial projects can
provide students with the opportunity to conduct
more research, gain knowledge of industrial ap-
plications, and learn how to test hypotheses. Stu-
dents funded by private firms maybe more likely
than those without industry connections to re-
port patents resulting from their research (3).
Those students are often offered permanent po-
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Table 7-2.—Benefits of University-Industry Collaborations Reported by Biotechnology Faculty

“To some extent or to great extent” (oro)

Industry No industry
Question support support
To what extent does industry research support:
. Involve less red tape then federal funding . . ... ........... ... . ...... 76 51
. Increase the rate of applications from basic research . . . . ... ... ... .. ... 67 52
. Provide resources not obtainable elsewhere. . . . ... ... ... ... . ... 63 36
. Enhance career opportunities for students . . . ... ... ... L oL 60 43
. Enhance scholarly productivity . . . ....... .. .. . .. 41 20’
» Produce patents that increase university revenues . . . .. ... ............. 41 33

agignificantly different from faculty with Industry support (p< 0.01).

SOURCE: D. Blumenthal. M. Gluck.K.S. Louis, et al. “University y-Industry Research Relations in Biotechnology: Implications for the University,” Science 232:1361-1366.

June 13, 1966.

sitions because of their familiarity and experience
with industrial research problems ().

Benefits for Industry

A 1984 survey of biotechnology companies re-
vealed that the investments these companies were
making in university research seemed to be yield-
ing substantial benefits to the firms involved (3,4).
Per dollar invested, university research generated
more patent applications than company research.
Whether these patent applications will result in
marketable products or processes and profits for
the sponsoring firms has yet to be determined.
Collaborative research with universities consti-
tutes a relatively small part of most firms’ R&D
investment, generally less than 10 percent. For

an important minority, such collaborations con-
stitute a significant part of their research (6).

Clearly the commercial potential in biotechnol-
ogy-related processes and products is one of the
primary benefits that industry perceives it will
gain through university-industry research collabo-
rations, but it is not the only one that industry
values. Industry has to master this technology to
do its own research. Collaborations with univer-
sities permit industry to buy in at a relatively low
cost, without having to recreate the resources and
talent already available in academia. Academic-
business research relationships allow businesses
to tap otherwise inaccessible brainpower, increas-
ing their competitive edge. Thus, collaborations
enable industry as well as universities to accom-
plish tasks neither could tackle alone.

POTENTIAL PROBLEMS OF UNIVERSITY-INDUSTRY

COLLABORATION

Concerns about the commercialization of aca-
demic biomedical research probably reached a ze-
nith around 1981, about the same time that the
House Committee on Science and Technology con-
vened its first hearing on the subject (33). The
hearings focused on two major issues: whether
university-industry research relationships violated
scientific and academic freedom and responsibil-
ities, and whether these relationships best served
the interests of the American public.

By the time the Committee convened its second
set of hearings, nearly one year later, some of the
initial controversy had subsided (34). Then Con-
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gressman Gore said in his opening remarks: “We
do not view such agreements as bad per se, but
rather as a development that needs to be exam-
ined in detail.” However, this kind of detailed ex-
amination has not taken place. With the excep-
tion of a few isolated studies, little evidence exists
to either substantiate or refute the largely rhe-
torical claims of those who feel great harm is be-
ing done to academic science as a result of the
new ‘“‘university-industrial complex.”

In one study of university-industry research in-
teractions, the scientists and administrators sur-
veyed raised a variety of concerns (26). Most of
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the issues were not mentioned more than 25 per-
cent of the time by either company or university
representatives, although academic respondents
clearly raised more concerns about the research
interactions than their industrial counterparts.
Both parties expressed concern about basic vs.
applied research. About 23 percent of university
representatives raised concerns about academic
freedom. None of the other issues—adverse im-
pacts on research quality, credibility, continuity,
and the commingling of funds—appeared to be
of major concern to either industry or university
respondents.

In general, the perception of potential problems
that can result from university-industry collabo-
rations in biotechnology does not differ from that
seen in other fields. However, the degree and fre-
guency with which problems are occurring is per-
ceived to be intensified in biotechnology, perhaps
because of the accelerated proliferation of these
partnerships in a relatively short time.

Problems for Universities

Comments from analysts of university-industry
collaboration about the problems universities are
experiencing in collaborative arrangements range
from “the problems are many” to “the problems
have been beat to death.” At issue is whether and
to what degree universities should remain de-
tached from the world of business. (Some ques-
tion whether this idealized (or idolized) kind of
academic environment ever existed at all.) Yet
regardless of viewpoints, observers interviewed
by OTA seemed to agree that universities are in-
deed being changed by their research relation-
ships with industry.

one frequently cited problem concerns secrecy.
Some analysts maintain that colleagues cannot ex-
change information, despite its intellectual poten-
tial, because of its commercial value. Others ar-
gue that a delay in publication of six months makes
little difference and that trade secrets tend to be
on the production side, not the basic research side.
Some contend that as corporations bring devel-
opment-oriented activities in house, the secrecy
issue will diminish on the campus. But in one study,
25 percent of industrially supported biotechnol-
ogy faculty reported that they have conducted

research that belongs to the sponsor and cannot
be published without prior consent; and 40 per-
cent of faculty with industrial support reported
‘hat their collaboration resulted in unreasonable
delays in publishing (3). When research ap-
proaches the point of publication, the company
may request that certain pieces of information
be withdrawn because they may reveal a trade
secret, such as the composition of a buffer, or for-
mulation of a pharmaceutical compound.

Several commentators interviewed by OTA ex-
pressed concern about interdepartment and in-
tradepartment competition for scarce resources
and the potential imbalances in resource alloca-
tion that university-industry collaborations can
cause. The possibility was raised that this compe-
tition would cause some fields within the univer-
sity to atrophy. For example, a $32 million Bio-
logical Sciences Complex at the University of
Georgia apparently has drawn funds, and criti-
cism, from other instructional programs.

Problems for Faculty

The potential problems for universities and
faculty members engaged in collaborative arrange-
ments include:

+ impacts on the university’s research agenda,
such as the potential for professors to orient
their research toward products that could
have commercial value or the shifting of re-
search to accommodate corporate sponsors;

+ conflicts of interest, such as the use of univer-
sity equipment for private gain or the shift
of time away from university responsibilities;

+ exploitation of students as inexpensive labor
or outright neglect of students by faculty who
become increasingly involved in commercial
projects; and

* interruptions in the free flow of information
and materials among colleagues because of
patent-induced publication delays, trade
secrets, and other proprietary inhibitions—
the “publish or profit” problem (18). Faculty
with industry funds are much more likely
than other biotechnology faculty to report
that their research has resulted in trade
secrets and that commercial considerations
have influenced their choice of research
projects (3).
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Table 7.3.—Risks Reported by Biotechnology Faculty

“To Some extent or to great extent” wq

Industry No industry
Question support support
To what extent does industry research support pose the risk of:
. Shifting too much emphasis to applied research . . ............................ 70 78°
Z Creating pressures for faculty to spend too much time on commercial activities . . 68 82"
. Undermining intellectual exchange and cooperating activities within departments. 44 68°
. Creating conflict between faculty who support and oppose such activites . . . . . . . 43 61"
7 Creating unreasonable delays in the publication of new findings. . . . ... ......... 40 53°
Z Reducing the supply of talented university teachers. . . . ... .................... 40 51°
................... 27 41°

. Altering standards for promotion or tenure . . . .. ...........

asignificantly different from faculty with industry Support (p <0.05).
Significantly different from faculty with industry support (p< 0.01).

SOURCE: D. Blumenthal, M. Gluck, K.S. Louis, et al , “University-Industry Research Relations in Biotechnology; Implications for the University, " Science 232.1361-1366.

June 13, 1986

None of these problems, however, is unique to
university-industry collaborations. The quest for
grants, prizes, and status has often led to secrecy
before research results are published.

In addition, university-industry collaborations
could cause imbalances of faculty, students, and
space, shake public confidence, and jeopardize
government funding (25). Furthermore, collabo-
rations could threaten the scientist’s objectivity,
although there is no hard evidence that academics
with industrial ties are in fact less objective in their
judgments, or less interested in scientific truth
(20,21,29). Table 7-3 presents the risks reported
by biotechnology faculty with and without indus-
trial support.

The most frequently cited problems for faculty
involved in collaborative research relationships
with industry are the potential conflicts inherent
in having mixed allegiances. The danger is that
faculty will spend a disproportionate amount of
time on applied research and commercial inter-
ests. Industry supports research that is more likely
to be applied.

Faculty members with industry support are
more than four times as likely as faculty without
industry support to report that their choice of
research topics has been influenced by the likeli-
hood that the results would have commercial ap-
plication (6). Although companies may selectively
support faculty whose research has commercial
potential, biotechnology faculty with or without
industry support seem to feel that industrial sup-
port does shift research in applied directions.

Critics of the university’s involvement in indus-
trially oriented research are concerned that the
more one engages in outside commercial activi-
ties, the less one devotes to university responsi-
bilities. However, one study seems to suggest the
opposite (3,4). Biotechnology faculty with indus-
trial support exhibit enhanced productivity in sev-
eral areas, including university activities, and show
no significant declines in teaching time. Teach-
ing time may not be an appropriate measure of
the effects of commercial activities, since the con-
tent and quality of that teaching, and the mate-
rial contained in the coursework itself, may be
more relevant.

problems for Students

In a recent survey of students, over 25 percent
either received direct support from industry for
their research (12 percent) or worked in labs of
investigators who received industrial funds (an
additional 15 percent) (6). There is a great deal
of discussion, but little reported in the literature,
about the effects of university-industry relation-
ships on students and postdoctoral fellows. The
fear that students could be exploited by commer-
cial priorities or the pecuniary interests of their
professors, and that their education and training
may be compromised, was often expressed in OTA
interviews with academic scientists.

One study (10) adds some empirical data to an
area in which the only evidence of problems for
students to date has been in the form of news-
paper articles and anecdotes. The study surveyed
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693 graduate students and postdoctoral fellows
at six research-intensive U.S. universities, assess-
ing the effects of industry-sponsored university
research in the life sciences, and more specifically
in biotechnology. The study revealed that students
with industrial support published about a third
fewer papers, reported more significant delays
in publication, and reported inhibitions in discuss-
ing their work with colleagues more frequently
than their peers. Some students and fellows with
industrial support must work on projects chosen
by industry, or provide other services to their in-
dustrial sponsors. Industry-sponsored research
tends to be more applied, which may, in part, ex-
plain the lower rate of publication.

Problems for Industry

Industry would appear to face few problems
from university-industry research collaborations.
obviously, if an agreement is not viewed as suc-
cessful, a company can elect to discontinue sup-
port. The major concern of industry could be
whether these academic-business partnerships in
biotechnology will result in the revolutionary new
products and processes currently envisioned.

Exclusivity is an expectation of firms sponsor-
ing collaborative research. The scientist’s or
university’s ability (or willingness) to grant exclu-
sivity may be a point of contention. Furthermore,
since many parties could be involved in the col-
laboration, the designation of rights may become
more complex. As projects come to fruition in
multi-party collaborations, who negotiates the

VARIABILITY

Many of the researchers and commentators who
discuss the benefits and the problems of univer-
sity-industry research collaborations in biotech-
nology often speak as if academia and business
were monolithic entities. obviously, this is not the
case. Universities vary enormously in their struc-
tures, values, objectives, orientations, and re-
sponses toward collaborative research. The diver-
sity of U.S. industrial firms on these dimensions
is probably even greater. Consequently, the type
of university-industry research arrangement that

76582 0 - 8 - 5 : QL 3

contract with industry, who holds the con-
tract, and how property rights are assigned
will be major issues facing industry, as well
as all parties involved.

One particularly problematic scenario involves
a consortium involving Federal, university, and
industrial funds. As a result of the collaboration,
a company could gain title to patents based wholly
or partly on Federally funded work. Existing law
requires that patents resulting from Federally
funded research in universities be owned by the
university or the Federal Government (if the
university has an institutional patent agreement
with the granting agency). Thus, if the univer-
sity permits patent title to the company, it could
be in violation of the law. Self-interest on the part
of the university may be the best protection
against such a violation given the logical desire
for the university to retain patent ownership.

Findings from a 1986 industrial survey (34) sug-
gest that companies sponsoring university re-
search also perceive potential risks in university-
industry relationships. Problems perceived by
over 20 percent of the firms as a potential risk
“to a great or some extent” were:

+ poor payoff in marketable products (62
percent);

+ loss of proprietary information (58 percent);

+ excessive monitoring and controlling effort
(42 percent); and

* university withdrawal from the relationship
before the firm receives anticipated benefits
(21 percent).

IN THE BENEFITS AND PROBLEMS

works for an Eastern lvy League university may
be very different from one that fits a land grant
college in the South or the Midwest; the motiva-
tions and expected outcomes of a large multina-
tional corporation that collaborates with a uni-
versity—such as Monsanto’s agreement with
Washington University—undoubtedly would vary
greatly from those of a start-up venture like Em-
bryogen and its relationships with Ohio Univer-
sity. Because these differences may affect the ben-
efits and problems experienced by collaborating
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partners, analysts must go beyond the generali-
ties and document some of these variations.

In a recent OTA study of collaborative research
arrangements (31), the particular type of organiza-
tional structure was not highly correlated with
benefits or outcome measures; the same could be
said for problems. What is more likely—although
additional research is needed in this area—is that
the potential problems for the university and its
faculty may be tied to the degree to which a par-
ticular arrangement interferes with faculty duties
and the level—individual or institutional-at which
the agreement is made. From an industrial point
of view, benefits are in part tied to these two fac-
tors as well, but the direction of the causation is
probably reversed.

Variability Among Industrial

Partners

It is not possible to explore all the differences
among industrial partners that can affect univer-
sity-industry research collaborations in biotech-
nology. Furthermore, there are times when the
same company enters into different types of agree-
ments with separate universities, each character-
ized by its own pattern of interactions and out-
comes. An example is Monsanto’s agreements with
Harvard and Washington Universities. One vari-
able may be distinctive in the relationships be-
tween universities and businesses—the size of the
collaborating partner.

Discussions with industrialists, both large and
small, suggest that collaborations with small firms
seem to constitute the greatest gamble for univer-
sities. Compared to larger firms, small firms are
more likely to support faculty with significant eg-
uity in their companies, report the use of trade
secrets, and fund projects of very short duration.

On the other hand, the financial benefits of rela-
tionships with small firms may be considerable.
These arrangements seem to produce many more
patent applications per dollar invested than do
relationships with large firms (3,4). However, the
applications for patents held by universities may
not produce profitable licenses, and relationships
with large companies seem smoother and less com-
plicated with fewer conflicts of interest.

The benefits to individual scientists may be
greater with large companies, which are more
likely to supply a steady stream of money over
the long term (20). However, not all the experts
interviewed by OTA perceived small firm collabo-
rations as potentially risky. Much depends on the
type of university involved and the way that in-
stitution perceives its missions vis-4-vis industry
(23). There may be potential risks in collaborat-
ing with companies large enough to buy an aca-
demic department (14).

Variability Among Sectors or
Areas of Research

Little is known about sectoral variations in the
nature of university-industry collaborations in bio-
technology (e.g., agriculture, chemicals, pharma-
ceuticals). The major sectoral differences involve
orientation and focus: product vs. process. Since
companies are most interested in products which
can yield the greatest potential gain, the most fre-
guent and intense university-industry research
collaborations seem to be taking place in phar-
maceuticals. In agriculture, while there are pro-
prietary plants, the research problems are thought
to be more complex and the envisioned products
more long term. Hence, the degree of collabora-
tion has not been as intense. This is likely to
change. In chemicals, where the research is more
applied, a large proportion of the research can
be done in corporate labs or through consulting,
decreasing this sector’s dependence on university-
industry research relationships.

Some argue that biotechnology firms have al-
ready altered the nature of problem selection by
academic scientists; problems dependent on the
elaboration of technique, not theory, are empha-
sized. Consequently, in university-industry re-
search relationships, corporations are focusing
on the development of biological (e.g., enzymes,
pharmaceuticals) because of the likelihood of more
rapid commercial payoff. Thus, problems requir-
ing that substantial theoretical obstacles be crossed
before technical breakthroughs can be achieved
(e.g., the control and transfer of nitrogen fixation
in the agricultural sector) are receiving less im-
mediate attention in collaborative research part-
nerships.
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Variability Among Universities in
Their Responses to Collaborative
Research Arrangements

Just as collaborative arrangements vary tremen-
dously depending on their form, structure, and
research area, universities exhibit a great deal of
diversity in their responses to the benefits and
problems that can result from university-industry
research relationships. Differences in response
include:

* the amount of time allowed to faculty for out-
side consulting, or for the management of or
involvement in entrepreneurial activities;

+ the degree to which faculty can use university
equipment, facilities, and staff (including stu-
dents) in nonacademic, commercial research;

+ sanctions against, or incentives for, universi-
ties to become financially involved in the start-
up or spinoff ventures of faculty (e.g., equity
interests in ventures seeded, funding incu-
bator centers);

* whether the university, industrial sponsor, or
individual scientists retain intellectual prop-
erty rights or the exclusivity of such patents,
licenses, and trade secrets;

* the amount of time deemed acceptable to de-

SUMMARY AND

In the long run, the trade-offs made between
the potential benefits that accrue from university-
industry research collaborations in biotechnology
and the potential problems and risks associated
with such relationships will depend on how the
public and the policy-making community value
the outcomes of these new partnerships. Two is-
sues that must be balanced are:

® whether losses to science or to university
values that result from increases in the level
of secrecy in universities are offset by net ad-
ditions to knowledge that result from the in-
fusion of industry funds into university lab-
oratories; and

e whether shifts in the direction of the univer-
sity research agenda toward more applied and
commercially relevant projects have benefits

lay publications prior to or simultaneous with
patent filings; and

* whether university scientists or industrial
sponsors (or some combination of the two)
set research priorities and the research
agenda.

There are few standards in place throughout
the academic community on the six dimensions
just described. Rather, each institution is meet-
ing the challenge of setting its own boundaries
of acceptability in ways that are consistent with
its characteristic culture and mission. Some ana-
lysts believe that the largest, most prestigious
universities must be the ones to stand up to the
potential risks of industry-university collaboration
and set the standards for other institutions to fol-
low (23).

Too simplistic are assumptions that a continuum
can be constructed to characterize the nature of
collaborative research arrangements in biotech-
nology and that problems would intensify as the
ties between academia and business intensify.
Problems and benefits exist at all ends of the con-
tinuum. Furthermore, rather than a linear con-
tinuum, there exist multiple axes at any moment
in time (e.g., type of arrangement; size of indus-
trial partner; university culture; area of research).

CONCLUSIONS

for human health and economic growth that
far outweigh the risks to basic research.

University researchers are not the only ones
concerned with the trade-offs. Others have said
that it is truly in the national interest to develop
new institutional arrangements that are poten-
tially capable of reducing the time lag between
advances made in the basic research laboratory
and the application of those advances to human
service (33). Advocates of active university-indus-
try collaboration assert that the public interest
is best served when the results of research are
published and made available to the scientific com-
munity, and the academic work that is commer-
cially valuable is patented and does in fact reach
the marketplace faster through collaborations
between the universities and the industrial com-
munity.
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In the meantime, there are measures that can
be taken to strengthen university-industry re-
search relationships for all participants, and to
maximize some of their potential benefits, while
minimizing their problems and risks. Universities
and the industrial firms involved could ease the
introduction of academic-business partnerships
on campus with extensive prior discussion in
which all relevant parties including students,
faculty, university administrators, and corporate
executives participate.

Universities can negotiate collaborative agree-
ments that are consistent with the values and mis-
sions of their institutions and can include as es-
sential elements of any such agreement:

* the scope of the agreement (e.g., particular
research area(s) supported; time commit-
ments of faculty participants);

+ control over the conduct of the research (e.g.,
who selects areas of research, specific proj-
ects, and methodologies; provisions for inter-
nal and/or external advice and review);

+ sponsor’s responsibilities (e.g., funding; staff
support; equipment; materials contributed);

* treatment of proprietary information;

* publication requirements (e.g., pre-publica-
tion review delays); and

* patent rights and income (e.g., title retention;
license agreements; term or life of the patent).

Once established, universities can monitor their
collaborative research relationships with indus-
try and rigorously enforce:

+ disclosure rules;

+ conflict of interest statutes;

+ limitations on excessive outside consulting by
faculty members; and

* sanctions against faculty that retain “full-time”
status at the university and are simultane-
ously executives in their own companies with
“full-time” management responsibilities.

It has been suggested that Federal law or regu-
lation should dictate what is considered in and
out of bounds for universities in their interactions
with industry. A violation of the rules would mean
a cut off of Federal funding for the university in
guestion (18). While such an approach is extreme,
the issue of private gain from public invest-
ment requires some degree of accountability.

Those who take a negative view of university-
industry research relationships may be arguing
for a return to a perceived simpler time, when
academics were academics, and businessmen
were businessmen. Times have clearly changed,
and both the internal and external demands on
the university are increasing and sometimes con-
flicting. Perhaps the most obvious example of
those changes and conflicts is the ever-closing gap
between business and academia in U.S. biotech-
nology.

Even though industrial support for university
research in biotechnology has clearly changed the
dynamics of that field at the individual and institu-
tional levels, any funding source has the poten-
tial of influencing the research agenda and
those that conduct the sponsored research.
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Chapter 8

Training and
Personnel Needs
INn Biotechnology

“Most of our technology walks out every night in tennis shoes.”
Robert Swanson
Genentech

“The key to educating a biotechnologist is flexibility in specialized aspects of a program that

is firmly based in science and engineering.”
David Pramer
Rutgers University

“The biotechnology revolution . . . has changed in fundamental ways how biologists and
chemists regard their disciplines and therefore how those disciplines may properly be taught .
Budget Change Proposal

California State University
Center for Biotechnology Education and Research
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Chapter 8

Training and Personnel Needs

In Biotechnology

INTRODUCTION

The continued commercialization of biotechnol-
ogy in the United States depends on trained sci-
entific and technical personnel. High-technology
firms consistently rank quality of education and
the availability of a skilled work force among the
most crucial elements for success (16,30), and ac-
cess to educational facilities is often pivotal in de-
cisions about where to locate biotechnology firms

(30).

Biotechnology is not one discipline but the
interaction of several disciplines to apply sci-
entific and engineering principles to the proc-
essing of materials by biological agents to pro-
vide goods and services (37). Thus, currently
practicing “biotechnologists” were not trained as
such, but were trained in such fields as molecu-
lar biology, genetics, biochemistry, microbiology,
botany, plant pathology, virology, biochemical engi-
neering, fermentation technology, and others.
Much of the training for biotechnology continues
to be in these and related areas.

Biotechnology personnel needs will change as
the industry continues to grow and mature. The
shift in emphasis from research and development
(R&D) to production, for example, requires more
bioprocess engineers and more technicians. Ap-
plications in new industrial sectors will also change
personnel requirements. While the pharmaceu-
tical industry is currently the predominant user
of biotechnology, agriculture is also a significant
user and other industrial sectors are increasingly
applying biotechnology. Future personnel needs
in biotechnology will depend on the R&D needs,
the products that are produced, and the extent
to which biotechnology is integrated into various
industries. While most industry analysts and aca-
demics agree that the number of biotechnology
personnel needed will continue to grow in the next
5 to 10 years, opinions vary on the specific types
of jobs that will be available and the type of train-
ing required for these jobs. U.S. colleges and
universities have responded to the perceived per-
sonnel needs in biotechnology with a variety of
new training and educational programs.

SIZE AND FUTURE GROWTH OF COMMERCIAL
BIOTECHNOLOGY

Few analysts expect biotechnology to generate
a large number of new jobs, but its applications
are growing rapidly and its personnel needs are
often for specific, highly trained individuals. OTA
estimates the total personnel working in bio-
technology for dedicated biotechnology com-
panies (DBCs) and large, diversified companies
to be about 35,900, of whom 18,600 are scien-
tists and engineers. While this indicates at least
a five-fold increase in employment since 1983, the
total numbers are low when compared with other
high-technology sectors. Computer and data proc-
essing services, for example, employed almost
600)000 workers in 1986 (58).

A range of figures has been published on bio-
technology employment in the past 5 years (table
8-1). A 1982 report estimated the total U.S. pri-
vate sector employment in “synthetic genetics” to
be 3)278) with an annual growth rate of 54 per-
cent (26). Using data from a 1983 OTA/National
Academy of Sciences survey, OTA estimated em-
ployment in U.S. biotechnology R&D work force
to be 5,000 (72). Using data from a similar survey
conducted in 1985, the Institute of Medicine (IOM)
estimated that 12,000 scientists were employed
in the biotechnology industry that year (39). A
1986 report estimates that 15)959 scientists and
technicians are working in biotechnology (62). The

131
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Table 8-1.-Estimates of Employment in Biotechnology, 1982-87

Year Source of Estimate Estimated Number Employed
1982 Feldman & O’Malley* 3,278 (total employees)
1983 Office of Technology Assessment’ 5,000 (R&D employees)

Employment Sectors
Private sector

Biotechnology companies (based on to-
tal of 219)

Biotechnology companies (based on
total of 282)

Biotechnology companies and large
corporations

1985 Institute of Medicine* 12,000 (scientists only)

1985 National Science Foundation’ 7,000 (scientists and engineers)

1986 Center for Occupational Research
and Development'

1986 National Science Foundation®

15,959 (scientists and technicians)  Biotechnology companies, (based on

total of 242)

Biotechnology companies and large
corporations

8,000 (scientists and engineers)

1987 U.S. Department of Commerce’ 25,000 (overall employment) Dedicated biotechnology companies

(based on a total of 300)

Dedicated biotechnology companies
(based on total of 296)

Diversified companies

(based on total of 53)

1987 Office of Technology Assessment” 13,221 (scientists and technicians)

24,347 (overall employment)

5,360 (scientists and technicians)
11,600 (overall employment)

18,581 (scientists and technicians) Diversified and dedicated biotechnol-
35,947 (total biotech employees) ogv companies

ap. Feldman and-E, p, O, Malley, The Biotechnology Industry jn Callforn/a, contract paper prepared for the California Commission on Industrial Innovation, Sacramento,
CA. August 19S2.

by.s. Congress, Office of Technology Assessment, Commercial Biotechnology: An International Analysis, OTA-BA-218 (Eimsford, NY: Pergamon Press, Inc., January 1984).
Constitute of Medicine, Committee on NationalNeeds for Biomedical and Behavioral Research personnel, National Academy of Sciences, Personnel Needs and Training
for Biomedical and Behavioral Research (1985 Report) (Washington, DC: National Academy Press, 19S5). i _

dNational Science Foundation, Biotechnology Research and Development Activities in Industry, Surveys of Science Resources a Series, Special Report, (NSF 86-311)

(Washinaton, DC: 1987). ) .
©Ninety-four firms were ‘estimated to represent two-thirds of the industry’s activity.

1987 Office of Technology Assessment

1987 Office of Technology Assessment

B.F.Rinard, Education for Biotechnology (Waco, TX: The Center of Occupational Research and Development, 1986).

us. Department of Commerce, International Trade Administration, 7988 U.S. Industrial Qutlook (Washinglon, DC: Government Printing Office, January 1988),
hy.s. congress, Office of Technology Assessment, Survey of Dedicated Biotechnology Companies, 1987.

iy.s. Congress, Office of Technology Assessment, Survey of Diversified Corporations in Biotechnology, 1987.

National Science Foundation (NSF), however, esti-
mated that only 8,000 scientists and engineers
worked primarily in biotechnology as of January
of 1986 (56), A reason for the difference is that
NSF has assumed fewer companies are perform-
ing the bulk of biotechnology R&D than the other
estimates, and NSF considered only personnel in-
volved in R&D, not production (18,56). The U.S.
Department of Commerce recently estimated that
25,000 people worked for dedicated biotechnol-
ogy companies (76). This estimate is very close
to OTA’s estimate, derived from a survey of dedi-
cated biotechnology.

Current Survey Results

In the spring of 1987, OTA surveyed dedicated
biotechnology companies (DBCs). Firms were
divided into small (1 to 20 employees), medium
(21 to 100 employees), and large (101 to 1,000 em-
ployees). The numbers of small and medium firms

were nearly even at 112 and 121, respectively.
Only 56 companies employ 101 to 1,000 people.
(See ch. 5.) The average company had 86 employ-
ees, and the median response was 30. private com-
panies averaged 40 employees, while public and
subsidiary companies were approximately equal
in size with an average of approximately 165 em-
ployees. Companies working in human therapeu-
tics, plant agriculture, and human diagnostics
tended to be the largest in the industry, averag-
ing 120 employees. Specialty chemicals and rea-
gents companies tended to be smaller, with 30 to
45 employees. Chapter 5 discusses other sectoral
differences of commercial biotechnology.

The OTA survey of DBCs found that 135 com-
panies employed a total 11,597 people, of whom
6,297 or 54 percent were scientific and technical
personnel. Extrapolating these figures to the to-
tal of 296 biotechnology firms identified for the
survey gives a total employment figure of 24)347)
of which 13,221 would be scientific and techni-
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cal personnel.'A second OTA survey covered 53
diversified corporations involved in biotechnol-
ogy research and development. The survey showed
these 53 companies, including large chemical,
pharmaceutical, and agricultural companies (see
ch. 5), employed 11,600 in biotechnology, of whom
5,360 were scientists and engineers with advanced
degrees. OTA estimates that the current number
of scientists and engineers employed in biotech-
nology is at least 15,000 to 21,000, with an addi-
tional 15,000 to 19,000 nontechnical personnel
working for biotechnology companies. These
ranges are probably slightly lower than the ac-
tual total, as not all large corporations involved
in biotechnology could be identified and surveyed,
and more dedicated biotechnology companies
have been identified since the 296 were surveyed
(see ch. 5 and apps. A and B).

The future rate of growth of employment in
biotechnology will depend on the success of com-
panies in introducing products and services based
on biotechnology, the expansion of biotechnology
applications in new fields such as waste manage-
ment and the extraction industries, and investor
confidence in biotechnology. Companies contacted
for a survey for the Industrial Biotechnology Asso-
ciation (IBA) expected their staffs to grow an aver-
age of 44 percent from July 1, 1987 to June 30,
1989 (38). If companies grew at their hoped for
rates, the biotechnology work force would num-
ber almost 58,000 by June 1989 (70). Companies
responding to the OTA survey also reported high
levels of employment growth, averaging 27.4 per-
cent over the next 5 years. In 1983, companies
expected to increase their staffs by 42 percent
during the next 18 months. They actually in-
creased their staffs by 20 percent (39). While com-
panies can be expected to be optimistic, growth
in biotechnology employment is indicated. Accord-
ing to analysts with the Bureau of Labor Statis-

'The overall mean number of employees per biotechnology com-
pany (85.9) times the number of companies (296) gives a slightly
higher number (25,426) than given here. However, the presence of
a few large companies probably skews the average too high. OTA
instead multiplied the number of small companies (1 12) times the
average number of employees (11.1), the number of medium com-
panies (121) times the average number of employees (55.3), the num-
ber of large companies (56) times the average number of employees
(267), and the number of unclassified companies (17) times the overall
average number of employees (85.9) to arrive at the figure of 24,347.
See ch. 5 for a description of the biotechnology industry.

tics, the overall number of life scientists is expected
to grow 21 percent or 30,000 jobs between 1986
and the year 2000, largely because of increasing
applications of genetics research (67).

Personnel Needs in Biotechnology

Personnel needs in biotechnology are changing
with the maturation of the industry. Each stage
of development requires different activities and
skills. Early stages mainly require research scien-
tists and supporting laboratory technicians. As
potential commercial products are developed, bio-
process scale-up engineers, cell culture and fer-
mentation specialists, separation and purification
specialists, analytical chemists, clinical scientists,
regulatory affairs experts, and financial analysts
are required. When full-scale production is under-
way, technicians at a variety of levels and quality
control specialists are needed, as well as market-
ing managers and other business specialists.

This changing mix of personnel at biotechnol-
ogy companies is becoming evident. Production
and quality control positions are being added to
the R&D jobs that have been the mainstay of em-
ployment. The current trend is toward hiring tech-
nicians rather than Ph.D. level researchers (47).
opportunities for biologists and biochemists at the
master’s and bachelor’s level (38) and perhaps even
with 2-year associate of applied science degrees
(62) will increase. Currently, according to data
from OTA'’s survey of DBCs, Ph.D. scientists rep-
resent 14 percent of company personnel and 28
percent of scientific personnel. This demonstrates
a continuing decline in Ph.D.s as a percentage of
the scientific work force in biotechnology. Data
from OTA’s 1983 survey showed that 43 percent
of R&D personnel held Ph.D.s., while the Insti-
tute of Medicine reports that 38 percent of the
scientists employed in biotechnology firms held
Ph.D.s in 1985 (39).

Biotechnology firms are also shifting somewhat
from researchers to managers and marketers (17).
Many scientist/founders of the dedicated biotech-
nology companies have been replaced by man-
agers geared to getting products to markets rather
than out of the laboratory (3).

Different sectors of the biotechnology industry
also have differing personnel needs. The educa-
tional requirements for a position in plant genetic
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engineering are very different from those for a
position in developing monoclinal antibody test
kits. The research scientists involved must know
different biological systems, and the technicians
involved must be familiar with different lab pro-
cedures and equipment.

Scientific personnel needs in biotechnology in-
volve a variety of disciplines, including molecu-

of imperﬁme are orgaxﬁmﬁoaalmﬂ;

or two complex yrmasmvde o

lar biology, genetics, microbiology, biochemistry,
immunology, and several engineering disciplines.
Positions within these disciplines range from Re-
search Director to Technician, and qualifications
range from a Ph.D. with substantial experience
to a bachelor’s degree or, possibly, less (box 8-A).
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Types of Jobs Available

Molecular biologists and immunologists consti-
tute about a third of the research workers in bio-
technology (82). Most molecular biologists have
focused on animal and bacterial systems because
this research is most applicable to human health
(13) and most funding for molecular biology has
come from the National Institutes of Health. Im-
munologists are heavily involved in the develop-
ment of hybridomas to produce monoclinal anti-
bodies, More recently, the employment of plant
molecular biologists has been increasing with the
redirection of agricultural research toward mo-
lecular biological techniques (see ch. 10).

Bioprocess engineers, biochemists, and microbi-
ologists develop methods of producing biotech-
nology products in large quantities (13). The de-
mand for these specialties will increase as products
are readied for production (82).

Microbiologists study bacteria, yeast, and other
micro-organisms and identify microbes with par-
ticular characteristics for industrial processes (13).
Microbiologists also identify optimum growth con-
ditions for micro-organisms and conditions for
production of the substance of interest.

Cell culture specialists perform similar functions
for plant and animal cells grown in tissue culture.
Tissue culture is becoming increasingly important
for the production of useful products, and exper-
tise in tissue culture is an increasingly important
skill.

Bioprocess engineers design systems to approx-
imate conditions identified by the microbiologist.
Bioprocess engineering is related to chemical engi-
neering. One of the main tasks undertaken by bio-
process engineers is the design of fermentation
vats (13) and various bioreactors (55) for the micro-
organisms that will produce a given product. Bio-
chemists are required for the next stage of pro-
duction-the recovery, purification, and quality
control of a given product. Many high-value prod-
ucts are extremely fragile, making purification a
difficult and highly skilled task.

Available Personnel

For the most part, the available supply of life
scientists adequately meets personnel needs (2,
45,48,56), though various observers have identi-
fied certain specific shortages in areas such as pro-

tein chemistry (6,8,20,64), x-ray crystallography
(32), bioprocess engineering (34,35,36,39,42,61,81),
cell culture (7,81), quality control (21,52), and other
aspects of scale-up. Microbial ecologists are also
seen as being in short supply (69,74). In general,
companies see an ample supply of scientists trained
in molecular biology, biochemistry, cell biology,
and immunology, since these areas have tradition-
ally been well-funded by the National Institutes
of Health (48).

There are about 66,500 Ph.D.s in the biological
sciences work force, representing about a quar-
ter of the total of this work force. Master’'s de-
gree holders represent another one-third of this
total, with the rest holding bachelor’s degrees (75).
The number of bachelor’s degrees awarded in the
biological sciences peaked in 1976 at 59,000 and
has declined since then. About 38,640 bachelor’s
degrees were awarded in 1984 (75).

In terms of general biological sciences, the work
force is well supplied or oversupplied. During the
1980s, unemployment of recent graduates with
bachelor’s degrees in biosciences has been higher
than for other science and engineering fields, ex-
cept physics. The life sciences in general, and the
biosciences in particular, have been oversupplied
for several years, relative to demand (79).

potential Shortages

Shortages in certain emerging fields, such as
protein engineering, are largely unavoidable,
due both to the difficulty of predicting which
fields will have the heaviest demands and the
lag time required for educational institutions
to gear up for new fields. The expense of new
faculty and new equipment prevents institutions
from rapidly moving into new areas. In areas with
a shortage of researchers, a shortage of univer-
sity instructors is usually also apparent (32,.50).
For example, pharmaceutical companies are hir-
ing x-ray crystallographers with expertise in bio-
logical molecules from academia at a rate that
threatens to undercut both research and train-
ing of future crystallographers (32).

A shortage of microbial ecologists has resulted
from the increased interest in the purposeful re-
lease of engineered organisms into the environ-
ment. Until recently, microbial ecology was a rela-
tively obscure field that attracted less money and
talent than more glamorous fields such as molecu-
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lar biology. The Environmental Protection Agency
(EPA) has identified ecological risk assessment, eco-
system structure and function, and ecological and
toxicological effects as priority areas (77), but EPA
does not fund many extramural research and
training programs. The National Science Founda-
tion also supports some research, and thus train-
ing, in microbial ecology (74).

Predicting future employment needs accurately
requires information that is often unavailable.
Such predictions are necessarily speculative. A
survey of biotechnology firms in the San Diego
area indicates that one-third of the bachelor’s level
employees hired during the next 5 years will work
in recombinant DNA. Other areas of high antici-
pated need include DNA sequencing, separation
chemistry, and animal tissue culture (8) (see table
8-2). Personnel specialists at a 1987 meeting of the
Industrial Biotechnology Association also pointed
to basic recombinant DNA techniques as their big-
gest training need (37).

A 1984 OTA report said that a potential short-
age of highly trained bioprocess engineers in the
United States “could be a bottleneck to the rapid
commercialization of biotechnology in the United
States” (72). While no such shortage is evident
almost 4 years later, biotechnology still has not
been used to produce a large number of prod-
ucts and thus there is not yet a heavy demand

Table 8-2.—Anticipated Hiring of B.S.-Level
Biotechnologists by San Diego Area Biotechnology
Firms, 1987-92°

Number expected Percent of

Area of work to be hired total
Recombinant DNA. . . ...... 292 30/0
DNA Sequencing . . . ....... 119 13
Animal Tissue Culture . . . . . 118 13
Separation Chemistry . . . . . . 117 13
Hybridoma Technology. . . . . 84 9
Virology . ..o 52 6
Protein Synthesis . . ....... 31 4
DNA Synthesis. . .. ........ 24 3
Plant Tissue Culture . . . .. .. 19 2
Other (e.g., fermentation,

animal model development

and testing). . . ............ 29 3
TOTAL...... ... 885

apata repgsent estimates for 27 organizations based on responses frOm 15. Num-
bers are cumulative for the 5-year period.

SOURCE: Sanford Bernstein, San Diego State University, February 1987.

for bioprocess engineers. This is at least partly
because biotechnology is still largely used to pro-
duce high-value, low-volume products. Produc-
ing high-volume, low-value products will require
more engineering talent for successful scale-up
(41). Some industry representatives fear a short-
age of bioprocess engineers lies ahead as more
products reach the final stage of commercializa-
tion (35,36). Shortages of bioprocess engineers
have recently been predicted for the 1990s (61).
However, most companies contacted by Genetic
Engineering News, an industry trade journal, did
not expect any personnel shortages to develop dur-
ing the next 5 years (48). Some biotechnology com-
pany personnel managers have, however, re-
ported difficulties hiring biochemical engineers
at the B.S./M.S. level with cell culture or fermen-
tation experience (38,29).

Since 1984, protein chemistry has emerged as
a strong need (6,8,20,21,64). The knowledge of
making, purifying, and stabilizing proteins to their
active form is required, especially in pharmaceu-
tical applications. The need for immunologists has
also increased, due to demand in both monoclinal
antibody development and in AIDS research.

Whether or not shortages actually materialize
will depend on how rapidly biotechnology prod-
ucts are commercialized and how and when
universities and their students respond to pre-
dicted manpower needs. While a shortage of bio-
process engineers would be a serious bottleneck
for the industry, the actual number needed will
not be very large. Bioprocess engineering is not
labor intensive, and it has been estimated that per-
sonnel requirements for bioprocessing, even af-
ter firms enter mass production, will be only 10
to 15 percent of the total biotechnology work force.
Furthermore, technological advances, such as bio-
sensors and computer-controlled continuous bio-
processing, could reduce labor intensity (46,72,78).

Potential projected personnel shortages
might also be ameliorated by mobility among
disciplines. For example, potential shortages of
plant molecular biologists were identified several
years ago (39,57,72). However, the field of plant
molecular biology has been able to move ahead
quite rapidly in the last few years due to the large
pool of molecular biology postdoctoral fellows and
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Photo credit: Calgene

Cell and tissue culture methods are used to regenerate
plant cells containing foreign genes into whole plants.

trainees. While many of these scientists were
trained in animal or bacterial systems, they were
able to apply their skills and knowledge of molecu-
lar genetics to plant systems. The postdoctoral pool
has thus served as a buffer, although there is still
a strong need for biotechnologists with plant ex-
pertise (5).

No such postdoctoral pool exists for bioprocess
engineering. The current soft market for petro-
chemical engineers creates a logical pool of po-
tential bioprocess engineers, should shortages
become acute. However, traditional chemical engi-
neers have no understanding of living systems.
As one engineering professor put it, “When you’ve
spent your whole career with nonliving systems,
you just don’t get an appreciation of living sys-
tems overnight” (14).

Experience in the pharmaceutical industry has
shown that chemical engineers can be retrained
in bioprocess engineering (72). However, some in-
dustrialists argue that large-scale fermentation and
downstream bioprocess engineering for recom-
binant organisms are radically different from
traditional biochemical engineering techniques
and require special training. For example, recom-
binant organisms are often fragile and slow pro-

ducers. Since slow producers are at greater risk
of being overrun by contaminants, special tech-
niques to maintain pure cultures are needed (61).
In addition, pharmaceutical production is rapidly
changing from bacteria and yeast fermentation
to mammalian cell culture, which requires differ-
ent expertise.

universities have responded with some in-
creased emphasis on bioprocess engineering, al-
though new biotechnology programs emphasize
engineering less than genetic manipulation tech-
niques (see “New Initiatives in Biotechnology Train-
ing,” below). College students appear to be highly
responsive to market signals (73) and can thus be
expected to seek out educational programs for
various aspects of biotechnology to the extent that
they perceive occupational rewards from careers
in particular areas.

Belief is widespread that interdisciplinary train-
ing should be increased, although opinions vary
on the specific disciplines that should be included
(16,23,40,72). Industrialists have referred to the
need for *“life-science-oriented engineers and
engineering-oriented life scientists” (61), as well
as for chemical engineers with an understanding
of biosynthesis and biologists with an apprecia-
tion for scale-up problems.

Different types of firms have different person-
nel needs. Generally, smaller firms have a higher
percentage of Ph.D. scientists than do larger firms
(24). Small firms are more likely to be concentrat-
ing on relatively basic research and development,
and thus have more Ph.D. research scientists.
Small firms are also less likely to be involved in
large-scale production, and thus can be expected
to have less need for technicians than larger com-
panies. Some analysts have indicated that small
companies are less able to afford on-the-job train-
ing and need someone who can get up to speed
right away (68). Others have indicated the impor-
tance of a broad general education, adding that
special skills and protocols must be learned on
the job (15). The average firm size is increasing
(table 8-3), indicating that more firms will need
a variety of non-Ph.D. support personnel in both
scientific and nonscientific areas.
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Table 8.3.—Number of Scientific Employees per Biotechnology Firm, 1983=87

Scientific and Technical

Percent Ph.D.s in

Year Employees per firm Ph.D.s per firm scientific work force Source

1983 ............. 22.8 12 53 Office of Technology Assessment
1985. . ... ... 42.12 16 37 Institute of Medicine

1987 ............. 42.9 12 28 Office of Technology Assessment

SOURCE: Office of Technology Assessment, 1988.

EDUCATION AND TRAINING FOR BIOTECHNOLOGY

Many academics and industry observers believe
that the best preparation for biotechnology is
training in a traditional discipline, such as genetics
or plant physiology, while learning some of the
tools of biotechnology. Individuals trained in tar-
geted disciplines can then work in interdiscipli-
nary teams on specific problems. For example,
David Pramer, director of the Waksman Institute
of Microbiology at Rutgers University, wrote in
1983 that:

... it would be unwise for universities to offer
educational programs in biotechnology that are
narrowly conceived or overly professional, and
it is essential for university scientists within tradi-
tional academic disciplines not to abdicate a re-
sponsibility to educate biotechnologists . . .

To continue to flourish, biotechnology must be
nourished by a steady supply of individuals who
also are well educated in traditional disciplines . . .
Since biotechnology 5 years from now may be
quite different from what it is today, the key to
educating a biotechnologist is flexibility in special-
ized aspects of a program that is firmly based in
science and engineering (60).

Many academics believe that new initiatives in
training and education are required by the Na-
tion’s colleges and universities to meet the educa-
tion and research needs of the emerging biotech-
nology industry. OTA identified 60 new initiatives
in biotechnology training at 49 different U.S. col-
leges and universities. These programs are listed
in appendix C. Forty-one of these programs re-
sponded to an OTA survey requesting informa-
tion about curriculum, funding, age, humber and
type of students, and resources of the programs.
Results of the survey give a good indication of how
colleges and universities have responded specifi-
cally to new opportunities in biotechnology and
should be representative of new initiatives in bio-

technology on the Nation’s campuses. No attempt
was made to catalog the many traditional pro-
grams that also provide education and training
related to biotechnology. The identified programs
range from 2-year applied associate of science
degrees to short courses in particular biotechnol-
ogies designed for professional scientists. Also
included in the OTA list of new initiatives in bio-
technology training and education are university-
based biotechnology research centers. While these
centers generally do not sponsor courses or grant
degrees, they do enhance biotechnology educa-
tion on their campuses through access to equip-
ment, faculty development, and research oppor-
tunities for both graduates and undergraduates.
These centers also provide a focal point for dis-
cussions of how best to educate and train new
biotechnologists.

For the most part, university programs have
been developed at the institutional level with lit-
tle or no coordination or formal interaction among
the program developers at different colleges and
universities. Most do, however, have some form
of interaction with industry. Only 7 of 41 programs
said that they did not consult industry in estab-
lishing their programs. Consultations with indus-
try included surveying local biotechnology com-
panies and sending program proposals to industry
representatives for comments. While it is gener-
ally too early to assess industry’s satisfaction with
graduates of these programs, most graduates have
apparently had a relatively easy time finding em-
ployment in their fields.

Age of Programs

With the exception of programs in biochemical
engineering, all of the programs identified are
new: the oldest began in 1980. Of 56 programs
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for which the year of initiation is known, more
than a third were begun since 1986 or are still
in the planning stage (figure 8-1). Additional pro-
grams are probably in the planning stages and
may be created in the next few years.

As figure 8-1 indicates, a large number of bio-
technology programs were initiated in 1983. This
would indicate a 2-year lag from the year when
more biotechnology companies were founded,
1981 (see ch. 5). Two years is a relatively short
time in which to develop curricula and approve
programs, indicating that some institutions moved
quickly into biotechnology (28) or at least to iden-
tify themselves with biotechnology.

There is no clear pattern of which degree level
programs were founded first. In each year a mix
of programs was initiated, aimed at a variety of
educational levels. For the most part, community
college programs are newer than bachelor’s and
master’s programs.

At the doctoral level, most programs are in bio-
processing or biochemical engineering, except for
the lowa Biotechnology Training Program’s Ph.D.
in microbiology and immunology. Traditional
Ph.D. programs in molecular biology, microbiol-
ogy, biochemistry, and other fields relevant to bio-
technology were not surveyed.

Figure 8-1. -University initiatives in
Biotechnology Training®

14

121

1980 1981 1982 1983 1984 1985 1986 1987 1988
Year of initiation

aTh_ total number of programs shown here is 56. Biochemical engineering pro-
grams are not included.

SOURCE: Office of Technology Assessment, 1966.

Curriculum Content

Recombinant DNA techniques formed the core
of many of the programs. Of 32 programs that
provided OTA with curriculum information, 26
reported coursework in recombinant DNA. No
other specific skill or technology was mentioned
by more than half of the programs. Courses or
skills mentioned as requirements or electives by
one-third to one-half of programs include tissue
culturing, hybridoma technology, immunochem-
istry, bioprocess engineering, fermentation, and
purification and separation sciences.

The extent to which training in bioprocess engi-
neering is available is not clear. Only a few pro-
grams have in-depth faculty expertise; most ex-
pertise is scattered among chemical engineering

Photo credit: Case Western Reserve University

Two undergraduate students read a DNA sequence on

an autoradiograph. Such opportunities were extremely

rare at the undergraduate level several years ago, but
are becoming increasingly common.
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departments (14). According to the National Re-
search Council, fewer than 20 U.S. colleges and
universities have meaningful biochemical engi-
neering programs (55). The American Council of
Education reported in 1985a total of 58 doctoral
engineering programs in biotechnology (33). While
many of these programs were in departments of
chemical engineering and so most likely relevant
to OTA'’s definition of biotechnology, many others
were in departments such as biomedical engineer-
ing, which have less relevance to industrial bio-
technology.

The currently depressed market for chemical
engineering graduates may make it difficult for
departments to add faculty, courses, and equip-
ment for bioprocess engineering. If departments
have fewer students, they will have some diffi-
culty securing the additional funds. Deciding
which, if any, areas of traditional chemical engi-
neering to reemphasize is problematic.

The vast majority of the undergraduate chemi-
cal engineering curriculum is mandated by the
accreditation standards of the American Institute
of Chemical Engineers and the Accreditation
Board for Engineering and Technology. At the
University of lowa, for example, students inter-
ested in biochemical engineering are urged to use
their limited electives for courses in biochemis-
try, microbiology, biochemical engineering,
genetics, and biology. They have also integrated
bioreactors, microbial kinetics, and enzyme re-

actions to illustrate concepts and techniques in
traditional chemical engineering coursework (86).

All of the training programs are laboratory-
intensive, except for some of the short courses
and workshops. Academic program directors who
had contacted industry representatives about their
needs uniformly reported that industry needed
technicians with hands-on laboratory experience
and have designed their programs accordingly.

Many biotechnology academic programs re-
ported that a shortage of protein chemists existed
in the industry, or that industry needed techni-
cians and bioprocess engineers with an under-
standing of protein chemistry. No course specifi-
cally in protein chemistry was evident in the
curricula supplied to OTA, but nearly every pro-
gram required courses in biochemistry, which
would include protein chemistry. It is not clear
the extent to which students will learn the solu-
tion properties of proteins, purification and se-
guencing methods, and protein synthesis within
these programs. A course in protein chemistry
was recommended in a model curriculum for a
2-year program for biotechnicians (see table 8-4).
San Diego State University, however, will initiate
a Certificate in Protein Engineering in the fall of
1988, which will include specific courses in pro-
tein engineering (22). The California State Univer-
sity at Los Angeles intends to offer a course in
advanced protein chemistry (66).

Table 8-4.—Biotechnology Programs Offering Associate of Applied Science Degrees

Year of
initiation  University

Program

1983 Monroe Community College

1986 Central Community College

1986 State University of New York, Alfred
1986 Technical College of Alamance

1987 Boston University/Metropolitan College
1987 Madison Area Technical College

1988 Becker Junior College

Biotechnology Program

Biotechnology Program

Biotechnology Program

Biotechnology

Biotechnology Laboratory Methods
Biotechnology Laboratory Technician Program
Biotechnician Program

SOURCE: Office of Technology Assessment, 1988.

Community College Laboratory
Technician Programs

The need for biotechnicians with specialized but
limited training has prompted several community
colleges to institute or consider instituting biotech-
nology training programs. Early in the develop-

ment of biotechnology, most work was done by
highly educated, innovative thinkers, who often
had to develop new procedures as their research
progressed. As with all technologies, as biotech-
nology matured, more of the work has become
routine and can be assigned to less highly trained
technicians (9,62). Figure 8-2 gives a profile of skills
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required by biotechnicians. Two-year training pro-
grams may be appropriate for these technicians
(62).

OTA has identified seven associate of applied
sciences (AAS) programs in biotechnology, six
taught at community or junior colleges and one
taught at a state college (table 8-4). These programs
are designed to fill the need for biotechnicians,
(similar to the more established need of chemical
technicians),” although students from these pro-
grams may go on to 4-year colleges. Six of the
seven programs began since 1986, and the sev-
enth began in 1983.

The need for biotechnicians at the AAS level
is not well established, but several analysts ex-
pect it to surface soon (9,62) based on the prece-
dent from other high-technology industries. A
consortium of 2-year postsecondary schools com-
missioned a study in 1986 to assess the need for
2-year biotechnician training (62), Table 8-5 shows
a model 2-year curriculum in biotechnology de-
veloped as part of this study.

The 1986 study included a survey of biotech-
nology companies and a Biotechnology Task Force
on Education, consisting of industry and academic

Table 8-5.—Proposed Two-Year Curriculum
in Biotechnology

Year One

Year Two

Quarter 1

Introduction to Biotechnology

Technical Math 1: Algebra/
Geometry

Chemistry 1: Inorganic

Molecular and Cell Biology |

Technical Communications |

Quarter 2

Technical Math II: Statistics/
Precalculus

Applied Physics |

Molecular and Cell Biology |I

Chemistry II: Organic

Technical Communications I

Quarter 3

Principles of Microbiology
Biochemistry

Applied Physics |l
Electronics

Elective

Quarter 4

Industrial ~ Microbiology

Computer Operations

Fundamentals of Instrumentation
and Control

Analytical Chemistry

Fluid Power Devices

Quarter 5

Applied Genetics

Instrumental  Analysis
Economics in Technology
Biotech Internship or Project
Mechanical Devices and Systems
Elective

Quarter 6

Protein Chemistry

Industrial  Instrumentation
Industrial Relations

Biotech Project or Internship
Technical Elective

SOURCE: B.F.Rinard, Education for Biotechnology (Waco, TX: Center for Occupa-
tlonal Research and Development, 1986),

members. The study produced a number of sig-
nificant findings, among them:

® technicians in biotechnology will be differ-
ent from current technicians in other tech-
nology fields, most significantly in that they
will require a broader and more interdiscipli-
nary technical base;

® 77 percent of the biotechnology companies
surveyed expected biotechnicians to have at
least a bachelor’s degree; however, since few
2-year programs currently exist, the indus-
try has little experience for judging the qual-
ity of 2-year program graduates;

® based on the biotechnology industry’s present
level of employment of biotechnicians from
2-year training programs, about 200 gradu-
ates a year should be able to find placement
from 1986 to 1995,

® 2-year programs should be initiated in areas
with the largest markets for biotechnicians,
which currently includes California, Massa-
chusetts, New Jersey, New York, and Mary-
land. The need for biotechnicians exists in
other parts of the country, however, and will
expand as the industry expands.

Industry appears skeptical toward the 2-year
programs thus far. Concerns include whether 2
years in college can provide the knowledge nec-
essary to manage complex instrumentation and
sensitive organisms (84) and that technicians with-
out a theoretical understanding may not be able
to adapt to the changing needs of rapidly evolv-
ing technology (84).

Industry representatives also give these reasons
for skepticism: a current oversupply of B.S. and
M.S. degreed biologists available for technician
work; 2-year programs lack the breadth and depth
of 4-year programs; and companies need the re-
search background provided by B.S. and M.S. pro-
grams (62).

Some reasons for reluctance in hiring gradu-
ates of 2-year programs will dissipate as the dedi-
cated biotechnology companies grow and mature.
For example, small companies are more likely to
require their employees to assume multiple duties,
some of which will require more training than
2-year programs provide. As a company’s overall
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workload and staff increases, it can divide tasks
by level of skill and maybe able to employ people
full-time at the lower skill levels. Also, as work
continues to shift from research and development
to production, more of the tasks will become rou-
, tine. Larger companies may also be able to afford
more time for on-the-job training.

College and University Bachelor's Level
Biotechnology Programs

At least 11 colleges and universities have insti-
tuted new bachelor’s-level programs in biotech-
nology (table 8-6). Like the 2-year programs, these
programs emphasize hands an laboratory experi-
ence, but include more theoretical science and
humanities courses. Students are prepared either
to go directly to work in industrial labs, or to en-
ter master’s or doctoral programs.

The Rochester Institute of Technology (RIT) in-
stituted its biotechnology program in 1983 “to pre-
pare graduates to work as biotechnologists in re-
search programs and development and production
facilities in academia, government, private indus-
try, and other organizations” (28). Students also
goon to M.S. and Ph.D. programs. In addition to
courses in general biology, chemistry, biochemis-
try, and molecular biology, the program requires
25 courses related to biotechnology, including spe-
cific courses on analytical chemical separations,
mammalian tissue culture, plant tissue culture,
hybridoma techniques, plant physiology, genetic

engineering, and an individual biotechnology sen-
ior research project. Students are also encouraged
to work in a cooperative education program for
four quarters, making the course of study a total
of 5 years instead of 4. Employers in the coopera-
tive education program have included govern-
ment, industry, and academic labs.

Although it is among the oldest of the new ini-
tiatives in biotechnology education, the RIT pro-
gram has only 45 graduates (as of spring 1988),
due to the length of time required to complete
the program.

Like many of the programs identified, the RIT
program consulted with industry during program
planning and implementation. RIT established a
Biotechnology Advisory Council, consisting of rep-
resentatives of 12 companies with interests in
biotechnology. The head of the Department of Bi-
ology at RIT reports that council members “con-
tinue to be involved in curriculum review in light
of the rapidly changing needs of the field, (and)
in providing up-to-date information about their
companies’ particular interests and needs” (28).

Another program in New York State is the
bachelor of science degree in recombinant gene
technology offered by the State University of New
York College at Fredonia. In addition to general
courses in chemistry, biology, botany, and physics,
the program requires courses in recombinant gene
technology, genetics, and cell and subcellular bi-
ology. Initiated in 1983, the program had 43 stu-

Table 8-6.—Biotechnology Programs Offering Bachelor of Science Degrees

Year of
initiation  University

Program

1980 State University of New York, Plattsburgh/W.H.
Miner Agricultural Center

1982 Worcester Polytechnic Institute

1983 Cedar Crest College

1983 Rochester Institute of Technology

1983 State University of New York, Fredonia

1984 Case Western Reserve University

1986 California Polytechnic State University

1986 Cook College, Rutgers University

1986 North Dakota State University

1987 University of Kentucky

1988 Ferris State College

In Vitro Cell Biology and Biotechnology

Biotechnology

Genetic Engineering

Biotechnology

Major in Recombinant Gene Technology
Concentration in Biotechnology and Genetic Engineering
Biochemical Engineering

Biotechnology*®

Biotechnology Academic Program

Biotechnology

Biotechnology Emphasis

aCurriculum is pending approval by the State Department of Higher Education
SOURCE: Off Ice of Technology Assessment, 1988.
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dents enrolled in the spring of 1988. A total of
44 students had completed the program through
1986, with most going to work in academic or gov-
ernment laboratories.

The oldest bachelor’s level biotechnology pro-
gram identified by OTA is the In Vitro Cell Biol-
ogy & Biotechnology Program, begun in 1980 by
the State University of New York at Plattsburgh
and the W.H. Miner Agricultural Center. The pro-
gram includes both an approved major field of
study at Plattsburgh leading to the bachelor of
science degree and a self-contained semester of
intensive training in techniques of biotechnology.
One semester of the B.S. program consists of a
15-credit-hour course of lecture and laboratory
work in tissue culture and biotechnology in resi-
dence at the Miner Institute. This course is also
open to qualified students from other colleges and
universities, and attracts both undergraduate and
postbaccalaureate students.

The North Dakota State University at Fargo
offers a bachelor of science degree in biotech-
nology in both its College of Agriculture and its
College of Science and Mathematics. A minor in
biotechnology is also available. In addition to tradi-
tional courses, North Dakota State offers courses
in recombinant DNA, plant cell and tissue culture,
animal cell culture, plant micropropagation, and
process biochemistry. Having begun in 1986, the
program has no graduates yet.

The University of lowa offers B.S. as well as M.S.
and Ph.D. degrees in chemical and material engi-
neering with opportunities in biochemical engi-
neering/biotechnology. The lowa program pre-
pares its B.S. students primarily for M.S. and Ph.D.
programs.

Other existing or planned B.S. level programs
in biotechnology include those at Cook College of
Rutgers University, Ferris State College in Michi-
gan, the University of Kentucky in Lexington, and
Cedar Crest College in Allentown, Pennsylvania.

Certificate Programs

Certificate programs are offered to postbac-
calaureate students who wish to learn specific
techniques in biotechnology (table 8-7). Four
universities in the California State University sys-

Photo credit: Rochester Institute of Technology

An undergraduate student majoring in biotechnology
prepares DNA for restriction enzyme mapping.

tern offer certificates in biotechnology or related
technologies to either undergraduate or postbac-
calaureate students in the life sciences. Other
universities offer certificates at the graduate level.

Two of the most established programs are at
San Diego and San Francisco State Universities,
both initiated in 1983. San Diego offers a certifi-
cate in recombinant DNA technology as well as
an M.S. in molecular biology and a Ph.D. in molec-
ular and cellular biology. The certificate program
consists of 24 semester units of courses in radio-
isotope techniques, biochemistry, bacterial genetics,
molecular biology, and recombinant DNA tech-
niques. An internship in a university or industrial
laboratory is also required. San Diego State Univer-
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Table 8.7.—Programs Offering Certificates in Biotechnology

Year of
initiation  University

Program

1980 W.H. Miner Agricultural Center
1983 San Diego State University
1983 San Francisco State University
1986 California State University at Hayward
1986 Rutgers University
1986 Tufts University
1987 California State University at Los Angeles
1988 San Diego State University
Planned San Diego State University

In Vitro Cell Biology and Biotechnology
Recombinant DNA Technology

Genetic Engineering

Biotechnology

Biotechnology

Training Program in Biotechnology Processing
Biotechnology

Protein Engineering

Agricultural  Biotechnology

SOURCE Off Ice of Technology Assessment, 1988

sity will offer a Certificate in Protein Engineering
starting in Fall 1988, and plans to start offering
a Certificate in Agricultural Biotechnology in Fall
1989 (22).

San Francisco State University offers a similar
program. The Genetic Engineering Certificate Pro-
gram is open to postbaccalaureate students ‘(who
wish to become specifically competent in the con-
cepts and laboratory skills of genetic engineer-
ing” (65). The 13 units required for the certificate
may be used toward the 30 units required for the
master’s of science in biology. About 50 people
have completed the certificate program, and about
three-fifths are working for biotechnology com-
panies. The remainder are working in university
laboratories or are pursuing graduate degrees.

California State University at Hayward initiated
a certificate program in biotechnology in 1986.
The program requires one academic year to com-
plete 28 quarter units of work in cell biology,
molecular cloning, immunochemistry, cell culture,
radiation biology, and other electives. Developers
of the Hayward program consulted biotechnol-
ogy companies and identified industry needs in
protein purification, immunochemistry, and cell
culture.

California State University at Los Angeles started
a l-year certificate program in biotechnology in
the fall of 1987, which can be applied to a master’s
degree program. The core of the program con-
sists of four courses in gene manipulation. The
program developers anticipate adding courses in
hybridoma laboratory techniques, cell culture, and
advanced protein chemistry. The program direc-
tor visited four biotechnology companies and
heard the following needs expressed: employees

who bring their minds as well as their hands to
a task; employees who have had research project
experience of at least half-time intensity; and em-
ployees with expert theoretical backgrounds in
protein chemistry (66).

A similar although shorter program is the Train-
ing Program in Biotechnology Processing offered
by the Biotechnology Engineering Center of Tufts
University. Tufts offers this 15-week summer pro-
gram designed to train students in biotechnology
processing, and to place them in positions as tech-
nicians in industry. Sponsored by Tufts and a con-
sortium of biotechnology companies, the program
received start-up funds from the Bay State Skills
Corporation.

Rutgers University offers a certificate in biotech-
nology to its M.S. and Ph.D. students in the De-
partments of Microbiology and Chemical and Bio-
chemical Engineering. In addition to the degree
requirements of their programs, students in the
certificate program must complete 15 credits from
a list of courses in biotechnology, such as Chemis-
try of Microbial Products and Enzyme Engineer-
ing. For students in either the microbiology or
the chemical and biochemical engineering pro-
gram, at least six credits must be taken outside
of the program in which the student is registered
(59).

University Master’'s Level
Biotechnology Programs

Master’s degree programs in biotechnology are
multidisciplinary and often interdepartmental (ta-
ble 8-8). Almost all the programs preparing stu-
dents for careers in bioprocessing are at the
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Table 8-8.—Biotechnology Programs Offering Master of Science Degrees

Year of
initiation  University Program
1955 Massachusetts Institute of Technology Biochemical Engineering

1970 Rutgers University

Biochemical Engineering

1980 State University of New York, Plattsburgh/Miner Institute In Vitro Cell Biology and Biotechnology

1981 University of Maryland, Baltimore County
1982 Worcester Polytechnic Institute

1984 Case Western Reserve University

1984 University of Minnesota

1985 University of lowa

1985 University of Tennessee, Knoxville
1986 California Polytechnic State University
1986 Tufts Biotechnology Engineering Center
1987 Lehigh University

1987 Old Dominion University

1988 University of lllinois

Planned San Diego State University
Planned  University of South Florida

Applied Molecular Biology
Biotechnology

Concentration in Biotechnology and Genetic Engineering
Microbial Engineering

Biochemical Engineering/Biotechnology
Biotechnology

Biochemical Engineering
Biotechnology Engineering

Applied Biological Sciences
Biotechnology

Biological Engineering

Biotechnology

B.S/M.S. in Biotechnology

SOURCE: Office of Technology Assessment, 1988.

master’s and doctoral levels, and several direc-
tors of these programs indicated that industry con-
sidered M.S. and Ph.D. degrees to be the entry
level in bioprocessing (63)86). The need to com-
bine process engineering with a basic understand-
ing of molecular biology requires advanced train-
ing, according to some observers (27,71,86).

The University of Maryland, Baltimore County,
has offered a master’s degree in Applied Molecu-
lar Biology since 1981, with the first class gradu-
ating in 1984. The degree can be earned either
in a 2-year postbaccalaureate program or as a 5-
year B.S/M.S. program. Emphasizing hands-on lab-
oratory skills, the program requires a summer re-
search internship, A Ph.D. program in Molecular
and Cellular Biology that will use the Applied
Molecular Biology program as its core curricu-
lum is under development.

Lehigh University in Bethlehem, Pennsylvania,
is establishing an M.S. in applied biological science,
which will provide students with hands an experi-
ence in genetics, biochemistry, and bioprocess-
ing. While preparation for a Ph .D. program is the
principal goal of the program, students will also
be prepared to work for industry. The program
is sponsored by the Biology, Chemistry, and Chem-
ical Engineering departments.

The University of Minnesota offers a master’s
degree in microbial engineering, which will en-
able students to integrate the basic science of
microbiology with technological applications of
the capacities of micro-organisms, cultured cells,

and parts thereof. The interdisciplinary program
draws on faculty from more than nine depart-
ments of four colleges and institutes in the univer-
sity. Begun in 1984, the first five students finished
in 1987.

San Diego State University is in the process of
establishing a different type of master’s program,
which will combine scientific instruction with cor-
porate and legal instruction. The program will
have tracks in biopharmaceutical toxicology/risk
assessment, venture capital and entrepreneurial
biotechnology business development, and regu-
lation and biotechnology patent law (22).

Tufts University has a 5-year B.S./MS. program
in chemical/biochemical engineering. The pro-
gram includes all the courses required for cer-
tification as a chemical engineer plus courses in
cell and microbe cultivation, biotechnology proc-
essing lab, applied enzymology, and biochemical
engineering, Core courses are given in the early
evening, making them accessible to people in in-
dustry.

Doctoral Programs

Traditional doctoral programs in biological,
chemical, and engineering sciences produced the
expertise that created today’s commercial oppor-
tunities in biotechnology. Nonetheless, OTA did
not attempt to evaluate or catalog these programs,
as they are well developed and have mature
professional societies and accreditation systems
in place.
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Academic opinion is divided about the desira-
bility of creating new doctoral programs in bio-
technology. Increasingly, biotechnology is viewed
as comprising a set of tools that can be applied
to a variety of disciplines. On the other hand, bio-
technology increasingly requires interdisciplinary
training or at least the ability to collaborate effec-
tively across disciplines.

Several doctoral programs are making biotech-
nology an explicit component of their curricula
and Ph.D.s in biotechnology are under consider-
ation (table 8-9). Case Western Reserve Univer-
sity offers a Ph.D. in biology with a concentra-
tion in biotechnology and genetic engineering. At
the University of Minnesota, a Ph.D. minor in Bio-
logical Process Engineering is under development.
And the University of Maryland, Baltimore County,
is developing a Ph.D. program in Molecular and
Cellular Biology that will use courses in applied
molecular biology as its core curriculum. Several
universities offer Ph.D.s in biochemical engineering.

In many areas of the life sciences, biotechnol-
ogy companies are well supplied with Ph.D. sci-
entists (38). The greatest need at the Ph.D. level
is biochemical and bioprocess engineering (55).

Short Courses in Biotechnology

Short courses in biotechnology, ranging from
a couple of days to a couple of weeks, are a popu-
lar way for scientists of various backgrounds to
learn a particular technique (table 8-10). Shorter
workshops may be centered around lectures and
demonstrations, and longer workshops will usu-
ally have hands -on laboratory components.

Begun in 1982, the Center for Advanced Bio-
technology Training in Cell and Molecular Biol-
ogy at the Catholic University of America in Wash-
ington, D.C., has one of the most established series
of short courses. Participants are usually mature
scientists seeking information and skills to assist
them in research and, to a lesser extent, in teach-
ing (53). The Center has trained about 1,200 sci-
entists in areas such as immunochemistry, hybri-
doma/monoclinal antibody production, tissue
culture, recombinant DNA methodology, protein
sequencing, and separation techniques. Courses
are funded entirely by tuition.

Rutgers University in New Jersey also offers a
variety of short courses related to biotechnology.
Demand from industry for these courses is high,
with students coming to New Jersey from Cali-
fornia and Europe to participate (60). Tufts Univer-
sity and Worcester Polytechnic Institute both of-
fer short courses in bioprocessing for university-
level instructors.

University Biotechnology Centers

University-based biotechnology research cen-
ters take many forms and have varied purposes.
Examples of centers include the Center for Bio-
process Engineering at MIT, the Biotechnology
Program at Cornell, the Center for Biotechnology
at the State University of New York at Stony Brook,
the University of Wisconsin Biotechnology Cen-
ter, and the Penn State Biotechnology Institute.
The Ohio State University is in the process of estab-
lishing a biotechnology center. (See ch. 4 for an
extensive listing of biotechnology centers.)

Table 8.9.—Biotechnology Programs Offering Ph.D. Degrees

Year of
initiation  University Program
1955 Massachusetts Institute of Technology Biochemical Engineering

1970 Rutgers  University

1982 North Carolina State University

1984 Case Western Reserve University

1985 University of lowa

1986 Tufts University

1987 Lehigh University
Planned University of lllinois, Urbana/Champaign
Planned University of Minnesota

Biochemical Engineering

Minor in Biotechnology

Concentration in Biotechnology and Genetic Engineering
Emphasis in Biochemistry/Biotechnology
Biochemical/Chemical Engineering

Biochemical Engineering

Biological Engineering

Minor in Biological Process Engineering

SOURCE: Office of Technology Assessment, 1988.
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Table 8“10.—Biotechnoiogy Programs Offering Short Courses®

Year of

initiation  University Program
1982 Catholic University of America Center for Advanced Training in Cell & Molecular Biology
1983 American Type Culture Collection Workshops

1983 State University of New York, Stony Brook
1984 Cook College of Rutgers University
1985 University of Minnesota

1986 Tufts University

Biotechnology

Biotechnology

Institute for Advanced Studies in Biological Process
Technology

Biotechnology Engineering Center

8Many institutions offer summer and other shortcourses in fields related to biotechnofogy ThisTistis only representative of some Of the more established or better

known programs.
SOURCE: Office of Technology Assessment, 1988.

Purposes of the centers frequently include con-
ducting or sponsoring research, coordinating bio-
technology research and training among the vari-
ous university departments, providing a forum
for multidisciplinary projects, and purchasing spe-
cialized equipment. Centers may also be involved
with local biotechnology companies in technol-
ogy transfer and economic development activi-
ties. Some centers sponsor short courses in lab-
oratory techniques for both academic and
industrial scientists.

Only two of the biotechnology centers contacted
by OTA said their sole function was research. All
the others reported that some portion of their mis-
sion (usually 10 to 35 percent) was for training
and education.

Founded in 1981, the Program in Molecular Bi-
ology and Biotechnology at the University of North
Carolina at Chapel Hill is one of the oldest pro-
grams of its kind. The program sponsors workshops
and conferences designed to give researchers
intensive hands-on experience in DNA technolo-
gies. The program also supports core facilities im-
portant for research and training in biotechnol-
ogy and molecular biology. They state their
primary purpose as “facilitating the diffusion of
molecular technology throughout the biological
community.” Together with the North Carolina
Biotechnology Center, the program sponsors a
university/industry cooperative research center
in monoclinal lymphocyte technology (25).

The Center for Biotechnology at the State
University of New York at Stony Brook supports
“programs for research and education to stimu-
late a university/industry partnership and eco-
nomic development” (49). Supported by more than

30 different biomedical departments, ranging
from chemistry to medicine, the Center sponsors
several activities related to training and educa-
tion. The Center also sponsors a variety of semi-
nars and conferences on biotechnology, includ-
ing a workshop cosponsored by Cold Spring
Harbor Laboratory in molecular biology for sec-
ondary school science teachers. The Center also
provides financial support for SUNY students to
work in biomedical laboratories.

The University of Wisconsin Biotechnology Cen-
ter is involved in a variety of training functions.
It has sponsored short courses in biocomputing
and sequence analysis and workshops in agricul-
tural biotechnology. The Center is also working
with the Biochemistry and Chemical Engineering
Departments to develop a Bioprocess and Meta-
bolic Engineering Training Consortium (44).

The Michigan Biotechnology Institute has an in-
stitutional relationship with universities. Although
it is a free-standing institute, it funds master’s,
doctoral, and postdoctoral traineeships at Michi-
gan State University, the University of Michigan,
and Michigan Technological University.

Other Curricular Components of
Biotechnology

New biotechnology is being incorporated into
many traditional programs outside of the basic
biological sciences, such as chemical engineering,
pharmacy, and agriculture.

The University of California at Davis, for exam-
ple, has no formal curriculum in biotechnology
at the graduate or undergraduate level, but does
have a Biotechnology Program of the College of
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Agriculture and Environmental Sciences to facili-
tate research and education programs. Discipline-
based majors, such as biochemistry, bacteriology,
genetics, fermentation science, and engineering,
are tailored by the student and his or her advisor
with the necessary electives to prepare the stu-
dent for a career in biotechnology. The Biotech-
nology program serves to enrich and extend ex-
isting strengths by reviewing curricula and
assuring that relevant courses are offered fre-
quently enough.

At San Jose State University, the concentration
in biochemistry, begun in 1972, is being modified
to reflect new requirements for biochemists. A
course in recombinant DNA methods is now in-
cluded in the chemistry curriculum, and other
modifications are being considered, A member
of the San Jose State University (SJISU) Department
of Chemistry reflects a widely held opinion in say-
ing she would “most like to see biotech methods
to be incorporated into already established lab-
oratory courses as opposed to having separate spe-
cialty courses. ” SISU organized a symposium with
representatives of biotechnology firms to deter-
mine industry’s needs and found that industry was
looking for students who are well versed in basic,
fundamental principles, and are capable of prob-
lem solving and independent thought more than
students who are specialized in sophisticated tech-
nigques.

L4

Photo credit: Case Western Reserve University

An undergraduate separates myosin and myosin-light-
chains, using fast protein liquid chromatography, as
part of an undergraduate biotechnology program.

Tufts University has added a course in “Front-
iers in Biotechnology” to their chemical engineer-
ing curriculum. The course will give chemical
engineers an overview of genetic engineering, bio-
technology, and hybridoma production, with em-
phasis on laboratory techniques.

OTA has no figures on the number of universi-
ties that have added courses in recombinant DNA
and other biotechnologies to traditional majors,
but it is probably significant. Many of these
courses are new offerings. Until recently, students
would not have the opportunity to conduct ex-
periments with recombinant DNA technology until
graduate school. Now many of these courses have
been introduced to undergraduates and, in some
cases, high school students.

Retraining

Retraining has emerged as a significant need
given the rapid development of new biotechniques
and the large number of researchers who received
their formal training before new techniques were
widely integrated into biological research. Short
courses described previously are a principal way
of accomplishing this retraining. In addition, most
biotechnology companies, at least the larger ones,
provide training funds for their employees. Almost
9 out of 10 (88 percent) of the biotechnology com-
panies surveyed reported that they provide educa-
tional assistance to their employees (38).

In addition, retraining is an integral part of many
companies’ day-today operations. Companies hold
seminars, sponsor cross-department training, and
establish systems to keep their research staffs
abreast of current literature (43).

Retraining is also a principal motivation for com-
panies to enter into collaborative arrangements
with universities. These arrangements frequently
allow company scientists to spend time in univer-
sity laboratories, updating their skills (see ch. 7).

Biotechnology in Secondary Schools

Gradually, aspects of genetic engineering and
other new biotechnology techniques have reached
high school classrooms. Several programs such
as the Cold Spring Harbor/SUNY Stony Brook
workshop mentioned above, have been designed
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to teach recombinant DNA techniques to second-
ary school teachers. Over a dozen States are plan-
ning biotechnology educational programs for high
schools (10).

The North Carolina Biotechnology Center has
embarked on a 3-year Secondary Education Proj-
ect to introduce biotechnology into the high school
curriculum. The first group of high school biol-
ogy teachers was brought to the center in July
1987 to conduct recombinant DNA experiments
and to develop lesson plans and materials to teach
the science, applications, and social issues of bio-
technology. The University of Wisconsin Biotech-
nology Center also sponsors workshops for high
school biology teachers.

Cold Spring Harbor Laboratory sponsors week-
long workshops around the country to educate
high school biology teachers in recombinant DNA

technology. The 3-month project, conducted in
1987, had a goal of reaching 250 teachers. Twice
as many teachers applied as could be accepted (19).

The California Sector of the Industrial Biotech-
nology Association also sponsors training in bio-
technology for high school teachers at three
centers in the State (1). California has also recently
established a Blue Ribbon Biotechnology Curric-
ulum Advisory Committee in order to strengthen
the high school biology curriculum (4).

Biological Sciences Curriculum Study, a major
publisher of textbooks and learning modules for
high school students, is increasing its emphasis
on biotechnology in its material. A module due
out in spring 1988 covers Advances in Genetic
Technologies and includes experiments in bac-
terial transformation and plant crown gall forma-
tion (51).

FUNDING OF TRAINING ACTIVITIES

Traditionally, most Federal funding of biotech-
nology has been directed toward research at ma-
jor universities. These funds, most of which come
from NIH, indirectly support training, though
mainly at the graduate and postdoctoral levels.
Training at the undergraduate level is supported
only to the extent that these funds “trickle down”
in the form of making equipment available, pro-
viding teaching assistants, and enriching faculty
members’ abilities to teach subjects related to bio-
technology,

States provide a significant amount of fund-
ing for education and training in biotechnol-
ogy. About three-fourths of the programs identi-
fied by OTA are at State institutions, and States
provide, on average, almost half of the funds for
these programs. The Federal Government provides
about 20 percent of the programs’ funds (figure
8-3).

It is difficult and perhaps artificial to completely
separate training funds from research funds, as
the two activities are closely linked at U.S. univer-
sities. Nonetheless, funds are frequently allocated
by State and Federal agencies with one or the other
purpose in mind. Programs stressing education
rather than research or vice versa have different

needs, in degree if not kind, so it is useful to dis-
tinguish to the extent possible funds intended for
education as opposed to funds intended for re-
search.

As biotechnology education has permeated the
undergraduate and even secondary school cur-
riculum, sources of funds have become more
diversified. Programs responding to OTA’s sur-
vey reported that significant percentages of their

Figure 8-3.-Source of Funds for Biotechnology
Training and Education Programs

Percentage

State Tuition Federal Industry Other Other
donations

Funding source

Percentage, programs
offering Bachelor's degrees

[ ] Percentage, all
programs

SOURCE: Office of Technology Assessment, 1988.
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funds came from State and industrial sources, as
well as from student tuition. For the 36 programs
reporting their sources of funds, State govern-
ments supplied the lion’s share of support, pro-
viding almost half of the funds. Tuition provided
the next largest share of funds, just below one-
fifth, followed closely by the Federal Government.
Industry-sponsored research provided almost 10
percent of program funds (figure 8-3).

The programs are costly due to expensive equip-
ment and materials and generally intensive lab-
oratory work. One State-subsidized program costs
about $10,000 per student (84). Three-fourths of
the programs (29 of 41) reported unmet needs
for space or equipment.

Federal Funding

Most of the current cadre of Ph.D. biotechnol-
ogists in industry and academia were supported
by Federal research or training grants when they
were trained in the various disciplines that un-
dergird biotechnology (5). However, few Federal
funds are designated specifically for biotechnol-
ogy training. Most agencies have no formal train-
ing program; any training in biotechnology is
achieved through the usual grants mechanisms.
Most direct Federal support to students goes to
graduate students in the form of fellowships,
traineeships, and research assistantships. How-
ever, Federal support for life sciences is strong,
and in 1985, Federal funds were the primary
source of support for almost 20 percent of the
life science Ph.D.s, compared with less than 8 per-
cent of other science and engineering fields (80).
Of 35,980 full-time biological science graduate stu-
dents, 10,532 received some Federal support in
1984 (80). In the life sciences, enrollment rises with
increased Federal support, and drops when Fed-
eral support drops. A drop in support since 1980
already is reflected in a drop in the Ph.D.s awarded
(80). Six Federal agencies contacted by OTA re-
ported specific efforts in training for biotechnol-
ogy (see ch. 3 for a full discussion of Federal
funding).

National Institutes of Health

The National Institutes of Health is by far the
largest Federal supplier of fellowships, trainee-

ships, and training grants, providing 87 percent
of the funds for these activities. NSF is a distant
second with 9.2 percent of the total (80).

Predoctoral training occurs in many fields and
many disciplines directly or indirectly related to
biotechnology. Postdoctoral traineeships have
been funded by the National Institutes of Health
(NIH) at a level of $150 t0 $170 million per year
in recent years. NIH estimates that $70 million in
training funds go to students working in areas
either directly or indirectly related to biotechnol-
ogy, mostly at the predoctoral level (83). Most of
the funds come from the National Institute of Gen-
eral Medical Sciences (NIGMS). In addition, NIH
supports 45 research associates in biotechnology
for 1 to 3 years in an NIH laboratory. NIH officials
report that the training dollar at NIH has shrunk
from 18 percent of the research budget in 1971
to less than 5 percent of the research budget in
fiscal year 1988. NIH supports a total of about
12,000 graduate students (80), about half of whom
could be expected to be working in areas directly
related to biotechnology.

At a 1985 meeting of the NIH Director’s Advi-
sory Committee, officials of the White House Of-
fice of Science and Technology Policy suggested
that NIH support training in biotechnology in all
disciplines, including the agricultural and physi-
cal sciences. It is not surprising that NIH responded
negatively to this suggestion given the agency’s
strong tradition in the biomedical sciences. A con-
sensus was reached, however, that in order for
the United States to maintain a strong lead in bio-
technology there must be increased research
training in the basic disciplines of biotechnology—
molecular genetics, biology, immunology, biochem-
istry, and virology.

NIH is currently collaborating with the National
Science Foundation to support the Massachusetts
Institute of Technology Biotechnology Center to
enhance research training in bioprocess engineer-
ing (see box 3-A). In addition to the predoctoral
and postdoctoral fellowships available through the
National Research Service Awards Act, the NIH
intramural program has recently established a re-
search associateship and a biotechnology fellow-
ship program through which about 40 people will
be supported to receive research training in appro-
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priate intramural biotechnology-related labora-
tories. The average cost is $18,000 to $36,000 a
year per individual.

National Science Foundation

The National Science Foundation (NSF) sponsors
competitive, peer-reviewed predoctoral fellow-
ships, making 450-540 new 3-year awards each
year from an annual appropriation of about $27
million; 25-35 percent of the awards are in the
biological and biomedical sciences (55).

At the postdoctoral level, NSF funds about 20
fellows in each of two areas relevant to biotech-
nology-plant biology and environmental sciences
—for a total of $2.2 million per year (55).

NSF also contributes to the Presidential Young
Investigator awards, which support outstanding
young faculty scientists at a base rate of $25,000
per year for 5 years. In the biological sciences,
25 recipients were named in 1984, 21 in 1985,
and 10 in 1986 (55).

Other training funds within NSF are available
through the award structure itself, rather than
specialized fellowships. However, research grants
are estimated to support only 0.3 trainees per
grant, due to the small size of most NSF grants
(85). NSF also supports biotechnology education
through mechanisms such as the Biotechnology
Process Engineering Center, which is an NSF Engi-
neering Research Center at the Massachusetts In-
stitute of Technology, and its support of Cold
Spring Harbor Laboratories training and outreach
programs. Other programs, such as Instrumen-
tation and Laboratory Improvement and Under-
graduate Faculty Enhancement, also support train-
ing efforts.

Department of Defense

The Office of Naval Research (ONR) suppo