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Chapter 1:
The Law

In 1952, when the patent laws were recodified, Congress replaced the word “art”
with “process,” but otherwise left Jefferson’s language intact. The Committee Reports
accompanying the 1952 Act inform us that Congress intended statutory subject matter
to “include anything under the sun that is made by man.”
-Chief Justice Warren E. Burger,
the majority opinion for Diamond v. Chakrabarty

1. A Shifting World
As with most legal issues, the guidelines that govern life patents in the
United States are not only tremendously complex, but subject to constantly changing
interpretation by the courts and alterations in the letter of the law by the elected
government. Indeed, on April 3rd, 2009, just eleven days before this paper was due,
the United States Court of Appeals for the Federal Circuit upheld a Board of Patent
Appeals ruling on a patent claim for what they call a “classic biotechnology invention
– the isolation and sequencing of a human gene that encodes a particular domain of a
protein.” (In Re Marek Z. Kubin and Raymond G. Goodwin, p. 1) Rather than grant
the patent on this gene sequence, as had been accepted practice for a multitude of
similar claims, the United States Patent and Trademark Office (USPTO) denied it on
the grounds that such sequences are insufficiently non-obvious.
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As shall become clear over the course of this chapter, this does not
merely undermine the validity of a single patent; it is the most major sign to date
of a sea change in the legal trends that govern one of the most important types
of biotechnological patent in the United States. While the full implications are
impossible to determine, the very plasticity of the the legal landscape is instructive.
After all, the development of commercial biotechnology and the products and
knowledge it has constructed cannot be separated from the history of the law and its
application. The aim of this chapter is to provide that necessary history, along with
an analysis of the current state of the law and the field that has grown up within it.
But it must be understood that this is an analysis that can never end. The sorts of
knowledge described in this paper are new, born out of real conditions and constraints
in a complex and shifting world. Nevertheless, it may be hoped that this exercise will
not only provide the tools to understand similar situations in the future, but reveal
something about the ways in which knowledge is or can be produced in general.

2. Some Concerns of the Present
Intellectual property presents something of a paradox. Konstantinos
Karachalios of the E.U. patent office put this point elegantly at the 2009 TransAtlantic
Consumer Dialogue conference on patents, copyrights and knowledge governance:
public perception of patenting is precisely the opposite of its linguistic history and
dictionary definition. While patent, the opposite of latent, comes from the latin pateo,
meaning to be opened, revealed or exposed, even the most educated about the subject
think first about the limitations imposed by patents rather than the disclosure they
encourage. It is important to bear in mind that patents and copyrights exist solely to
facilitate human advancement and that the economic benefits and rights of inventors
are merely a means to attain that end, not ends themselves (Wilson, 2002, p. 26).
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For this is quite deeply not how intellectual property has been treated and generally
understood in recent years.
In large part, the schism is due to the fundamentally lopsided nature of
most Americans’ experiences with intellectual property: as there are simply more
consumers than producers, the vast majority of personal encounters with patents or
copyrights involve restriction of access to knowledge or technology. Most famously
– and the fame itself is a contributing factor, here – long-standing fights over the
ownership and widespread piracy of audio and video works exploded in the late
1990s as internet file-sharing became commonplace. As the temptations of technology
and corporate approaches to profit turned what was formerly mere irresponsibility
on the part of private citizens into a prosecutable criminal act, public perception of
intellectual property took an unjustified nose dive.
At the same time, less well-known consequences of the recent priority of
intellectual property are felt far more deeply than those of the copyfight. The “patent
thickets” created during the development of drugs, diagnostic tests and medical
devices, for example, play an unfortunate role in the high cost of medical care.
Genetic tests are particularly assailable, as the price to patients is a massive multiple
of the strictly calculated cost of the tests’ development or administration. Drugs, too,
usually come with an unaffordably high price tag, though the tremendous expense of
development justifies their cost more intelligibly.
Nevertheless, the increasing economic importance of intellectual property
over the last several decades is hard to overstate. In 1995/1996, for example,
investment in knowledge-based industries took up 8.4% of the United States GDP,
compared to 16.9% in physical industries; but the “value added” by knowledge-based
industries made up 55.3% of the total (Stehr, 2005, p. 177). Nor is this a merely
academic characterization of the state of the economy. During the February 6th senate
debate on the American Recovery and Reinvestment Act of 2009, Senator Mary
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Landrieu (D-LA) argued for a shift in the way that the Congress has traditionally
viewed infrastructure: “The new infrastructure is also about intellectual property, and
it is also about strengthening our scientific investments” (Landrieu, 2009). Ultimately,
this economic stimulus package contained more than $15 billion for scientific
research, split between the National Institutes of Health, the National Science
Foundation, the Department of Energy’s Office of Science, the National Institute of
Standards and Technology, the Advanced Research Projects Agency – Energy and the
National Aeronautics and Space Administration (Pelosi, 2009).
As these agencies comprise the bulk of non-military federal science, and
$15 billion represents a substantial percentage of their combined annual budgets,
the economic stimulus package contains unprecedented federal funding of scientific
research. The NSF, for example, received $3 billion on top of a 2008 budget of just
over $6 billion – a nearly unheard-of 50% increase in available funds.
Yet there is reason to be wary of such a sharp increase as well. To actively
define scientific research as the infrastructure behind the economic growth of
the United States and fund it accordingly – as increasingly accurate as that
characterization may be – risks burdening the research with economic expectations
that it would otherwise avoid. As we shall see, the boundary between (pure) science
and (applied) technology has been deeply challenged by biotechnology. But there are
still substantive normative and legal differences between the production of scientific
knowledge and the production of science-dependent intellectual property. Placing
economic concerns on a scientific foundation has clear and severe consequences for
scientific progress, as profits within the current system depend strongly on patents and
the paradoxical drawbacks they entail. As the economic aspects of scientific progress
become more and more central to the economy of the United States, we need to be
clearer and clearer about the nature of scientific knowledge and the manner in which
it gets transferred into commercial products.
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3. International Patent Law
Because of the historical and legal particularity and complexity, and the fact
that so many of the significant moments in the history of biotechnology took place
in the United States, a detailed survey of patent law in other countries is beyond the
scope of this project. But before we turn to the United States, it is worth sketching
the general outline of international patent law and drawing attention to some specific
issues. Contemporary biotech is an unavoidably international field, and some of the
considerations raised exclusively in an international setting have a bearing on the
ethical and epistemological problems faced by the science as a whole.
Every country takes a different theoretical and practical approach to
intellectual property, so no single patent covers all countries. Thus, even aside
from the inherent problems with translating technical details into other languages,
questions of intellectual property tend to become vastly more complicated with each
additional country that gets involved. Presently, although pharmaceutical and
biotech companies tend to be solely interested in those countries large and wealthy
enough to buy large quantities of their products at full price – traditionally, the U.S.,
Europe, Japan, India and China – patents must be filed and maintained in every
relevant jurisdiction for full effect (Wellons, Ewing, Copple, Wofford & Leitzan,
2007, pp. 45-58).
Alternatively, looser protection can be accomplished by filing at any number
of four regional patent offices (Europe, Eurasia and English- and French-speaking
Africa), or through the overambitiously named “international patent” under the
Patent Cooperation Treaty (PCT), administered by the World Intellectual Property
Organization (WIPO). Though a PCT filing offers certain additional conveniences,
neither of these solutions cover every country and both entail procedures that are
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essentially as complicated as a country-by-country approach (ibid). No matter which
strategy is adopted, filing and maintaining international patents is extraordinarily
expensive (up to $100,000 per patent) and usually takes years (ibid, p. 46).
Nor is this process likely to get significantly easier in the near future. Even
after twenty years of work to “harmonize” the E.U., for example, each member state’s
intellectual property laws vary not only in specific requirements and enforcement
style but in fundamental principles. As practically every patent office in the world
already struggles with massive backlog – to put a scary statistic on the problem, the
total number of pending patents in Europe recently surpassed the total number of
granted patents – a worldwide pool of patents consistent across all countries is almost
inconceivable (Karachalios, 2009).
Perhaps more powerfully, from a philosophical standpoint, Article 53(a) of the
European Patent Convention requires that all patentable inventions be morally sound
and non-harmful to the public order (Kevles, 2002, p. 86). While a patent granted
in the United States does not necessarily confer the right to actually manufacture a
product (with all of the legal consequences that such manufacture could entail), the
U.S. patent system generally maintains a studied amorality about the patents it grants.
In the E.U., by contrast, prospective patentees must demonstrate that their inventions
are both safe and non-socially-disruptive before they can obtain a patent. This places
strain on new technologies, and particularly on new technologies that are rooted in the
life sciences.
Fortunately for the biotech industry, many countries simply follow the lead
of the United States on questions of patentability, particularly those that lack the
resources to maintain a patent office capable of fielding a large volume of technical
claims (Patriota, 2009). This arrangement works in the absence of a better solution,
but the imbalance of knowledge and power that undergirds the practice naturally
leads to its own problems.
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If a given patent office did not go through the steps to approve a patent,
for example, then it is unlikely to be able to answer questions about the status or
meaning of that approval. This simultaneously reduces the enforceability of patents,
at cost to the patent holder, and makes everyone more cautious about innovation and
production. To take one recent and unfortunate example, Thailand’s patent office was
unable to fully inform its government about the ownership rights to a flu vaccine, and
thus neither the government nor independent companies could be sure whether and
how to begin manufacturing (Karachalios, 2009). Though this could be a problem
in any country, given the complexity and inconsistency of many patent claims, it
is fundamentally insoluble without a staff capable of approving complex technical
patents in the first place.
No country, furthermore, is interested in allowing foreign interests to stake
patent claims on inventions or cultural knowledge that would rightfully be theirs
in a fair and open system. As it is standard practice in the United States to allow
patents on plant-based drugs inspired by indigenous remedies, automatic international
acceptance of U.S. patent decisions entails stripping certain peoples of the rights
to medicinal cures that their ancestors have been using for thousands of years. For
obvious reasons, this is one of the more important, complex and hotly debated issues
within the present patent regime, and it deserves far more attention than can be
provided here (see, for example, Magnus, 2002 and Sampath, 2005).
Similarly, reliance on the patent decisions of the United States sets a high
standard relative to the technoscientific norms of most countries. Local scientists
and inventors who lack the resources of their American counterparts cannot
produce inventions of the same quality and scale, and thus get locked out of the
competition despite the fact that their inventions may be original and serve the local
constituency well. While consistent standards and exclusive rights are generally
seen as a prerequisite to the distribution of expensive inventions, patents from the
7

more developed world should not dominate innovation in less developed countries
(Patriota, 2009).

4. The Theoretical Framework Behind Patents in the United States
Intellectual property is not a fundamental right in the United States. Article
I, Section 8 of the U.S. constitution grants Congress the power “To promote the
progress of science and useful arts, by securing for limited times to authors and
inventors the exclusive right to their respective writings and discoveries” (U.S. Const.
art. I sect. 8 cl. 7). As such, the theoretical framework behind patents in the United
States is wholly instrumental, grounding its provisions simultaneously in a desire for
the growth of openly available knowledge and an understanding that technological
advancement comes at a financial price. Inventors are not granted absolute control
over their work merely because they were the first to think of it. As Thomas Jefferson,
the nation’s first patent examiner, firmly held: “ingenuity should receive a liberal
encouragement,” but not at the price of a restrictive monopoly (Stobbs, 2000, p. 15).
In this sense, the constitution assumes a theoretical framework in which the natural
state of knowledge is free flowing and constantly expanding – but restrictable, in
practice.
Thus, patents are intended to provide two key ingredients to aid the progress
of knowledge: a way for inventors or investors to recoup the cost of research and
development though the exclusive ability to produce and market their inventions; and
a publicly accessible registry of the finished designs, in such detail that any expert
in the field could replicate the invention. In essence, therefore, they are a bargain
between the inventor and the public, in which the inventor trades the secrets of her
invention for temporary monopoly power over its production. Without patents, or
so the standard theory goes, inventors would have to keep their innovations secret
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or face a situation in which anyone could take their ideas and apply them on any
scale whatsoever – and thus, there would be a high personal price involved in the
developing of new technologies and no incentive to share them if and when they were
developed.
This theory has a number of practical consequences. Foremost among them,
if the patent system is not spurring innovation, then we have every right to reform
it, supplement it or replace it with alternative systems. The situation has never been
serious enough to require such drastic action, and this paper does not recommend it;
nevertheless, it is important to understand that the possibility is on the table, and that
the patent laws are not inviolate.

5. The Law and Its Immediate Consequences
The initial language that describes patentable inventions in the United States
Code is quite broad for the most part, and the burden of its interpretation falls
primarily upon the USPTO itself, and then upon the courts during appeals. “Title
35 Part 2 Section 101: Inventions Patentable,” which was drafted by Jefferson but
for the change of “art” to “process” in 1952, reads, “Whoever invents or discovers
any new and useful process, machine, manufacture, or composition of matter, or any
new and useful improvement thereof, may obtain a patent therefor, subject to the
conditions and requirements of this title” (35 USC 101; Kelves, 2002, p. 79). Nor are
the “conditions and requirements” particularly stringent by themselves, though they
can be stringently applied. In addition to a number of more practical requirements,
the three primary prerequisites for patentability are novelty, non-obviousness and
usefulness (Wellons et al., 2007, pp. 45-58).
Novelty is the most clearly necessary of the three, since it is the only way
to avoid contradiction and overlap between patents. (It is somewhat odd, therefore,
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that this requirement would pose the strongest barrier to the initial approval of
genetic patents in the 1970s and give rise to the strongest clashes between the patent
system and scientific norms. But both of these stories will be explored further in later
sections; here, we will focus solely on the law itself.)
To satisfy novelty, a patent claim cannot be made on an object that has a
substantial basis in the prior art. This includes any sort of publication or patent,
worldwide, but also any public knowledge or use of the invention (p. 31). In
practice, this means that information about potentially patentable research cannot be
disclosed in any manner whatsoever. Even a casual conversation between scientists
can disqualify a patent, and certainly presentation at a conference or trade show.
Government grant applications, even if initially confidential, can be revealed under a
Freedom of Information Act request; in this sense, there is a legally enforced conflict
between these two types of funding. Regardless of the type of disclosure, however, all
parties must have signed a confidentiality agreement that specifies the items to be kept
secret (though this can be a variation on “everything you see here”) and the duration
during which time the information is sensitive, before the disclosure takes place.
Non-obviousness follows from the same justifications as the requirement
of novelty: one cannot simply patent everything in sight, or patent very slight
modifications to an already-patented design. But as physical and intellectual
technologies advance, the question of what counts as a non-obvious “process,
machine, manufacture, or composition of matter” becomes increasingly complicated.
Patents on organisms and genetic code provided one of the first major tests for the
standing patent system, but there are others and there will only be more to come
– particularly as the Supreme Court has made it clear that it cannot take it upon itself
to impose restrictions on patentable objects (see Diamond v. Chakrabarty, 1980). In
this case, however, we have guidance, as Congress recently amended “Section 103:
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Conditions for patentability; non-obvious subject matter” to include a section defining
patentable “biotechnological processes”:
(b)

(1) Notwithstanding subsection (a) [which describes nonobviousness generally], and upon timely election by the applicant
for patent to proceed under this subsection, a biotechnological
process using or resulting in a composition of matter that is novel
under section 102 and nonobvious under subsection (a) of this
section shall be considered nonobvious if –
(A) claims to the process and the composition of matter
are contained in either the same application for patent or
in separate applications having the same effective filing
date; and
(B) the composition of matter, and the process at the
time it was invented, were owned by the same person
or subject to an obligation of assignment to the same
person. ...
(3) For purposes of paragraph (1), the term “biotechnological
process” means –
(A) a process of genetically altering or otherwise inducing
a single or multi-celled organism to –
(i) express an exogenous nucleotide sequence,
(ii) inhibit, eliminate, augment or alter expression
of an endogenous nucleotide sequence, or
(iii) express a specific physiological characteristic
not naturally associated with said organism;
(B) cell fusion procedures yielding a cell line that
expresses a specific protein, such as monoclonal
antibody; and
(C) a method of using a product produced by a process
defined by subparagraph (A) or (B), or a combination of
subparagraphs (A) and (B).

Translated, this amounts to a legal definition of the biological differences
required to make a “biotechnological process” patentably novel. But the striking bit
about this section is its specificity: no other subject enjoys such precise definitions in
this area of U.S. law. Indeed, aside from this section and a section dedicated to plant
strains – which, as we shall see, played a role in the legal history of gene patents –
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there is little clear guidance as to the sorts of objects that count as patentable. The
unprecedented length of this passage and the extent to which it attempts to restrict
patentability to processes that already exist indicates both the difficulty and the
perceived importance of enacting legal restrictions on a field that constantly changes
yet strikes at the heart of what makes us living creatures.
The third major theoretical requirement, usefulness, is designed to limit
the scope of patents to inventions rather than ideas. In principle, basic research
cannot be patented. One needs to have at least one specific practical use for the
innovation in mind for it to be patentable. But in biotechnology, as we shall see, the
distinction between pure and applied research has been so thoroughly blurred that this
protection serves little use. The main commodities in biotech, concrete information
about the functions of specific genetic sequences or cellular processes, often
simultaneously serve to advance understanding of the genome and play a functional
role in a commercial product. Though a great deal of research has no clear path to a
marketable product, for example, there is no guarantee that a scientist who spends her
life working on a particular enzyme won’t suddenly find that it has a key role to play
in the treatment of Alzheimer’s disease (J. Whitmarsh, NIH, personal communication,
March 4, 2009).
Generally, it is the burden of the applicant to demonstrate their fulfillment of
the requirements, and the charge of the 190 PhD-holding patent officers to challenge
their claims within reasonable limits (Albright, 2004. p. 10). For patents filed after
June 8th, 1995, the term of a patent is twenty years from the date of first filing or
seventeen years from the issue date, whichever is longer. However, this duration may
be extended if the application process itself eats years out of that period.
The carefully supervised, chronological, highly detailed registration system
maintained by the USPTO allows patents to provide stronger protection than
copyrights: copyrights do not give an author the right to stop the production of
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work that bears a strong resemblance to their own, so long as it is truly independent,
whereas a patent protects against any kind of reverse or parallel engineering (Crespi,
1982, p. 3).
Patent rights, furthermore, are absolute. Once a patent is granted, work
done along similar lines by other inventors or companies becomes useless unless an
agreement can be reached outside the confines of the patent system. Consequently,
companies in any number of innovative fields routinely engage in “patent races,” each
vying to be the first to push the next technology to patent-ready status and lock out the
competition. Though arguably inefficient, this system does inspire a certain healthy
motivation for inventors to develop their inventions as quickly as possible. Nor are
companies often blindsided by their competitors’ patenting successes: usually, they
can gather enough information to re-commit resources early, find enough substantive
differences in the designs to warrant their own patent, or continue research until they
have reached the next patentability threshold.
In order to mitigate the extensive potential damage of long patent races,
furthermore, the U.S. patent system allows the prospective patent holder to file a
provisional application that stakes out the territory before substantial resources
have been committed. Valid for one year, provisional patents declare the intent to
pursue research, development and market analysis that will lead to a patent claim
within the allotted time. As they are not examined by a patent official, the filing
fee, preparation costs and level of specificity required are considerably lower. But
lawyers must still be careful to draft these applications with an eye towards what the
invention will eventually become, as substantial differences between the provisional
and final application or a poorly written provisional can result in its rejection. As the
provisional protects against disclosure only in the specific case of the invention at
hand, this can result in the patent’s ineligibility if key information has been disclosed
during the period between the filing of the provisional and final applications (Wellons
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et al., 2007, pp. 29-30).
The protection granted by patents is so strong that a “fair use” or
“experimental use” exemption for patented material can be difficult or impossible
to secure in practice. While anyone can take and share a reasonable portion of a
copyrighted work without explicit permission, use of patented material must be solely
for the “philosophical” purposes of “gratifying curiosity, scientific inquiry, or mere
amusement” (ibid, p. 159). In 2002, furthermore, the Federal Circuit Court ruled in
Madey v. Duke University that the ostensibly non-profit status of the university did
not inherently grant it an experimental use exemption. This effectively means that all
researchers must ask permission from the patent owner before beginning work; and as
the lines between academia and commercial biotechnology have been so thoroughly
blurred, and as so many scientists have a vested interest in the outcome of their
research, it may no longer be possible for many researchers to take advantage of the
doctrine. In effect, there may be no such thing as fair use of life patents.
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Chapter 2:
The History

We said that once we had finished sequencing the genome we would
make it available to the scientific community for free...
And we will be doing that on Monday morning at 10am.
-Dr. Craig Venter,
Monday, February 11th, 2001

1. Diamond v. Chakrabarty

Legally, contemporary biotech began with Ananda Chakrabarty. Working
largely alone and during off-hours from his job at General Electric in the early
1970s, Chakrabarty managed to fuse multiple plasmids into a single pseudomonad
bacterium capable of digesting all of the primary components of crude oil. The
initial idea, supposedly cooked up during a lunch conversation, was that an organism
capable of converting oil into simple proteins could help alleviate hunger in parts of
the world where oil was cheap but food expensive. Though rising oil prices quickly
quashed this initial approach, a number of high-profile tanker accidents exposed
the environmental dangers of oil transportation and Chakrabarty and GE decided to
market the bacterium as a quick and easy way to clean up spills (Chakrabarty, 2002).
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Under the law of the time, the strongest protection for the discovery would
be to treat it as a trade secret, guarded only by confidentiality agreements and careful
deployment. Unfortunately, the living, growing, autonomously reproducing nature of
an organism makes commercial secrecy either irrelevant or impossible to maintain,
as anyone could collect samples of the bacteria once it was released into the wild and
reapply them for free. GE patent attorney Leo MaLossi therefore decided to try to
patent not only the process by which the bacteria was created, but the product of that
process: the bacteria itself, a living thing. The application was filed on June 7th, 1972,
thus beginning a convoluted eight-year legal battle that would lead to the birth of
contemporary biotechnology.
Strange as it may sound, there wasn’t any particular reason that a strain
of bacteria had never been patented. As noted, the portion of the U.S. Code that
describes “Inventions Patentable” covers the invention and discovery of “any new
and useful process, machine, manufacture, or composition of matter, or any new and
useful improvement thereof” (35 USC 101). Whatever else it is, a bred or engineered
bacterium is certainly a useful improvement, and if we set aside preconceptions about
the functions of life, then it is probably a new and useful manufacture or composite of
matter in its own right as well.
As Chakrabarty himself puts it, “MaLossi could not quite understand why
an invention, which may otherwise qualify as a patentable invention, could not be
patented simply because it was living” (Chakrabarty, 2002, p. 20). And indeed, life
had not been a sacrosanct reason to deny a patent since the 1930 Plant Protection Act,
which allowed patents on human-bred plant strains. Nor were bacteria-related patents
off the table in general, since a number of processes for creating various yeast strains
and vaccines had also been patented by the time Chakrabarty’s application was filed
(Wilson, 2002).
Nevertheless, the USPTO denied the patent on the bacteria species, though
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it allowed the patent for the process of creating it and for the method of delivery,
precisely on the grounds that the Pseudomonas strain was a “product of nature”
and consisted of “live organisms” (Wilson, 2002, p. 27; Diamond v. Chakrabarty,
1980). Perhaps surprisingly, the existence of the Plant Protection Act was used as
an argument against Chakrabarty: since Congress had taken it upon themselves to
make an exception for plants, but had not enacted similar legislation for bacteria, the
examiner concluded that bacteria were unpatentable under standing law.
On appeal, the Patent Office Board of Appeals stripped the “product of
nature” objection by allowing that Chakrabarty’s modifications were sufficient to
create a sufficiently original composition of matter. Nevertheless, and despite the lack
of reference to life in the patent code, they maintained that the bacterium’s status as
a life form rendered it unpatentable (Wilson, 2002, p. 28). Finally, on a higher appeal
in early 1978, the U.S. Court of Customs and Patent Appeals (CCPA) declared that
microorganisms should be considered, in Chakrabarty’s words, a “factory of chemical
reactions and various biological transformations” and that their living status should
not therefore disqualify them from patent protection so long as they met the other
requirements of the title (Chakrabarty, 2002, p. 20). In affirmation of this decision,
the CCPA soon ruled in favor of an application filed by Malcolm E. Bergy and the
Upjohn Company for a Streptomyces bacterium that produced antibiotics (ibid).
Yet the USPTO was still not entirely convinced that organisms should be
allowed into the patent system, and Sidney Diamond, then commissioner of patents,
asked the Supreme Court to hear the case. In June, 1980, the court ruled five to four
that Chakrabarty’s bacterium was patentable and that the objections to its patentability
were either irrelevant or insufficiently grounded in the legislation. Indeed, the
arguments heard by the court were more directly concerned with the potential
unprecedented dangers of allowing life patents than with the technical legal problems
of patent legislation. Rather famously, the majority decision strongly upheld the
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language laid down during the 1952 overhaul of the patent code: “anything under the
sun that is made by man” is patentable, including life forms (Diamond v. Chakrabarty,
1980). Thus, the CCPA’s decision to allow Chakrabarty’s invention was upheld, and
life forms that have been altered by human engineering have since been accepted by
the USPTO.

2. Economic Influence
Over the eight years that Chakrabarty’s patent case was in dispute, a great
deal of interest accumulated in the outcome. As recombinant DNA techniques were
first pioneered in 1973, Chakrabarty did not use the technology to create his modified
bacterium, relying instead on ultraviolet light to fuze autonomously replicating
pieces of DNA called plasmids into larger, multi-functional structures (Nair, 2008,
p. 7; Chakrabarty, 2002, p. 19). But by 1980, a series of major advances had made
particularly clear the potential commercial benefits of rDNA and related techniques.
Beginning with Genentech in 1976, companies that concerned themselves with this
research had started to spring up rapidly, while large pharmaceutical and chemical
corporations staked their claims in the field either by funding the start-ups or forming
their own research divisions (Nair, 2008, p. 7; Kevles, 2002, p. 79).
It should therefore come as little surprise that nine out of the ten amicus briefs
filed in Diamond v. Chakrabarty were in support of the bacteria’s patentability, and
most of them were from parties with an economic interest (Kevles, 1998, p. 68).
Indeed, the University of California’s brief is entirely explicit about this:
Some of the Amici receive contract funds from commercial corporations
whose future funding of research in this field is certain to be influenced
by this Court’s decision. All of the individual Amici receive or plan
to receive indirect funding from royalties on patents which are held
by their respective universities. The Court’s decision in this case will
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inevitably have a substantial impact on the financing of research at
academic institutions, on the way in which research in the laboratories
of these Amici is financed, and on the probability that research of these
Amici will be commercially developed so as to find useful, lifesaving
and life-improving application... They fear that adoption of a per se rule
excluding all living things from patentability will inhibit commercial
development of the advances they are making in recombinant DNA
research. (ibid)

In this sense, the Court was quite aware that it presided over the
commercialization of an entirely new kind of science – one that could assert relatively
direct control over the workings of life, and thus potentially create powerful products
that could not be otherwise produced, for good or for ill. By upholding Chakrabarty’s
patent claim, the Court mandated a particular kind of regulation for the field, with all
of the problems and benefits that it brings.
But it is also important to note that the Court’s decision arose from an
acknowledgement of uncertainty. The majority opinion, noting first that “patentability
will not deter the scientific mind from probing into the unknown any more than
Canute could command the tides,” declared that the Court is “without competence
to entertain these arguments” about the dangers of genetic research (Diamond v.
Chakrabarty, 1980). Though these dangers were a great unknown at the time – and
scarcely clearer now – the majority opinion argued that it was not the place of the
courts to decide such matters of “high policy.” Such decisions, if and when they must
be made, need be left to the Congress and to the scientists themselves.

3. The Patenting of Multicellular Animals
The arguments heard by the Supreme Court in Diamond v. Chakrabarty
were directed only towards microorganisms, and thus the Court made no specific
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ruling about higher life forms. Indeed, the amicus briefs filed by Genentech and the
Pharmaceutical Manufacturers Association explicitly rejected the notion that the case
could be applied to humans or other higher forms of life (Kevles, 1998, p. 69). Yet
even before the genes of mammals were successfully manipulated, some theorists had
begun to insist that Chakrabarty’s silence on higher life forms meant that there was no
legal reason for the USPTO to deny such patents.
Aware of this controversy, three biologists from the University of Washington
and the Coast Oyster Company filed a patent for a modified oyster in 1984. One of
them, Standish Allen, had noticed years before that applying certain chemicals to
developing oysters caused them to become triploids instead of diploids – to have three
chromosomes instead of two, and therefore be sterile. This caused Atlantic oysters
to grow significantly larger, as resources that would otherwise go into reproduction
went into physical growth, while Pacific oysters became edible during what would
otherwise be a 3-month reproductive season (Kevles, 1998, p. 72).
The USPTO initially denied the claim, both on the grounds that the innovation
would be obvious to an expert of the field and on the grounds that higher life forms
were not patentable. The Board of Patent Appeals, however, though it maintained the
obviousness objection, considered itself bound by a previous case called Ex Parte
Hibberd in which the Chakrabarty ruling had been used to justify a patent on a strain
of genetically modified corn without reference to the Plant Protection Act. In Ex Parte
Allen, the Board of Patent Appeals eschewed the notion that an invention would be
unpatentable because it is “controlled by the laws of nature,” upholding the Supreme
Court’s logic in Chakrabarty that patentability is “simply whether that subject matter
is made by man” (Wilson, 2002, p. 37). To clarify the situation, the assistant secretary
and commissioner of patents and trademarks released a statement in 1987 declaring
that the USPTO would grant patents on non-human higher life forms – though
humans, protected by the thirteenth amendment’s prohibition of slavery, remained
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unpatentable (ibid).
With the oysters rejected due to their obviousness, the first higher life form
to be patented was a genetically modified mouse created by Harvard scientists Philip
Leder and Timothy Stewart. Dubbed the OncoMouse™, it was designed to take
advantage of the “multiple-hit” theory of cancer development, in which a healthy
cell becomes cancerous only if more than one cancer-related gene (or oncogene) is
activated. As the OncoMouse™ has one oncogene activated from the beginning, it
is particularly susceptible to carcinogens and is thus a sensitive biological detector
(Kevles, 2002, p. 82). If we leave aside the utterly appalling ethics of creating
a creature whose purpose is to reliably develop cancer, the uses for research are
obvious: an OncoMouse™ cell is six orders of magnitude more likely to develop
cancer than a normal mouse cell. Not only can scientists more quickly and sensitively
test the safety of potentially carcinogenic chemicals – with the use of ultimately
fewer mice, it should be noted – but the abundance of cancer-ridden mice provides an
abundance of examples of cancer development and subjects for treatment tests.
The patent, granted in 1988, was quite broad: it covered all “transgenic nonhuman mammal[s]” with an activated oncogene sequence, not just mice (Wilson,
2002, p. 38). While the patent ownership stayed with Leder, the OncoMouse™ was
licensed exclusively to DuPont, who grew and sold the mice (for approximately
$50 apiece) on a large scale. Though the original patent expired in 2008, DuPont
maintains a claim over the technology with a 1992 patent for a method of cultivating
cell cultures from the oncogenetically modified animals (patent number 5087571) and
1999 patent for testing the mice (patent number 5925803). Nevertheless, according to
their website, they offer free academic licenses for these technologies to “nearly 300
nonprofit universities and research institutions worldwide.”
For a number of years, it looked as though the frightening promise of a
world filled with genetically modified animals would remain nothing more than a
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dubious dream. As Wilson (2002) notes, patents on higher animals had stayed almost
exclusively confined to mice by 1995. Yet early in the 2000s, the field seemed to
explode: as of 2001, at least 1,500 patent applications had been filed for modified
multicellular animals, “covering everything from seafood to cattle that expresses
human hormones in their milk” (p. 38).

4. Bayh-Dole and the Role of Government in Encouraging Commercialization

As one might expect, the government did not sit idly by during this explosive
period. Aside from carefully defining “biotechnological processes” in Section 103
of the patent code, several developments, both legislative and direct, would help
to shape the progress of biotechnology. First and foremost, the Bayh-Dole Act of
1980 significantly strengthened the patent protection available to non-profits and
universities. Flush with the promise of a new and exciting field, and aware of the
growing approval of a union between academic and commercial science, Congress
decided to free small businesses, non-profits and universities to pursue patents
that arose from government funded projects. This allowed them to fund their own
operations and research using money from patent licensing, as well as work more
closely with industry in the development of medical products:
It is the policy and objective of the Congress to use the patent system to
promote the utilization of inventions arising from federally supported
research or development; to encourage maximum participation of small
business firms in federally supported research and development efforts;
to promote collaboration between commercial concerns and nonprofit
organizations, including universities; to ensure that inventions made by
nonprofit organizations and small business firms are used in a manner
to promote free competition and enterprise without unduly encumbering
future research and discovery; to promote the commercialization and
public availability of inventions made in the United States by United
States industry and labor; to ensure that the Government obtains
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sufficient rights in federally supported inventions to meet the needs of
the Government and protect the public against nonuse or unreasonable
use of inventions; and to minimize the costs of administering policies in
this area. (35 USC 200)

It also, despite language to the contrary, greatly reduced the government’s
role in the pursuit of patents arising from basic research. Though there are provisions
in Bayh-Dole for government appropriation of patents filed under the act in the
event of underuse, it is essentially unheard-of for the government to exercise them
(Wellons et al., p. 182). For the moment, the NIH considers these “march in” rights to
be an extraordinary measure – although, given increasing awareness of the need for
inexpensive medication in developing countries, it is conceivable that the government
could begin to intercede on behalf of an international body so as to ensure the
development of much-needed but unmarketed drugs.

5. The Human Genome Project

Over time, improvements in sequencing technology made it clear that it
would be practically possible to sequence the entirety of the human genome. In 1990,
the Department of Energy and the National Institutes of Health formally instigated
the Human Genome Project (HGP), with the goals of identifying all human genes,
determining the sequence of the chemical base pairs, and placing this information in a
database that could be used by researchers. The project, naturally, was tremendously
exciting to scientists and laymen alike. And while the end result did not live up to
the wild expectations, the journey would prove to just as important as the finished
product.
Barely a year from the start of the product, NIH researcher Craig Venter
developed a technique for using a particular kind of gene fragment called an
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expressed sequence tag (EST) to zero in on the most relevant portions of the DNA
strand instead of sequencing the whole strand from one end to the other (Hope,
2008, p. 37). These ESTs, though already widely known, proved tremendously
useful in speeding the sequencing process. As such, fearful that Venter would acquire
exclusive rights with which he could lock the HGP and other interested parties out
of this key methodology, the NIH itself applied for patents covering thousands of
the ESTs, the genes they revealed and any proteins these genes coded for. However,
facing outcry from the scientific community against the ownership of knowledge
that many scientists felt should be freely available, the NIH withdrew all of its patent
applications from consideration in 1994. In order to prevent such a seizure of genetic
information from happening again, Merck pharmaceutical company altruistically
began funding the creation of a free, publicly accessible database of ESTs.
By this time, Venter had left the NIH to establish The Institute for Genomic
Research (TIGR), the nonprofit wing of what would eventually be a highly profitable
biotech business. Then, in 1998, Venter founded Celera Genomics with the intention
of using a faster but less reliable technique to beat the HGP at sequencing a complete
draft of the genome. Thus, the project became a symbolic race between the public
government and private industry, with each vying to be the first to produce a
complete draft of the genome. And in a symbolic finish, neither group could secure a
substantial enough lead over the other and the eventual outcome was a tie brokered
by the Clinton Administration. Working drafts with commentaries were published
simultaneously on February 12th, 2001: the HGP’s in Nature, Celera’s in Science.
In the meantime, however, the strategic use of intellectual property by the NIH
and Venter’s companies had revolutionized the way that the biotech industry treated
intellectual property. And as we shall see, the results were not
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6. The Present Day

Perhaps predictably, the commercialization of biotechnology led to
considerable profits and an abundance of certain sorts of research, but the financial
benefits reaped from market-driven investments came with increased risk. Biotech
fared poorly through two economic downturns, first in 1998, and then again in 2000,
when the speculative investment bubble around high technology products burst.
But both of these pale in comparison to the tremendous damage done to the field
during the general economic collapse in 2008. By late October of that year, biotech
companies (both public and private) had managed raise a total of $5.6 billion, only a
third of the money raised during 2007 and nowhere near enough to maintain the field
at its current size. Consequently, as of October 9th, 2008, a full 25% of the companies
in danger of being de-listed from the Nasdaq stock exchange for share prices of under
$1 were in the biotech sector (Pollack, 2008).
More than a simple reduction of the field, situations like this exacerbate
the trend towards a shrinking number of larger companies. As the cost of drug
development is so high, most smaller companies don’t have hope of bringing a
product to market by themselves. Rather, it is the stated goal of many start-ups to
produce enough valuable research that they can be swallowed by a larger, wealthier
company, capable of taking their research to the next step. With little investment
in the field, however, there is no room for new companies to form and insufficient
capital for those that already exist. Larger companies, with multiple successful drugs
or products on the market, can simply cut research and investment and weather the
storm on their existing products: medicine enjoys a high priority on most consumers’
expense sheets regardless of the state of the economy, and companies like Genentech
and Amgen managed to outperform most of the market as a whole (ibid). But smaller
companies, particularly those with no actual products whatsoever, have nowhere
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to turn for money to stay afloat. Many are simply running down their cash reserves
while looking for buyers. Some of these desperate companies, argues Dennis Purcell,
senior manager of a life sciences investment firm, will likely be subsumed by the
pharmaceutical industry: “I have a sense that Big Pharma is sitting on the sidelines
waiting for them to hit bottom.” (ibid) Others will simply go under, though the
economic stimulus package of 2009 may help some to stay afloat. All in all, however,
it is too soon to tell what the future has in store for the field.

7. Legal Trends

Were this thesis to be finished on April 2nd, 2009 this section would read
quite differently. Since before Chakrabarty, the trend in patent law was to make the
patent system “responsive to the needs of the modern world:” to, in other words, grant
patents on everything under the sun, made by man or not (Eisenberg, 2002 p. 123).
Indeed, the trend was so pronounced that legal scholar Rebecca Eisenberg (2002)
found it necessary to argue against the patentability of DNA sequence information
stored in a computer-readable format. If this seems an odd worry, consider the fact
such a ruling would cause the mere printing or displaying the text of the granted
patent to constitute a violation, in much the same way that freely printing an entire
book violates its copyright.
However, the decision passed down by In Re Marek Z. Kubin and Raymond
G. Goodwin signifies a major shift in this legal trend. Merely the fact that a patent
on a commercially relevant genetic product was repeatedly turned down is worthy
of note. But the strength of the legal argument in the decision, which is based on the
obviousness of the genetic information encoded in DNA, has serious implications for
the future of a vast number of pending genetic patents. Though the eventual outcome
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is deeply uncertain due to the newness of the ruling, it would be surprising if this case
did not turn out to be the line in the sand against the flood of pending genetic patents
facing the USPTO.
Of course, the ruling does not invalidate the patents already granted
– though it could weaken them, should they be challenged in court. In this sense, the
damage is already done: according to a study that is now more than three years old,
approximately 20% of human gene sequences have already been patented (Jensen &
Murray, 2005). Thus, although the Court of Appeals for the Federal Circuit may have
dramatically changed the landscape of genetic patents in one fell swoop, the problems
discussed in this paper will not simply disappear.
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Chapter 3:
Money

[E]very substantive (and sometimes minor) business and legal
decision [in biotech] needs to be filtered through the question of “will
it help us get money?”
-Biotechnology and the Law, a comprehensive handbook for
biotech lawyers published by the American Bar Association
(Wellons et al., 2008, pp. 69-70)

1. Science, Technology & Economy
While we have a commonly-held cultural distinction between science and
technology precisely in order to separate the pursuit and application of knowledge
into distinct fields, at no point in history has it been completely clear how to
distinguish between the two in practice. Many scientific results have arisen out of a
need to solve practical problems in commercial endeavors, and close ties between
industry and pure research have frequently been necessary to solve a problem or push
scientific technique forward.
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To take just one paradigmatic example, James Joule’s foundational mid-19th
century work on thermodynamics was driven by the need for increased precision in
the beer-brewing process (Sibum, 1995, p. 83). The son of successful Manchester
brewers, Joule’s years of working with highly temperature-sensitive fluids and
brewing equipment gave him both the expertise and the interest to design significantly
more sensitive thermometers that greatly enhanced the concept of mechanical heat.
Some of his most successful experiments were carried out in the cool basement of his
parents’ brewery, which was already designed to keep a near-constant temperature,
and the results were applied immediately to practical elements of his business. His
successes, therefore, not only answered open questions in science – questions that
were not necessarily on the minds of more theoretical researchers – and led to the
first law of thermodynamics, they also helped him make the brewing process more
consistent and efficient. Better yet, the advance was simultaneous and transformative
for both fields.
Beyond this notable success, though, it is also important to note that Joule’s
work represented some of the first stirrings of laboratory science and a subsequent
shift in the discursive practices of the time. Before and during Joule’s era, the
verification of scientific knowledge relied on individual trust and direct witnessing
of phenomena (p. 102; see, additionally, Shapin, 1994). But the apparatus Joule built
was so fragile and so sensitive to temperature variations that he had to worry about
the presence of a single other warm body in his workspace. There was simply no
possibility of carting it around to lecture halls, or even of setting it up somewhere
other than the naturally stable and cool fermenting basement. Naturally, this made
it difficult for him to convince others that his invention worked – particularly since
appealing to the low-brow location of experimentation would damage his credentials
as a natural philosopher (p. 103). Only time would vindicate Joule’s approach, and his
measurements remained controversial until the end of the 19th century (p. 73).
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Most obviously, successes like Joule’s illustrate the untenability of a sharp
science/technology or science/commerce distinction. But more importantly, Joule’s
story grants us a specific rule: we cannot dismiss the knowledge gathered by a field
merely because of preconceived notions about the circumstances of its production. It
was a mistake on the part of Joule’s peers to view his work as second-rate, as it not
only held back thermodynamics but caused the field to cling to outdated models of
experimental procedure for longer than they might otherwise have.
And yet, by no means should we take Joule’s example as reason to
unquestioningly welcome the influence of commerce on science. Such an argument
would indulge in dangerous is/ought and inductive fallacies, as well as carelessness
about the changing norms of both scientific and commercial practice: just because
history happened to unfold in a particular manner in one instance does not necessarily
mean that we should rely on that pattern of development in the future, particularly
since the norms surrounding both science and commerce today are quite different
from the norms of the 19th century. We have developed, since that time, a generally
successful laboratory-based scientific practice. Changing the norms that govern it runs
the risk of destroying it.
To unequivocally vilify the influence of money on scientific pursuits is
therefore nonsensical: not only is there no science without money, we wouldn’t
necessarily want to eliminate commercial interests even if we could. But awareness
of this fact merely serves to heighten the stakes of the issue: the indispensability of
money does not make the problems it can cause unproblematic, it just makes them
that much more difficult to solve. If there are substantive reasons to worry about the
present practice, they must be taken into account in our assessment of the knowledge
that it produces. Indeed, if those reasons are strong enough, then the practice must be
reformed.
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2. The Motivations Behind Biotechnology
Given the controversy over motives that would follow the decision to patent
his new strain of Pseudomonas, Chakrabarty’s claims about his motivations may
come as a worthwhile surprise:
I missed working on the more basic aspects of biology such as an
understanding of the nutritional versatility of pseudomonads, the nature
and the role of plasmids, and how bacteria acquire the ability to degrade
normally recalcitrant compounds... This was an attractive idea for me
because it allowed me to go back to my postdoctoral days of basic
research but at the same time provided me with a rationale for a potential
commercial venture. (Chakrabarty, 2002, pp. 18-19)
While he would not have begun the project without the possibility of
commercial success, in other words, it was the lure of pure research that drew him
in. Chakrabarty’s intended uses for his invention, furthermore, are almost ludicrously
altruistic relative to the stereotypical extreme capitalism of corporate biotechnology:
he wanted to feed the hungry, and then to safely clean up oil spills. It might have been
otherwise, and perhaps the motives involved do not matter anyway, but the newly
minted field was conceived with the very best of intentions. At least, if we believe
what its founder had to say about it thirty years after the fact.
More thoroughly, though, anthropologist of science Paul Rabinow (1996;
2005) has spent a great deal of time in the heart of biotechnology, chronicling the
inner workings of several high-profile biotech firms. From his perspective, the
“corruption tale” account of biotechnology’s increasing industrialization fails both
in historical accuracy and the anthropological assumptions it makes about science:
“Anyone the least bit familiar with the history of science ... could hardly describe it as
an “essentially cooperative and communal effort” (Rabinow, 1996, pp. 10-11). This
argument is, at the very least, overstated. There are, as will become clear, definable
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and empirically observable problems with allowing the prerequisites for business
relationships to become a foundational part of scientific norms. But the larger point
that such passages are meant to support is deeply important, as it concerns the
individual scientists working in the industry.
As Rabinow constantly notes, most workers in biotech see their job as
advancing science, saving lives and alleviating human suffering. In addition to
Ananda Chakrabarty, such was the case with Sandra L. Downing, co-creator of the
Oyster that lead to Ex Parte Allen, who claims that her motivations in the field were
purely academic: she was “just interested in the science, not the commercial aspects
of the work” (Kevles, 1998, p. 73). Many biotechnicians are simply ex-academic
scientists who grew sick of writing grant proposals and saw employment outside the
university as a more secure way to continue their work.
Steven Shapin (2008), after providing a comprehensive contemporary
account of the culture of the field, argues quite persuasively that while there may
be substantive differences between the life of a university professor and the life
of an industry researcher, these differences are neither so great nor so relevant as
to make a choice between the two obvious to a young scientist. Often, the work is
so similar that the location hardly matters; and while professors have to teach and
industry researchers have to play along with a company’s upper-level decisions and
bureaucracy, responsible professors also play a significant role in the day-to-day
functioning of the university and responsible industry researchers certainly mentor
their underlings. A scientist’s preferences as to the source of funding may mark the
greatest distinction: can she write a strong grant application with relative ease, or does
she prefer the money-gathering techniques that go along with business?
Stereotypically, American universities provide the greatest academic freedom
available anywhere in the world while a corporate laboratory will require a scientist
to work on a particular, potentially profitable problem. But in practice, precisely the
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opposite may be true; or not; or, most likely, a balance of different considerations
must take place in each case. Donald Braben (2008), for his part, describes his
British Petroleum-funded attempt to use sequences of three-year grants to fund new,
highly risky but potentially transformative research across a wide range of fields – a
potentially difficult task under the full weight of publish-or-perish academic culture.
The project was a marvelous success, producing significant advances in nearly every
case despite using only 0.5% of BP’s total research budget at its peak. Indeed, several
conferences spawned by the project were so popular that they received near-100%
attendance from invited guests (p. 108). Despite this almost universal approval among
the scientists and executives involved in the initiative, however, it was cancelled as a
cost-cutting measure in 1990, after ten years of operation (p. 110).
It is also worth noting, quite significantly, that scientists in biotechnology are
not necessarily comfortable with the less ethical aspects of their industry. Rabinow
(2005) draws the following from an interview with Paul Billings, who served both
as an advisor to Celera Diagnostics and as the chair of the board of directors for the
Council for Responsible Genetics:
Paul Rabinow: Dr. Billings, are you, or have you ever been, a part
of the capitalist machinery of world domination, exploitation, and
subjectivation?
Paul Billings: Look, I guess the way I would respond to that is [pause]...
you know, we have lots of problems which we ought to be fixing,
problems with our economic and our healthcare system, and this affects
not only disadvantaged people. I’m deeply concerned about the idea that
we could do really good biological science, come up with something
really wonderful for some disorder like diabetes, and that a third of the
population would have no access to it or have very limited access to it,
and that across the globe hundreds of millions and maybe billions of
people would have no access to it, because of pricing and patenting. I
think that while such inequities occur in any number of other spheres
of corporate, commercial, social and economic life, for it to happen in
the biological and life sciences is really repugnant. But I see that as a
structural problem of society, and I don’t see that as uniquely a problem
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of the marketplace in the United States. This is a global problem. I do not
find the market strategy of Celera to be unique or particularly rapacious.
I think they have very high standards for a scientific enterprise that’s
trying to play in the real world. (p. 107)

As Billings makes clear, the enormous global problems of resource
distribution and unfair access to medical treatment can be an even greater source of
anger and concern to those involved with the industry than to those outside. But these
problems are a symptom of a much larger system of economic interactions that cannot
be simply dismantled by those who play roles within it. And the clear flaws with that
system are not sufficient cause to condemn the tremendous range of life-saving drugs
and treatments that would not be possible at all without the commercial successes
of the pharmaceutical industry. In the midst of these attacks on money in science,
therefore, it is important not to demonize the hard work of industrial researchers, or
impugn the ethics of pharmaceutical or biotech companies without specific cause.
Despite their occasional failings and the overall Faustian nature of their endeavor,
they have produced great goods.
Nevertheless, as the epigraph at the beginning of this chapter shows, the
handbook for biotechnology lawyers published by the American Bar Association
presents an entirely clear and adamant account of the priorities of the industry:
Biotechnology companies seem to be always either raising money or
getting ready to raise money. And not just a small amount of money, but
substantial amounts. This factor separates an attorney’s representation
of a biotechnology company from many other businesses: essentially
every substantive (and sometimes minor) business and legal decision
needs to be filtered through the question of “will it help us get money?”
(Wellons et al., 2008, pp. 69-70)
Despite Billings’s insistence that biotech companies are just “trying to play
in the real world,” money isn’t just a part of the game: it is, from the perspective of
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optimal legal representation, even more of an issue than in other industries. Thus,
while we may freely grant the altruistic motivations of most scientists, the industry as
a whole risks being characterized not by the science it pursues, but by the particularly
capitalistic style with which it conducts itself. This does not necessarily mean that
Billings’s “high standards” are compromised. Merely that, as we shall see, the
dominance of economic considerations introduces complications that can potentially
alter the course and manner of research.

3. The Economic Basis of 20th Century Science
The use of patents by scientists is certainly not new. Although the various
fields differ somewhat in this respect, the value of a scientist (to a person who does
not personally know them) is traditionally judged by the papers she has published and
the patents she holds. Even the legendary physicist Richard Feynman (1985) tells a
story about some patents that he was granted almost by accident while working at Los
Alamos during World War II. During the rush to develop the bomb, a representative
of the patent office came around to all the physicists asking them to disclose to the
government all of the possible inventions that the physicists assumed everyone knew
about (but didn’t). Feynman, in an attempt to show how ridiculous it was to try to
come up with all of the uses of nuclear energy, sat down and rattled off a list of ideas
off the top of his head, then left the office shouting, “there’s a million ideas!” (p. 182).
Three months later, the patent officer called him back: “Feynman, the submarine has
already been taken. But the other three are yours” (ibid).
In short, patents have long played a role in the American sciences. For most
of the 20th century, however, their use was generally restricted to fields derived
from chemistry and physics, and was largely avoided by universities as a method of
supporting research. Most scientists and academic administrators perceived problems
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both with the practical aspects of university/industry relations and with the moral
issues raised by the influence of commercial interests (Shapin, 2008, p. 211). Despite
a scarcity of funding, therefore, only two universities in the mid-1930s even had
policies about what to do with patents created by their researchers; in 1942, that
number was still only twenty (ibid). In any case, the life sciences were largely ignored
by the companies and patent attorneys of the time, as the most they could offer was
potential insight into plant and animal breeding practices or medical techniques
– insights led to patentable inventions often enough for the industries to exist, but
rarely enough that they were easily dwarfed by mechanical and chemical engineering.
Quite famously, the advent of commercial biotechnology changed everything.
No doubt in part out of hunger for more research funds, and no doubt in part due
to shifting ideas about entrepreneurship in the broader culture, many genetics
researchers leapt at the chance to pursue careers outside of the university or garner
research funds from non-academic sources. Beginning in the 1960s and 1970s, it
not only became acceptable for scientists to seek commercial funding in return for
“technology transfer,” it was encouraged as a means of supporting scientific progress.
Even Wesleyan University publishes brochures to attract industry partnerships.
One flier, entitled Opportunities for Industry Collaboration with Wesleyan University
Scientists, describes the University’s different departments and capabilities before
listing companies in a wide range of fields with whom the University has successfully
collaborated: Advanced Technology Materials, Inc., Bristol-Myers Squibb, Custom
Lab Systems, OlinResearch, Pfizer, Inc., Scientific Computing Associates, TechQuest,
and United Technologies. It then encourages interested firms to contact the Dean
of the Natural Sciences and Mathematics, Dr. David Beveridge, to arrange for a
consultation. Though the publication is sadly undated, the lack of an email address for
Dr. Beveridge and level of computing technology in the photographs strongly implies
that it was published in the mid to late 1980s or early 1990s.
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Of course, the consequences of these moves were so incredibly complex that
we do not, today, have a completely clear picture of what happened or will happen to
the field. Undoubtedly, many American universities made a great deal of money off of
the commercialization of their research. For many others, it is uncertain whether, after
the deep policy changes and legal fees from patent filing, negotiation and litigation
had been accounted for, the whole endeavor was not a waste of time.
Furthermore, although universities were never insulated from an economic
downturn, commercialization tied the ability to do research to the ability of
companies and investors to pay for it and expect to profit. Now that the economic
decline of 2008 has pulled so much money out of the field, the situation is less stable
than ever. Despite the substantial portion of the 2009 economic stimulus directed
at research, it is impossible to tell the extent of the eventual economic shift. The
additional government money may sustain the field’s present format for long enough
to revitalize investment; or it may mean a general shift back towards government
funding; or, it may turn out that the start-up-dependent structure of the biotech
industry from the 1970s through the 2000s represented just another bubble economy,
attracting an over-abundance of investors for just long enough for them to realize
that they did not get a sufficient return on their investment. Regardless of how the
economy behaves, the requirement that the stimulus money be spent within two years
puts a certain time limit on some of these questions – though, of course, only by
risking artificial, temporary inflation of research budgets once again (J. Whitmarsh,
personal communication, March 4, 2009). At this point, we can only hope that the
eventual answers to these questions will not deeply short-change the field.
In any case, the real epistemic tragedies occur when folding companies,
holding out on publication until the opportunity to patent or sell research presented
itself (a pattern that will be more deeply critiqued in the next chapter), never manage
to transfer their knowledge out of their arenas of non-disclosure. While one would
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hope that such research would be continued by the scientists involved, or bought
– even if only cheaply – by larger, wealthier corporations, the fact is that most science
is complex enough that it cannot be simply stopped and started, or continued without
the direct involvement of the original researchers. A great deal of it may simply have
been lost over the last two years due to the instability of market-based sources of
funding.

4. Genetic Patents Represent Simultaneously Pure and Applied Science

Yet there is an even more fundamental shift at work in the history of
biotechnology, one that arises from a rare but perhaps inevitable confluence: because
of the inherently lucrative nature of medicine, the functions of gene sequences and
the inner workings of cells are simultaneously relevant as scientific knowledge that
expands our understanding of biology and as potentially profitable information that
could be the vital component of a product. As we learn more about the genome and
the manner in which it expresses itself, we learn more about the body and how it
works. At the same time, the knowledge that a specific sequence seems to correspond
to a certain biological result can be of tremendous economic value: if that result
can help quantify the chance of disease, or, more dramatically, if it is the primary
cause of a disease, then much of the hard work that goes into devising a genetic
test – the simplest eventual product of a long string of possible inventions – is done.
Though the first foray into the genome is just the first of many steps to the process
of creating a marketable product, there is simply less distance between completely
“philosophical” research and a finished product than ever before. With a single simple
breakthrough, a lifetime of work can become massively profitable almost overnight.
By and large, furthermore, biotech companies don’t sell marketable products
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to consumers: they sell patents to larger corporations like pharmaceutical companies
or agribusinesses that develop products. Commercial success in the field does not
require one to see the whole process of product creation through to the end. As
patents are granted on isolated gene sequences, a company merely needs reach a
patentable breakthrough on a gene and then shop it around to wealthier companies
capable of taking it through the final steps.
The effects of the commercialization of science do not stop there. But these
facts alone have serious consequences. As noted in the last chapter, “fair use” for
patents cannot be granted for research that could be used in commercial enterprises.
Since even the purest of research in biology can now lead quickly to a finished
product or a breakthrough that could render the “fairly used” patent obsolete, the legal
stability of the entire doctrine is questionable in biotechnology. Similarly, the chance
that one’s research will turn into a source of funding is an incentive to work in a more
potentially profitable area and to adopt industry norms regarding the publication of
commercially relevant information – a problem that will be tacked in the next chapter,
which covers scientific and commercial secrecy.

3. Internal and External Goods
The problems presented in this paper could have a relatively easy theoretical
solution if we could separate the worlds of commerce and science by appealing
to pure/applied, science/technology distinctions on the level of research, or if the
university and the industry laboratory could be kept separate in principle. Neither
of these approaches are tenable, however. There are no clear, universally applicable
boundaries in biotechnology between the pursuit of knowledge in a purely academic
manner and the development of knowledge that will feature prominently in a
commercial product. Indeed, in light of the ostensibly altruistic motives of much
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of the commercial sector, as well as the medical and economic benefits of their
products, it is doubtful that we would want to strongly privilege the scientific over the
commercial even if we could. We cannot, in short, merely vilify commercial interests
in science and congratulate ourselves on a job well done.
Nevertheless, this is dangerous territory: the concerns about money in science
extend over a tremendous range of possible problems and dangers, and we need ways
to understand and make judgments about its influence that respect all of the players
in the field. Perhaps the clearest of these ways is presented by Alasdair MacIntyre
in the section of After Virtue in which he discusses virtues internal and external to a
practice:
Consider the example of a highly intelligent seven-year-old child whom
I wish to teach to play chess, although the child has no particular desire
to learn the game. The child does however have a very strong desire for
candy and little chance of obtaining it. I therefore tell the child that if
the the child will play chess with me once a week I will give the child
50¢ worth of candy; moreover I tell the child that I will always play in
such a way that it will be difficult, but not impossible, for the child to
win and that, if the child wins, the child will receive an extra 50¢ worth
of candy. Thus motivated the child plays and plays to win. (MacIntyre,
1981, p. 175)
With slight modifications, MacIntyre’s example is analogous to the situation
in contemporary biotech. For one slight change, we are not facing such a shortage
of scientists that we would need to rely centrally on monetary incentives to entice
students into the discipline: for the most part, this child already plays chess, and the
greater problem is raising money to buy the board and pieces. But this is still not
a trivial question, given the stakes. An industry motivated more by profits than the
deep benefits of biological research will still accomplish the research, but the shift
in emphasis has consequences for both the end results and the manner in which they
are pursued. Still, although the increasing profitability of biomedical discoveries has
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made it possible to pursue science for the sake of profit alone, most individuals with
the intelligence and political drive to succeed in such an endeavor would probably
make more money in finance-driven industries than in science. If Shapin (2008)
and Rabinow (2005) are to be believed, financial concerns are not usually the first
stated motivation of most biotechnological researchers – though the choice to work
in industry does mean interacting with people who are solely interested in monetary
gain, and we should not simply take these scientists’ word, given how easy it can be
to deceive oneself when a reward is in question.
On this note, MacIntyre continues: “Notice however that, so long as it is
the candy alone which provides the child with good reason for playing chess, the
child has no reason not to cheat and every reason to cheat, provided he or she can
do so successfully” (p. 175). Though science relies on honesty and standards that
maintain a relatively consistent level of inquiry, it does not function in isolation. As
we shall see, furthermore, completely different norms and penalties govern cheating
or sloppy work in the sciences and in business. While the commercial products of
biotech undergo more scrupulous testing than the average scientific result – both
because there are simply more resources with which to do the tests and because a
severe failure in the drug screening process (for example) would leave the company
vulnerable to lawsuits – these results are as susceptible as any others to subtle
tampering.
MacIntyre’s ultimate distinction between internal and external goods is
therefore of considerable use in understanding the present situation:
There are thus two kinds of good possibly to be gained by playing chess.
On the one hand there are those goods externally and contingently
attached to chess-playing and to other practices by the accidents of social
circumstance – in the case of the imaginary child candy, in the case of
real adults such goods as prestige, status and money. There are always
alternative ways for achieving such goods and their achievement is
never to be had only by engaging in some particular kind of practice. On
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the other hand there are the goods internal to the practice of chess which
cannot be had in any way but by playing chess or some other game of
that specific kind. We call them internal for two reasons: first, as I have
already suggested, because we can only specify them in terms of chess
or some other game of that specific kind and by means of examples from
such games (otherwise the meagerness of our vocabulary for speaking
of such goods forces us into devices as my own resort to writing of
‘a certain highly particular kind of’); and secondly because they can
only be identified and recognized by the experience of participating in
the practice in question. Those who lack the relevant experience are
incompetent thereby as judges of internal goods. (p. 176)
Any introduction of goods external to a practice presents potential pitfalls,
even if it serves the internal goods. The shift in emphasis away from the goals
that can only be achieved through efficient action of the field to goals that can be
accomplished by other means will eventually entail the loss of expertise on the part
of participants in the field. After considerable time is spent working towards external
goods within the confines of a field, it can be easy to lose sight of the abilities and
successes that make that field rewarding in its own right. And indeed, if the external
goods are granted more importance than the internal goods, it can become difficult
to delineate the field at all. In the upcoming pages, the specific consequences of
one instance in which an external good is being allowed to dominate a field will be
elucidated.

4. Conflicts of Interest: An Empirical Assessment
Of course, by no means are these concerns limited to biotechnology.
Campaign finance reform, for example, remains one of the most frequently mentioned
political necessities, despite the general lack of effective action. (Indeed, the very
sluggishness of the progress is an almost paradoxical argument for the tremendous
importance of the issue.) Even within science more generally, the question who
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funded the study? is rightly one of the first asked of controversial new work.
Yet the high medical and economic consequences of biotechnology raise the
stakes considerably. Not only can inaccurate research (whether falsified, fudged or
merely sloppy) lead to suffering and death for those who use the products it tests, the
conclusions of research are a major determining factor in the ways we understand
ourselves as living creatures. Evidence that scientific research has been driven to
foster understandings for the financial gain of powerful companies would force
us to question a great deal of the information we take on the expertise of medical
professionals. We should be able to trust science to get the answer right enough to
keep us from harm at its hands; and the answer that most profits a study’s funder is
not necessarily right enough.
To a certain extent, the influence of money on science can be empirically
assessed. In a JAMA-published meta-review of the literature, Bekelman, Li and Gross
(2003) present a wide range of often-disturbing facts and trends. Among the findings
of their reviewed studies (all of which, naturally, are subject to methodological error):
•23% to 28% of academic researchers are funded by industry (p. 456)
•43% of researchers receive research-related gifts (ibid)
•The lead authors of 34% of a random selection of articles had financial ties to
the sponsors of their research, including patents, equity or positions within the
company (ibid)
•37% of researchers in the National Academy of Sciences have “dual
affiliations” in academia and industry (ibid)
•In 1986, 46% of biotech companies funded university research; in 1996, it
was 92% (ibid)
•Two thirds of academic institutions hold equity in companies that fund
research at those same institutions (ibid)
•The aggregated results of eleven studies show a statistically significant
correlation between industry sponsorship and pro-industry conclusions (ibid)
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•Industry sponsorship has been associated with a wide variety of questionable
research practices in specific cases (p. 459)
•Industry sponsored researchers were more likely to report delays in
publication, and 58% of companies report that they require researchers to
maintain confidentiality for more than six months (ibid)
•While industry sponsorship alone is not associated with restrictions on
data sharing, direct academic involvement in commercial activities such as
patenting is correlated with such restrictions (ibid)
•Industry sponsorship is associated with a shift from basic to clinical research
(ibid)

In short, industry funding of science is pervasive and has a tendency to
influence both the nature and the outcome of research. This is tantamount to saying
that a different sort of knowledge is produced by the biotechnological sciences than
by those sciences not directly funded by economically interested parties. An external
good has been allowed to take precedence over an internal good, on average across
a substantial portion of a field of scientific endeavor. Or, to put it in the terms of
McGarity and Wagner (2008), this branch of science has been “bent” by the weight
of its conflicting norms: the problems are not so terrible or endemic that the field is
broken, but substantial elements of the practice have succumbed to undue outside
influences.
And to make matters worse, the fact that science is so often used as a
universal stamp of truth and honest hard work – sometimes rightly, sometimes not
– means that we are faced with a situation in which the reliability of all scientific
knowledge is called into question.
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5. The Power of Patents

We must remember, in this discussion, that practically every treatment on
the market is a testament to the successful collaboration of academic scientists and
industrual researchers; that the vast majority of patent claims are executed in good
faith, to healthy results; and that even when companies own genetic information that
is of vital interest to science, they rarely assert direct control over their property or try
to influence the work of uninvolved researchers. For if we do not bear this in mind,
worries about the power of patents and the potential for their dangerous misuse can
sound hyperbolic.
As Matthew Albright (2004) and Robert Laughlin (2008) note, scientists
can no longer know if fundamental aspects of their chosen subject will suddenly be
covered by the approval of a pending “submarine patent” application that claims
ownership over their research. Many academics have, in recent years, approached
industry players with a new discovery only to be disillusioned when patents based on
their work are used to restrict additional research rather than encourage it. and many
more work under the threat of (Albright, 2004, p. 12). There is little legal recourse in
these situations once a valid patent has been granted, particularly when one bears in
mind the cost of litigation.
To take a fairly extreme example, Albright describes the 1996 discovery
of a human gene that coded for an entryway into human cells called CCR5, which
happened to be the method of infiltration used by the HIV virus (p. 27). Eventually,
the research could lead to a way to block the virus from entering cells in the first
place. However, a biotech company called Human Genome Sciences had applied for
a patent on the CCR5 receptor as part of a wholesale patenting campaign, long before
the function was clear. Over protests, the USPTO granted the patent application in
2000, and with it the sole right to pursue or license research.
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Even more powerful than patents on isolated sequences, of course, are patents
on whole genomes. Both represent ownership of “upstream” research, which entitles
the patent holder to control any future work on or use of the genetic information. But
the patent on an entire sequenced genome grants legal power over everything having
to do with the genetic information of that organism. Though the science has quite
strongly demonstrated that a creature’s complete genetic information is not the same
thing as that creature (see Keller, 2002), in genetic research, in practice, it might as
well be: . And who wants to enter a field knowing that they may be blocked from their
life’s work for no other reason than achieving a destabilizing breakthrough?
Naturally, this approach to intellectual property is not only frightening to
scientists, it has drawbacks for the efficacy of vital medical science. Albright (2004)
points to how the particularly competitive patent race for the genome of the SARS
coronavirus led to reluctance from non-players to commit resources to research.
Again, why get involved in something that will almost certainly be commandeered by
a different company?
In this sense, patents have developed beyond their role of securing the means
for deriving profit from innovation, and have begun to be seriously used as tools to
direct the course of others’ actions and intellectual pursuits. Indeed, strategic use
of patents in the protection of commercial interests is arguably now their primary
function. As of 2004, the top five gene-patent holders collectively held nearly
1,000 patents, with 25,000 applications pending (Albright, 2004, p. 29). This is a
completely absurd number, as there are only about that many protein-coding genes in
the human genome. And as many a geneticist will gleefully yet despairingly attest, we
know next to nothing about what most of our genes do – many of them do not seem
do much at all, at least not by themselves (Keller, 2002). The notion that a handful
of companies could possibly research and develop such a vast number of subjects is
outlandish, to say the least; and if they are not carrying on the research, and know
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next to nothing about the function of the gene, what right do they have to hold the
patent? Indeed, as Roger Geiger (2004) points out, most barely even have interest in
licensing permission to do research:
Besides preventing copying, patents are used to block the development
of related products, to establish positions for negotiations, to preclude
infringement suits, and to earn licensing revenues. A study by Wesley
Cohen and colleagues found that “firms that patent the most are
disproportionately concerned about prevention of suits and the use
of patents in negotiations”; and that “using patents to earn licensing
revenue is the least important reason for [firms] applying for patents.”
(p. 216)

Of course, the refusal of the USPTO and the Court of Appeals for the Federal
Circuit to grant an application for a genetic patent in In Re Marek Z. Kubin and
Raymond G. Goodwin places a fairly strong limitation on the practice of genetic
patenting without significant work to back up the application. Though it does not
strip current patent-holders of their intellectual property, higher standards for patents
granted in the future may allow the USPTO to sift through the present backlog to
determine which patents are reasonable and which are not. But the question remains
as to the significance of the patents that already exist.

5. Practical Objections to Knowledge Ownership
To a great extent, the epistemic price of patent protection is a practical issue:
does it sufficiently hinder the progress of science to warrant serious reform, or does
it not? The problems caused by phenomena like patent thickets, redundant research
and restrictions on communication are a concern for everyone involved in the field,
including those who would advocate most vigorously for commercial interests.
Janet Hope (2008), along with legal scholars Rebecca Eisenberg and Michael
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Heller (1998), explicates a specific kind of informational dysfunction called “the
tragedy of the anticommons.” If a given product or discovery involves a large
number of gene sequences – and most do – then disparate ownership of the sequences
imposes a dangerously high cost on production. This is because the actual cost of
licensing is never zero: even when the properties of two companies are equal enough
in value so as to allow a tit-for-tat exchange of rights in principle, there are still costs
to negotiation and potential for either company to overvalue their own bargaining
position. In reality, furthermore, few contributions are completely equivalent in scale
or cost, and it is never clear how much a sequence will be worth in the future: even
after substantial research has been conducted, it may turn out that a given sequence
can be combined with others to produce a completely unanticipated, profitable result.
After a certain threshold, the practice of patenting becomes less, rather than
more, productive and profitable. Hope (2008) provides two examples of reasoned
reactions to such concerns: Merck pharmaceutical company’s funding of a public
EST database, to combat the ownership battles waged between Craig Venter and
the NIH; and a later consortium formed by ten large pharmaceutical companies and
other interests to create a free and publicly accessible database of single nucleotide
polymorphisms (SNPs). In this latter example, the companies mutually agreed that
the easiest course of action would be to share all of the data simultaneously rather
than face the possibility of negotiating and paying each other for the licensing rights
to each sequence.
Yet the problem is not always so clearly solvable. As previously noted, Jensen
and Murray (2005) estimated, more than three years ago now, that approximately
20% of human DNA sequences are already patented. But far more startling for
our purposes, some genes had been patented as many as twenty times. While
Hope’s survey of the literature suggests that a tragedy of the anticommons and
widespread bargaining failure are not significant problems in most of contemporary
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biotechnology, the danger of such a complex, overlapping array of ownership rights is
obvious. Today, biotechnology risks becoming entrenched in a far greater tragedy of
the anticommons than it initially faced.

49

Chapter 4:
Secrecy and Responsibility

[I]f it were entirely up to me, I’d say, “Never publish anything!
Never talk to anybody outside until we get the work done!”
-Victor Lee, head of the legal team at Celera Diagnostics,
in a 2003 interview with Paul Rabinow (2005, p. 118)

1. Legally Mandated Confidentiality
As should be clear from Chapter 1, patents encourage the disclosure of
information that would otherwise be kept secret to protect an economic interest. In
this capacity, they are a great good for all concerned: businesses or inventors can
safely share their discoveries while being guaranteed the legal right to exclusively
exploit their hard work for the duration of the patent; investors in innovation have
a clear engine for the return of their money; the public has free access to the cutting
edge of technology and to inventions that have passed into in the public domain,
through an easily accessible online database (http://patft.uspto.gov/); and scientists
and universities have an incentive and forum to publish discoveries that might
otherwise be considered too small or too practical to be worth announcing, and can
use the proceeds from licensing the patent (if there are any) to fund further research.
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But the requirement of novelty, defined as absence from the prior art,
legally enshrines restrictions on what can be published during the development
of a patentable claim. In complicated fields, novelty and secrecy go hand in hand
almost by definition: if substantively new knowledge cannot be quickly produced,
information about its development must be contained until the product can be
released in completion. The high standards of patent examiners in the United States
only raise this burden – though requirements like specificity and completeness of
disclosure also have an upside. Furthermore, although the United States is lenient
about the disclosure of relevant information after the patent application has been filed
but before it has been approved, some other countries are not. Thus, the requisite
period of secrecy does not end once the claim has been filed in the U.S, and the
tremendous complication of international patents described in Chapter 1 has a direct
bearing on the problem.
Any work that could potentially lead to a marketable invention must therefore
be protected under a confidentiality agreement, signed by everyone who has access
to the key information. Nor are confidentiality agreements the only means to ensure
secrecy: in reality, social pressures against information leakage make up the bulk
of protective strategies, along with more straightforward security measures such as
password-secured networks and facilities.
As currently constructed, the patent system places a legal restriction on the
freedom of scientists to communicate with one another about their research. As
noted in Chapter 3, industry funding has a tendency to lead to publication delays
while direct involvement in the industry is associated with curtailed sharing of data
and materials (Bekelmen, Li & Gross, 2003). These patent requirements are the
specific engine of those delays and silences. While it would be hard to convince most
academic scientists to completely cease publication, it is easier to justify a delay with
a clearly defined end point.
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Nevertheless, the problem is not the patent system itself. Indeed, from the
patent system’s perspective, the marvelous compromise it offers between the need for
disclosure and the need for funding. Yet it is a dangerous compromise, as well. As we
shall see over the course of this chapter, we tend to pay high prices for limitations on
scientific communication, both medically and epistemically.

2. Patent Then Publish; Patenting as Publishing; Patent or Publish
Since publication must be curtailed during the pursuit of a patentable product,
yet is an unimpeachable ingredient in the progress of the field, the standard practice
in biotech is to keep research secret until a patent application is far enough along in
the process of being filed that the company can be (relatively) assured that disclosure
will not disqualify it. The provisional applications described in Chapter 2 are a great
help in this process, as companies can safely publish information about the discovery
and seek outside critique during the year grace period that the application allows
(Rabinow, 2005, p. 129). In addition, publication in this stage can be an offensive
industry tool, used to lock out competition working along similar lines by entering
enough relevant information into the prior art that their work will be deemed nonnovel by the patent examiner.
Of course, patenting itself is a form of publication. Indeed, it has several
advantages over a traditional peer review system: unlike many journals, the carefully
maintained online database of patents is easily searchable and free to all. And while
the patent system does not, in principle, allow basic research, this is far less of a
problem in biotech than in, say, physics. Its requirement of extreme specificity about
methods, furthermore, can be of more use to scientists than the standards found in
many journals.
However, there are drawbacks to this approach, and caveats to those who
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would accept it wholesale. The most obvious is the fact that some international patent
offices disqualify inventions the moment information about them enters the prior art.
Similarly, if a patent application is rejected, then information revealed during the
interim becomes admissible prior art, finalizing the disqualification.
Problems like this are what lead to Victor Lee’s sentiments in this chapter’s
epigraph. (Though, it should be noted that Lee qualifies his comment admirably: “But
I also understand that there are other ways of viewing things. In any case, everything
is moving so rapidly these days that even three months of lead time give you a
competitive advantage.” (p. 118)) The sentiment regarding publication among most
biotech lawyers appears to be that it is a risky practice that can destroy a company’s
future (see, additionally, Wellons et al., 2007).

3. Novelty and Secrecy in Pre-Biotech Science

Novelty can be quite important to science as well. But it is, to put it in
MacIntyre’s terms, generally an external good – at best, an encouragement to
individual scientists, not a necessary, healthy feature of the field. From a scientific
perspective, novelty (and thus secrecy) usually matters to the extent that the prestige
that comes from a new discovery matters. And while the history of science seems to
be filled with revolutionary discoveries, the reality is that vast majority of scientific
work does not transform our understanding of the world or bring great fame to its
progenitor. We should not underestimate the desire for personal advancement when
accounting for scientists’ motivations; but neither should we think of them as central
to the well-informed researcher in today’s world. That today’s increasingly grouporiented sciences are not as conducive to new Einsteins and Newtons has not stopped
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young people from gleefully taking part in the endeavor. For the most part, new
discoveries are exciting because they are discoveries, not because they bring world
renown.
But let us take a step back, so as to answer critics such as Rabinow (1996)
who argue against the naiveté of viewing science as an open, communal undertaking.
For even in those cases when both novelty and secrecy were essential to the success
of a project, there were prices to be paid. Perhaps the easiest and most fascinating
test case for these problems is the creation of the atomic bomb, for it is quite clear
to everyone at Los Alamos who was aware of the nature of the project that they
must finish the bomb first, and without the other side gaining too much information
about how the bomb functioned. Few, furthermore, argue against the necessity of
keeping nuclear secrets under wraps now that we have uncovered them. It is a clear
mark of shame that the atomic bomb has only been discovered once in the history
of humankind, that the secrets of its construction were passed from nation-to-nation
thereafter (see Broad, 2008).
Yet there were also tangible consequences to secrecy during the bomb’s
creation. For a start, though we will return to questions of authorship in a later
chapter, it is worth noting quickly that the Manhattan Project represents a breakdown
of the scientific norms that surround credit and responsibility. Many of the most
important scientists got no credit for their work outside of their direct acquaintances
within the Project, as their contributions were too sensitive to publicize. When the
scientists that worked on the bomb die, information about the authorial responsibility
of their ideas dies with them.
Perhaps more Feynman (1985, p. 120), for example, describes how the
Army’s obsession with secrecy slowed progress and lead to a haphazard disregard for
the plant workers working to purify uranium. As only the very highest supervisors at
the Oak Ridge, Tennessee purifying facility were aware of the nature of the project,
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and the Army preferred to keep all of the Manhattan Project scientists at Los Alamos
for security reasons, no one actually working with the materials was aware of the true
dangers or knew exactly what the final product should look like.
Finally, the Army agreed to let Los Alamos scientist Emil Segre go on an
inspection to speed the refining process. As Serge was walking through the plant, he
happened to notice that the workers were transporting semi-purified uranium in water,
which makes the material more dangerous by more than an order of magnitude. It
turned out that the Army had simply assumed that so long as the concentrations of
uranium in the plant was kept below the amount needed to make a bomb, they didn’t
have to worry about an explosion and could just let the plant run. Had the Oak Ridge
plant succeeded in purifying the uranium before Serge visited, the consequences
would have been disastrous.
Similarly, after World War II, the Atomic Energy Commission (AEC)
clamped down on the fact that workers had been sickened by by beryllium during
the construction of the bomb (McGarity & Wagner, 2008). If the news got out, one
secret report reads, the incident could “seriously embarrass the AEC and reduce
public confidence in the organization” (p. 35). The question of which secrets must
be safeguarded, versus which the public should know about for its own safety, is
therefore precisely at issue. Arguably, the safety standards for beryllium after the war
were (and are) insufficient to protect workers in plants and the people living around
them, in large part due to the AEC’s unwillingness to publicly release findings.
Indeed, the Commission’s tight lips about atomic safety issues also lead to Pete
Seeger’s (1962/2000) song, “Mack the Bomb,” which is sung to the tune of “Mack
the Knife:”
Oh, the shark has pretty teeth, dear, and he shows them pearly white
And the AEC has figures but it keeps them out of sight
When the shark bites with his teeth dear, scarlet billows start to spread
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Strontium 90 shows no color, but it leaves you just as dead
Strontium 90 leaves no clue, dear, it’s not like thalidomide
If the baby is deformed, dear, you just blame the other side
Strontium 90 leaves no trace, dear, no one knows who gets the knife
You can always say that background radiation took the life
In your milk on Monday morning comes an extra little kick
Well, the taste is just the same, dear, but the geiger counters click
Oh, the shark has pretty teeth, dear, and he shows them pearly white
And the AEC has figures but it keeps them out of sight

4. The High Price of Confidentiality: Worst-Case Scenarios

Though the sort of secrecy mandated by confidentiality agreements seems
mundane, the consequences can be very real and almost ludicrously high, stretching
across a range of disciplinary considerations. Schuman (1998), for example, describes
the struggle of Dr. David Kern after he signed a confidentiality agreement in the
course of a consult with Microfibres, Inc. Plant workers, first at the Microfibres
factory in Ontario and then in Rhode Island, contracted a mysterious lung disease
in the early 1990s that Kern suspected was caused by chemicals used during
manufacturing. Before they allowed him access to their Rhode Island factory in 1994,
thereby revealing the chemicals and processes used in the plant, Microfibres required
Kern to sign a confidentiality agreement that covered any and all trade secrets to
which he would be exposed in the course of his tour.
In 1996, after no specific cause had been identified while symptoms persisted,
Kern submitted an abstract for the 1997 meeting of the American Thoracic Society
so as to warn other doctors about the possibility of an unknown toxic chemical and
ask for suggestions concerning the case. But Microfibres, citing the confidentiality
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agreement signed years earlier and the fact that the National Institute for Occupational
Safety and Health (NIOSH) had been informed about the situation, forbade Kern from
publishing the list of chemicals used in the plant or any reference to the company.
Even after Kern removed the company’s name and any information that could be used
to trace the disease back to Microfibres, they still refused to allow information about
the disease to spread beyond the company’s direct oversight.
To make matters worse, neither Brown University Medical School nor
the Memorial Hospital of Rhode Island, Kern’s employers, would support Kern’s
desire to publish. Indeed, Memorial Hospital lawyers concluded that not only did
Microfibres own any information that arose from Kern’s investigation, the hospital
was liable if Kern’s publication resulted in lost profits. Consequently, when Kern
decided that his responsibility to disseminate important medical information trumped
his legal liability, and published the list of chemicals, he was informed within a
week that his contract with Memorial Hospital would not be renewed upon its
expiration. Though the hospital denied any connection to the incident, they did cite
“interpersonal factors and issues,” including worries that Kern could continue to
“operate successfully in an environment that he thought was corrupt.” (ibid)
Kern’s case is an extreme example. The vast majority of confidentiality
agreements are unquestionably designed to protect explicitly defined intellectual
property that has no bearing on such dramatic issues. Almost never will they require
the signer to keep silent about a medical problem that directly affects the lives of
individuals; certainly, the possible loss of life and livelihood that gave teeth to Kern’s
ethical conflict is practically unheard-of. But situations of this severity do occur. The
power of confidentiality agreements, reinforced by social players such as the the
Hospitals lawyers and deans at Brown University, stretches so far as to cover the
More importantly, the story illustrates a deep schism in the norms that govern
science and business. From a business perspective, should Microfibres have allowed
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Kern to present his theory about the harmful effects of their manufacturing process?
Perhaps not: if he was wrong, and the disease was merely caused, say, by similarities
in the living conditions of the plant workers, the lost trade secrets and bad publicity
would needlessly endanger the company’s livelihood. Kern’s abstract, after all,
contained a complete list of the chemicals required to manufacture their products.
Even if the company successfully avoided bad publicity directly, a competitor could
potentially recognize most of the items and deduce a secret formula from the one or
two they didn’t recognize – or even the identity of the company, or at least field, so as
to use the disease as a marketing or bargaining tool. Furthermore, it is not as though
Microfibres was trying to cover up a hazard or take advantage of its workers: they had
sought investigation from a medical professional (Kern) as soon as the problem was
clear, then hired another when Kern quit; and they had kept NIOSH apprised of the
situation. To them, Kern’s urge to go public was overkill that represented a substantial
risk to their continued existence.
By contrast, Kern saw his responsibilities as a doctor and as a scientist to be
to people afflicted by disease and to the knowledge required to fight such ailments.
Despite the secrecy surrounding certain high-profile breakthroughs, there are clear
senses in which science is a communal endeavor: most ideas come not from the
mind of a single, isolated individual, but are pieced together either by a team or
by researchers working off of each others’ publications. As argued in the previous
section, the advent of searchable databases of articles and data only serves to push
these norms further, perhaps dramatically so. To function – let alone progress
– this now-dominant approach to science requires the free flow of ideas, communal
access to data and peer judgment of research findings. Even in circumstances when
other concerns trump openness, there are few the pr weight carried by openness.
Though Kern had signed away his legal right to publish, he found the inability to
communicate with the larger community of scientists to be such a fundamental
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limitation on his ability to do his job that it was ethically repelling.
With this worst-case-scenario in mind, the extent of the use of confidentiality
agreements and the practice of secrecy becomes more worrisome than mere academic
concern about the most efficient means of knowledge production – though such
philosophical objections can carry tremendous weight themselves. Every instance
of a correct ethical decision, after all, depends on information about the situation in
question. Without such information, the very ability to understand a problem – even
to understand that there is a problem – is compromised. Something approaching
complete information is therefore an often-unaddressed assumption behind many
ethical frameworks, and the question of how we know vitally informs our decisions
about how to act.

5. Biological Complexity

As a science, Biology is only increasing in complexity with time. As Evelyne
Fox Keller (2002) observes, even the number of terms and ideas required to describe
what was formerly covered by the word gene has exploded: “‘cross-talk’ and
‘checkpoints,’ to genetic, epigenetic, and ‘post-genomic’ metabolic networks, and
even to multiple systems of inheritance. But will the new lexicon ever cohere into an
explanatory framework providing anything close to the satisfaction that genes once
offered? This I cannot say...”. (p. 9) Similarly, many scientists hoped that transcribing
the genome in its entirety would solve the essential problems of biology, revealing
the computer code that drives the program of life. As it turned out, to quote an oftrepeated metaphor within the field, the resulting data was as useful as the parts of a
747 strewn haphazardly across a hanger, with no manual for putting the thing back
together. While the situation is undoubtedly better now that all the parts have been
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laid out, we are but one step closer to understanding why it flies.
In this sense, complexity is a non-trivial problem that has had profound effects
both on the development of biology itself and on the ways in which we understand it
philosophically. Today, the science has so thoroughly fractured into dozens of fields
and subfields that we might more correctly refer to biology as the life sciences, and
view the ever-increasing expansion and recombination of fields as nothing more
than the status quo. In a newly published genetic engineering textbook, for example,
Nair (2008) attempts a partial list of biotechnological fields and hybrid disciplines
that have arisen over the last several years, coming up with 42 of them before even
discussing the “recent” development of bioinformatics, which has itself been around
for decades (pp. 14-15).
On the face of it, this situation has serious consequences for the use of science
in law (and vice versa), even presenting a fairly strong challenge to the use of patents
to govern scientifically produced knowledge. If genes are no longer paramount – or
worse, no longer held to be real entities at all – how and to what ends can they be
patented? If the science is constantly revising itself while becoming more complex
and stratified, how can we hope to use relatively fixed legislative tools to direct its
actions? Was it a mistake to revise the patent code to include a precise definition
of a patentable biotechnological process, given that the accepted view of how such
processes work (and even definitions of terms) can change considerably with time?
Though these problems are no trifle, neither are they as serious as they at
first appear. For one thing, the U.S. patent system merely grants the right to exclude
others from producing a patented invention, not the right to produce it oneself.
Insofar as changes in the science prevent, interfere with or change the meaning of
such production, it is not the responsibility of the patent office or the legal code. And
indeed, the transformative growth of science and the heavy use of naturally occurring
processes in patents (another feature often viewed as unique to biotechnology) are
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certainly nothing new.
Conversely, however, the limitations on research that patent-holders can
wield become a greater potential problem within this sort of situation. In an unstable
environment, there is more of an incentive for patent-holders (and their licensees)
to discourage research that has the potential to destabilize the knowledge that their
product depends upon – say, to take an obviously problematic example, research into
the manner in which a gene sequence relates to a disorder that could reveal may
undermine our faith in the predictive power of a purely genetic test. As Braben (2008)
repeatedly caution, we must take great care to protect such transformative research, or
risk getting bogged down in incomplete or even downright false understandings of the
world.

6. The Progress of Scientific Discourse

Theorists such as Walter Ong (2002), Elisabeth Eisenstein (2002) and David
Olson (1994) have argued that technological inventions such as writing and printing
engendered fundamental shifts not only on the level of cultural behavior, but in the
type and manner of thought practiced by individuals. After noting that Plato rejected
the influence of writing on thought in the Phaedrus, Ong (2002) remarks that his
written dialogues are exemplary of the transition from an oral to a literary intellectual
culture:
Plato’s philosophically analytic thought, as has been seen (Havelock
1963), including his critique of writing, was possible only because of
the effects that writing was beginning to have on mental processes...
Plato’s entire epistemology was unwittingly a programmed
rejection of the old, mobile, warm, personally interactive lifeworld of
oral culture (represented by the poets, whom he would not allow in his
Republic)... The Platonic ideas are voiceless, immobile, devoid of all
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warmth, not interactive but isolated, not part of the human lifeworld at
all but utterly above and beyond it. (p. 106)

It should come as little surprise, in the midst of such a transformation, that
this era marked the beginning of the tradition we now call science. Olson (1994), as
part of his explication of literate history, credits the written word with driving the
traditional understanding of scientific objectivity. In this vein, Olson quotes Ong:
“By separating the knower from the known... writing makes possible increasingly
articulate introspectivity, opening the psyche as never before not only to the external
object world quite distinct from itself but also to the interior self against whom
the objective world is set.” (p. 171) Despite the flawed premises of this approach
to objective knowledge (for one recent analysis, see Barad, 2007), this conceptual
framework spurred any number of scientific successes.
We need not, of course, delve so deeply into philosophy or psychology to see
that discursive technologies directly drive the progress of science and thereby play a
substantial role in determining what that science is. Even on a purely practical level,
the works of Aristotle, and the effect they had on intellectual life, would not have
been possible before the advent of writing. Similarly, the sharp increases in scientific
and mathematical precision during the renaissance would not have been possible
without the ability to accurately reproduce tables and diagrams with the printing
press. Perhaps most importantly, both inventions, and every subsequent refinement in
communications technology, opened the field for a wider range of contributers and a
higher level of discourse.
In just this manner, networked computers allow for the production of entirely
new, tremendously powerful sorts of knowledge. It would not be remotely possible to
handle by hand the volume of data required to represent the human genome. But more
significantly, massive databases of gene sequences and patient records can used with
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increasing ease to catalog and correlate genetic information from those suffering from
diseases or disorders. Easily searchable electronic repositories of published articles
and actively shared research data can be used and interconnected so as to facilitate
Of course, these databases are neither trivial to create or maintain nor
necessarily morally sound. Even aside from the problems inherent to funding such a
large endeavor, the health and genetic information of individuals is protected in many
countries, which adds another wrinkle to security and secrecy concerns. But they are
tremendously powerful.

8. The Constriction of Expression

Robert Brandom (1998; 2000) provides the key insight into the philosophical
meaning of this most recent transformation. Under Brandom’s framework, the
emphasis in our account of concepts should not be placed on proper internal
reference to the outside world, but on the ability to use inferences to make explicit
the connections between ideas and objects. With its increasing use of massive
databases and large-scale data analysis to make increasing numbers and types of
connections explicit, the present science provides a better home for this sort of
inferentialist account than any previous iteration of scientific practice. Depriving the
field of information is a serious strike not against merely the information held in the
databases, but in the ability for both individuals and the field as a whole to overcome
the impoverishment of conceptual ability in the face of tremendous complexity. While
it is true that there is no limitation within any given company, as those protected
under confidentiality agreements have free access to the required information, neither
is a single company generally capable of finishing a research project or building a
product entirely on its own.
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In just this respect, restrictions imposed on data sharing not only limit
knowledge in the obvious practical sense: they risk preventing the explicit
connections and chains of reasoning required to develop a biotechnological
understanding of life.
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