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Intellectual Property

One of the most significant issues cre-
ated by the emergence of modern bio-
technology has been the legal character-
ization and treatment of biotechnological
industrial products. Advances in most
other technologies have been readily as-
similated by the patent system and rou-
tinely licensed and marketed. Because of
the tremendous potential impact of bio-
technology on many diverse areas, how-
ever, it has received an unusual amount
of attention and generated a variety of
public policy issues and legal uncertain-
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ties. This article focuses on biotechnolo-
gy as an intellectual property.

The term property is generally associ-
ated with physical objects, such as
household goods or land for which own-
ership and associated rights are guaran-
teed and protected by the government.
Intellectual property, on the other hand,
is intangible. It includes patents, trade
secrets, copyrights, and trademarks—
rights (which can be bought, sold, or
licensed) to exclude others from making,
copying, or in some instances using or
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selling tangible embodiments of the pro-
prietary subject matter.

Although microorganisms have been
used for industrial purposes such as bak-
ing or fermenting for millennia (/), the
recent use of restriction enzymes to cre-
ate recombinant DNA has fueled interest
in developing genetic engineering tech-
niques and encouraged the creation of a
host of new processes and products. The
characterization of these research results
as intellectual properties encourages in-
dustry to allocate labor, research and
development, and funding to facilitate
the production of commercially market-
able items. As is similarly becoming evi-
dent in several other areas, including
gene therapy (2) and environmental dis-
semination of organisms (3), biotechnol-
ogy as an intellectual property has also
challenged legal and public policies and
will continue to catalyze change for sev-
eral years.
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This article first evaluates various
types of biotechnological intellectual
properties in the context of their under-
lying legal requirements. While the gen-
eral discussion of these property types is
applicable to other technologies, greater
emphasis is placed on the patent system
because it appears to play the major role
in protecting biotechnology and has re-

others from making, using or selling’’ an
invention or discovery for a 17-year peri-
od (8), issued through the Patent and
Trademark Office (PTO) of the Depart-
ment of Commerce. A patent holder
(patentee) may exercise this right by
suing an infringer to obtain an injunction
against continued infringement and to
recover compensatory damages (9).

Summary. Recent advances in biotechnology have created many public policy and
legal issues, one of the most significant of which is the treatment of biotechnological
industrial products, particularly under the patent system. Patents represent one of
several types of intellectual property; their ownership confers the right to exclude
others from benefitting from the tangible products of a proprietary subject matter.
Intellectual property law and its protections will play a major role in the rate at which
biotechnology develops in the United States. In this article biotechnological intellectu-
al property issues are reviewed in the context of their underlying legal requirements.
The implications of other factors, such as international competition, research funding,

and gene ownership, are also considered.

ceived the largest amount of legal and
public attention. Next, other matters
that affect intellectual property, such as
international competition, relations be-
tween universities and industry, and un-
certainties over the ownership of cell
lines and genes, are considered.

Patents

The granting of exclusive rights as a
way of encouraging innovation is an an-
cient practice (4). For example, the
doges of Venice and kings of England
granted monopolies (from the Greek
monopdolion, right of exclusive sale) to
inventors as an inducement for them to
trade new articles that would be of bene-
fit to society.

A less beneficial practice of the En-
glish sovereigns involved the granting or
selling of monopolies to favored sub-
jects, thereby conferring an exclusive
right to sell already-traded commodities
(such as salt, iron, vinegar, or playing
cards) or to engage in a trade (such as the
transportation of beer or the importation
of Spanish wool). Monopolies to inven-
tors or merchants were awarded in the
form of ‘‘letters patent’ (from the me-
dieval Latin litterae patentes, open let-
ters) addressed to the public at large (5).
The later use of such patent monopolies,
however, restrained professions and
commerce in items that previously had
been freely enjoyed by the public, typi-
cally at lower prices (6). Eventually,
Parliament enacted the Statute on Mo-
nopolies to make all monopolies illegal,
except those awarded to inventors (7).

Under U.S. law, a patent represents a
federal grant of the ‘‘right to exclude
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The patent grant is not an uncondition-
al, affirmative right to make, use, or sell
an invention (10). Other federal or state
laws may restrict the practice of an in-
vention: a patented pharmaceutical is
still subject to the regulatory purview of
the Food and Drug Administration be-
fore its clinical use is permitted; geneti-
cally engineered microbial pesticides re-
quire Environmental Protection Agency
permits under the Federal Insecticide,
Fungicide, and Rodenticide Act (/1) be-
fore they are disseminated; and the use
of excessively noisome genetically engi-
neered inventions might be curtailed un-
der local nuisance ordinances. In addi-
tion, although a patent may be obtained
for an improved version of a patented
device, the improvement may not legally
be practiced without permission of the
basic device’s patentee.

The U.S. Constitution authorizes Con-
gress to enact laws ‘‘to promote the
progress of science and useful arts, by
securing for limited times to authors and
inventors the exclusive rights to their
writings and discoveries’’ (12). The pat-
ent system achieves this progress in sev-
eral ways. First, it encourages inven-
tions that advance the state of the ‘‘tech-
nological arts’’ or enrich our knowledge
of alternative means for accomplishing a
given task, even though the particular
alternative is not better than what was
known before (/3). Patents are published
weekly by PTO and become references
in the technical literature. Disclosure en-
courages competitors to design around
or improve a patented invention, further
advancing technology. The patent sys-
tem’s most important purpose may be its
““inducement to risk an attempt to com-
mercialize’” an invention (/4), which

thereby maximizes society’s benefit.
Progress is attained through the prolif-
eration of ideas, with the marketplace
ultimately determining which patented
inventions are commercially successful
15).

Statutory requirements. By law, a pat-
ent contains a statement of the inven-
tion’s title and of the grant of rights to
the patentee, to which a copy of the
specification is attached (8). The patent
specification (/6) resembles most scien-
tific journal articles in that it usually
contains an abstract, a general discus-
sion of the problem, related develop-
ments in the field, a ‘‘preferred embodi-
ment”’ of the invention, and a written
description that includes specific exam-
ples setting forth materials, methods,
and conditions necessary to recreate the
invention. The specification is also the
patent application as originally filed, to-
gether with any amendments made to it
during ‘‘prosecution’’—the period in
which an application is examined by
PTO to ensure compliance with statutory
provisions. Excerpts from the patent
statute are found in Table 1.

The specification concludes with one
or more ‘‘claims’’ (/7). These are vari-
ous legal descriptions of the invention,
defining subject matter over which the
patentee is entitled to assert his or her
property right. A claim is analogous to a
description in a deed of the location and
dimensions of a tract of land. In short,
they define the scope of protection af-
forded by the patent (I8). Selected
claims from several key biotechnology
patents are reproduced in Table 2. The
claims and specification are first judged
during prosecution against the standards
set forth in the patent statute, the basic
provisions of which follow. Note that
patents carry only a rebuttable presump-
tion of validity (/9), so their allowance
by PTO may be challenged and effective-
ly second-guessed through litigation.

Patentable subject matter. Section 101
of the patent statute sets forth three
requirements for patentability: utility,
novelty, and statutory subject matter
(Table 1) (20). Utility has been broadly
interpreted, and essentially excludes
only things that are ‘‘mischievous or
immoral’’ (21). The requirement of nov-
elty, although mentioned here, is applied
under section 102. Defining the limits of
statutory subject matter as applied to
biotechnological products has been
problematic.

In 1980 the Supreme Court’s landmark
opinion in Diamond v. Chakrabarty (22)
decided the question of whether certain
claims to a microorganism (excerpt 1 in
Table 2) defined patentable subject mat-
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ter under section'101. The issue, as char-
acterized by the majority in this 5 to 4
decision; was a narrow one of statutory
interpretation to determine whether the
claimed microorganism constitutes a
““manufacture’’ or ‘‘composition of mat-
ter’’ within the meaning of the statute.
PTO’s primary argument against the pat-
enting of microorganisms, given the
‘‘great complexity’’ of the ‘‘social, eco-
nomic and scientific questions’’ involved
was that Congress had not specifically
authorized the extension of the patent
law into such new subject areas (23).
However, the Court found that, in
choosing the expansive language of sec-
tion 101, Congress had plainly. contem-
plated that the patent laws would be
given wide scope, and held that the
claims at issue defined patentable sub-
ject matter (24). Other considerations,
including the possibility that encouraging
genetic research might spread pollution
or disease, were noted by the Court but
were not factors in its decision.

In a previous patentability appeal in
1975, PTO had ruled that animals (chick-
ens, in that case) did not constitute pat-
entable subject matter under section 101
(25). This position apparently has been
unofficidlly maintained by PTO even af-
ter Chakrabarty. However, eukaryotes
such as plants expressing recombinant
DNA or the novel mouse that expressed
arat growth hormone gene (26) should—
assuming that they and others of their
genetically engineered ilk are otherwise
patentable—satisfy section 101 under the
rationale of Chakrabarty. Reticence by
PTO in issuing patents may adversely
affect the rate at which some areas of
biotechnology develop. The Chakra-
barty opinion recognized that ‘‘the grant
or denial of patents on microorganisms is
not likely to put an end to genetic re-
search or to its attendant risks,”” but
“may determine whether research ef-
forts are accelerated by the hopes of
reward or slowed by want of incentives’’
(22, p. 317).

Novelty. Section 102 (Table 1) sets
forth criteria by which the novelty of
claimed inventions within the defined
classes of statutory subject matter may
be determined. Their purpose (and that
of the nonexcerpted provisions of sec-
tion 102) is to prevent thé granting of
patents on applications Claimiing subject
matter that already belongs to the public
and to encourage the prompt filing of
patent applications after their substance
has become known.

Any claim in an application that en-
compasses (‘‘reads on’’) something al-
ready in the public domain (‘‘prior art™’),
such as machines, organisms, processes,

27 APRIL 1984

conference abstracts, or published arti-
cles, is ‘‘anticipated’’ and thus unpatent-
able. In contrast, claims to novel ‘‘pure
cultures’’ of isolated naturally occurring
microorganisms may be allowable (27) if
the purified culture has some quality or
performs a function not available from
the organisms as found in nature. The
claims in the Isaacs and Lindenmann
patent (excerpt 2 in Table 2) encompass
interferon in its naturally occurring and
purified extract forms. These claims are
presumed valid (19), but they might not
be upheld if challenged in litigation.
More proper claims would have been
limited to purified interferon. ‘

Unobviousness. Section 103 (Table 1)
sets forth the criterion of ‘‘unobvious-
ness’’ by which useful and novel inven-
tions are determined to be patentable.
This provision is intended to preclude
patent protection for those inventions
that are so closely related to the prior art
that their production is within the skill of
a hypothetical person of ordinary skill in
the pertinent field.

“As interpreted by the Supreme Court
(28), section 103 requires that the scope
and content of the prior art be deter-

miiried and the differences between this
prior art and the claimed subject matter
be ascertained. If the invention as a
whole, notwithstanding these differ-
ences, would have been unobvious to an
ordinary worker in the pertinent field at
the time the invention was made, then
the claimed invention is patentable. The
determination of unobviousness is a sub-
jective one, but the statute provides the
procedures and the standard by which
the decision must be made (29). As an
illustration, the prior art references cited
against the claims for producing recom-
binant DNA in the Cohen and Boyer
patent (excerpt 3 in Table 2) are partially
reproduced in excerpt 5 of Table 2. They
include one patent and 15 articles and
represent the closest prior art considered
by PTO. The allowed claims were found
to be unobvious to an ordinary worker
aware of this art.

Enablement. The first paragraph of
section 112 (Table 1) includes the ‘‘enab-
lement’’ provision of the statute. Its pur-
pose is to require that the specification
contain sufficient ‘‘written’’ information
at the timé it is filed to enable ‘‘any
person skilled’” in the pertinent art (not

Table 1. Selected statutory excerpts.

Patent Statute, Title 35 U.S. Code:
Section 101—Inventions patentable

Whoever invents or discovers any new and useful process, machine, manufacture, or com-
position of matter, or any new and useful improvement thereof, may obtain a patent there-
for, subject to the conditions and requirements of this title.

Section 102—Conditions for patentability; novelty and loss of right to patent
A person shall be entitled to a patent unless—

(a) the invention was known or used by others in this country, or patented or described in a
printed publication in this or a foreign country, before the invention thereof by the appli-

cant for patent, or

(b) the invention was patented or described in a printed publication in this or a foreign coun-
try or in public use or on sale in this country, more than one year prior to the date of the
application for patent in the United States; or. . . .

Section 103—Conditions for patentability; non-obvious subject matter . .
A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought
to be patented and the prior art are such that the subject matter as a whole would have
been obvious at the time the invention was made to a person having ordinary skill in the

art to which said subject matter pertains. . .

Section 112—Specification

The specification shall contain a written description of the invention, and of the manner

and process of making and using it, in such full, clear, concise, and exact terms as to en-
able any person skilled in the art to which it pertains, or with which it is most nearly con-
nected, to make and use the same; and shall set forth the best mode contemplated by the

inventor of carrying out his invention.

The specification shall conclude with one or more claims particularly pointing out and dis-
tinctly claiming the subject matter which the applicant regards as his invention. . . .

Copyright Statute, Title 17 U.S. Code:

Section 102—Subject matter of copyright: In general

(a) Copyright protection subsists . .

. in original works of authorship fixed in any tangible

medium of expression, now known or later developed, from which they can be perceived,
reproduced, or otherwise communicated, either directly or with the aid of a machine or de-

vice. . ..

(b) In no case does copyright protection for an original work of authorship extend to any
idea, procedure, process, system, method of operation, concept, principle, or discovery,
regardless of the form in which it is described, explained, illustrated, or embodied in such

work.
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the general public) to make and use the
cldimed invention without undue experi-
mentation (30). Enablement makes the
patent understandable by those in its
field to avoid infringement; provides the
public with the ability to practice the
invention after the patent expires; and
secures the continuous disclosure of
novel, useful, and unobvious technical
advances (3/). Section 112 also requires
the disclosure of the ‘‘best mode”’ that is
contemplated of practicing the invention
at the time the application is signed, thus
proscribing concealment of an inventor’s
preferred embodiment (32). The best
mode requirement is satisfied by not
withholding information (33). Satisfying
the enablement requirement is more dif-
ficult and represents a particular area of
uncertainty for patents on multicellular
organisms.

A legally sufficient disclosure of a ma-
chine or chemical composition may easi-
ly be made through figures and text. In
contrast, it is difficult to explain the
production and use of a genetically engi-
neered organism or a method for using a
novel pure culture of a rare but naturally

occurring microorganism unless the or-
ganism itself is available. For example,
claim 2 of the Jackson ez al. application
(excerpt 4 in Table 2), which also encom-
passes unisolated species, was rejected
by PTO because isolation of other such
organisms from soil samples was held to
involve undue experimentation (34). One
way to satisfy section 112 is to deposit a
microorganism (35), before the patent
application is filed (36), with indepen-
dent depositories such as the American
Type Culture Collection. The United
States is a signatory to the Budapest
Treaty, which specifies deposit, mainte-
nance, and distribution standards for
patent purposes for depositories in mem-
ber nations. These repositories will pro-
vide cultures to requestors after a patent
is issued thus rendering the organism
equivalent to a ‘‘stock reagent’’ that may
be used as described in writing. For this
reason, a more restrictive version—
claim 3—of Jackson er al. was allowed
(excerpt 4 in Table 2).

An important problem with enable-
ment concerns multicellular organisms.
Depositories for genetically engineered

Table 2. Excerpts from selected U.S. patents.

1) Chakrabarty—No. 4,259,444, ‘*‘Microorganisms having multiple compatible degradative
energy-generating plasmids and preparations thereof,”” issued 31 March 1981
Claim 1: A bacterium from the genus Pseudomonas containing therein at least two ener-
gy-generating plasmids, each of said plasmids providing a separate hydrocarbon deg-

radative pathway.

2) Isaacs and Lindenmann—No. 3,699,222, ‘‘Production of viral interfering substances,’’ is-

sued 17 October 1972
Claim 1: Interferon.

3) Cohen and Boyer—No. 4,237,224, ‘‘Process for producing biologically functional molecu-

lar chimeras,’’ issued 2 December 1980

Claim 1: A method for replicating a biologically functional DNA, which comprises:
transforming under transforming conditions compatible unicellular organisms with
biologically functional DNA to form transformants; said biologically functional DNA
prepared in vitro by the method of: (a) cleaving a viral or circular plasmid DNA com-
patible with said unicellular organism to provide a first linear segment having an in-
tact replicon and termini of a predetermined character; (b) combining said first linear
segment with a second linear DNA segment, having at least one intact gene and for-
eign to said unicellular organism and having termini ligatable to said termini of said
first linear segment, wherein at least one of said first and second linear DNA seg-
ments has a gene for a phenotypical trait, under joining conditions where the termini
of said first and second segments join to provide a functional DNA capable of replica-
tion and transcription in said unicellular organism; growing said unicellular organisms
under appropriate nutrient conditions; and isolating by means of said phenotypical
trait imparted by said biologically functional DNA.

4) Application Serial No. 008,378 of Jackson, Theriault, Sinclair, Fager, and Karwowsky—

Claim 2: A process for producing the antibiotic AX-127B-1 which comprises culturing a
microorganism belonging to the species Micromonospora pilosospora having the abili-
ty to produce antibiotic AX-127B-1 in a nutrient medium including a carbon and nitro-
gen source and accumulating the antibiotic in said medium.

Claim 3: A process according to claim 2 wherein said microorganism is selected from
the group consisting of Micromonospora pilosospora NRRL 11415, Micromonospora
pilosospora NRRL 11416, and Micromonospora pilosospora NRRL 11417, and muta-

tions thereof.

5) References cited against the Cohen and Boyer patent (3) include
U.S. Patent No. 3,813,316 of Chakrabarty (1974)
Morrow et al., Proc. Natl. Acad. Sci. U.S.A., vol. 69, pp. 3365-3369, November 1972
Morrow et al., ibid., vol. 71, pp. 1743-1747, May 1974
Hershfield et al., ibid., vol. 71, pp. 3455 et seq., 1974
Jackson et al., ibid., vol. 69, pp. 2904-2909, October 1972

360

mice or larger creatures could be creat-
ed; however, the logistics, maintenance,
and distribution costs involved may be
prohibitive. Unless a claimed invention
is capable of adequate enablement in
words alone, some deposit will be neces-
sary. Perhaps the deposit of frozen em-
bryos could simplify this matter. Howev-
er, it may be impossible to know within a
reasonable time whether a new geneti-
cally engineered organism infringes a
claim to a related patented organism thus
enabled, particularly for animals with
long gestation and maturation periods.
Accordingly, the length of time needed
for comparison testing and other difficul-
ties with an embryo deposit practice
might represent undue experimentation
in the view of the courts. It may become
necessary for Congress to modify the
disclosure requirements of section 112 to
specifically authorize the deposit of fro-
zen embryos, or to ease the requirement
as was done in the Plant Patent Act,
which requires disclosure to be only ‘‘as
complete as is reasonably possible”’’ (37).

The general concept of enablement
also applies to references used as prior
art to determine patentability under sec-
tions 102 and 103. For example, although
antibody-producing human-mouse and
mouse-mouse hybridomas were reported
in the early 1970’s (38), their disclosures
are not necessarily enabling as to human-
human cell fusion for which hybridiza-
tion conditions are not set forth. Even a
statement that human-human hybrid-
omas will likely be produced in the near
future would not qualify these two arti-
cles as prior art, since workers of ordi-
nary skill could not produce such hybrid-
omas on the basis of their teachings.
Several other hybridomas have indeed
subsequently been patented (39). A dif-
ferent enablement issue concerns a with-
drawn-from-issue application for a wide-
ly known plasmid owned by Stanford
University and the University of Califor-
nia that is being reevaluated by PTO to
determine, in part, whether the specifi-
cation is enabling (40).

Infringement. A claim is literally in-
fringed when it encompasses something.
Infringement is also found when an ac-
cused object is physically different from
but legally equivalent to the subject mat-
ter claimed. Under the doctrine of equiv-
alents, ‘‘devices, processes or composi-
tions of matter which do the same work,
in substantially the same way, and ac-
complish the same results . . . are equiv-
alent even though they differ in name,
form or shape’’ (41).

Thus, claim 1 of Chakrabarty (excerpt
1 in Table 2), which is directed to the
genus Pseudomonas, would not literally
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be infringed by an analogously prepared
bacterium of the genus Bacillus, but
might nevertheless be infringed by the
Bacillus if it were held to be equivalent.
In contrast, a Pseudomonas having one
recombinant DNA plasmid providing
both degradative pathways expressed by
the two nonrecombinant plasmids of
Chakrabarty may do the same work and
produce the same result but do so in a
different way and thus avoid infringing.

The courts generally allow a broader
scope and a wider range of equivalents to
patents that represent a new field or a
distinct step in the progress of an art
(42). A countervailing doctrine, howev-
er, recognizes that the behavior of chem-
ical or biochemical compounds is not
always predictable as conditions vary,
and this should limit the scope of claims
to what the patent’s disclosure reason-
ably teaches (43). In addition to these
opposing doctrines of legal interpreta-
tion, patent litigation is an inexact sci-
ence. Infringement suits in biotechnolo-
gy, when infringement can be detected
(44), will often be reduced to debates
between opposing expert witnesses (45).
Uncertainties as to the scope of attain-
able patent coverage will be a factor in
business decisions to file patent applica-
tions or to preserve inventions in secrecy
until the courts ultimately rule on these
matters.

Trade Secrets

Trade secrets encompass private pro-
prietary information or physical materi-
als that afford a competitive advantage to
the owner (46). The classic example of a
trade secret is the Coca-Cola brand syr-
up formula. Biotechnological trade se-
crets might include hybridization condi-
tions, cell lines, corporate merchandis-
ing plans, or customer lists. Unlike pat-
ents, trade secrets have a potentially
unlimited duration, are primarily regulat-
ed by state law, and need not satisfy the
more stringent requirements for patent-
ability. Courts will enjoin disclosure of a
trade secret and compensate the owner
for its unauthorized use when the secret
has been discovered by improper means,
such as breach of confidence (47). The
trade secret, however, is no longer pro-
tectable when it becomes public knowl-
edge through independent discovery, re-
verse engineering, or through disclosure,
for example, at an open session of the
National Institutes of Health Recombi-
nant DNA Advisory Committee (RAC).

Biotechnology is characterized by cer-
tain unique aspects that affect reliance
on trade secrets. Because present and
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former university researchers still play
major roles in developing the basic re-
search necessary to commercialize this
technology, publication of research re-
sults is usually expected and is often an
important aid in recruiting individuals
from a limited pool of talent (48). Addi-
tional risks to the secrecy needed to
protect this type of intellectual property
include the tendency of scientists to
share information at conferences during
informal gatherings, mobility of graduate
students and employees, and computer
theft of trade secret data bases contain-
ing sequencing or restriction map data
(49). Some disclosure is also required by
the federal government; because envi-
ronmental impact statements may be-
come required for some genetically engi-
neered projects (3) and certain recombi-
nant DNA experiments are reviewed by
the RAC (50), there is an enhanced risk
of leaks, and potential access to trade
secrets by competitors who use the Free-
dom of Information Act (51).

Reliance on trade secrets, however,
may be prudent notwithstanding the
risks of disclosure. The rapid pace of
development in biotechnology suggests
that much patentable work may become
outdated before a patent would be issued
(generally about 2 years or longer after
an application is filed). Moreover, cer-
tain types of products might be more
appropriately protected in this manner.
Trade secret protection may be more
actively utilized for sequence data bases
rather than for plasmids or other tangible
creations.

Copyrights

A copyright protects the expressed
form of an idea but not the idea itself.
This differs from patent and trade secret
protection, which can encompass the
substance of the idea behind a particular
object (52). The purpose of the copyright
law is to secure public benefit by encour-
aging the efforts of those who create
“‘original works of authorship’’ (section
102 in Table 1) (53). The copyright owner
is granted the exclusive right to repro-
duce and distribute the work (54); how-
ever, the actual use of a copyrighted
work is not protected. To be copyrighta-
ble, the work must be ‘‘fixed in a tangi-
ble medium of expression, now known
or later developed,’’ such as print, paint-
ing, or other media including those in
which the work cannot be directly per-
ceived by the human senses, such as film
or videotape (55). Copyright has evolved
with the growth of technology since the
invention of movable type; for instance,

Congress recently amended the copy-
right statute to explicitly recognize the
copyrightability of computer software
(56).

It has been suggested that copyright
protection extends to original DNA se-
quences—works that arguably may em-
body creative, and indeed artistic,
expression (57). This argument is made
by analogy; a cell’s DNA is a compila-
tion of instructions to cellular machinery
like the computer instructions embodied
in software. The analogy does not fit
precisely, however. Alternative comput-
er programs can accomplish the same
result through equivalent but different
instructions. In contrast, the limited re-
dundancy in the genetic code permits
fewer ways to specify particular amino
acids. This might preclude protection
under copyright, since the judiciary is
reluctant to protect works in which the
underlying idea is capable of expression
in only a few ways (58). Furthermore,

" the value of a copyrighted DNA se-

quence would be minimal. Once a gene
has been disclosed, it would be a rela-
tively simple matter to prepare an ana-
log, without copying, to express the un-
derlying idea by taking advantage of the
code’s wobble.

A work may also be denied copyright
protection if its appearance has ‘‘an in-
trinsic utilitarian function’’ (59). Because
particular codons may ultimately deter-
mine the higher order structure neces-
sary for effective transfer RN A function-
ing during translation, DNA sequences
may be inherently useful and noncopy-
rightable for this reason as well. Com-
puter data bases, photomicrographs of
DNA, or instruction manuals related to
biotechnology can be copyrighted, as is
this issue of Science. But again, copy-
right protection is limited. This issue of
Science cannot be reproduced but all the
ideas in it may be freely used (60).

Trademarks

A trademark is a word or symbol
‘‘adopted and used by a manufacturer or
merchant to identify his goods and dis-
tinguish them from those manufactured
or sold by others’ (61). Laboratory
equipment useful in biotechnology al-
ready bears trademarks that are well
known to workers in the field, just as
trademarked sports equipment or frozen
foods have become known to their re-
spective purchasing populations. Certain
vectors useful in recombinant research
may become known by various trade-
marks, just as pharmaceuticals are simi-
larly known and advertised. This area of
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intellectual property, of the four consid-
ered in this article, has not presented any
particular legal or business issues, but is
an important and valuable member of an
industrial portfolio of properties.

Choice of Intellectual

Property Protection

Biotechnological products and pro-
cesses are protectable by the various
property rights discussed above. These
properties can be bought, sold, and li-
censed like any other type of property.
Their worth depends on what the market
will bear and on the value placed on
protection from competition by the prop-
erty owner. Selection of the most appro-
priate mode of protection is a business
judgment based on several factors that
differ from case to case. These include
the pace of technological development (if
rapid, then a trade secret approach may
be preferable to patenting), associated
costs (the. costs of se¢recy may exceed
those of obtaining a patent but perhaps
not the costs of trying to enforce it),
security considerations (it may be impos-
sible to prevent discTosure of a trade
secret or its reverse. engineering), the
need to show patents to investors or
venture cg'}pitalis‘ts as a measure of suc-
cess, or the basi¢, pioneering nature of a
discovery : (patents that grant broad
rights may be more valuable). Also, the
type of subject matter sought to be pro-
tected is a determining factor—for exam-
ple, instruction manuals can be copy-
righted and protected as a trade secret
but are not patentable.

International Competition and

Related Issues

An authoritative study recently issued
by the Office of Technology Assessment
(OTA) reports that, although the United
States is the world leader in the basic
science and commercial development of
biotechnology, continued preeminence
is not assured (62). In the face of mount-
ing interest by foreign governments in
their own biotechnology industries, OTA
evaluated several factors that may be
critical to our international competitive-
ness. It found that the most important
factors are the availability of start-up
financing and tax incentives for busi-
ness, increases in federal funding of ba-
sic and applied research, and the contin-
ued availability of trained scientific and
technical personnel. Factors of moderate
importance are the ultimate regulatory
umbrella of health, safety, and environ-
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mental laws; intellectual property law;
and university-industry relations.

Several of these factors are interrelat-
ed. Thus, in this era of decreasing fed-
eral research subsidies, changes in the
funding and licensing interactions of the
federal government, private industry,
and universities merit attention (63). Re-
search strategies and directions may be
affected as a result of these changes, in
part because industry’s research funding
is increasing and because universities are
assuming a more active and sophisticat-
ed role in establishing industry-universi-
ty relations (64).

In addition, businesses of all nations
operate in an increasingly competitive
worldwide market. Some nations favor
cooperation between native businesses;
however, potential risks of antitrust li-
abilities for joint venture research and
development programs may have imped-
ed cooperative research efforts of do-
mestic industries. This is partly due to
vast potential civil liabilities and to
doubts about the validity of patents ob-
tained as a result of such efforts or
certain licensing practices that may later
be held to be illegal (65). Because patents
provide a crucial incentive for research
and innovation (66), as foreign competi-
tion increases, strong domestic and in-
ternational protection of worthwhile re-
search and licensing programs and of
patents and trademarks will be important
to the success of U.S. business in world
markets (67).

The Reagan Administration responded
to some of these issues in its bill, the
National Productivity and Innovation
Act (NPIA) of 1983 (68), which is de-
signed to ‘‘create a legal environment
that does not unreasonably discourage
investment in new technologies and does
not deter the efficient exploitation of
these technologies’” (69). This goal
would be achieved in part by eliminating
costly punitive damages for antitrust vio-
lations for research and development
joint ventures. The NPIA addresses an-
other problem by making products of
patented processes no longer importable
into the United States without infringing
the U.S. process patent. This would be a
significant gain for the biotechnology in-
dustry. Several other bills affecting intel-
lectual property laws also have been
introduced.

Other factors will affect biotechnology
as an intellectual property. For example,
the creation of a new federal court of
appeals on 1 October 1982—the Court of
Appeals for the Federal Circuit
(CAFC)—should bring a needed unifor-
mity to patent infringement decisions
(70). As part of its jurisdiction, this court

now hears all patent infringement ap-
peals from the nation’s district courts,
rather than the other courts of appeal,
some of which had been notoriously anti-
patent in philosophy. The CAFC will
influence the proper scope and range of
equivalents to be accorded claims for
biotechnological inventions as well as
the statutory subject matter and other
infringement issues peculiar to this tech-
nology. Related bills are also appearing;
the proposed patent term restoration
acts would extend the term of chemical
or pharmaceutical patents beyond their
present 17 years to compensate for de-
lays in obtaining EPA or FDA product
approvals. The necessity of such an act
is debatable (71); however, its proposal
exemplifies a renewed interest in
strengthening intellectual properties.

In addition to concerns over competi-
tiveness and protectability, a recent law-
suit has sharply focused attention on
another legal uncertainty, the ownership
of cell lines and cellular components
such as genes or plasmids. Hoffmann-La
Roche and the University of California
disputed the ownership of a bacterial
strain that incorporated a human inter-
feron gene copied from a human cell
cultured by a University of California
scientist (72). The real concern, of
course, was that only the owner would
earn royalties from the sale of interferon:
does the cell donor, the culturing re-
searcher, host institution, or commer-
cializing business have a superior propri-
etary interest?

The case was settled for an undis-
closed amount, leaving no judicial reso-
lution as a precedent. It highlights the
increasing complexity of cooperative re-
search efforts. Unfortunately, the lesson
learned by many from this dispute is that
scientific material should not be shared
without prior license agreements. This
may have a chilling effect on the more
collegial practice of informal sharing that
has been the norm for biomedical re-
searchers. The new protocol may in time
become routine but should not unduly
hamper technological development.

Conclusions

Intellectual property protection will
play a major role in the rate at which
biotechnology develops in the United
States. Legal uncertainties, such as the
standard for enabling disclosures in pat-
ent applications claiming multicellular
organisms, may ultimately require con-
gressional intervention. The courts will
probably resolve many of the remaining
patent, trade secret, copyright, and
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trademark issues. Proposed federal legis-
lation in the funding, patent, antitrust,
and technology transfer areas will en-
hance the development and competitive-
ness of the domestic industry. Finally, a
better understanding of intellectual prop-
erty by research scientists, businesspeo-
ple, and university administrators will
increase the pace of technological devel-

opment

in biotechnology and other

fields.
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