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Preface

This book entitled “Research in Biotechnology” is written
with an aim to present readers with the new researches in
biotechnology in a user-friendly manner, including the role
of select key visionaries and personalities in modern global
biotechnology sector.

Advances in science and technology have allowed
researchers to improve enzymes through modifications to
enzyme producing microorganisms, or through direct changes
to the enzymes themselves. By using recombinant DNA
technology, microorganisms may be genetically modified to
produce a desired enzyme under specific conditions. This is
accomplished through recombinant DNA technology, whereby
small circular pieces of DNA, known as plasmids, are used
to insert enzyme-producing genes into the genomes of
organisms that possess another desirable trait, such as the
ability to thrive on inexpensive nutrients. Therefore, both
the enzyme and the original trait will be expressed in a
single recombinant microorganism. All enzymes are made
of proteins, which are large molecules formed from basic
units, called amino acids, strung together like beads on a
chain. To form functional enzymes, long chains of amino
acids must be folded properly. Some enzymes consist of
only one chain, whereas others are made of several chains
that fit together. Scientists are using technology to study
how proteins are formed, how they fold, and how they
function. By studying the relation between the structure of
a protein and how it functions, they are developing ways to
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improve and engineer enzymes. Changing one or more amino
acids, and/or changing the way the amino acid chains fold
and fit together may modify proteins. Foodstuffs made of
genetically modified crops that are currently available (mainly
maize, soybean, and oilseed rape) have been judged safe to
eat, and the methods used to test them have been deemed
appropriate. These conclusions represent the consensus of
the scientific evidence surveyed by the International Council
for Science (ICSU) and are consistent with the views of the
World Health Organization (WHO). However, the lack of
evidence of negative effects does not mean that new
genetically modified foods are without risk. The possibility
of long-term effects from genetically modified plants cannot
be excluded and must be examined on a case-by-case basis.
New techniques are being developed to address concerns,
such as the possibility of the unintended transfer of antibiotic-
resistance genes. Genetic engineering of plants could also
offer some direct and indirect health benefits to consumers,
for instance by improving nutritional quality or reducing
pesticide use. Scientists recommend that food safety
assessment should take place on a case-by-case basis before
genetically modified food is brought to the market. In such
assessments, foodstuffs derived from genetically modified
plants are compared to their conventional counterparts,
which are generally considered safe due to their long history
of use. This comparison considers to what extent different
foodstuffs can cause harmful effects or allergies and how
much nutrients they contain.

“Transgenic organism” is now the preferred term for
genetically modified organisms with extra-genome (foreign
genetic) information, as opposed to “genetically engineered”
or “genetically modified” organisms (which may refer to
changes made within the genome such as amplification or
deletion of genes). The first Genetically Engineered drug
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was human insulin approved by the USA’s FDA in 1982.
Another early application of GE was to create human growth
hormone as replacement for a drug that was previously
extracted from human cadavers. In 1986 the FDA approved
the first genetically engineered vaccine for humans, for
hepatitis B. Since these early uses of the technology in
medicine the use of the GE has expanded to supply many
drugs and vaccines. One of the best-known applications of
genetic engineering is that of the creation of genetically
modified organisms (GMOs). There are potentially
momentous biotechnological applications of GM, for example
oral vaccines produced naturally in fruit, at very low cost.
A radical ambition of some groups is human enhancement
via genetics, eventually by molecular engineering. DNA
sequencing is a technique, which is used to identify each
base in DNA. Although the costs of DNA sequencing has
dropped dramatically, the NIH estimates it costs at least
$10 million to sequence 3 billion base pairs—the size of the
whole human genome. Although there has been a tremendous
revolution in the biological sciences in the past twenty
years, there is still a great deal that remains to be discovered.
The completion of the sequencing of the human genome, as
well as the genomes of most agriculturally and scientifically
important plants and animals, has increased the possibilities
of genetic research immeasurably.

Expedient and inexpensive access to comprehensive
genetic data has become a reality, with billions of sequenced
nucleotides already online and annotated. Now that the
rapid sequencing of arbitrarily large genomes has become a
simple, if not trivial affair, a much greater challenge will be
elucidating function of the extraordinarily complex web of
interacting proteins, dubbed the proteome, that constitutes
and powers all living things. Genetic engineering has become
the gold standard in protein research, and major research
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progress has been made using a wide variety of techniques.
Research in biochemicals continues to grow rapidly.

Many large multinational companies are investing time
and money into producing chemicals that can be economically
viable and environmentally friendly. For example, many
chemical companies are teaming up with biotechnology
companies to develop products based on biochemicals. Cargill
Dow currently makes polylactic acid from corn kernels but
has plans to switch to cheaper feedstocks, such as corn
stalks, wheat straw, rice hulls, and sawdust, so that
biochemicals can be more competitive in the marketplace.
Current research is also focused on developing genetically
modified microorganisms for use in specific chemical
productions. Pollution due to the use of petroleum-based
products may be eliminated by the use of biochemicals.
Whereas petroleum-based products do not biodegrade and
accumulate in waste landfills, biochemicals degrade
completely and do not contribute to waste problems. As
well, biochemicals are made from biomass; therefore, their
production and use are sustainable.

This book consists of—Biotechnology Research: National
Achievement Survey; Policy for Research in Biotechnology:
A Model; Mutant Germplasm Characterization: A Global
Perspective; and Stem Cell Research in USA: A Low and
Policy Perspective etc. besides a large body of list of acronyms,
glossary of relevant terms, extensive bibliography, list of
websites and links, for further referencing and research.

—Editor
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List of Acronyms

AFIP/ARP

AGSG

AGT
AHA
AIBS
AMIA

BTCI

CF
CFF
CHH

Association of Biomolecular
Resource Facilities

American College of Medical Genet.
American Chemical Society
Americans with Disabilities Act
Atomic Energy Commission
American Electrophoresis Society

American Federation of Medical
Research

Armed Forces Inst. of Pathol./Am.
Registry of Pathol.

Alliance of Genetic Support Groups
(now Genetic Alliance)

Association of Genetic Technologists
American Heart Association
Am. Inst. of Biol. Soc.

American Medical Informatics
Association

BioPharmaceutical Technology
Center Institute

Cystic Fibrosis
Cystic Fibrosis Foundation

Cartilage-hair Hypoplasia
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CHI
CHOP
CIMB

CIOMS

CIRB

CLMA

CMT
EMBO

EMG
EMS
EORTC

ERDA

ERI

ES
GBASE
GBR
GDB
GMD
GPI
GRAIL

GRC

Cambridge Healthtech Inst.
Children’s Hospital of Philadelphia

Center for International Meeting on
Biology

Council for International
Organizations of Medical Sciences

Colorado Institute for Research in
Biotechnology

Clinical Laboratory Management
Association

Charcot-Marie-Tooth

European Molecular Biology
Organisation

Encyclopedia of the Mouse Genome
Environmental Mutagen Society

European Organization for Research
and Treatment of Cancer

Energy Research and Development
Administration

Eleanor Roosevelt Institute
Embryonic Stem

Genome Database of the Mouse
Global Business Research
Genome Database

Genomic Map Design

Genetics and Public Issues Program

Gene Recognition and Analysis
Internet Link

Gordon Res. Conf.
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HMDP
ICGEB

ICHG

ICPEMC

ICRF

IEEE

1G
IGES

IJCAI

IMA

MBC

MBL
MOD
MOU
MRC
NAPBC
NAS
NASA

NCGR

Homology Database

International Centre for Genetic
Engineering and Biotechnology

International Congress of Human
Genetics

International Commission on
Protection Against Environmental
Mutagens and Carcinogens

Imperial Cancer Research Fund

Institute of Electrical and
Electronics Engineers

IntelliGenetics

International Genetics Epidemiology
Societies

International Joint Conference on
Artificial Intelligence

Institute for Mathematics and its
Applications

Massachusetts Biotechnology
Council

Marine Biological Laboratory
March of Dimes

Memorandum of Understanding
Medical Research Council

Natl. Action Plan on Breast Cancer
Natl. Academy of Sciences

Natl. Aeronautics and Space
Administration

National Center for Genome
Resources
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NCI
NCSA

NCSL

NCSU
NEH

NFCR

NFID

NHGRI
NICHD

NIGMS

NIH
NIGMS

NIST

NLGLP

NLM
NMHCC

NORD

NRC

Natl. Cancer Institute

National Center for Supercomputing
Applications

National Conference of State
Legislatures

North Carolina State University

National Endowment for the
Humanities

National Foundation for Cancer
Research

National Foundation for Infectious
Diseases

Natl. Human Genome Res. Inst.

~ National Institute of Child Health

and Human Development

National Institute of General
Medical Sciences

National Institutes of Health

Natl. Institute of General Medical
Sciences

Natl. Inst. of Standards and
Technology

National Laboratory Gene Library
Project

National Library of Medicine

National Managed Health Care
Congress

National Organization for Rare
Disorders

National Research Council
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NRSA
NSF
NSGC

OHER

OMIM

OPRR
ORAU
ORISE

ORF
ORNL
OSU
PCR
PFGE
PG
PIR
PNNL

PRIM&R

RAPD

RARA
RECOMB

RFLP

National Research Service Award
Natl. Sci. Foundation

National Society of Genetic
Counselors

Office of Health and Environmental
Research

Online Mendelian Inheritance in
Man

Office of Protection from Res. Risks
Oak Ridge Associated Universities

Oak Ridge Inst. for Science and
Education

open reading frame

Oak Ridge National Laboratory
Oregon State University
Polymerase Chain Reaction
Pulsed-field gel electrophresis
Plant Genome

Protein Info. Resource

Pacific Northwest National
Laboratory

Public Responsibility in Medicine
& Research

Random Amplified Polymorphic
DNA

Retinoic Acid Receptor

Conference on Computational
Molecular Biology

Restriction Fragment Length
Polymorphism
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SCAN

SCE
SCI
SCW
SDC
SERGG
SHOM

SIM
SIMS

SIVB
SNL
SNP
SQL
UCLA
UICM
WHS
WLMG

WSES

Sequence Comparison ANalysis
Program

School of Continuing Education
Society of Chemical Industry
Single-chromosome Workshop

San Diego Conference

Southeast Regional Genetics Group

Sequencing by Hybridization on
Matrices

Society for Industrial Microbiology

Societal Institute of the
Mathematical Sciences

Society for In Vitro Biology
Sandia National Laboratory
Single Nucleotide Polymorphism
Standard Query Language
University of California, Los Angeles
Univ. of Illinois College of Medicine
Wolf-Hirschhorn syndrome

Wellcome Laboratory for Molecular
Genetics

World Scientific and Engineering
Society



List of Glossary of Terms

Antigenic switching: The altering of a microorganism’s
surface antigens through genetic rearrangement, to elude
detection by the host’s immune system.

Bacteriorhodopsin: Pigmented protein found in the plasma
membrane of a salt-loving bacterium, Halobacterium
halobium; it pumps protons out of the cell in response
to light.

Basal lamina (plural basal laminae): Thin mat of
extracellular matrix that separates epithelial sheets,
and many types of cells such as muscle cells or fat cells,
from connective tissue. Sometimes called a basement
membrane.

Beta-DNA: The normal form of DNA found in biological
systems, which exists as a right-handed helix.

Biomotors: Driven by energy sources such as adenosine
triphosphate (ATP) for chemical transduction and other
processes. These biomotors are considered to be
biomolecular and are discussed in the body of this report,
but strictly speaking they do not conform to the panel’s
definition of self- assembly.

Biosensor: The term “biosensor” is a general designation I
that denotes either a sensor to detect a biological
substance or a sensor which incorporates the use of
biological molecules such as antibodies or enzymes.
Biosensors are a subcategory of chemical sensors.

Chloramphenicol: An antibiotic that interferes with protein
synthesis.
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Chromatid: Each of the two daughter strands of a duplicated
chromosome joined at the centromere during mitosis
and meiosis.

Cistron: A DNA sequence that codes for a specific
polypeptide; a gene. See DNA, Gene.

Clone: An exact genetic replica of a specific gene or an
entire organism. See Cloning.

Cloning vector: A DNA molecule capable of autonomous
replication within the cloning host cell (e.g E. coli). The
vectors contain restriction enzyme sites for insertion of
foreign DNA. Cloning vectors are derived from bacterial
plasmids, bacteriophages, or viruses.

Compet'ency: An ephemeral state, induced by treatment
with cold cations, during which bacterial cells are capable
of uptaking foreign DNA.

Concatemer: A DNA segment composed of repeated
sequences linked end to end.

Conjugation: The joining of two bacteria cells when genetic
material is transferred from one bacterium to another.

Coulomb [C]: Measure of electrical charge: 1 C is an
amount of charge equal to that of about 6.24x1018
electrons.

Coupling: A connection between more than one object or
energy pathway so that together they function as a
single unit.

Crossing-over: The exchange of DNA sequences between
chromatids of homologous chromosomes during meiosis.

Cross-pollination: Fertilization of a plant from a plant
with a different genetic makeup.

Crosstalk: Electromagnetic noise transmitted between leads
or circuits in close proximity to each other.



