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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:

● 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.
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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-

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.

ASSESSING U.S. INVESTMENT IN BIOTECHNOLOGY:
LAYERS OF

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

COMPLEXITY

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

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-

3

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

—
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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

Aggregate estimates of total Federal support for
biotechnology are still rough and preliminary.



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

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.

ORGANIZATION OF THE REPORT

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.

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

1

resources invested, direct and affect biotech-
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