2. The invention is useful. The inventor must show that the in-
vention has a real-world use. It isn’t enough just to find a new
gene or protein. The inventor must specify what the uses are;
for example, whether the gene or protein is useful as a drug
for disease X or as a target for disease Y or as a diagnostic
marker for disease Z.

3. The application describes the invention in sufficient detail
to allow the public to make and use the invention. The
inventor must teach or “enable” other persons that are
skilled in the technological area of the invention to use the
invention described by the inventor.

In addition to the above criteria, a description of the material
or tool for which a patent is sought cannot have been pub-
lished in print, either in the United States or abroad. More-
over, if the invention has been on sale or in use in the U.S. for
a year before the application is filed, it is not patentable.

The Patent Application

To obtain a patent, the inventor is required to submit a patent
application to each country in which he or she desires to obtain
patent protection. In the United States, a complete patent ap-
plication must contain the following components:

1. Awritten English-language document (called the specification)
that clearly describes and explains the invention. Attached to
the specification must be at least one “claim” that sets forth the
desired legal parameters of the claimed invention.

2. A drawing illustrating the invention (if needed to understand
the invention).

3. An oath or declaration by the inventor(s) claiming inventorship.

4. Afiling fee (amount varies depending on the patent application).

Patenting Organisms

Some living things can be patented, but not all. As with any inven-
tion, a living thing must be “new” in order to be patented. Accord-
ingly, living organisms that occur or exist in nature are not patent-
able. For instance, one can’t patent a mouse, because mice have
been around for a long time. If someone makes a kind of mouse
that never existed before, however, then that kind of mouse might
be patented. Below are a few examples of patentable organisms.

® Microbes: As long ago as 1873, Louis Pasteur received a U.S.
patent for yeast “free from organic germs or disease.” With the
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growth of genetic engineering in the late 1970s, the patent-
ability of living organisms was re-examined, and confirmed. A
landmark case involved Ananda Chakrabarty’s invention of a
new bacterium genetically engineered to degrade crude oil. In
1980, the Supreme Court clearly stated that new microorgan-
isms not found in nature, such as Chakrabarty’s bacterium,
were patentable. Chakrabarty received a patent in 1981 (U.S.
Pat. No. 4,259,444 ). In the Chakrabarty decision, the Supreme
Court stated that “anything under the sun that is made by the
hand of man” is patentable subject matter. Therefore, if a prod-
uct of nature is new, useful and nonobvious, it can be patented
ifit has been fashioned by humans.

@ Plants: In 1930, the U.S. Congress passed the Plant Patent
Act, which specifically provided patent protection for newly
invented plants that are asexually reproduced. In 1970, Con-
gress provided similar protection for newly invented sexually
reproduced plants.

® Animals: In the 1980s, the question of whether multicellular
animals could be patented was examined. The key case involved
anew kind of “polyploid” oyster that had an extra set of chromo-
somes. This new, sterile oyster was edible all year round because
it did not devote body weight to reproduction during the breed-
ing season. The PTO found that such organisms were in fact
new and therefore eligible for patenting. It found this particular
type of oyster to be obvious, however, and thus did not allow a
patent for it. Nonetheless, the polyploid oyster paved the way
for the patenting of other nonnaturally occurring animals. In
1988, Philip Leder and Timothy Stewart were granted a patent
on transgenic nonhuman mammals (U.S. Pat. No. 4,736,866)
that covered the so-called Harvard mouse, which was genetically
engineered to be a model for the study of cancer.

o Natural Compounds: Natural compounds, such as a human
protein or the chemical that gives strawberries their distinctive
flavor, are not themselves living, but occur in nature. Thus, they
are new and can be patented only if they are somehow removed
from nature. Therefore, a compound that is purified away from
a strawberry, or a protein that is purified away from the human
body can be patented i its purified state. Such a patent would
not cover the strawberry or the person. The U.S. PTO does not
allow anyone to patent a human being under any circumstances.

Patent Licensing

A patent license is a contract between the owner of a patent
and an independent party who wishes to make, use or sell the
invention claimed in the patent. Such a contract is in essence
a promise by the patent owner that the owner will not sue the
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independent party, called the licensee, for patent infringement,
provided that he or she complies with the terms of the contract.
Typically, the licensee agrees to pay the patent owner a percent-
age of the revenue the licensee receives from sale of the invention
and/or other license fees.

Many inventions require significant capital investment before they
can be used commercially. By licensing a patented invention to a
third party, a patent owner without the resources to fully develop
an invention can work with the third party to commercialize it.

In some cases, a license from more than one person may be neces-
sary to use an invention effectively. For example, one party could
obtain a patent on a new protein, while a second party obtains

a patent on a new use of that same protein. In order to sell that
protein for the new use, a third party would require a license from
both patent owners. If the two patent owners want to sell the
protein for the new use, they would need to grant a license to each
other. Such licenses are often called cross-licenses. In rapidly devel-
oping fields of technology, cross-licenses are very common.

If a third party uses a patented invention without a license, the patent
owner can seek legal remedies for infringement, including damages
and an injunction against the infringer to prevent future use.

Recent Patent Developments

In April 2007, the U.S. Supreme Court handed down what may be
the patent ruling of the decade. The KSR International v. Teleflex,
Inc. decision made it more difficult to obtain or protect patents on
products combining elements of pre-existing inventions. Some
fear this decision could hamper biotech innovation. However, we
really don’t know the ultimate impact—that will be determined
by future litigation. At stake is the ability of biotech companies to
obtain appropriate patent protection on their inventions.

Meanwhile, new rules from the U.S. Patent & Trademark Office
were scheduled to go into effect in November 2007. However,
GlaxoSmithKline won a permanent injunction.

The new rules would have limited the number of continuing
applications that an applicant could file. (A continuation applica-
tion is filed by an inventor who wants to add additional claims
to an existing patent application.) The rule changes would also
have limited the number of claims that could be filed and pur-
sued, and increased disclosure requirements if these limits were
exceeded. Many in the biotech industry were concerned about
these changes, since it can take 10 to 15 years develop a patented
biotechnology product. Strong patent protection is critical in
allowing biotech companies to attract the investment needed
during that time.



|\/| odern biotechnology was born under unique social and
political circumstances, establishing a precedent that
shaped the development of the industry and continues to influ-
ence its character even today.

In 1973, a few days after Drs. Herbert Boyer and Stanley Cohen
described their successful attempt to recombine DNA from one
organism with that of another, a group of scientists responsible for
some of the seminal breakthroughs in molecular biology sent a letter
to the National Academy of Sciences (NAS) and the widely read
journal Science calling for a self-imposed moratorium on certain
scientific experiments using recombinant DNA technology. The
scientists temporarily halted their research and publicly asked others
to do the same. Even though they had a clear view of their work’s
extraordinary potential for good and no evidence of any harm, they
were uncertain of the risks some types of experiments posed. They
suggested that an international group of scientists from various
disciplines meet, share up-to-date information and decide how the
global scientific community should proceed. International scientists
in this exceptionally competitive field complied with this request to
halt certain research.

A few months after the moratorium request, the scientists sent
a second letter, endorsed by the NAS, to the National Institutes
of Health (NIH), asking it to establish an advisory commit-

tee for evaluating the risks of recombinant DNA, develop
procedures to minimize those risks and devise guidelines for
research using recombinant DNA. In response to the request,
the NIH formed the Recombinant DNA Advisory Committee
(RAC), which received its official charter in October 1974.

In February 1975, 150 scientists from 13 countries, along with
attorneys, government officials and 16 journalists, met at the Asilo-
mar Conference Center in Monterey, Calif,, to discuss recom-
binant DNA work, consider whether to lift the voluntary mora-
torium and, if so, to establish strict conditions under which the
research could proceed safely. The conference attendees replaced
the moratorium with a complicated set of rules for conducting
certain kinds of laboratory work with recombinant DNA, but dis-
allowed other experiments until more was known. The final report
of the Asilomar Conference was submitted to the NAS in April
1975, and a conference summary was published in Science and the
Academy Proceedings.

At no other time has the international scientific commu-

nity voluntarily ceased the pursuit of knowledge before any
problems occurred, imposed regulations on itself and been so
open with the public.

The NIH-RAC met for the first time just hours after the
Asilomar conference ended. The committee adopted the
conference consensus as interim rules for federally supported

laboratories in the United States. It spent the next year de-
veloping an initial set of guidelines for recombinant DNA
molecule research. After public review of the draft guidelines,
the RAC published the final version in July 1976. Comparable
organizations in other countries promulgated similar guidelines
overseeing laboratory research with recombinant DNA. BIO
member companies have voluntarily adhered to these guide-
lines since its inception.

Over the next few years, the RAC revised the guidelines in light
of accumulating data that supported the safety of recombinant
DNA laboratory research. Oversight policies of laboratory
research in many other countries relaxed as well. During the
early 1980s, as the biotech industry moved from basic research
into product development, the RAC assumed the responsibility
of formulating safety standards for industrial manufacturing us-
ing recombinant organisms and reviewed proposals voluntarily
submitted by companies such as Genentech and Eli Lilly.

As data supporting the safety of recombinant DNA research and
product development grew, biotech products moved toward
commercialization under the regulatory oversight of the Food and
Drug Administration, Environmental Protection Agency and U.S.
Department of Agriculture. The RAC then began to focus more
on social and ethical issues, precipitated primarily by the use of
recombinant DNA in humans for therapeutic purposes.

Thus, from its inception, the biotech industry has supported
public discussion and appropriate regulation of its work.

BIO values the important role the academic scientific community
and the RAC have played in the early stages of recombinant DNA
research, biotechnology manufacturing and human gene-transfer
trials. Their approach, supported voluntarily by private and public
researchers, ensured the thoughtful, responsible and very public
introduction of and discussion about this new technology.

BIO ACTIVITIES

BIO is committed to the socially responsible use of biotech-
nology to save or enhance lives, improve the quality and
abundance of food, and protect the environment. As our
companies develop technologies that promise to benefit
humankind, these technologies also may bring ethical ques-
tions. To help us examine bioethics issues as they arise, BIO
several years ago formed a committee on bioethics. This
committee formulated ethical principles that were adopted
by our board of directors as a Statement of Ethical Principles
in 1997 (see below). We continue to refine a comprehensive
vision of ways to ensure biotechnology is used for the better-
ment of humankind and not abused.
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BIO and the biotech industry respect the power of the tech-
nology we are developing, and we accept the need for appro-
priate regulation. We work with state, federal and internation-
al regulatory bodies to shape the development of regulatory
policies that foster safe, effective and beneficial products.

We must continue to address ethical questions that arise as
science progresses. While biotechnology can greatly improve
the quality of life, we recognize that this new technology
should be approached with an appropriate mixture of enthu-
siasm, caution and humility. To that end, in June 2006, BIO’s
Board of Directors approved the establishment of a Board
Standing Committee on Bioethics to enable industry execu-
tives to participate in policy, strategy and planning discussions
regarding bioethics issues that confront all sectors of the in-
dustry: human health, food and agriculture, and industrial and
environmental biotechnology.

Ethical Issues

Mpyriad social and ethical issues are associated with biotech re-
search, product development and commercialization. Below, we
discuss some of these issues. For additional information on these
and other topics, please visit bio.org.

GLOBAL HEALTH

Biotechnology has extraordinary potential to improve the health
and well-being of people in the developing world, but significant
impediments exist to the development and dissemination of
diagnostics, therapeutics and vaccines for the infectious diseases
prevalent in developing countries. To explore the obstacles and
devise mechanisms for circumventing them, BIO and the Bill
and Melinda Gates Foundation joined forces in 2004 to establish
BIO Ventures for Global Health (BVGH), a new non-profit orga-
nization. BVGH works with companies, donors and investors to
bring new vaccines, therapies, diagnostics and delivery tools to
market in developing nations.

GENE THERAPY

Gene therapy is subject to greater oversight than virtually

any other therapeutic technology. NIH guidelines require
federally funded institutions and their collaborators to submit
detailed information about proposed and ongoing clinical tri-
als of gene therapy products. Much of this information must
be disclosed to the public. The FDA, which has statutory
authority to regulate gene therapy products (including clini-
cal trials), collects detailed information about investigational
products and clinical trials, reviews adverse-event reports,
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and requires annual reports of all ongoing trials. The com-
bined activities and responsibilities of the FDA, through its
statutory role as the regulator of drug development, and the
NIH/Recombinant DNA Advisory Committee (RAC), as the
forum for public discussion, have served to protect patients
while ensuring that important research moves ahead.

The field of gene therapy continues to focus on patients with se-
vere and life-threatening diseases who usually have few treatment
options or who have failed all available therapies. Thousands

of patients have now received somatic cell (nonreproductive

cell) gene therapies targeted at life-threatening genetic diseases,
cancer and AIDS.

Since the first gene-therapy clinical trial launched in 1990,
more sponsors and academic researchers have moved into
the area and are conducting human clinical trials, but the
research pace has remained slow and deliberate. Even after
more than a decade of research and clinical testing, many

of the gene therapy clinical trials active today are in early-
phase studies (Phase I/1I) that evaluate the safety of the gene
therapy vector (the agent used to carry new DNA into a cell).
Gene therapies continue to be in early stages of development
because researchers are methodically exploring options for
routes of administration, dosing regimes, patient populations,
indications, combination therapies and novel vectors.

BIO POLICY: GENE THERAPY

BIO believes that both the FDA and the NIH/RAC play impor-
tant roles in the oversight process. We recommend that any
system of oversight for gene therapy provide the agencies with
safety data while ensuring patient confidentiality and protec-
tion of trade secrets. BIO is always ready to work with the NIH/
RAC and the FDA to develop a system that protects patients
and the integrity of the product development process.

GERM-LINE GENE THERAPY MORATORIUM

For more than a decade, the academic and industrial research
communities have observed a voluntary moratorium on human
gene therapy procedures that would affect the germ-line cells—
the egg and sperm—that pass on genetic composition.



BIO POLICY: MEDICAL PRIVACY

AND GENETIC DISCRIMINATION

BIO recognizes the need for confidentiality of all individually
identifiable medical information. We support national policy —
legislation or regulations —to protect the confidentiality of all
personal medical information, including data derived from
genetic tests. The industry believes that an individual’s medi-
cal information must be respected, treated confidentially and
safeguarded from discriminatory misuse. BIO believes that
protecting patient privacy and promoting medical research are
mutually attainable goals.

In September 1996, BIO’s Board of Directors called for strong
controls on the use of all confidential medical information,
including genetic information. At BIO’s urging, 11 national
biotechnology industry groups from around the world have
also endorsed the call for strong protections against the mis-
use of personal medical information.

BIO supports legislation that prohibits insurers from deny-

ing individuals insurance based on their genetic information.
People should have the option of using diagnostic or predictive
tests that can help them recognize early warning signs of dis-
ease and seek proper treatment. This option could be jeopar-
dized if genetic information were used to discriminate.

STEM CELLS

Researchers can now separate early, undifferentiated stem

cells from blastocysts—the S-day-old ball of cells that eventu-
ally develops into an embryo. Such embryonic stem cells can
differentiate into any cell type found in the human body; they
also have the capacity to reproduce themselves. The ability to
maintain stem cell lines in culture and direct their development
into specific cell types holds the potential to save many lives by
controlling cancer, re-establishing function in stroke victims,
curing diabetes, regenerating damaged spinal cord or brain tissue
and successfully treating many diseases associated with aging.

These undifferentiated cells lines are also powerful research tools.
By studying these cells, we will begin to understand the mecha-
nisms that guide cell differentiation and de-differentiation.

Scientists have also learned that undifferentiated cells from
other tissue (for example, “adult” stem cells) have value. BIO
supports research on these cells. However, according to the
NIH and the NAS, only the embryonic stem cell can be turned
into any cell type.

On August 9, 2001, President Bush announced federal funding
would be allowed for research on embryonic stem cell lines that
were derived from blastocysts prior to 9:00 p.m. that day. At the
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time, the Administration believed that more than 60 embryonic

stem cell lines were available for research. Today, estimates from
the National Institutes of Health (NIH) show the number of
available lines at 21, well short of the number the policy intended
to make available. These 21 cell lines are not genetically diverse
enough to meet research needs, and it is likely that many or all of
them cannot be used to develop therapies for humans because
they were exposed to mouse-derived “feeder” cells. Without
federal funding, embryonic stem cell research in the United States
may fall behind that in other countries, and American citizens may
have to wait even longer for therapies for unmet medical needs.

BIO POLICY: STEM CELL RESEARCH

BIO strongly supports the enactment of federal legislation
that provides for innovative stem cell research, such as the
Stem Cell Research Enhancement Act of 2007 (S. 5). This bill
would have amended the Public Health Service Act to allow
federal funding of research on stem cell lines derived from
discarded human embryos created for fertility treatments, but
it was not enacted.

In 2007 and early 2008 there were several major scientific break-
throughs in stem cell research: Researchers announced that they had
created human embryonic stem cell lines without destroying human
embryos; other researchers announced that they had reprogrammed
adult stem cells to behave like embryonic stem cells. These discover-
ies, made possible because of previous research on embryonic stem
cells, are still in the early stages, and it is not yet clear whether they
will yield cell lines useful for the development of new treatments and
cures. As long as new treatments and cures are not available for the
millions of patients awaiting them, we believe scientists should be
able to continue to pursue promising routes to finding them.

CLONING

Cloning is a generic term for the replication in a laboratory of genes,
cells or organisms from a single original entity. As a result of this
process, exact genetic copies of the original gene, cell or organism

can be produced.
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BIO POLICY: HUMAN CLONING

BIO is opposed to human reproductive cloning—using clon-

ing technology to create a human being. BIO was one of the
first national organizations to offer public support for voluntary
moratorium on research into cloning a whole human being. Hu-
man reproductive cloning would involve taking the nucleus of a
somatic cell (a body cell that is neither an egg nor a sperm) of

a person and inserting it into an unfertilized egg from which the
nucleus has been removed. The egg containing the somatic cell
nucleus is then implanted into a woman’s uterus. In theory, this
would lead to the development of a human being after a gestation
period. Reproductive cloning is too dangerous and raises far too
many ethical and social questions to be undertaken.

Another type of cloning involves somatic cell nuclear transfer to an
egg, as described above. However, as the egg divides, the undifferen-
tiated cells are kept in culture and never implanted. A few days after
cell division begins, stem cells are separated from the rest of the cells.
The stem cells continue to divide, creating a cell line that is genetical-
ly identical to the somatic cell from which the nucleus was removed.

Undifferentiated cells that are genetically identical to the patient
have remarkable therapeutic potential. Given the proper environ-
ments, these cells could develop into new tissues that could replace
diseased tissues and cure diseases such as diabetes, Parkinson’s,
Alzheimer’s and various types of cancer and heart disease. This
avenue of study could produce replacement skin, cartilage and
bone tissue for burn victims and nerve tissue for those with spinal
cord or brain injuries. Research also continues regarding the
environmental cues, genes and structures that direct cell differen-
tiation into whole organs composed of different tissue types. This
application of cloning technology is often referred to as therapeu-
tic cloning, or somatic cell nuclear transfer (SCNT).

One reason for doing SCNT is to understand the process of
reprogramming—how the egg cell takes genetic material from a
fully differentiated cell and turns it back into an undifferentiated
cell. Once that process is understood, egg cells would not be
needed and this process could be replicated in a lab.

Because of the remarkable potential of cellular cloning to cure dis-
eases and restore function to diseased tissues, in 2002 the National
Academy of Sciences released a report supporting the use of clon-

ing for therapeutic purposes, but opposing its use for reproductive
cloning. BIO agrees with Academy’s conclusions and positions.

FOOD AND AGRICULTURE

Agriculture is fundamental to the economies and environments
of the entire world. Agricultural biotechnology is used to modify
plants and animals to meet consumer demand for more healthful,
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nutritious foods, and to produce foods in more environmentally
sustainable ways. Crops and animals are also being modified to
provide new, more plentiful and safer sources of medicine to treat
human diseases.

BIO POLICY: AGRICULTURAL BIOTECHNOLOGY

BIO is dedicated to open discussion with consumers, farmers,
legislators and opinion leaders regarding ethical issues in the
use of agricultural biotechnology.

Our companies affirm and uphold the science-based regulation
and government oversight of agricultural biotechnology by the
Food and Drug Administration, the U.S. Department of Agricul-
ture and the Environmental Protection Agency. This oversight
ensures the safety and quality of the food supply and has
established effective performance standards for developing
safe techniques to reduce agricultural losses to plant disease,
insect pests and weeds.

We believe the public should fully participate in the introduc-
tion of these new products both through an open, accessible
and accountable regulatory system and through exercise of free
market choice.

We encourage increased awareness and understanding of how
agricultural biotechnology is being applied and its impact on
farming practices, the environment and biological diversity.

USE OF ANIMALS IN RESEARCH

Research involving animals has been critical to understanding the
fundamental processes of human biology that are so integral to mod-
ern medicine. Biotech companies have depended on this research

to develop more than 200 drugs and vaccines approved by the U.S.
Food and Drug Administration, helping more than 800 million
people worldwide and preventing incalculable human suffering,

In addition to human therapeutics, animal research has also been
critical to the development of biotechnology-derived veterinary
biologics and vaccines approved by the USDA to improve the health
of livestock, poultry and companion animals. Genomics, transgen-
ics and cloning technologies provide new approaches for advancing
the quality and efficiency of meat, milk and egg production—and in
reducing the environmental impact of agriculture. These technolo-
gies are also being used to help preserve endangered species.

BIO POLICY: ANIMALS IN RESEARCH

BIO members are legally and ethically compelled to evaluate
the safety and efficacy of potential medicines and food prod-
ucts before they are given to humans and animals; the use of



animals in research is a necessity for many such products. The
appropriate and responsible use of animals is an indispensable
part of biomedical and agricultural research. BIO members are
committed to act ethically and to apply high standards of care

when using animals in scientific procedures.

BIO members are committed to reducing the number of animals
used for research when it is possible to develop, validate and
use alternative methodologies consistent with regulatory require-
ments for testing, while maintaining the scientific integrity of the
research.

BIO affirms and upholds the science-based regulation and over-
sight of animal research by the U.S. government agencies. Fur-
thermore, BIO members abide by the regulatory requirements
of all other countries in which they conduct animal research. In
addition, many BIO members welcome external unbiased agen-
cies, such as the Association for Assessment and Accreditation
of Laboratory Animal Care, to evaluate their facilities, provide
feedback on programs, and accredit their work.

The ability to conduct humane and responsible animal-based re-
search must be preserved to help conquer disease, alleviate suf-
fering, and improve quality of life. BIO believes that such use is
a privilege, imposing a responsibility to provide proper care and
humane treatment in accordance with the following principles:

® Humane Treatment of Animals. BIO members are com-
mitted to improving the quality of human and animal life
with biotechnology, while taking responsibility for respect-
ing the animals that support their research and for treating
those animals humanely.

® Judicious Use of Animals. BIO is committed to the judi-
cious use of animals in biotechnology research for experi-
mental purposes. Alternative methodologies that reduce
the number of animals used for research, replace animal
experiments with non-animal methods when possible, and
refine the use of animals in research (such as using cell and
tissue cultures and computer modeling in early screen-
ing of the toxic potential of a substance) should be used
whenever possible. Biotechnology offers great promise for
further reducing use of animals in research.

® High Standards of Care. High standards of care should be
maintained for animals used in biotechnology research as
published by the Institute for Laboratory Animal Research,
Commission on Life Sciences, National Research Council
(The Guide for the Care and Use of Laboratory Animals, 7th
ed.,1996) and the Federation of Animal Science Societies
(The Guide for the Care and Use of Agricultural Animals in
Agricultural Research and Teaching, 1999). Animals must
be properly housed, fed and kept in surroundings appropri-
ate to their species. We are committed to the minimization

of discomfort, distress and pain consistent with sound
scientific practices. Investigators and personnel shall be
appropriately qualified for and experienced in conducting
procedures on animals and in the husbandry and handling
of the species being studied.

Regulatory Oversight. Animal biotech research (including
products from transgenic animals) is subject to science-
based regulatory oversight by the U.S. Food and Drug
Administration (FDA), the U.S. Department of Agriculture
(USDA), the U.S. Environmental Protection Agency (EPA),
the National Institutes of Health (NIH), the Centers for Dis-
ease Control and Prevention (CDC), the U.S. Fish and Wild-
life Service (FWS) and other local agencies. BIO actively
works with these agencies to ensure high standards of care
and use for all animals involved in biotechnology research.

Increased Public Awareness. BIO encourages increased
public awareness and understanding of how biotech research
involving animals is being applied in human health, animal
health, agricultural, industrial and environmental areas.

Open Discussion of Ethical Considerations. BIO seeks

to actively and thoroughly study the ethical considerations
involved in the use of animals in biotechnology, and to openly
discuss these issues with ethicists, consumers, medical pro-
fessionals, farmers, legislators, scientists, opinion leaders and
other interested groups.
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of Ethical Principles

We respect the power of biotechnology and apply it for
the benefit of humankind.

We will pursue applications of biotechnology that promise to
save lives or improve the quality of life. We will avoid applica-
tions of our technology that do not respect human rights or carry
risks that outweigh the potential benefits.

We listen carefully to those who are concerned about

the implications of biotechnology and respond to their
concerns.

The resolution of bioethical issues requires broad public dis-
course. We acknowledge our responsibility to consider the
interests and ideas of all segments of society and to be sensi-
tive to cultural and religious differences. We will seek dialogue
with patients, ethicists, religious leaders, health-care providers,
environmentalists, consumers, legislators and other groups who
share an interest in bioethical issues.

We help educate the public about biotechnology, its
benefits and implications.

For informed debate to occur, the public and our elected repre-
sentatives need greater knowledge and a better understanding
about biotechnology and its applications. BIO and its members
pledge to advance public awareness and understanding.

We place our highest priority on health, safety and
environmental protection in the use of our products.

In the United States, biotech products are extensively regulated
by federal agencies such as the Food and Drug Administration,
the Environmental Protection Agency and the Department of
Agriculture. Our industry supports science-based regulation
by government agencies to safeguard health, ensure safety and
protect the environment.

We support strong protection of the confidentiality of
medical information, including genetic information.
Individually identifiable medical information must be treated
confidentially and safeguarded from misuse. We oppose the use
of medical information to promote intolerance, to discriminate
against or to stigmatize people.

We respect the animals involved in our research and treat
them humanely.

Laboratory animals are essential to research on new therapies
and cures. We test new treatments on laboratory animals to
assess product safety before administering them to humans. We
develop transgenic animals—those with genes from another
species, usually humans—to test treatments for life-threatening
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diseases. We also develop transgenic sheep, goats and cattle by
inserting a gene that allows them to produce human pharma-
ceuticals in their milk. We breed animals that may provide
tissues and organs for transplantation to humans. We will
follow rigorously all government regulations and professional
standards in the United States, such as the Animal Welfare Act
and the federal guidelines for animal care and use promulgated
by the National Institutes of Health.

We are sensitive to and considerate of the ethical and
social issues regarding genetic research.

We will not, for example, treat genetic disorders by altering the
genes of human sperm or eggs until the medical, ethical and
social issues that will arise from this kind of therapy have been
more broadly discussed and clarified. Also, we support continua-
tion of the voluntary moratorium on the potential cloning of en-
tire human beings, with the understanding that research should
continue on the cloning of genes and cells to benefit humankind.

We adhere to strict informed-consent procedures.

For clinical research conducted in the United States, the National
Institutes of Health and the Food and Drug Administration
require informed consent from all participants and approval by a
national or local review board. We adhere to these requirements in
our medical research, except in situations in which obtaining con-
sent is not necessary (e.g., research on anonymous information) or
not possible (e.g., emergency care of unconscious patients).

We will abide by the ethical standards of the American
Medical Association and, where appropriate, other health-
care professional societies to ensure that our products are
appropriately prescribed, dispensed and used.

These ethical standards are designed to ensure that health-care
professionals do not receive monetary or other compensation
that might adversely affect how they care for their patients.



We develop our agricultural products to enhance

the world’s food supply and to promote sustainable
agriculture with attendant environmental benefits.

There are significant advantages to increasing the yield of
crops. Farmers must produce increasing amounts of food

per acre to feed a growing global population. We will strive

to make this possible while reducing the amount of external
supplements (fertilizers, pesticides, etc.) necessary. We will
develop our products with an eye toward good stewardship of
our agricultural and environmental resources and the sustain-
ability of such development. With regard to the development
of new agriculture crops, we pledge to abide by established
standards of environmental safety at home and abroad.

We develop environmental biotechnology to clean up
hazardous waste more efficiently with less disruption

to the environment and to prevent pollution by treating
waste before it is released.

Many environmental engineering firms, industry and gov-
ernments are using biotechnology to harness the power of
naturally occurring organisms to degrade contaminants at
hazardous waste sites. We will strive to optimize the cost-
efficiencies and environmental advantages associated with
using biotechnology while protecting human health and the
environment. We also will continue to develop and imple-
ment more environmentally safe and cost-effective means of
treating hazardous waste streams in industrial processes.

We oppose the use of biotechnology to develop
weapons.

We support the Biological Weapons Convention, a treaty
signed by the United States and many other nations banning
development and use of biological weapons. We will not un-
dertake any research intended for use in developing, testing
or producing such weapons.

We continue to support the conservation of biological
diversity.

The genetic variation of animals, plants and other organisms

is a valuable natural resource. The environment is constantly
changing, and without an adequate store of genetic diversity,
organisms will not be able to adapt. Genetic diversity decreases
every time a species, breed or crop variety becomes extinct.
Working with governments and other organizations, we will
help to catalog and conserve these precious resources.
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Resources

IO has compiled a list of publications, Web sites, e-mail

services and other resources that we believe are espe-
cially useful in learning about biotechnology and monitoring
progress. A few notes about the list:

o It includes both free sources and those that charge fees.

® Most items on the list are non-BIO resources. BIO staff are
not responsible for and cannot assist with access to non-
BIO resources.

® Biotechnology is a fluid industry. When using any biotech
resource (including this book), it is a good idea to note
the publication date and check other sources for the most
complete and current information.

® This list is not intended to be comprehensive, but if we've
left out a resource you've found particularly useful, let us

know by e-mailing info@bio.org.

Periodicals, Headline Services
and Web Sites

FROM BIO

BIO.org. BIO’s award-winning Web site offers a wealth of
information on biotechnology applications as well as
archives of speeches, policy papers, special reports and
comments on issues of interest to the biotech community.

BIO SmartBrief. This popular e-mail service provides
headlines and brief summaries of all the important
biotech news of the day, from sources around the world.
Visit www.smartbrief.com/bio/ to sign up.

Food & Ag Weekly News. This e-mail publication covers BIO
activities, policy news and mainstream news coverage of
agricultural biotechnology. It is available only to BIO members.
For information on joining BIO, visit bio.org/join.

BIO News. The Biotechnology Industry Organization’s members-
only magazine covers BIO activities as well as selected
biotechnology financial, legislative and regulatory news.
Information on joining BIO is available at bio.org/join.

BIO Health Policy Newsletters. Economic Week in Review,
International Week in Review, IP News, Bioethics News, BIO
Science & Regulatory News (Except for Economic Week in
Review, these newsletters are available only to BIO members.
For information on joining BIO, visit bio.org/ join.)
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OTHER SOURCES

BIO Ventures for Global Health. The BVGH Web site includes
an interactive pipeline database on diseases affecting
developing countries, as well as news, features and policy
reports on the biotechnology industry’s work in global
health. It also provides a primer on global health issues. All
resources are available at www.bvgh.org.

BiobasedNews.com. The Biobased Information System
provides business-related information on biofuels, new
crops, biobased products, and industrial biotechnology The
site offers a free biweekly e-mail newsletter, a list of industry
conferences and links to other resources. All resources are
available at www.biobasednews.com.

BioCentury. BioCentury’s weekly flagship publication features
analysis and news summaries on the biotech industry.
BioCentury also provides a daily news summary, published
each weekday evening. Subscription information and full
product listings are available at www.biocentury.com.

BioSpace. BioSpace tracks a wide range of biotech-company,
clinical and financial news and data; it also offers an e-mail
headline services. Explore offerings at www.biospace.com.

Biotechnology Health Care. This monthly magazine delivers
selected industry news and includes features on science,
product development, financial issues, and reimbursement.
Subscription information and selected articles are available at
www.biotechnologyhealthcare.com.

BioWorld. BioWorld’s offerings include a daily biotech
newspaper, as well as weekly publications on financial
and international news. Subscription information and full
product listings are available at www.bioworld.com.

FierceBiotech. This business-focused summary of the day’s
biotech news highlights is delivered via e-mail. Learn more or
sign up at www.fiercebiotech.com.

Genetic Engineering News. This tabloid-sized trade magazine is
published twice monthly and includes news and features on
the industry. GEN is free to qualified industry subscribers.
Apply for a subscription at www.genengnews.com.

Health Affairs. Published every other month, this is one of the
definitive sources for health care data and analysis, with articles
on issues of access, reimbursement, innovation and quality.
Visit www.healthaffairs.org for subscription information.

Help Me Understand Genetics. Help Me Understand Genetics,
(http:// ghr.nlm.nih.gov/ handbook) a handbook from the

NIH, presents basic information about genetics in clear, easy-



to understand language. It also includes links to additional
online resources. It is part of a larger, equally helpful NTH
site, Genetics Home Reference.

Industrial Biotech Innovation Report. This weekly e-mail
newsletter is a digest of business and research news
about industrial biotechnology from around the world,
offering headlines and summaries of top news stories.
The subscription-only report is a service of the American
Chemical Society and BIO. Subscription information is
available at www.allisinfo.com.

Industrial Biotechnology. This quarterly journal covers
industrial and environmental biotechnology applications
in chemicals, energy and manufacturing. Subscription
information is available at www.liebertpub.com.

In Vivo. Windhover Information publishes this monthly
magazine of commentary and analysis on biotechnology,
pharmaceuticals and other industries. The emphasis is on
business strategies and industry trends. Windhover offers a
suite of additional publications and data as well. Visit www.
windhover.com for subscription information.

Nature Biotechnology. This specialty publication from the
Nature Publishing Group is published monthly and includes
news, features and journal articles. Subscription information
is available on www.nature.com.

Science.bio.org. The science-oriented site links to all of the
day’s significant biotech science stories, including both
mainstream press and journal articles.

Signals Magazine. Recombinant Capital publishes this online
magazine of biotech industry trends and analysis. The
magazine and archives are free, with no registration required.
Visit www.signalsmag.com.

Tufts CSDD Impact Report. The Tufts Center for the Study
of Drug Development publishes a single-topic report
every other month covering original research on product
development issues affecting pharmaceutical and biotech
companies. For a list of topics covered and subscription
information, visit csdd.tufts.edu.

Why Biotech. Operated by the Council for Biotechnology
Information, this media- and consumer-friendly Web site
includes feature stories, links to reports and extensive data on
agricultural biotechnology. Access is free, with no registration
required. Visit www.whybiotech.com.

Your World. The Biotechnology Institute’s magazine is
published twice a year and targets grades 7 through 12.

Each issue combines in-depth features on a single topic with
supplemental educational activities and materials. See www.
biotechinstitute.org for a list of topics covered, subscription

information and free pdf downloads of every issue.

General Science Journals

The following science journals, while not biotech-exclusive, pro-
vide extensive biotechnology coverage: Nature, Science, Scientific
American, The New Scientist and The Scientist. Nature and Science
are often are first to publish important breakthroughs, such as
the human genome sequence.

Biotech Education and Careers

Note: Many job-listing Web sites and services cover the biotech
industry. Below are resources that offer added content of interest.

Biotechnology Institute. The Biotechnology Institute focuses
on K-12 biotechnology education, offering teacher-student
resources and programs. Publications include Genome: The
Secret of How Life Works; Your World magazine; and Shoestring
Biotechnology, a laboratory guide for teachers with a
shoestring budget. Visit the Biotechnology Institute at www.
BiotechInstitute.org.

ScienceCareers. Science magazine has compiled extensive
career resources and articles for science students and job
seekers at ScienceCareers.Sciencemag.org.

Selected Recent Reports on
Biotechnology

GENERAL AND HEALTH CARE

Beyond Borders: Global Biotechnology Report 2008. Ernst &
Young’s annual survey of the biotechnology industry tracks
company data and industry trends, compares U.S. biotech
performance to that of the rest of the world, and ranks top
U.S. and Canadian biotech regions. Published Spring 2008.
See www.ey.com for contact information.

Biotech 2008—Life Sciences: A 20/20 Vision to 2020.
Each year, the life sciences merchant bank Burrill &
Co. publishes a detailed report on the biotech industry,
describing new developments in health care, agriculture
and industrial applications, as well as providing an overview
of biotech business activities. See www.burrillandco.com
for purchase information. Published Spring 2008.
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BioWorld State of the Industry Report, 2008. BioWorld’s annual
report aggregates the biotech industry’s financial, partnering
and drug approval information for 2007, with analysis
explaining what it all means. See www.bioworld.com for
purchase information.

Closing the Global Health Innovation Gap: A Role for the
Biotechnology Industry in Drug Discovery for Neglected
Diseases. In this study, BIO Ventures for Global Health
examines the core capabilities of the biotechnology industry,
academia and the nonprofit entities that focus on clinical
development of new drugs for neglected diseases. It focuses
on three classes of diseases—malaria, tuberculosis and
trypanosomal diseases (human African trypanosomiasis,
Chagas disease and leishmaniasis). Available for download at
www.bvgh.org. Published in November 2007.

Growing the Nation’s Biotech Sector: State Bioscience
Initiatives 2006. This report from BIO and the Battelle
Memorial Institute presents updated data, examines growth
trends and identifies cities with the largest and most
concentrated employment in several bioscience subsectors.
The report also identifies key trends in state and regional
initiatives to support the biosicences. Available for download
at bio.org/local/battelle2006/. Published April 2006.

Challenge and Opportunity on the Critical Path to New
Medical Products. This report from FDA explains why drug
development is so slow and offers ideas for accelerating
the process. This landmark report initiated the Critical
Path Initiative. Available for download at www.fda.gov/oc/
initiatives/criticalpath/. Published March 2004.

Medical Biotechnology: Achievements, Prospects and
Perceptions. Published by the United Nations Institute for
Advanced Studies, this book examines the drivers of medical
and pharmaceutical biotechnology development in the
United States, Europe and Japan and provides case studies for
several developing countries. Available for purchase through
www.unu.edu. Published September 200S.

OECD Biotech Statistics 2006. This publication of the Organization
of Economic Cooperation and Development includes data for
23 OECD countries and two observer countries, plus China
(Shanghai), and takes a major step forward in improving the
comparability of biotechnology indicators among countries.
Awailable for download on www.oecd.org. Published May 2006.

Outlook 2008. The Tufts Center for Drug Development’s annual
report offers a brief synopsis of the year’s major regulatory
and R&D issues. Available for download at csdd.tufts.edu.
Published 2008.
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Parexel’s Bio/Pharmaceutical R&D Statistical Sourcebook
2007/2008. This book contains studies, analysis, articles and
extensive data sets on R&D/regulatory activity and spending
across the pharmaceutical and biotech sectors. See www.
parexel.com for purchase information. Published May 2007

Personalized Medicine: The Emerging Pharmacogenomics
Revolution. PriceWaterhouseCoopers explains how
personalized medicine can remake the pharmaceutical
industry and the challenges to realizing that vision. Available
for download at www.pwc.com. Published February 2005.

Personalised Medicines: Hopes and Realities. This Royal
Society report provides a thorough overview of scientific,
development and clinical issues in personalized medicine.
Available for download at royalsociety.org/ (select Adobe
Acrobat Reader to open). Published September 2005.

A Survey of the Use of Biotechnology in U.S. Industry. In 2003,
the U.S. Commerce Department published data from the
most comprehensive survey ever conducted of companies
using biotechnology. The book includes data on jobs,
financial performance and technological applications, and
is available for download at www.technology.gov/reports.
Published October 2003.

MARKET REPORTS

A number of publishers, consultants and analysts publish
detailed reports on specialized biotechnology sectors (anything
from microarrays to diabetes drugs). Sites offering such reports
for sale include www.datamonitor.com, www.marketresearch.
com, www.visiongain.com, www.researchandmarkets.com, www.
freedoniagroup.com and www.frost.com.

AGRICULTURE

The benefits of adopting genetically modified, insect resistant
(Bt) maize in the European Union (EU): first results from
1998-2006 plantings. This paper, from PG Economics,
examines the impact of the use of Bt maize resistant to the
European corn borer and the Mediterranean stem borers in
the EU. Available for download at www.pgeconomics.co.uk.
Published March 2007.

A 2006 Update of Impacts on US Agriculture of Biotechnology-
Derived Crops Planted in 2008S. This report from the
National Center for Food and Agricultural Policy explores
the impact of six biotech crops on U.S. farmers’ yields and
incomes. The report includes data for individual states.
Available for download at www.ncfap.org. Published
November 2006.



Brief 37-2007: Global Status of Commercialized Biotech/GM
Crops: 2007. Each year, the International Service for the
Acquisition of Agri-Biotech Applications publishes a global
survey of biotech crops plantings. Data are provided by crop
and by country. Available for download at www.isaaa.org.
Published January 2008.

The Economic Status and Performance of Plant Biotechnology
in 2003: Adoption, Research and Development in the
United States. This study explores the economic impact
of agricultural biotechnology and includes data from
companies, states and academic institutions. The author,

C. Ford Runge, Ph.D., is the director of the Center for
International Food and Agricultural Policy at the University
of Minnesota. Available for download at www.whybiotech.
com. Published December 2003.

Animal Cloning: A Risk Assessment—FINAL. In a report
written by FDA scientists, the agency has concluded that
meat and milk from cow, pig and goat clones, as well as the
offspring of any animal clones, are as safe as food we eat every
day. Available for download at www.fda.gov/cvm/ cloning.
htm. Published January 2008.

The Global Diffusion of Plant Biotechnology: International
Adoption and Research in 2004. This study of plant biotech
R&D and adoption offers both a comprehensive overview and
individual country profiles from around the world. Available for
download at www.whybiotech.com. Published December 2004.

Global Impact of Biotech Crops: Socio-Economic and
Environmental Effects in the First Ten Years of Commercial
Use. This report from the UK. firm PG Economics provides
cumulative data on the positive economic and environmental
impact of biotech crops. It was published in the journal Agbio
Forum. Available for download at www.agbioforum.org.
Published October 2006.

Modern Food Biotechnology, Human Health and Development:
An Evidence-Based Study. This World Health Organization
report describes health and quality-of-life benefits that
biotech foods can deliver. Available for download at www.
who.int/foodsafety. Published 2005.

Quantification of the Impacts on U.S. Agriculture of
Biotechnology Derived Crops Planted in 2008S. This study
from the National Center for Food and Agricultural Policy
suggests biotech is helping meet increased demand for corn
to manufacture ethanol. According to the author, U.S. farmers
produced an additional 7.6 billion pounds of corn thanks
to biotech—a 29 percent increase over 2004 production.

Available for download at www.ncfap.org. Published
November 2006.

INDUSTRIAL & ENVIRONMENTAL
25 by 25: Agriculture’s Role in Ensuring U.S. Energy

Independence. This report by the Ag Energy Working Group
of the Energy Future Coalition shows how farmers can
contribute 25 percent of U.S. total energy consumption.
Available at bio.org/ind/25x25.pdf. Published August 2004.

Achieving Sustainable Production of Agricultural Biomass

for Biorefinery Feedstock. This BIO report details how
American farmers can feed the growing biofuel industry by
harnessing cellulosic biomass. It also proposes guidelines and
incentives to encourage farmers to produce sufficient raw
materials for the growing biorefinery and biofuels industry
in a sustainable way. Available at bio.org/ind/biofuel/
SustainableBiomassReport.pdf. Published November 2006.

Bioengineering for Pollution Prevention through Development

of Biobased Energy and Materials, State of the Science
Report. This report from the Environmental Protection
Agency’s National Center for Environmental Research
provides a comprehensive assessment of the pollution
prevention attributes of industrial biotechnology. Available
for download at es.epa.gov/ncer/publications/statesci/
bioengineering.pdf. Published July 2007.

Biofuels for Transport: Global Potential and Implications for

Sustainable Agriculture and Energy in the 21st Century. This
report, sponsored by the German Federal Ministry of Food,
Agriculture and Consumer Protection is a comprehensive
assessment of the opportunities and risks associated with the
large-scale international development of biofuels. Information
about purchasing the report can be found at www.worldwatch.
org/node/5303. Published August 2007.

Growing Energy: How Biofuels Can Help End America’s Oil

Dependence. This Natural Resources Defense Council
report describes how biofuels can cut U.S. dependence on
foreign oil while lifting farm profits. The NRDC published
a follow-up issue paper, Bringing Biofuels to the Pump: An
Aggressive Plan for Ending America’s Oil Dependence. Both
are available for downloading at www.nrdc.org. Published
December 2004, July 200S.

Industrial and Environmental Biotechnology: Current

Achievements, Prospects and Perceptions. This report by the
United Nations Institute of Advanced Studies provides an
overview of I&E biotechnology. Available for download at
www.ias.unu.edu. Published 2005.
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New Biotech Tools for a Cleaner Environment: Industrial
Biotechnology for Pollution Prevention, Resource
Conservation and Cost Reduction. Produced by BIO,
this report applies case-study data from the Organization
for Economic Cooperation and Development to whole
industries, describing the potential for biotech processes to
cut raw material consumption and pollution. Available for
download at bio.org/ind/. Published June 2004.

Policy Recommendations and Report of the Bioenergy and
Agriculture Working Group. This report, by a working
group of the Energy Future Coalition, recommends that
government take aggressive steps to shift to renewable,
agriculture-based fuels, such as bioethanol. Available for
download at bio.org/ind/. Published June 2003.

Synthetic Genomics: Options for Governance. Released by
the J. Craig Venter Institute, the Center for Strategic and
International Studies, and the Massachusetts Institute of
Technology, the report assesses the current state of synthetic
biology and formulates policies that can support continued
research and development of beneficial applications and
prevent possible misuses of the technology. Available for
download at www.csis.org/component/option,com_csis_
pubs/task,view/id,4119/type,1/ or wwwijcvi.org/cms/
research/projects/syngen-options/overview/. Published
October 2007.
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of Biotech-related Terms

Editor’s Note: The glossary includes terms used in this book as well
as other biotechnology terms that may be useful.

1,3-Propanediol (PDO) a naturally occurring polymer (glycol)
or “green plastic” that can be formulated into a variety
of industrial products including composites, adhesives,
laminates, coatings, moldings, novel aliphatic polyesters,
copolyesters, solvents, antifreeze and other end uses.

A

ADME An acronym for absorption, distribution, metabolism
and excretion; refers to how a drug travels through the body.

Acclimatization Adaptation of an organism to a new
environment.

Action letter An official FDA communication that informs
a company seeking a drug approval of a decision by the
agency. An approval letter allows commercial marketing of
the product.

Active immunity A type of acquired immunity whereby
resistance to a disease is built up by either having the
disease or receiving a vaccine to it.

Adjuvant Insoluble material that increases the formation and
persistence of antibodies when injected with an antigen.

Aerobic Needing oxygen for growth.

Agrobacterium tumefaciens A common soil bacterium used
as a vector to create transgenic plants.

Allele Any of several alternative forms of a gene.

Allogenic Of the same species, but with a different genotype.
Also allogeneic.

Alzheimer’s disease A disease characterized by, among other
things, progressive loss of memory. The development of
Alzheimer’s disease is thought to be associated, in part,
with possessing certain alleles of the gene that encodes
apolipoprotein E.

Amino acids Building blocks of proteins. There are 20
common amino acids: alanine, arginine, aspargine, aspartic
acid, cysteine, glutamic acid, glutamine, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine,
proline, serine, threonine, tryptophan, tyrosine and valine.
Two more amino acids have been discovered in microbes:
selenocysteine and pyrrolysine.

Amplification The process of increasing the number of copies
of a particular gene or chromosomal sequence.

Anaerobic Growing in the absence of oxygen.

Antibiotic Chemical substance formed as a metabolic
byproduct in bacteria or fungi and used to treat bacterial
infections. Antibiotics can be produced naturally, using
microorganisms, or synthetically.

Antibody Protein produced by humans and higher animals in
response to the presence of a specific antigen.

Anticodon Triplet of nucleotide bases (codon) in transfer RNA
that pairs with (is complementary to) a triplet in messenger
RNA. For example, if the codon is UCG, the anticodon is
AGC. See Base; Base pair; Complementarity.

Antigen A substance that, when introduced into the body,
induces an immune response by a specific antibody.

Antigenic determinant See Hapten.

Antihemophilic factors A family of whole-blood proteins
that initiate blood clotting. Some of these proteins, such as
factor VIII, can be used to treat hemophilia. See Factor VIII;
Kidney plasminogen activator.

Antisense A piece of DNA producing a mirror image
(“antisense”) messenger RNA that is opposite in sequence to
one directing protein synthesis. Antisense technology is used
to selectively turn off production of certain proteins.

Antiserum Blood serum containing specific antibodies against
an antigen. Antisera are used to confer passive immunity to
many diseases.

Apolipoprotein E (Apo E) Certain alleles of the gene that
encodes the protein apolipoprotein E have been associated
with the development of heart disease and Alzheimer’s disease.

Assay Technique for measuring a biological response.

Attenuated Weakened; with reference to vaccines, made from
pathogenic organisms that have been treated so as to render
them avirulent.

Autoimmune disease A disease in which the body produces
antibodies against its own tissues.

Autoimmunity A condition in which the body mounts an
immune response against one of its own organs or tissues.

Autosome Any chromosome other than a sex chromosome.
Avirulent Unable to cause disease.
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B

Bacillus subtilis A bacterium commonly used as a host in
recombinant DNA experiments. Important because of its
ability to secrete proteins.

Bacillus thuringiensis (Bt) Naturally occurring soil bacterium
that generates a protein toxic to a variety of lepidoptera, such
as corn borers, but is harmless to people and animals.

Bacteriophage Virus that lives in and kills bacteria. Also called
phage.

Bacterium Any of a large group of microscopic organisms with
a very simple cell structure. Some manufacture their own
food, some live as parasites on other organisms, and some
live on decaying matter.

Bagasse The residue after the extraction of juice from crushed
sugarcane stalks.

Base A key component of DNA and RNA molecules. Four
different bases are found in DNA: adenine (A), cytosine
(C), guanine (G) and thymine (T). In RNA, uracil (U)
substitutes for thymine. Also known as nitrogenous bases.
A base, a phosphate molecule and a sugar joined together
constitute a nucleotide.

Base pair Two nucleotide bases on different strands of the
nucleic acid molecule that bond together. The bases can pair
in only one way: adenine with thymine (DNA), or uracil
(RNA) and guanine with cytosine.

Bioassay Determination of the effectiveness of a compound
by measuring its effect on animals, tissues or organisms in
comparison with a standard preparation.

Bioaugmentation Increasing the activity of bacteria that break
down pollutants by adding more of their kind. A technique
used in bioremediation.

Biocatalyst In bioprocessing, an enzyme that activates or speeds

up a biochemical reaction.

Biochemical The product of a chemical reaction in a living
organism.

Biochip An electronic device that uses organic molecules to
form a semiconductor.

Bioconversion Chemical restructuring of raw materials by
using a biocatalyst.

Biodegradable Capable of being reduced to water and carbon
dioxide by the action of microorganisms.
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Bioenrichment A bioremediation strategy that involves adding
nutrients or oxygen, thereby bolstering the activity of
microbes as they break down pollutants.

Biofuel Transportation fuel derived from renewable resources
such as grain, plant biomass and treated municipal and
industrial waste.

Bioinformatics The science of informatics as applied to
biological research. Informatics is the management and
analysis of data using advanced computing techniques.
Bioinformatics is particularly important as an adjunct to
genomics research, because of the large amount of complex
data this research generates.

Biolistic device A device that shoots microscopic DNA-coated
particles into target cells.

Biological oxygen demand The amount of oxygen used for
growth by organisms in water that contains organic matter.

Biologic A therapeutic or prophylactic derived from a living
source (human, animal or unicellular). Most biologics
are complex mixtures that are not easily identified
or characterized, and many are manufactured using
biotechnology. Biological products often represent the
cutting-edge of biomedical research and are sometimes the
most effective way to prevent or treat a disease.

Biologic response modifier A substance that alters the growth
or functioning of a cell. Includes hormones and compounds
that affect the nervous and immune systems.

Biomass The totality of biological matter in a given area.
As commonly used in biotechnology, refers to the use
of cellulose, a renewable resource, for the production
of chemicals that can be used to generate energy or as
alternative feedstocks for the chemical industry to reduce
dependence on nonrenewable fossil fuels.

Biomaterials Biological molecules, such as proteins and
complex sugars, used to make medical devices, including
structural elements used in reconstructive surgery.

Bioplastics “Green” plastics manufactured using biopolymers;
they are usually biodegradable. Bioplastics are derived from
plant sources such as hemp oil, soybean oil and corn starch
(unlike traditional plastics that are derived from petroleum).

Biopolymers Special class of polymers, such as starch, proteins
and peptides, produced by living organisms in which the
monomer units, respectively, are sugars, amino acids and
nucleic acids. Often synonymous with bioplastics.



Biological control The human use of living organisms or
viruses to control pest (plant or animal) populations.

Bioprocess A process in which living cells, or components
thereof, are used to produce a desired product.

Bioreactor Vessel used for bioprocessing.

Biorefinery A facility that integrates biomass conversion
processes and equipment to produce fuels, power, value-
added chemicals and bioplastics.

Bioremediation The use of microorganisms to remedy
environmental problems, rendering hazardous wastes
nonhazardous.

Biosynthesis Production of a chemical by a living organism.

Biotechnology The use of biological processes to solve
problems or make useful products.

Biotransformation The use of enzymes in chemical synthesis to
produce chemical compounds of a desired stereochemistry.

Blastocyst (Blastula) The 4- to 5-day-old ball of
undifferentiated cells from which a prospective embryo
develops. In mammals it consists of two distinct parts: the
inner cell mass and the trophoblast.

B lymphocytes (B-cells) A class of lymphocytes, released from
the bone marrow, that produce antibodies.

Bovine somatotropin (BST) A hormone secreted by the
bovine pituitary gland. It is used to increase milk production
by improving the feed efficiency in dairy cattle milk. Also
called bovine growth hormone.

BRCA1 and BRCA2 (BReast CAncer genes 1 and 2) Two
genes that normally help to restrain cell growth, but which
can contain certain genetic mutations associated with the
development of breast and ovarian cancer. Note, however,
that inherited BRCA1 and BRCA2 mutations are thought
to account for less than 10 percent of all breast and ovarian
cancers. Recent evidence suggests that somatic cell genetic
mutations (i.e., noninherited genetic mutations) in these two
genes may also play a role in the development of cancer.

G

Callus A cluster of undifferentiated plant cells that can, in some
species, be induced to form the whole plant.

Carbohydrate A type of biological molecule composed of
simple sugars such as glucose. Common examples include
starch and cellulose.

Carcinogen Cancer-causing agent.

Catalyst An agent (such as an enzyme or a metallic complex)
that facilitates a reaction but is not itself changed during the
reaction.

Cell The smallest structural unit of a living organism that can
grow and reproduce independently.

Cell culture Growth of cells under laboratory conditions.

Cell differentiation The process by which descendants of a
common parental cell achieve specialized structure and
function.

Cell fusion See Fusion.

Cellline Cells that grow and replicate continuously outside the
living organism.

Cell-mediated immunity Acquired immunity in which T
lymphocytes play a predominant role. Development of the
thymus in early life is critical to the proper development and
functioning of cell-mediated immunity.

Cellulase A class of enzymes produced by fungi, bacteria, plants
and animals that converts cellulose to sugar.

Cellulose A complex carbohydrate that is composed of glucose
units and forms the primary structural component of green
plants.

Cellulosic ethanol Ethanol fuel produced through enzymatic
hydrolysis from a wide variety of cellulosic biomass
feedstocks including agricultural plant wastes (corn stover,
cereal straws, sugarcane bagasse), plant wastes from industrial
processes (sawdust, paper pulp) and energy crops grown
specifically for fuel production (switchgrass).

Chemical genomics Using structural and functional genomic
information about biological molecules, especially proteins,
to identify useful small molecules and alter their structure to
improve their eflicacy.

Chemical synthesis Purposeful physical and chemical
manipulations, usually involving one or more reactions, in
order to get a product or products.

Chimera The individual (animal or lower organism) produced
by grafting an embryonic part of one individual onto an
embryo of either the same or a different species.
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Chromosomes Threadlike components in the cell that contain
DNA and proteins. Genes are carried on the chromosomes.

Clinical studies Human studies that are designed to measure
the efficacy of a new drug or biologic. Clinical studies
routinely involve the use of a control group of patients that is
given an inactive substance (placebo) that looks like the test
product.

Clone A term that is applied to genes, cells or entire organisms
that are derived from—and are genetically identical to—a
single common ancestor gene, cell or organism, respectively.
Cloning of genes and cells to create many copies in the
laboratory is a common procedure essential for biomedical
research. Note that several processes commonly described
as cell “cloning” give rise to cells that are almost but not
completely genetically identical to the ancestor cell. Cloning
of organisms from embryonic cells occurs in nature (e.g.,
identical twins). Researchers have achieved laboratory
cloning using genetic material from adult animals of several
species, including mice, pigs and sheep.

Codon A sequence of three nucleotide bases that specifies an
amino acid or represents a signal to stop or start a function.

Co-enzyme An organic compound that is necessary for the
functioning of an enzyme. Co-enzymes are smaller than the
enzymes themselves and sometimes separable from them.

Co-factor A nonprotein substance required for certain enzymes
to function. Co-factors can be co-enzymes or metallic ions.

Colony-stimulating factors (CSFs) A group of lymphokines
that induce the maturation and proliferation of white blood
cells from the primitive cell types present in bone marrow.

Combinatorial chemistry A product discovery technique that
uses robotics and parallel synthesis to generate and screen
quickly as many as several million molecules with similar
structure in order to find chemical molecules with desired
properties.

Co-metabolism A microbe oxidizing not only its main energy
source but also another organic compound.

Complementarity The relationship of the nucleotide bases
on two different strands of DNA or RNA. When the
bases are paired properly (adenine with thymine [DNA]
or uracil [RNA]; guanine with cytosine), the strands are
complementary.
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Complementary DNA (cDNA) DNA synthesized from a
messenger RNA rather than from a DNA template. This type
of DNA is used for cloning or as a DNA probe for locating
specific genes in DNA hybridization studies.

Computational biology A subdiscipline within bioinformatics
concerned with computation-based research devoted to
understanding basic biological processes.

Conjugation Sexual reproduction of bacterial cells in which
there is a one-way exchange of genetic material between the
cells in contact.

Corn stover The leaves and stalks of maize plants usually left in
a field after harvest.

Crossing over Exchange of genes between two paired
chromosomes.

Cross-licensing Legal, contractual procedure in which two
or more firms with competing, similar technologies and
possible conflicting patent claims strike a deal to reduce
the need for legal actions to clarify who is to profit from
applications of the technology.

Culture As a noun, cultivation of living organisms in prepared
medium; as a verb, to grow in prepared medium.

Culture medium Any nutrient system for the artificial
cultivation of bacteria or other cells; usually a complex
mixture of organic and inorganic materials.

Cyto- Referring to cell.

Cytogenetics Study of the cell and its heredity-related
components, especially chromosomes.

Cytoplasm Cellular material that is within the cell membrane
and surrounds the nucleus.

Cytotoxic Able to cause cell death.

D

Deoxyribonucleic acid (DNA) The molecule that carries
the genetic information for most living systems. The DNA
molecule consists of four bases (adenine, cytosine, guanine
and thymine) and a sugar-phosphate backbone, arranged
in two connected strands to form a double helix. See
Complementary DNA; Double helix; Recombinant DNA.

Differentiation The process of biochemical and structural
changes by which cells become specialized in form and
function.



Diploid A cell with two complete sets of chromosomes.
Compare Haploid.

DNA See Deoxyribonucleic acid.

DNA chip A small piece of glass or silicon that has small pieces
of DNA arrayed on its surface.

DNA fingerprinting The use of restriction enzymes to measure
the genetic variation of individuals. This technology is often
used as a forensic tool to detect differences or similarities in
blood and tissue samples at crime scenes.

DNA hybridization The formation of a double-stranded
nucleic acid molecule from two separate strands. The term
also applies to a molecular technique that uses one nucleic
acid strand to locate another.

DNA library A collection of cloned DNA fragments that
collectively represent the genome of an organism.

DNA polymerase An enzyme that replicates DNA. DNA
polymerase is the basis of PCR—the polymerase chain
reaction.

DNA probe A small piece of nucleic acid that has been labeled
with a radioactive isotope, dye or enzyme and is used to
locate a particular nucleotide sequence or gene on a DNA
molecule.

DNA repair enzymes Proteins that recognize and repair certain
abnormalities in DNA.

DNA sequence The order of nucleotide bases in the DNA
molecule.

DNA vaccines Pieces of foreign DNA that are injected into an
organism to trigger an immune response.

Double-blind trial A clinical trial in which neither the patient
nor the health care provider knows whether the drug or
placebo is being administered.

Double helix A term often used to describe the configuration
of the DNA molecule. The helix consists of two spiraling
strands of nucleotides (a sugar, phosphate and base)
joined crosswise by specific pairing of the bases. See
Deoxyribonucleic acid; Base; Base pair.

Diagnostic A product used for the diagnosis of disease or
medical condition. Both monoclonal antibodies and DNA
probes are useful diagnostic products.

Drug delivery The process by which a formulated drug is
administered to the patient. Traditional routes have been oral
or intravenous perfusion. New methods deliver through the
skin with a transdermal patch or across the nasal membrane
with an aerosol spray.

=

Electrophoresis A technique for separating different types
of molecules based on their patterns of movement in an
electrical field.

Electroporation The creation of reversible small holes in a cell
wall or membrane through which foreign DNA can pass. This
DNA can then integrate into the cell’'s genome.

Enzyme-linked immunosorbent assay (ELISA) A technique
for detecting specific proteins by using antibodies linked to
enzymes.

Embryonic stem cells Cells that can give rise to any type of
differentiated cell. They can be derived from two sources: the
inner cell mass from a blastocyst or the primordial germ cells

(eggs and sperm) of an older embryo.

Endostatin An endogenous protein that blocks the proliferation
of blood vessels.

Endpoints A clinical trial’s outcome measures (such as tumor
shrinkage viral clearance, or survival).

Environmental biotechnology The process of using cells or
cell components to prevent or clean up pollution.

Enzymatic hydrolysis The process by which enzymes are used
to catalytically convert starch or cellulose into sugar.

Enzyme A protein catalyst that facilitates specific chemical
or metabolic reactions necessary for cell growth and
reproduction.

Erythropoietin (EPO) A protein that boosts production of red
blood cells. It is clinically useful in treating certain types of
anemia.

Escherichia coli (E. coli) A bacterium that inhabits the
intestinal tract of most vertebrates. Much of the work using
recombinant DNA techniques has been carried out with this
organism because it has been genetically well characterized.

Eukaryote A cell or organism containing a true nucleus, with
a well-defined membrane surrounding the nucleus. All
organisms except bacteria, viruses and cyanobacteria are
eukaryotic. Compare Prokaryote.
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Exon In eukaryotic cells, that part of the gene that is transcribed
into messenger RNA and encodes a protein. See Intron;

Splicing.

Expression In genetics, manifestation of a characteristic that
is specified by a gene. With hereditary disease, for example,
a person can carry the gene for the disease but not actually
have the disease. In this case, the gene is present but not
expressed. In industrial biotechnology, the term is often used
to mean the production of a protein by a gene that has been
inserted into a new host organism.

Extremophiles Microorganisms that live at extreme levels of
pH, temperature, pressure and salinity.

|:

Factor VIII A large, complex protein that aids in blood clotting
and is used to treat hemophilia. See Antihemopbhilic factors.

Feedstock The raw material used for chemical or biological
processes.

Fermentation The process of growing microorganisms for
the production of various chemical or pharmaceutical
compounds. Microbes are normally incubated under specific
conditions in the presence of nutrients in large tanks called
fermentors.

Functional foods Foods containing compounds with beneficial
health effects beyond those provided by the basic nutrients,
minerals and vitamins. Also called nutraceuticals.

Functional genomics A field of research that aims to
understand what each gene does, how it is regulated and how
it interacts with other genes.

Fusion Joining of the membrane of two cells, thus creating a
daughter cell that contains some of the same properties from
each parent cells. Used in making hybridomas.

G

Gel electrophoresis A process for separating molecules by
forcing them to migrate through a gel under the influence of
an electric field.

Gene A segment of chromosome. Some genes direct the
syntheses of proteins, while others have regulatory functions.
See Operator gene; Structural gene; Suppressor gene.
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Gene amplification The increase, within a cell, of the number
of copies of a given gene.

Gene knockout The replacement of a normal gene with
a mutated form of the gene by using homologous
recombination. Used to study gene function.

Gene machine A computerized device for synthesizing genes
by combing nucleotides (bases) in the proper order.

Gene mapping Determination of the relative locations of genes
on a chromosome.

Gene sequencing Determination of the sequence of nucleotide
bases in a strand of DNA. See Sequencing.

Gene therapy The replacement of a defective gene in an
organism suffering from a genetic disease. Recombinant
DNA techniques are used to isolate the functioning gene
and insert it into cells. More than 300 single-gene genetic
disorders have been identified in humans. A significant
percentage of these may be amenable to gene therapy.

Genetic code The code by which genetic information in DNA is
translated into biological function. A set of three nucleotides
(codon), the building blocks of DNA, signifies one amino
acid, the building blocks of proteins.

Genetic modification A number of techniques, such as
selective breeding, mutagenesis, transposon insertions and
recombinant DNA technology, that are used to alter the
genetic material of cells in order to make them capable of
producing new substances, performing new functions or
blocking the production of substances.

Genetic predisposition Susceptibility to disease that is related
to a genetic mutation, which may or may not result in actual
development of the disease.

Genetic screening The use of a specific biological test to
screen for inherited diseases or medical conditions. Testing
can be conducted prenatally to check for metabolic defects
and congenital disorders in the developing fetus as well as
postnatally to screen for carriers of heritable diseases.

Genetic testing The analysis of an individual’s genetic material.
Genetic testing can be used to gather information on an
individual’s genetic predisposition to a particular health
condition, or to confirm a diagnosis of genetic disease.

Genetically enhanced microbes (GEMs) Organisms changed
through selective breeding, mutagenesis, transposon
insertions or recombinant DNA technology so they can
make new substances or perform new functions.



Genome The total hereditary material of a cell, comprising the
entire chromosomal set found in each nucleus of a given
species.

Genomics The study of genes and their function. Recent
advances in genomics are bringing about a revolution
in our understanding of the molecular mechanisms of
disease, including the complex interplay of genetic and
environmental factors. Genomics is also stimulating the
discovery of breakthrough health-care products by revealing
thousands of new biological targets for the development
of drugs and by giving scientists innovative ways to design
new drugs, vaccines and DNA diagnostics. Genomic-based
therapeutics may include “traditional” small chemical drugs,
as well as protein drugs and gene therapy.

Genotype Genetic makeup of an individual or group. Compare
Phenotype.

Germ cell Reproductive cell (sperm or egg). Also called gamete
or sex cell.

Germplasm The total genetic variability, represented by
germ cells or seeds, available to a particular population of
organisms.

Glycoprotein A protein conjugated with a carbohydrate group.

Granulocyte One of three types of white blood cells.
Granulocytes digest bacteria and other parasites.

Granulocyte-macrophage colony stimulating factor
(GMCSF) A natural hormone that stimulates white blood
cell production, particularly that of granulocytes and
monocytes (the precursors of macrophages).

Growth factors Naturally occurring proteins that stimulate
the growth and reproduction of specific cell types. Growth
factors are essential to regenerative medicine and tissue
engineering.

Growth hormone A protein produced by the pituitary gland
that is involved in cell growth. Human growth hormone
is used clinically to treat dwarfism. Various animal growth
hormones can be used to improve milk production as well as
produce a leaner variety of meat.
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Haploid A cell with half the usual number of chromosomes, or
only one chromosome set. Sex cells are haploid. Compare
Diploid.

Hapten The portion of an antigen that determines its
immunological specificity. When coupled to a large protein, a
hapten stimulates the formation of antibodies to the two-
molecule complex. Also called antigenic determinant.

Hemagglutination Clumping (agglutination) of red blood cells.

Heredity Transfer of genetic information from parent cells to
progeny.

Histocompatibility Immunologic similarity of tissues such that
grafting can be done without tissue rejection.

Histocompatibility antigen An antigen that causes the
rejection of grafted material from an animal different in
genotype from the host animal.

Homeobox Family of genes that regulate activities of other
genes (turns genes on and off).

Homologous Corresponding or alike in structure, position or
origin.

Hormone A chemical or protein that acts as a messenger or
stimulatory signal, relaying instructions to stop or start
certain physiological activities. Hormones are synthesized
in one type of cell and then released to direct the function of
other cell types.

Host A cell or organism used for growth of a virus, plasmid or
other form of foreign DNA, or for the production of cloned
substances.

Host-vector system Combination of DNA-receiving cells
(host) and DNA-transporting substance (vector) used for
introducing foreign DNA into a cell.

Human Genome Project An international research effort
aimed at discovering the full sequence of bases in the human
genome. Led in the United States by the National Institutes
of Health and the Department of Energy.

Human immunodeficiency virus (HIV) The virus that causes
acquired immune deficiency syndrome (AIDS).

Hybridization Production of offspring, or hybrids, from
genetically dissimilar parents. The process can be used to
produce hybrid plants (by crossbreeding two different
varieties) or hybridomas (hybrid cells formed by fusing two
unlike cells, used in producing monoclonal antibodies). See
DNA hybridization.
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Hybridoma The cell produced by fusing two cells of different
origin. In monoclonal antibody technology, hybridomas
are formed by fusing an immortal cell (one that divides
continuously) and an antibody-producing cell. See also
Monoclonal antibody; Myeloma.

Hydrolysis Decomposition of a chemical compound through
reaction with water.

Immune response The response of the immune system to
challenge by a foreign antigen.

Immune serum Blood serum containing antibodies.

Immune system The combination of cells, biological substances
(such as antibodies) and cellular activities that work together
to provide resistance to disease.

Immunity Nonsusceptibility to a disease or to the toxic effects
of antigenic material. See Active immunity; Cell-mediated
immunity; Natural active immunity; Natural passive
immunity; Passive immunity.

Immunoassay Technique for identifying substances based on
the use of antibodies.

Immunodiagnostic The use of specific antibodies to measure
a substance. This tool is useful in diagnosing infectious
diseases and the presence of foreign substances in a variety of
human and animal fluids (blood, urine, etc.). The approach is
currently being investigated as a way of locating tumor cells
in the body.

Immunofluorescence Technique for identifying antigenic
material that uses an antibody labeled with fluorescent
material. Specific binding of the antibody and antigen can
be seen under a microscope by applying ultraviolet light rays
and noting the visible light that is produced.

Immunogen Any substance that can elicit an immune response.

Immunoglobulin General name for proteins that function
as antibodies. These proteins differ somewhat in structure
and are grouped into five categories on the basis of these
differences; immunoglobulin G (IgG), IgM, IgA, IgE and
IgD.

Immunology Study of all phenomena related to the body’s
response to antigenic challenge (i.e.,, immunity, sensitivity
and allergy).
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Immunomodulators A diverse class of proteins that boost
the immune system. Many are cell growth factors that
accelerate the production of specific cells that are important
in mounting an immune response in the body. These proteins
are being investigated for use in possible treatments for
cancer.

Immunotoxins Specific monoclonal antibodies that have a
protein toxin molecule attached. The monoclonal antibody is
targeted against a tumor cell, and the toxin is designed to kill
that cell when the antibody binds to it.

Inducer A molecule or substance that increases the rate of
enzyme synthesis, usually by blocking the action of the
corresponding repressor.

In situ In its original or natural place or position.

Industrial biotechnology The process of using the life sciences,
enzymes or microbes in industrial processes or in producing
commercial products.

Indication The specific condition a drug aims to treat. An
indication may be broad (for example, type 2 diabetes) or
it may be narrower (for example, insulin-dependent type 2
diabetes).

Institutional review board (IRB) Local oversight group at a
hospital, university or other health care facility who ensure
trials are conducted ethically and as safely as possible.

Interferon A class of lymphokine proteins important in the
immune response. There are three major types of interferon:
alpha (leukocyte), beta (fibroblast) and gamma (immune).
Interferons inhibit viral infections and may have anticancer
properties.

Interleukin A type of lymphokine that regulates the growth and
development of white blood cells. Twelve interleukins (IL-1
through IL-12) have been identified to date.

Intron In eukaryotic cells, a sequence of DNA that is contained
in the gene but does not encode for protein. The presence of
introns “splits” the coding region of the gene into segments
called exons. See Exon; Splicing.

Investigational New Drug Application (IND) An application
to begin studies of a new drug or biologic on humans. The
IND gives the plan for the study and contains formulation,
manufacturing and animal test result information.

Invitro Literally, “in glass.” Performed in a test tube or other
laboratory apparatus.

Invivo Literally, “in the living.” Performed in a living organism.



Islet cells Pancreatic cells that are the source of insulin and two
other hormones involved in regulating glucose metabolism
and absorption.

Isoenzyme One of the several forms that a given enzyme can
take. The forms may differ in certain physical properties, but
function similarly as biocatalysts.

Isogenic Of the same genotype.

K

Kidney plasminogen activator A precursor to the enzyme
urokinase, which has blood-clotting properties.

L

Leukocyte A colorless cell in the blood, lymph and tissues that
is an important component of the body’s immune system.

Also called white blood cell.

Life cycle assessment (LCA) A systematic technique for
identifying and evaluating the potential environmental
benefit and impact of products or processes.

Library A set of cloned DNA fragments that taken collectively
contain the entire genome of an organism. Also called a DNA

library.

Ligase An enzyme used to join DNA or RNA segments
together.

Linkage The tendency for certain genes to be inherited together
due to their physical proximity on the chromosome.

Linker A fragment of DNA with a restriction site that can be
used to join DNA strands.

Lipoproteins A class of serum proteins that transport lipids and
cholesterol in the bloodstream. Abnormalities in lipoprotein
metabolism have been implicated in certain heart diseases.

Lymphocyte A type of leukocyte found in lymphatic tissue
in the blood, lymph nodes and organs. Lymphocytes are
continuously made in the bone marrow and mature into

antibody-forming cells. See B lymphocytes; T lymphocytes.

Lymphokine A class of soluble proteins produced by white
blood cells that play a role, as yet not fully understood, in the
immune response. See Interferon; Interleukin.

Lymphoma Form of cancer that affects the lymph tissue.

M

Macrophage A type of white blood cell produced in blood
vessels and loose connective tissues that can ingest dead
tissues and cells and is involved in producing interleukin-1.
When exposed to the lymphokine macrophage-activating
factor, macrophages also kill tumor cells. See Phagocyte.

Macrophage colony stimulating factor (M-CSF) A natural
hormone that stimulates the production of white blood cells,
particularly monocytes (the precursors of macrophages).

Medium A substance containing nutrients needed for cell
growth.

Meiosis Process of cell reproduction whereby the daughter cells
have half the chromosome number of the parent cells. Sex
cells are formed by meiosis. Compare Mitosis.

Messenger RNA (mRNA) Nucleic acid that carries instructions
to a ribosome for the synthesis of a particular protein.

Metabolism All biochemical activities carried out by an
organism to maintain life.

Microbial herbicides and pesticides Microorganisms that are
toxic to specific plants or insects. Because of their narrow
host range and limited toxicity, these microorganisms may be
preferable to their chemical counterparts for certain pest-
control applications.

Microbiology Study of living organisms that can be seen only
under a microscope.

Microinjection The injection of DNA using a very fine needle
into a cell.

Microorganism Any organism that can be seen only with the
aid of a microscope. Also called microbe.

Mitosis Process of cell reproduction whereby the daughter cells
are identical in chromosome number to the parent cells.
Compare Meiosis.

Molecular genetics Study of how genes function to control
cellular activities.

Monoclonal antibody (MAb) Highly specific, purified
antibody that is derived from only one clone of cells and
recognizes only one antigen. See Hybridoma; Myeloma.

Monocytes One of three types of white blood cells. Monocytes
are precursors to macrophages.
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Multigenic Of hereditary characteristics, one that is specified by
several genes.

Mutagen A substance that induces mutations.

Mutant A cell that manifests new characteristics due to a change
in its DNA.

Mutation A change in the genetic material of a cell.

Myeloma A type of cancer cell (plasma cell) that is used in
monoclonal antibody technology to form hybridomas.

N

Nanobiotechnology The merger of biotechnology and
nanotechnology to build or manipulate matter at a molecular
level.

Nanotechnology The engineering of functional systems at the
molecular scale; also, a branch of science that proposes the
manipulation of single atoms.

Natural active immunity Immunity that is established after the
occurrence of a disease.

Natural killer (NK) cell A type of leukocyte that attacks
cancerous or virus-infected cells without previous exposure
to the antigen. NK cell activity is stimulated by interferon.

Natural passive immunity Immunity conferred by the mother
on the fetus or newborn.

Nitrogen fixation A biological process (usually associated with
plants) whereby certain bacteria convert nitrogen in the air to
ammonia, thus forming a nutrient essential for plant growth.

Nitrogenous base See Base.

Noncoding DNA DNA that does not encode any product
(RNA or protein). The majority of the DNA in plants and
animals is noncoding.

Nuclease An enzyme that, by cleaving chemical bonds, breaks
down nucleic acids into their constituent nucleotides.

Nucleic acids Large molecules, generally found in the cell’s
nucleus and/or cytoplasm, that are made up of nucleotides.
The two most common nucleic acids are DNA and RNA.

Nucleotides The building blocks of nucleic acids. Each nucleotide
is composed of sugar, phosphate and one of four nitrogen bases.
The sugar in DNA is deoxyribose and RNA’s sugar is ribose. The
sequence of the bases within the nucleic acid determines the
sequence of amino acids in a protein. See Base.
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Nucleus The structure within eukaryotic cells that contains
chromosomal DNA.

O

Oligonucleotide A polymer consisting of a small number
(about two to 10) of nucleotides.

Oncogene Gene thought to be capable of producing cancer.
Oncogenic Cancer causing.
Oncology Study of cancer.

Operator gene A region of the chromosome, adjacent to
the operon, where a repressor protein binds to prevent
transcription of the operon.

Operon Sequence of genes responsible for synthesizing the
enzymes needed for biosynthesis of a molecule.

Organic compound A compound containing carbon.

P

Parthenogenesis Asexual reproduction achieved with only a
female gamete; this form of reproduction is more common in
plants and invertebrate animals.

Passive immunity Immunity acquired from receiving
preformed antibodies.

Pathogen Disease-causing organism.

Peptide Two or more amino acids joined by a linkage called a
peptide bond.

Personalized medicine The use of individual molecular (often
genetic) information to prevent disease, choose medicines
and make other critical decisions about health.

Phagocyte A type of white blood cell that can ingest invading
microorganisms and other foreign material. See Macrophage.

Pharmacogenomics The science that examines the inherited
variations in genes that dictate drug response and explores
the ways these variations can be used to predict whether a
patient will have a good response to a drug, a bad response to
a drug, or no response at all. See Pharmacogenetics.

Pharmacogenetics The study of inherited differences
(variation) in drug metabolism and response. See
Pharmacogenomics.



Phenotype Observable characteristics resulting from
interaction between an organism’s genetic makeup and the
environment. Compare Genotype.

Photosynthesis Conversion by plants of light energy into
chemical energy, which is then used to support the plants’
biological processes.

Phytoremediation The use of plants to clean up pollution.
Plasma The fluid (noncellular) fraction of blood.

Plasmapheresis A technique used to separate useful factors
from blood.

Plasmid A small circular form of DNA that carries certain genes
and is capable of replicating independently in a host cell.

Pluripotent cells Having the capacity to become any kind
of cell or tissue in the body. Embryonic stem cells and
cells of the inner cell mass are pluripotent. Adult stem
cells are multipotent. The mammalian embryo (blastocyst
trophoblast plus inner cell mass) is totipotent because it can
become an entire organism. Fully differentiated cells from
many plants are totipotent.

Polyclonal Derived from different types of cells.

Polyhydroxyalkanoates (PHAs) Linear polyesters (plastics)
produced in nature by bacterial fermentation of sugar or
lipids.

Polylactide (PLA) A biodegradable, thermoplastic, aliphatic
polyester derived from renewable resources, with corn starch
or sugarcane serving as common feedstocks.

Polymer A long molecule of repeated subunits.

Polymerase General term for enzymes that carry out the
synthesis of nucleic acids.

Polymerase chain reaction (PCR) A technique to amplify

a target DNA sequence of nucleotides by several hundred
thousandfold.

Polypeptide Long chain of amino acids joined by peptide
bonds.

Preclinical studies Studies that test a drug on animals and
in other nonhuman test systems. Safety information from
such studies is used to support an investigational new drug
application (IND).

Pretreatment A process that renders plant matter more
susceptible to enzyme breakdown.

Prokaryote An organism (e.g., bacterium, virus,
cyanobacterium) whose DNA is not enclosed within a
nuclear membrane. Compare Eukaryote.

Promoter A DNA sequence that is located in front of a gene and
controls gene expression. Promoters are required for binding
of RNA polymerase to initiate transcription.

Prophage Phage nucleic acid that is incorporated into the host’s
chromosome but does not cause cell lysis.

Protein A molecule composed of amino acids. There are many
types of proteins, all carrying out different functions essential
for cell growth.

Protein A A protein produced by the bacterium Staphylococcus
aureus that specifically binds antibodies. It is useful in the
purification of monoclonal antibodies.

Protein production A process that covers all aspects of protein
formation from gene expression to the production of the final
product.

Proteome The entire complement of proteins expressed by a
genome, cell, tissue or organism; the protein complement
of an organism coded for by its genome. Each cell produces
thousands of proteins, each with a specific function. This
collection of proteins in a cell is known as the proteome
(from protein and genome). Unlike the genome, which is
constant irrespective of cell type, the proteome varies from
one cell type to the next.

Proteomics The science of proteomics attempts to identify the
protein profile of various cell types, assess protein differences
between healthy and diseased cells, and uncover not only
each protein’s specific function but also how it interacts with
other proteins.

Protoplast The cellular material that remains after the cell wall
has been removed from plant and fungal cells.

Pure culture In vitro growth of only one type of
microorganism.

R

Radioimmunoassay (RIA) A test combining radioisotopes and
immunology to detect trace substances. Such tests are useful
for studying antibody interactions with cell receptors, and
can be developed into clinical diagnostics.
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Rational drug design Using the known three-dimensional
structure of a molecule, usually a protein, to design a drug
molecule that will bind to it. Usually viewed as an alternative
to drug discovery through screening many molecules for
biological activity.

Reagent Substance used in a chemical reaction.

Recombinant DNA (rDNA) The DNA formed by combining
segments of DNA from two different sources.

Regeneration Laboratory technique for forming a new plant
from a clump of plant cells.

Regulatory gene A gene that acts to control the protein-
synthesizing activity of other genes.

Replication Reproduction or duplication, as of an exact copy of
a strand of DNA.

Replicon A segment of DNA (e.g., chromosome or plasmid)
that can replicate independently.

Repressor A protein that binds to an operator adjacent to a
structural gene, inhibiting transcription of that gene.

Restriction enzyme An enzyme that breaks DNA in highly
specific locations, creating gaps into which new genes can be
inserted.

Restriction fragment length polymorphism (RFLP) The
variation in the length of DNA fragments produced by a
restriction endonuclease that cuts at a polymorphic locus.
This is a key tool in DNA fingerprinting and is based on the
presence of different alleles in an individual. RFLP mapping
is also used in plant breeding to see if a key trait such as
disease resistance is inherited.

Reticuloendothelial system The system of macrophages,
which serves as an important defense system against disease.

Retrovirus A virus that contains the enzyme reverse
transcriptase. This enzyme converts the viral RNA into
DNA, which can combine with the DNA of the host cell and
produce more viral particles.

Rheology Study of the flow of matter such as fermentation
liquids.

Rhizobium A class of microorganisms that converts
atmospheric nitrogen into a form that plants can utilize for
growth. Species of this microorganism grow symbiotically on
the roots of certain legumes, such as peas, beans and alfalfa.
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Ribonucleic acid (RNA) A molecule similar to DNA that
delivers DNA’s genetic message to the cytoplasm of a cell
where proteins are made.

Ribosome A cellular component, containing protein and RNA,
that is involved in protein synthesis.

RNA interference A natural process used by organisms to block
protein production.

S

Saccharification The hydrolysis of cellulose or starch into
glucose.

Scale-up Transition from small-scale production to production
of large industrial quantities.

Selective medium Nutrient material constituted such that it
will support the growth of specific organisms while inhibiting
the growth of others.

Sepsis The presence in the blood or other tissues of pathogenic
microorganisms or their toxins; the condition associated
with such presence.

Sequencing Decoding a strand of DNA or gene into the
specific order of its nucleotides: adenine, cytosine, guanine
and thymine. This analysis can be done manually or with
automated equipment. Sequencing a gene requires analyzing
an average of 40,000 nucleotides.

Serology Study of blood serum and reactions between the
antibodies and antigens therein.

Single-blind trial A clinical trial in which the health care
provider knows whether the patient is receiving the placebo
or active drug, but the patient does not.

Single-cell protein Cells or protein extracts from
microorganisms, grown in large quantities for use as protein
supplements.

Somatic cells Cells other than sex or germ cells.

Somatic cell gene therapy Somatic cell gene therapy involves
the insertion of genes into cells for therapeutic purposes; for
example, to induce the treated cells to produce a protein that the
body is missing. It does not affect genetic makeup of a patient’s
offspring and generally does not change all, or even most, cells
in the recipient. Somatic cell gene therapy is only one way of
applying the science of genomics to improve health care.



Somatic cell nuclear transfer The transfer of a nucleus from
a fully differentiated cell into an egg that has had its nucleus
removed.

Splicing The removal of introns and joining of exons to form a
continuous coding sequence in RNA.

Starch ethanol Ethanol produced from the starch in fruit and
seeds.

Stop codon One of three codons in messenger RNA that signal
the end of the amino acid chain in protein synthesis.

Structural gene A gene that codes for a protein, such as an
enzyme.

Substrate Material acted on by an enzyme.

Suicide gene A gene that codes for an antibiotic that can kill
the host bacterial cell. It is genetically modified into the
bacterium along with a molecular switch that is controlled by
a nutrient in the environment. When the nutrient disappears,
the suicide gene is switched on and the bacterium dies.

Suppressor gene A gene that can reverse the effect of a
mutation in other genes.

Systems biology A hypothesis-driven field of research that
creates predictive mathematical models of complex biological
processes or organ systems.

Switchgrass A bunch grass that is a good candidate for biofuel
due to its hardiness, rapid growth and low fertilization and
herbicide requirements.

T

Technology transfer The process of transferring discoveries
made by basic research institutions, such as universities
and government laboratories, to the commercial sector for
development into useful products and services.

Template A molecule that serves as the pattern for synthesizing
another molecule.

Terminator Sequence of DNA bases that tells the RNA
polymerase to stop synthesizing RNA.

Tertiary structure The total three-dimensional shape of a
protein that is essential to protein function.

Therapeutics Compounds that are used to treat specific
diseases or medical conditions.

Thymus A lymphoid organ in the lower neck, the proper
functioning of which in early life is necessary for
development of the immune system.

Tissue culture In vitro growth in nutrient medium of cells
isolated from tissue.

Tissue plasminogen activator (tPA) A protein produced in
small amounts in the body that aids in dissolving blood clots.

T lymphocytes (T-cells) White blood cells that are produced
in the bone marrow but mature in the thymus. They are
important in the body’s defense against certain bacteria and
fungi, help B lymphocytes make antibodies and help in the
recognition and rejection of foreign tissues. T lymphocytes
may also be important in the body’s defense against cancers.

Toxin A poisonous substance produced by certain
microorganisms or plants.

Transcription Synthesis of messenger (or any other) RNA on a
DNA template.

Transdifferentiation The process whereby a specialized cell de-
differentiates and re-differentiates into a different cell type; or
the process whereby an adult stem cell from a specific tissue
type becomes a cell type from a very different tissue (for
example, a nerve stem cell differentiates into a kidney cell).

Transduction Transfer of genetic material from one cell to
another by means of a virus or phage vector.

Transfection Infection of a cell with nucleic acid from a virus,
resulting in replication of the complete virus.

Transfer RNA (tRNA) RNA molecules that carry amino acids
to sites on ribosomes where proteins are synthesized.

Transformation Change in the genetic structure of an organism
by the incorporation of foreign DNA.

Transgenic organism An organism formed by the insertion of
foreign genetic material into the germ line cells of organisms.
Recombinant DNA techniques are commonly used to
produce transgenic organisms.

Translation Process by which the information on a messenger
RNA molecule is used to direct the synthesis of a protein.

Transposon A segment of DNA that can move around and be
inserted at several sites in bacterial DNA or in a phage, thus
alerting the host’s DNA.
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Tumor necrosis factors (TNFs) Rare proteins of the immune
system that appear to destroy some types of tumor cells
without affecting healthy cells.

V

Vaccine A preparation that contains an antigen, consisting of
whole disease-causing organisms (killed or weakened) or
parts of such organisms, that is used to confer immunity
against the disease that the organisms cause. Vaccine
preparations can be natural, synthetic or derived by
recombinant DNA technology.

Vector The agent (e.g., plasmid or virus) used to carry new DNA
into a cell.

Virion An elementary viral particle consisting of genetic
material and a protein covering.

Virology Study of viruses.
Virulence Ability to infect or cause disease.

Virus A submicroscopic organism that contains genetic
information but cannot reproduce itself. To replicate, it must
invade another cell and use parts of that cell’s reproductive
machinery.

W

White biotechnology European term for industrial
biotechnology.

White blood cells Leukocytes.

Wild type The form of an organism that occurs most frequently
in nature.

X

X-ray crystallography An essential technique for determining
the three-dimensional structure of biological molecules.
This information aids in the discovery of products that will
interact with the biological molecule.

Xenobiotics Synthetic chemicals believed to be resistant to
environmental degradation. A branch of biotechnology
called bioremediation is seeking to develop biological
methods to degrade such compounds.

Xenotransplantation The transplantation of living organs, cells
or tissues from animals into humans.

1)@ Guide to Biotechnology

Y

Yeast A general term for single-celled fungi that reproduce by
budding. Some yeasts can ferment carbohydrates (starches
and sugars) and thus are important in brewing and baking.
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