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It is hard to imagine a more exciting time to be study-
ing biotechnology! Incredible advances in this disci-
pline are occurring at a dizzying pace, and biotechnol-
ogy has made an impact on many aspects of our
everyday lives. Introduction to Biotechnology 1s the first
biotechnology textbook written specifically for the di-
verse backgrounds of undergraduate students. Appro-
priate for students at two- and four-year schools and
vocational technical schools, Introduction to Biotechnol-
ogy will provide students who have varied back-
grounds in science with the tools for practical success
in the biotechnology industry through its balanced
coverage ol molecular biology, details on contempo-
rary techniques and applications, integration ol ethical
issues, and career guidance.

This first edition of Introduction to Biotechnology was
designed with several major goals in mind. These in-
clude:

® Providing an engaging and easy-to-understand
textbook that is appropriate for a diverse student
audience with varying backgrounds and science
knowledge.

® Assisting instructors in teaching all major areas ol
biotechnology and helping students learn funda-
mental scientific concepts without being over-
whelmed by excessive detail.

® Presenting an overview ol historic applications
while emphasizing modern, cutting-edge, and
emerging areas of biotechnology.

® Helping students learn about how biotechnology
applications can provide some of the tools to solve
important scientific and societal problems for the
benetit of mankind and the environment.

® Engaging and stimulating students to consider the
many ethical issues associated with biotechnology.

¥ Incorporating Internet materials to provide stu-
dents with access to up-to-date and high-quality
iInformation about biotechnology.

Introduction to Biotechnology provides a broad cover-
age of topics in basic sciences that apply to biotechnol-

ogy including molecular biology, bioinformatics, ge-
nomics, and proteomics. As authors, we have strived
to incorporate balanced coverage of basic molecular bi-
ology and practical applications, historical examples,
and contemporary applications of biotechnology to
provide students with the tools and basic knowledge to
understand biotechnology and the related industry. /-
troduction to Biotechnology offers abundant and pedagog-
ically sound illustrations with detailed explanations to
assist students in learning about detailed processes and
applications.

In our effort to introduce students to cutting-edge
techniques and applications of biotechnology, we ded-
icated specific chapters to such emerging areas of
biotechnology as agricultural biotechnology (Chapter
6), forensic biotechnology (Chapter 8), bioremediation
(Chapter 9), and aquatic biotechnology (Chapter 10).
Consideration of the many regulatory agencies and is-
sues that impact the biotechnology industry are dis-
cussed in Chapter 12, Regulatory Biotechnology. In
addition, although ethical issues are included in each
chapter as You Decide boxes, a separate chapter
(Chapter 13) is dedicated to ethics and biotechnology.

Features of Introduction
to Biotechnology

Introduction to Biotechnology is specifically designed to
provide several key elements that will help students
enjoy learning about biotechnology and to prepare po-
tential students for a career in biotechnology.

Learning Objectives

Each chapter begins with a short list of learning objec-
tives that present key concepts that students should
understand alter studying each chapter.

Abundant lllustrations

Over 180 art pieces provide comprehensive coverage
to support chapter content. Illustrations, instructional
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diagrams, tables, and tlow charts present step-by-step
explanations that help students visually learn about
important and complex processes used in biotechnology.

Career Profiles

A special box at the end of each chapter introduces
students to different job options and career paths in
the biotechnology industry and provides detailed in-
formation on job functions, salaries, and guidance for
preparing to enter the workforce. Experts currently
working in the biotechnology industry have con-
tributed information to many of these Career Profile
boxes. We strongly encourage students to refer to
these profiles it they are interested in learning more
about careers in the industry.

You Decide

From genetically modified foods, and genetic testing,
to the prospects of using embryos for research or the
possibility of human cloning, there are a seemingly
endless number of topics in biotechnology that pro-
voke ethical, legal, and social questions and dilemmas.
You Decide boxes stimulate ethical discussion in each
chapter by presenting students with a biotechnology-
related situation and then asking questions and pro-
viding information relating to the social and ethical
implications of biotechnology. The goal ol these boxes
is not to tell students what to think but to help them
understand /ow to consider ethical issues and formu-
late their own informed decisions.

Tools of the Trade

Much like a handyman has boxes lilled with tools for
the right job, scientists absolutely rely on “tools” to
[ormulate questions, solve problems, make discover-
ies, and advance scientific knowledge. The tools of
biotechnology are laboratory techniques and proce-
dures such as DNA cloning that drive the industry and
are essential for its applications. Biotechnology 1s
based on the application ol a variety ol laboratory
techniques or tools in molecular biology, biochemistry,
genetics, mathematics, engineering, computer science,
chemistry, and other disciplines. Tools of the Trade
boxes in each chapter present modern techniques and
technologies related to the content of each chapter to
help students learn about the techniques and methods
that are the essence of biotechnology.

Question and Answer (Q&A)

Q & A boxes in each chapter present students with
questions that encourage them to apply what they
have already learned and to prompt questions that stu-
dents might be wondering about as they read the book.

Questions & Activities

Six to ten questions are included in each chapter to re-
inforce student understanding of concepts presented
in the chapter. Activities frequently include Internet
assignments that ask students to explore a cutting-
edge topic.

References and Further Reading

A short list of student-iriendly references at the end ot
cach chapter is provided as a starting point for students
to learn more about a particular topic in biotechnol-
ogy. We have carefully chosen articles that will help
students and motivate them to learn more about a
subject rather than select articles that are extraordinar-
ily detailed and designed lor professional scientists.
Typically these references include primary research pa-
pers, review articles, and articles from the popular lit-
erature.

Keeping Current: Web Links

Because biotechnology is such a rapidly changing dis-
cipline, it is virtually impossible to keep a textbook up-
dated on new and exciting discoveries. For instance,
by the time this book was printed, new information on
human genes and gene therapy applications were al-
ready being reported. To help students have access to
the most current information available, a rich comple-
ment of high-quality web links to some ol the best
sites in biotechnology and related disciplines appears
at the end of each chapter.

Realizing that one challenge ol presenting web
links is that sites may Irequently change, we tried to
select substantive sites that are well established. If you
let us know when you encounter address changes, we
can note these changes on the Companion Website so
you will easily be able to find updated links. We en-
courage you to visit these sites often and to use them
as resources for the most current information available.

Glossary

Like any technical discipline, biotechnology has a lexi-
con of terms and definitions that are routinely used
when discussing biotechnology processes, concepts,
and applications. The most important terms are shown
in boldface type throughout the book and are de-
fined as they appear in the text. Delinitions of these
cey terms are included in a glossary at the end of the
book. Be sure to pay particular attention to the key
terms as you work with the textbook to help you learn
the “language” of biotechnology.




Supplemental Learning Aids

Introduction to Biotechnology Companion
Website (www.aw.com/biotech)

The Companion Website is designed to support in-
structors and students in teaching and Ilearning
biotechnology. As a student, you might use the Com-
panion Website to review your instructor’s course syl-
labus, deliver homework assignments, research topics
in biotechnology, and participate in online discussions
and lectures. Specific features for students include
learning objectives, chapter reviews, flashcards of glos-
sary terms, extensive collection of web references, and
chapter search teatures.

For the instructor, the Companion Website is an
online self-study resource that supports and augments
material in the textbook. As an instructor, you might
use the Companion Website to communicate with stu-
dents through threaded discussion groups, assigned
homework, and downloaded art from the text. You
can also create your own course syllabus, complete
with online assignments and links to external re-
sources, and online quizzes.

BiologyLabs Online

BiologyLabs Online is a series ol 12 interactive labora-
tories that enable students to learn biological principles
beyond the traditional wet lab setting and perform
potentially dangerous, lengthy, or expensive experi-
ments in a sale electronic environment by designing
and conducting simulated experiments online. Several
labs in this online resource are appropriate lor bio-
technology students. Contact your local Benjamin
Cummings sales representative about bundling labs in
this series with Introduction to Biotechnology. (biologylab
awlonline.com)

Benjamin Cummings Special Topics
in Biology Series
The Benjamin Cummings Special Topics in Biology Series 1s a

series ol booklets designed for undergraduate students.
These booklets present the basic scientilic facts and so-
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cial and ethical issues around current scientific issues
so that students can better understand the scientific
content and weigh the issues for themselves. Contact
your local Benjamin Cummings sales representative
about bundling labs in this series with Introduction to
Biotechnology or visit www.aw.com/bc for more infor-
mation. Booklets in the series include:

® Biology of Cancer
(ISBN 0-8053-4867-0)
By Randall W. Phillis and Steve Goodwin, Univer-
sity of Massachusetts, edited by Michael A.
Palladino, Monmouth University. Biology of Cancer
presents the causes, growth patterns, and possible
treatments of various types ol cancers in a clear
and concise format.

® Biological Terrorism
(ISBN 0-8053-4868-9)
By Steve Goodwin and Randall W. Phillis, Univer-
sity of Massachusetts, edited by Michael A. Pal-
ladino, Monmouth University. Biological Terrorism
gives a brief history on the use of biological
weapons, discusses the major microorganisms
likely to be used in bioterrorism, and presents re-
search that is being conducted to develop treat-
ments against these pathogens.

m Stem Cells and Cloning
(ISBN 0-8053-4864-6)
By David A. Prentice, Indiana State University,
edited by Michael A. Palladino, Monmouth Uni-
versity. Stem Cells and Cloning provides students with
an introduction to two of the most controversial
topics in biotechnology in the world today. Sources
of stem cells and their potential applications are
discussed along with scientilic, political, and ethical
ramifications of their use in modern medicine.

" Understanding the Human Genome Project
(ISBN 0-8053-6774-8)
By Michael A. Palladino, Monmouth University.
Understanding the Human Genome Project explains in
accessible language what students need to know
about the Human Genome Project, presenting the
background, recent findings, and scientific, social,
and ethical implications of the project.
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C HAPTER

The
Blotechnology

Century and

Its Workforce

After completing this chapter you should be able to:

Define biotechnology and understand the many scientific disciplines that
contribute to biotechnology.

Provide examples of historic and current applications of biotechnology and
Its products.

_Ist and describe different types of biotechnology and their applications.

Provide examples of potential advances in biotechnology.

Discuss how medical diagnosis will change as a result of biotechnology
and provide examples of how data from the Human Genome Project will
be used to diagnose and treat human disease conditions.

Understand that there are pros and cons to biotechnology and many
controversial issues in this field.

Describe career categories in biotechnology.

Develop an understanding of some important skills and training required to
ne part of the biotechnology workforce.

Discuss hiring trends in the biotechnology industry.

Miracle cells? This tiny cluster on the
tip of a pin is @ human embryo
approximately three days after
fertilization. Some scientists believe
that stem cells contained within
embryos may have the potential for
treating and curing a range of diseases
in humans through biotechnology. Use
of these cells is also one of the most
controversial topics in biotechnology.




e CHAPTER 1 THE BIOTECHNOLOGY CENTURY AND ITS WORKFORCE

f you have ever eaten a corn chip, you may have

been impacted by biotechnology. Don’t eat chips?
How about sour cream, yogurt, cheese, or milk? In this
century, more and more of the foods we eat will be
produced by organisms that have been genetically
altered through biotechnology. Such genetically
modified (GM) foods have become a controversial
topic over the last few years as have human embryos
such as the one shown in the opening photo. This
chapter was designed to provide you with a basic
introduction to an incredible range of biotechnology
topics that you will read about in this book. As you
will see, biotechnology is a multidisciplinary science
with many powerful applications and great potential
for future discoveries.

The purpose of this chapter is not to provide a
comprehensive review of the history of biotechnology
and its current applications. Instead, this chapter pre-
sents a brief introduction and overview of many topics
that we will discuss in greater detail in tuture chapters.
We begin by delining biotechnology and presenting an
overview ol the many scientific disciplines that con-
tribute to this field. We will highlight both historic and
modern applications and define the different types ol
biotechnology that you will study in this book. At the
end of the chapter, we will discuss aspects of the
biotechnology workforce and skills required to work
in the industry. Be sure that you are familiar with the
different types ol biotechnology and the key terms
presented in this chapter as they will form the founda-
tion for your future studies.

1.1 What Is Biotechnology and
What Does It Mean to You?

Have you ever eaten a Flavr Savr™ tomato, been
treated with a monoclonal antibody, received tissue
grown from embryonic stem cells, or seen a “knock-
out” mouse? Have you ever had a flu shot, known a
diabetic who requires injections of insulin, taken a
home pregnancy test, used penicillin to treat a bacter-
ial infection, sipped a glass of wine, eaten cheese, or
made bread? While you may not have experienced
any of the scenarios on the first list, at least one of the
items on the second list must be familiar to you. If so,
you have experienced the benetfits of biotechnology.
Although you may not fully understand the range
of disciplines and the scientific details of biotechnol-
0gy, you have experienced biotechnology firsthand.
Biotechnology is broadly defined as using living
organisms, or the products of living organisms, for
human benefit (or to benefit human surroundings) to
make a product or solve a problem. Remember this
definition. As you learn more about biotechnology, we
will expand and refine this definition with historical

examples and modern applications from everyday life
and look ahead to the biotechnology future.

You would be correct in thinking that biotechnol-
ogy is a relatively new discipline that is only recently
getting a lot of attention; however, it may surprise you
to know that in many ways this science involves sev-
eral ancient practices. As we will discuss in the next
section, old and new practices in biotechnology make
this field one of the most rapidly changing and exciting
areas of science. It affects our everyday lives and will
become even more important during this century—
what some have called the “century of biotechnology.”

A Brief History of Biotechnology

If you ask your friends and family to deline biotech-
nology, their answers may surprise you. They may
have no idea about what biotechnology is. Perhaps
they might tell you that biotechnology involves seri-
ous-looking scientists in white lab coats carrying out
sophisticated and secretive gene-cloning experiments
in expensive laboratories. When pressed for details,
however, they probably will not be able to tell you
how these “experiments” are done, what information
is gained from such work, and how this knowledge is
used. While DNA cloning and the genetic manipula-
tion of organisms are exciting modern-day techniques,
biotechnology is not a new science. In fact, many
applications represent old practices with new method-
ologies. Humans have been using organisms lfor their
benetit in many processes for several thousand years.
Historical accounts have shown that the Chinese,
Greeks, Romans, Babylonians, and Egyptians, among
many others, have been involved in biotechnology
since nearly 2000 B.c.!

Biotechnology does not mean hunting and gath-
ering animals and plants for food; however, domesti-
cating animals such as sheep and cattle for use as live-
stock is a classic example of biotechnology. Our early
ancestors also took advantage of microorganisms and
used fermentation to make breads, cheeses, yogurts,
and alcoholic beverages such as beer and wine. Dur-
ing fermentation, some strains of yeast decompose
sugars to derive energy, and in the process they pro-
duce ethanol (alcohol) as a waste product. When
bread dough is being made, yeast (Saccharomyces cere-
visiae, commonly called baker’s yeast) is added to
make the dough rise. This occurs because the yeast
ferments sugar releasing carbon dioxide, which
causes the dough to rise and creates holes in the
bread. Alcohol produced by the yeast evaporates
when the bread is cooked—Dbut the remnants of alco-
hol remain in the semi-sweet taste of most bread. If
you make bread or pizza dough at home, you have
probably added store-bought S. cerevisiae from an
envelope or jar to your dough mix. As you will dis-
cover when we discuss microbial biotechnology in




